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1.0 INTRODUCTION 

Naval Weapons Station Yorktown, (WPNSTA Yorktown), Yorktown, Virginia was placed on the 

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

Priorities List (NPL) on October 4, 1989 (54 Federal Register 41015, 1989). The location of 

WPNSTA Yorktown is shown on Figure l-l. The United States Environmental Protection Agency 

(USEPA) Region III, the Virginia Department of Environmental Quality (VADEQ), and the United 

States Department of the Navy (DON) then entered into a Federal Facilities Agreement (FFA) for 

WPNSTA Yorktown. The primary purpose of the FFA is to ensure that environmental impacts 

associated with past and present activities at WPNSTA Yorktown are thoroughly investigated, and 

appropriate CERCLA Response/Resource Conservation and Recovery Act (RCRA) corrective action 

alternatives are developed and implemented as necessary to protect public health and the environment 

(FFA, 1994). 

The Fiscal Year 1999 Site Management Plan (SMP) for WPNSTA Yorktown, a primary document 

identified in the FFA, identifies sites requiring remedial investigation/feasibility study (RI/FS) 

activities and site screening areas (SSAs) requiring additional investigations. This report documents 

the FS conducted for Sites 4 (Burning Pad Residue Landfilll), 21 (Battery and Drum Disposal), and 

22 (Burn Pad) at the WPNSTA Yorktown. 

Baker Environmental, Inc. (Baker) has prepared this FS under Contract Task Order (CTO)-034.9 under 

the DON’S Atlantic Division Naval Facilities Engineering Command (LANTDIV) Comprehensive 

Long-Term Environmental Action Navy (CLEAN) program. The FS has been condu.cted in 

accordance with the requirements delineated in the National Oil and Hazardous Substances Pollution 

Contingency Plan (NCP) for remedial actions (40 Code of Federal Regulations [CFR] 300.430). 

These NCP regulations were promulgated under CERCLA, commonly referred to as Superfund, and 

amended by the Superfimd Amendments and Reauthorization Act (SARA) signed into law on (October 

17, 1986. In addition, the United States Environmental Protection Agency’s (USEPA’s) document, 

Guidance for Conducting Remedial Investipations and Feasibilitv Studies Under Comprehensive 

Environmental Response, Compensation, and Liabilitv Act (CERCLA) (USEPA, 1988) has be:en used 

as guidance for preparing this FS. 

This FS has been based on data collected during the Round One RI conducted in I992 (Baker/Weston, 

1993a) and the Round Two RI conducted in 1996 (Baker, 1997). 
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I 1.1 Purpose of the FS 

‘I---. 

The purpose of the FS for Sites 4,2 1, and 22 is to identify remedial action alternatives (RA.4s) that 

are protective of human health and the environment, attain Federal and state requirements that are 

applicable or relevant and appropriate (i.e., ARARs), and are cost-effective. In general, the FS process 

under CERCLA serves to ensure that appropriate remedial alternatives are developed and evaluated, 

so that relevant information concerning the remedial action options can be presented and an 

appropriate remedy selected. 

The FS involves two major phases: 

l Development and Screening of RAAs 

l Detailed Analysis of RAAs 

The first phase includes the following activities: (1) developing remedial action objectives and 

remediation levels (RLs), (2) developing general response actions, (3) identifying volumes or areas 

of affected media, (4) identifying and screening potential technologies and process options, (5) 

evaluating process options, (6) assembling RAAs, and (8) screening and evaluating RAAs. 

Section 121 (b)( 1) of CERCLA requires an assessment of permanent solutions and alternative 

treatment technologies or resource recovery technologies that, in whole or in part, will result in a 

permanent and significant decrease in the toxicity, mobility, or volume of the hazardous substance, 

pollutant, or containment. In addition, according to CERCLA, treatment alternatives should be 

developed ranging from an alternative that, to the degree possible, would eliminate the need fclr long- 

term management of alternatives, to alternatives which involve treatment that would reduce toxicity, 

mobility, or volume as their principal element. A containment option involving little or no treatment 

and a no-action alternative should also be developed. 

The second major phase of the FS consists of (1) evaluating the potential RAAs in detail with irespect 

to nine evaluation criteria to address statutory requirements and preferences of CERCLA, aind (2) 

performing a comparative analysis of the evaluated RAAs. 
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1.2 Organization of the FS 

This FS report is organized into seven sections. Section 1 .O serves as the introduction. Section 2.0 

contains background information for Sites 4, 21, and 22, including the nature and extent of 

contamination, and the results of the human health and ecological risk assessments. Section 3.0 

presents the development of remediation goals (RGOs) RLs, (RLs) and remedial action objectives. 

This section also includes the identification of ARARs. Section 4.0 presents the identification and 

preliminary screening of remedial action technologies and process options. Section 5.0 contains the 

development and preliminary screening of RAAs. Section 6.0 includes the criteria for the detailed 

evaluation of remedial action alternatives. Section 7.0 presents the results of the detailed analysis of 

RAAs. This detailed analysis, which consists of both an individual analysis and a comparative 

analysis of RAAs, is based on a set of evaluation criteria. Section 8.0 concludes the FS with the 

references used for the entire report. 

The appendices A through C contain risk calculations, vendor information, and cost estimate 

spreadsheets, respectively. 
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2.0 SITE BACKGROUND 

This section presents background information pertaining to Sites 4, 2 1, and 22. The information 

includes: site description and history; site features such as hydrology, hydrogeology, and land use; 

previous investigations; nature and extent of contamination; and baseline risk assessment @A)# results. 

Additional details of the site features can be found in the Round Two Remedial Investigation Report, 

Sites 4,2 1. and 22. Naval Weapons Station Yorktown, Yorktown, Virginia (Baker, 1997). 

2.1 Site Description and History 

Sites 4, 21, and 22 are located in the northeastern portion of WPNSTA Yorktown, between Indian 

Field Creek and Felgates Creek (Figure 2-l). The site descriptions and histories of Sites 4, 21, and 

22 are presented in the following subsections. 

2.1.1 Site 4 - Burning Pad Residue Landfill 

Site 4, the Burning Pad Residue Landfill, consists of over 10 acres. As shown on Figures 2-2 and 2-3, 

the site is bordered by the Explosives Burning Facility 1401 (Site 22) to the southwest, Site 21 (the 

Battery and Drum Disposal Area) and an unnamed drainage way to the southeast, West Road to the 

northeast, and a gravel road leading to the burning facility to the northwest. The majority of the site 

is relatively open, with scrub grasses and small trees; larger trees are present in the northern and 

southeastern portions of the site. A gravel road now loops through the site and meets West Road. A 

dirt or gravel road formerly cut through the site and led towards Site 22. The topography within the 

open area of Site 4 is relatively flat with elevations ranging between 33 to 47 feet above man sea level 

(msl). In the wooded areas along the southeastern portion of the site, the topography slopes sharply 

down towards the unnamed drainage way with elevations changing from 39 to less than 10 feet above 

msl. 

Site 4 was used as a disposal area from 1940 to approximately 1975. Reportedly, the landfill was a 

ravine in which trench and fill operations took place. The landfill area was reportedly backfilled three 

to four times a week (C.C. Johnson, 1984). An ash pile measuring approximately 100 feet by Ii 50 feet 

was located in the northeast corner of the site. 
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Materials reportedly disposed at Site 4 included: carbon-zinc batteries from underwater weapons; 

burning pad residues (possibly containing aluminum, cyclotrimethylene trinitroamine [RDX], TNT, 

,2,4-dinitrotoluene [2,4-DNT], and cyclotetramethylenetetranitramine [HMX]); tree stumps; fly ash 

from coal-fired boilers; mine casings; electrical equipment (possibly telephone poles, line hardware, 

etc.); and transformers (possibly containing polychlorinated biphenyl [PCB] oils). The. landfill 

received an estimated 17 tons of waste per year (C.C. Johnson, 1984). The depth of fill in lthe main 

fill area was estimated from a geophysical study to be approximately 5 to 10 feet. 

An investigation of subsurface source areas, conducted by IT Corporation (IT) in December 1992, 

identified a large battery disposal area located in the southeast part of the site. The batteries were 

found between 2 and 4 feet below ground surface (bgs). Additional landfill material consisting of 

construction debris, scrap metal, piping, glass, concrete, bottles, cans, and drums, was also identified 

at various locations within the site boundary. 

In 1994, IT conducted a Removal Action at the site to dispose of the surface debris and the battery 

disposal areas. Materials were removed from several areas throughout the site (Figure 2-4). One of 

these areas included the area around an ash pile located in the northeast corner of the site near 

West Road. 

The majority of the site is relatively open, with scrub grasses and small trees; larger trees are: present 

in the northern and southeastern portions of the site. A gravel road now loops through the site and 

meets West Road. A dirt or gravel road formerly cut through the site and led towards Site 22. The 

topography within the open area of Site 4 is relatively flat with elevations ranging between 33 to 

47 feet above mean sea level (msl). In the wooded areas along the southeastern portion of the site, the 

topography slopes sharply down towards the unnamed drainage way with elevations changing from 

39 to less than 10 feet above msl. These features are shown on the aerial photograph, Figure 2-5. 

2.1.2 Site 21 - Battery and Drum Disposal Area 

Site 2 1, the Battery and Drum Disposal Area, is a small wooded area covering approximately lacre. 

The site is located immediately adjacent to the unnamed drainage way leading to Felgates Creek. West 

Road is located southwest of the site, and Site 4 is to the northwest (Figures 2-2 and 2-3). 
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Site 21 was identified in November 1990 by WPNSTA Yorktown personnel and, therefore, had not 

been included in any previous investigations. Wastes noted and confirmed during a reconnaissance 

of Site 21 in October 1991 by Roy F. Weston, Inc. (WESTON) personnel included: various sized 

drums; batteries (Leclanche type); empty solvent containers; and scrap metal. Waste was noted 

throughout the site area with several areas of concentrated waste dumping (batteries and ‘drums). 

Based on a geophysical investigation, the fill area was estimated to be approximately 200 feet by 

200 feet, with apparently well-defined boundaries (Baker/Weston, 1993a). 

Site 2 1 was investigated as part of a subsurface soil study performed by IT in December 1992. This 

investigation indicated the presence of approximately 5 to 8 inches of topsoil under which batteries 

were present at thicknesses of 2 to 6 feet. The batteries were a carbon-zinc dry chemisby type, 

consistent with the type observed on the surface. 

In 1994, IT performed a Removal Action at the site designed to remove identified wastes. Wastes 

were removed, in various quantities as discussed later in this report, from the majority of the site. 

The site has been cleared in the area of the Removal Action. Small and large trees surround the 

removal action area and make up the remaining area of the site (Figure 2-6). A dirt road extending 

from West Road leads to the removal action area. The topography within the site is relatively steep; 

it falls sharply towards the on-site drainage way located along the western and southeastern portions 

of the site. Site elevations range from 5 to 45 feet above msl. 

2.1.3 Site 22 - Burn Pad 

Site 22 is located south of Site 4 and west of Site 21 (Figures 2-2 and 2-3). A circular array of 11 steel 

burning pans was used for burning waste plastic explosives and spent solvents. The pans surround 

a 150-foot diameter circular area. Drums of explosive contaminated material were also stored in the 

northeast portion of Site 22 under WPNSTA Yorktown’s Part B permit. The drums and pans are no 

longer in place at Site 22. 

The site was used for the disposal (open burning) of ordnance and ordnance contaminated materials 

from the late 1940’s to the early 1990’s. The site was used for a treatability study (TS) for the 

treatment of explosive contaminated soil. As part of the TS, OHM constructed a biocell which 

measured 153 feet long by 86 feet wide by 7 feet deep (Figure 2-7). The biocell’s construction 
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consisted of a six inch layer of sand as the base overlain by a three layered liner. This liner was made 

of a layer of 60 mil HDPE on bottom, a geo-net fabric as a middle layer, and a layer of 80 mil HDPE 

on top- The entire liner was secured by placing its edges in a trench dug around the entire perimeter 

of the biocell and filling the trench with concrete. A steel gantry which held the pumps and other 

equipment was mounted on rails that extended the length of the biocell. These rails were also 

anchored into the same concrete filled trench that anchored the liner. A dewatering area was 

constructed to the east of the biocell. Currently, the biocell remains at Site 22, but has been partially 

dismantled. The gantry and rails have been removed. The liner remains in place but its condition is 

unknown. The site is generally overgrown with grasses, and the biocell and dewatering area are filled 

with water. The berm of the dewatering area was not designed to be a long-term structure. Its 

condition is also unknown but is currently holding water in the dewatering area. Without restoration 

and replacement of equipment the biocell and dewatering area are unfit for use as a treatment unit. An 

area to the west of the biocell is showing signs of severe erosion. The biocell, dewatering area, and 

the erosion area are shown on Figure 2-7. It should be noted that these locations have been 

approximated based on aerial photographs and accounts from site visitors. A detailed survey to update 

the site maps has not been performed. 

2.2 Surface Water Hvdrology and Drainage Features 

The general topography of Site 4 is level with a slight slope to the southwest towards the East Branch 

of Felgates Creek. Ground surface elevations range from approximately 46 feet above msl at the 

northwestern portion of the site bordered by West Road to approximately 32 feet above msl at the 

southeastern portion of the site adjacent to Site 22. Most surface water would slowly drain south 

towards Site 22 and water from a minor portion of the site (eastern portion) would drain toward the 

small unnamed tributary between Sites 4 and 21 that flows to the eastern branch of Felgates Creek. 

The general topography of Site 21 can be described as stepped with three distinct topographic levels 

of elevation. Each of these three tiers is substantially lower, with the highest level on the northwest 

side of the site and the lowest on the southwest side. The highest elevation of the site is at the entrance 

of Site 21 from West Road at approximately 46 feet above sea level. Approximately 8 feet of relief 

allows access to a small, gently southern-sloping open field with elevations that range from 38 to 30 

feet msl near the northwestern part of the Site 21. From this point there is a substantial drop off of 

nearly 25 feet down to a small stream that flows into the east branch of Felgates Creek. This small 

creek creates a valley area which separates Sites 4 and 21. Surface water runoff for Site 21 is 
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distinctly in a south southwest direction, with eventual recharging of the small stream that borders the 

southern side of the site. 

The general topography of Site 22 is basically a continuation of the natural gentle sloping nature of 

Site 4. Site 22 is level, primarily due to construction activities over the area. The natural area itself 

is an elevated plateau type feature with its ground surface sloping to the southwest from 32 to 20 feet 

msl. A drop off of approximately 20 feet borders Site 22 on the southeast, south and southwest sides 

which leads directly to the adjoining east branch of Felgates Creek. Surface water runoff from Site 

22 would flow in a radial pattern from this steep sided portion of the site. 

2.3 Hvdrogeology 

The shallow subsurface portion of the Sites 4 and 21 is characterized by unconsolidated deposits of 

medium to fine grained sand, sandy clay, and clayey silt which is generally consistent with the shallow 

hydrogeological framework described by Brockman (1997). Collectively, these units form the 

shallow aquifer system at the northern portion of Sites 4 and 21 and correspond to the Columbia 

aquifer. Unconsolidated deposits of medium grained sand, clay, clayey silt, and silt with marine shell 

fragments encountered at all three sites identify the presence of the Yorktown confining tmit and 

Yorktown-Eastover aquifer. 

Potentiometric surface (contour) maps depicting the groundwater flow patterns within the shallow and 

deeper portions of the aquifer on November 19, 1996 are presented as Figures 2-8 and 2-9. In 

presenting these groundwater contours, a pattern involving all three sites as one area would lprovide 

the best scenario of groundwater movement. As shown on these figures, groundwater flow for both 

shallow and deep portions of the aquifer across this area is in a north to south direction which ends 

at the east branch of Felgates Creek. 

In-situ hydraulic conductivity (“slug”) tests were performed on November 19, 1996. Detai1.s of the 

methods and models used to develop hydrogeological data presented in this section of the report are 

presented in the Round Two RI (1997). The average hydraulic conductivity for the Yorktown- 

Eastover aquifer within Sites 4,2 1, and 22 is 2.01 (A/day) or 7.09 x 1 Od (cm/set). These val.ues are 

within the range of hydraulic conductivities for silty sand deposits (Fetter, 1988). 
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Unconfined methods for determining hydraulic conductivity were used for the deeper portions of the 

Yorktown-Eastover aquifer. This was based on the premise that the confining unit above the aquifer 

was eroded and exposed areas of an unconfined nature. The average hydraulic conductivity for the 

lower portion of the Yorktown-Eastover aquifer at the site is 2.7 x 10” ft/day or 9.53 x 10m7 cm/set. 

These values are within the range of hydraulic conductivities for silty sand deposits (Fetter, 1988). 

The groundwater gradients for both the shallow and deeper portions of the Yorktown-Eastover aquifer 

were calculated from the static water level measurements collected on November 19, 1996. Gradient 

calculations were based on selected three-point geometric problems using these water level 

measurements. 

The estimated groundwater flow velocity of the shallow portion of Yorktown-Eastover aquifer was 

determined using an average K value of 2.01 fVday, a groundwater gradient of 0.0 13, and an estimated 

effective porosity for silty sand of 0.35 (Fetter, 1988). The estimated groundwater flow velocity is 

7.46 x 10m2 tVday. 

The estimated groundwater flow velocity of the deeper portion of Yorktown-Eastover aquifer was 

determined using an average K value of 2.7 x 1 Ow3 ft/day, a groundwater gradient of 0.015, and an 

estimated effective porosity for silty sand of 0.35 (Fetter, 1988). The estimated groundwater flow 

velocity is 1.1 x 1 OA. 

A calculation the flow velocity for each individual site was determined using a estimated effective 

porosity of 0.35 for each site, a site specific average hydraulic conductivity, and a hydraulic gradient 

of 0.0 13 for Sites 4 and 22, and a hydraulic gradient of 0.02 1 for Site 21. Using this information, a 

flow velocity for Site 4 was 7.2 x lo-* ft/day, a flow velocity for Site 2 1 was 2.17 x 10“ ft/day, and 

a flow velocity for Site 22 was 3.59 x 1 Oe2 ft/day. 

2.4 Land Use and Demog;raphy 

Sites 4, 21, and 22 are within the restricted area and are secured with locked wire gates. In addition, 

the sites are located inside an area encumbered by the Explosive Safety Quantity Distance (ESQD) 

and cannot be developed for real estate purposes. Currently there are no activities at Sites 4 and 2 1, 

although WPNSTA personnel may hunt on the property during deer hunting season. Both Site 4 and 
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Site 21 are mostly an open field surrounded by wooded areas. Site 22 is currently not being used and 

the biocell is partially dismantled (the gantry rails have been removed). 

2.5 Previous Investigations 

Previous investigation reports completed through the Installation Restoration Program (IRP) include 

the following: 

l Initial Assessment Study (IAS) (C. C. Johnson & Associates, Inc., 1984) 

l Confirmation Study (CS) Rounds One and Two Reports (Dames and Moore, 1986 and 

Dames and Moore, 1988) 

l RI Interim Report (Versar, 199 1) 

l Site Inspection of Site 2 1 (1992) 

l Round One RI Report (Baker, 1993a) 

l Focused Biological Sampling and Preliminary Risk Evaluation Report (Baker, I993 b) 

l Habitat Evaluation Report (Baker, 1994b) 

l Removal Action at Sites 4 and 21 (IT, 1995) 

l Draft Round Two RI Report (Baker, 1997) 

These reports have been generated in conjunction with the continuing development of the DOD IRP. 

Summaries of previous investigations are provided in the following subsections. 
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The purpose of the IAS (C. C. Johnson & Associates, Inc. and CH2M Hill, July 1984) was to identify 

and assess sites posing a potential threat to human health and/or the environment due to contamination 

from past operations. A total of 19 potentially contaminated sites were identified based on information 

from historical records, aerial photographs, field inspections, and personnel interviews. Each site was 

evaluated for the type of contamination, migration pathways, and potential receptors present. The IAS 

concluded that 15 of the 19 sites, including Site 4, were of sufficient threat to human health or the 

environment to warrant CSs. 

Sites 21 and 22 had not been identified as potentially contaminated areas at the time of the IAS. 

2.5.2 Confirmation Studies 

Two rounds of data were obtained during the CS effort. The first round of sampling and anatysis was 

documented in the “Confirmation Study Step IA (Verification), Round One” (Dames & Moore, 1986). 

The results of the second round of sampling and comparisons with appropriate regulatory standards 

were presented in the Confirmation Study Step IA (Verification, Round Two” Dames & Moore, 

1988). 

Round One CS activities at Site 4 included the installation and sampling of five groundwater 

monitoring wells and the collection and analysis of two surface water/sediment samples (as 

recommended in the IAS). The analyses performed on the samples included priority pollutants, 

explosives, inorganics, and various other parameters (Dames & Moore, 1986). Monitoring wells 

installed at Site 4 during the CS are still in existence and will be incorporated into the groundwater 

monitoring network for the Round Two RI at this site. 

The Round Two CS was conducted during November and December, 1987 (Dames & Moore:, 1988). 

Round Two CS activities at Site 4 included sampling of the five existing groundwater monitoring 

wells and the collection and analysis of two surface water/sediment samples (as recommended in the 

Round One CS). The analyses included priority pollutants, explosives, inorganics, and a few other 

parameters. No recommendations for Site 4 were presented in the Round Two CS (note that Sites 21 

and 22 were not yet identified). 
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2.5.3 Interim Remedial Investigation 

An Interim RI Report (Draft) was originally prepared by Dames & Moore in February, 1989 and later 

amended by Versar, Inc. in July 199 1. The RI Report marked the conversion between the two Navy 

programs, the Navy Assessment and Control of Installation Pollutants (NACIP) and the IRP, which 

culminated in the preparation of the Interim RI Report. The purpose of the report was to summarize 

the existing data for each site and provide recommendations for additional efforts to complete the RI 

(Versar, 1991). 

The Interim RI Report recommended additional investigatory efforts (perform a risk assessment and 

collect additional RI data) for 14 of the 15 sites included under the CS. Site 4 was one of the 14 sites 

recommended for further investigations (Sites 2 1 and 22 were not yet identified). 

2.5.4 Site Inspection of Site 21 

As previously mentioned, Site 21 was not identified as a site until November 1990, and therefore, had 

not been included in the previous IAS, CSs, or Interim RI. WESTON conducted a Site Investigation 

(3) at Site 21 in October 1991. The objective of the SI was to assess if contamination was present 

at Site 2 1 due to past disposal practices (1992). 

As part of this study, three monitoring wells were installed and sampled, and surface and sulbsurface 

soil samples were collected. The groundwater samples were analyzed for Target Compound List 

(TCL) volatile organic compounds (VOCs) and semivolatile organic compounds (SVOCs), total 

petroleum hydrocarbons (TPH), and Target Analyte List (TAL) inorganics (total and dissolve:d). Soil 

samples were collected from both the surface and the subsurface, and analyzed for TCL VOCs and 

SVOCs, TPH, and TAL inorganics. 

The outcome of this investigation was presented in the report entitled “Draft Final Site inspection 

Report Site 21-Battery and Drum Disposal Area Naval Weapons Station Yorktown, Virginia” 

February 5, 1992. The results are briefly summarized below (1992). 
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The detection of TPH in all three wells indicated a possible fuel-related source. 

Cadmium and zinc levels in the groundwater indicated potential leaching of battery 

fluids at the site. 

Additional investigation of the groundwater directly downgradient of Site 21 was 

required to determine whether contamination had been released from the she. 

SVOCs (commonly associated with burned residue, creosote, fuel-related material, 

and similar substances) were detected in the down-slope surface soil samples. The 

exact source of the SVOCs was not identified. 

The inorganic results from the surface soil samples suggest that leaching of metals 

from batteries and other metal-containing material might have occurred at the site. 

The majority of inorganics (e.g., cadmium and zinc) in subsurface soil were detected 

at higher concentrations in the down-slope soil samples than in the up-slope samples, 

suggesting an impact from disposal activities at the site. 

2.5.5 Round One Remedial Investigation 

A Round One RI was conducted from June 1, 1992 to October 30, 1992 at 16 sites (including Sites 4 

and 21, but not at Site 22) within WPNSTA Yorktown. This Round One RI was based on the 

recommendations from the Interim RI and from the Site 21 SI. The objectives of the Round One RI 

Program were to: (1) assess the nature and extent of contamination at the 16 sites; (2) collect 

sufftcient information to identify potential migration pathways and, as part of the RA to be performed, 

to forecast resulting impacts on animal, plant, and human populations, with a special emphasis on the 

impacts upon ecological resources, and to assess the risk to human health and the environment; (3) 

obtain data for the FS which would include development of specific remedial action alternatives; and 

(4) provide a basis for classifying the sites according to the potential severity of known or potential 

environmental impacts in order to proceed with expedient actions, as appropriate (1993a). 
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2.5.5. I Site 4 Round One RI 

The results of the Round One RI indicate that surface soil at Site 4 contained various contaminants, 

PAHs, PCBs, and explosives. PAHs appear to be associated with the disposal of asphalt, roofing 

paper, and burn debris (i.e., wood). In addition, some areas contained elevated concentrations of 

inorganic constituents which may be attributed to past waste management activities (i.e., copper, lead, 

and zinc from battery disposal). 

In groundwater, positive detections of VOCs were primarily limited to samples collected downgradient 

of Site 4. The concentration of trichloroethene (TCE) in two wells exceeded the Federal Maximum 

Contaminant Level (MCL) of 5.0 pg/L. SVOCs or PCBs were not detected in any of the groundwater 

samples. Several explosive constituents were also detected in groundwater; the highest concen.trations 

were detected in the downgradient well nearest to the site. Inorganic constituents were the most 

prevalent among potential contaminants in groundwater at Site 4 and were found distributed 

throughout the site. Several unfiltered (total) inorganics (cadmium, chromium, lead, and zinc) were 

found consistently above Virginia Groundwater Standards (VGS) or Federal MCLs; dissolved 

(filtered) inorganics were significantly less. 

The surface water samples associated with Site 4, which were collected from the tributary to the 

eastern branch of Felgates Creek and Felgates Creek itself, served to characterize the off-site impacts 

from Site 4 (which also represents Site 21). 

The surface water and sediment at Site 4 are primarily impacted by the presence of elevated inorganic 

constituents. In addition, several surface water samples contained varying concentrations of explosive 

compounds. Several sediment samples contained pesticides at low concentrations. Therefore, based 

on the discussed results, the surface water and sediment at Site 4 appear to have been impacted by past 

site operation activities. 

2.5.5.2 Site 21 Round One RI 

The surface soil at Site 21 contained various organic contaminants (e.g., VOCs and SVOCs) and 

inorganic contaminants (e.g., cadmium, mercury, and zinc). These contaminants appear to be the result 

of previous site activities. 
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The VOCs, methylene chloride, acetone, toluene, and the SVOC phenol were detected in the 

subsurface soil sample. However, methylene chloride, acetone, and toluene are common laboratory 

contaminants and may not be attributable to past site activities. The concentrations of inorganics 

detected in the subsurface soil samples were comparable to those found in background samples 

collected as part of the Round One RI. 

Inorganic constituents were the most prevalent among potential groundwater contaminants at Site 21 

and were found to be distributed throughout the site. Several unfiltered (total) inorganics (beryllium, 

cadmium, chromium, lead, and zinc) were found consistently above Virginia Groundwater Standards 

(VGS) or Federal MCLs; however, dissolved (filtered) inorganics were significantly less. Based on 

the discussed results, the soil and groundwater at Site 21 appear to have been impacted by past site 

operation activities. 

2.5.6 Focused Biological Sampling and Preliminary Risk Evaluation Report 

A biological sampling effort was conducted in October of 1992, which included a limited biological 

tissue, surface water, and sediment sampling effort. The primary objective of the sampling Iprogram 

was to evaluate the potential human health risk associated with consumption of fish and shellfish taken 

from select waters within WPNSTA Yorktown, including Felgates Creek, which is adjacent to Sites 4, 

21, and 22. These efforts were summarized in the Focused Biological Sampling and Preliminary Risk 

Evaluation Report (Baker, 1993b). 

2.5.7 Habitat Evaluation Results 

The Habitat Evaluation results (Baker, 1994b) are presented in two subsections; aquatic habitats which 

discusses the stream areas, and terrestrial habitats which discusses the land areas. Sites 4,21, and 22 

are located in the watershed of Felgates Creek. (Site 22 had not been identified at the time th’e habitat 

evaluation was conducted. 
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Terrestrial Habitats 

Three general habitat types were identified at Site 4. These included an open field, scrub shrulb/mixed 

forest edge and upland forest. Generally, the open field was surrounded by edge habitat; this edge 

habitat also occurred between Site 4 and the bum pad area Some upland forest was present between 

Site 4 and Site 21. Because of the mix of habitats present at Site 4, a number of birds were idlentified 

during the field study. Turtle eggs that had been excavated and eaten were found at Site 4. 

White-tailed deer and squirrels were also observed during the site visit. 

Two terrestrial habitats were present at Site 21. Upland forest was present in the general area. This 

upland forest had been replaced by a mixed forest over the disposal area. In fact, the general ldisposal 

area could almost be delineated by the difference in vegetation. Several common birds were observed 

and a box turtle was found at Site 21 during the field study. In addition, signs of several mammals 

were observed, including white-tailed deer, grey squirrel, striped skunk, raccoon, and fox. 

Aquatic Habitats 

The aquatic habitat associated with Site 4 and 21 included one small stream. The west side of Site 

21 slopes steeply to the southwest and makes up the headwaters to an unnamed tributary to IFelgates 

Creek. The stream drained both Site 4 and Site 21 and is located between the two sites. Two 

intermittent channels (no flow or macroinvertebrates were observed during the time of this evaluation), 

both linear and steep in slope, led to the stream channel and drained Site 21. Flowing water was 

present near the outlets but was too low in volume to support fish. Seep areas were observed along 

the stream banks, many of which were red/orange stained. The ravine basin was composed of both 

muck and sand; crayfish burrows were observed within and adjacent to the stream channel from its 

headwaters to its confluence with Felgates Creek. 

2.5.8 Removal Actions 

IT conducted a Removal Action at Sites 4 and 21 in the fall/winter of 1994. As part of the FLemoval 

Action, confirmation surface soil sampling was performed during the Post-Removal Action Activities. 

A brief summary is presented in the paragraphs that follow. 
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Surface soil samples were assessed for contamination following the Removal Action at Sites 4 and 21. 

These data were evaluated prior to placement of topsoil and revegetation of the disturbed areas. The 

sampling program consisted of collecting a total of 55 surface soil samples (43 from Site 4., and 12 

from Site 21) and six subsurface soil samples from Site 21. Each sample was analyzed for VOCs, 

SVOCs, pesticides, PCBs, and inorganics. The results of these analyzes are discussed with the results 

of the Round Two RI sampling effort. 

2.5.9 Round Two Remedial Investigation 

A Round Two RI (Baker, 1997) was conducted at Sites 4,21, and 22 to assess the nature and extent 

of contamination at the sites and to address any data gaps observed after the Round One RI. The 

Round Two RI field investigation commenced in August 1996 and was completed in mid November 

1996. 

A summary of the Round Two RI data for Sites 4,21, and 22, and the Post-Removal Confirmatory 

Sampling data for Sites 4 and 21 is presented below. A discussion of the nature and extent of 

contamination at the three sites will be presented in Section 2.6. 

2.5.9.1 Site 4 Round Two RI Results Summary 

Surface Soil Investigation Results-Site 4-Proper 

The results of the Post-Removal Action Confirmatory sampling were used to select sampling locations 

for the Round Two RI. In general, the results of the Round Two surface soil investigation at Site 4 

were consistent with the Round One results. Figure 2-10 outlines the Site 4-Hot Spot, shows the 

surface soil sample locations for the Removal Action and the Round Two RI, and shows tlhe areas 

excavated during the Removal Action. 

Concentrations of at least one of the four VOCs were detected in the sample set. Concentrations of 

PAHs were detected within twenty-nine of the fifty-one surface soil samples collected at Site 4-Proper. 

The majority of these detections were at low levels. Concentrations of the PCBs Aroclor-1254 and 

Aroclor-1260 were detected in five of the samples. Nitramine compounds were detected in six of the 

fifty-one surface soil samples. The compounds detected were 1,3dinitrobenzene, 2,4,6-dinitrotoluene, 

1,3,5-trinitrobenzene, HMX, RDX and total amino-dinitrotoluenes (DNTs). The majority of the 
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nitramine detections are located in the northeast portion of the site, downgradient of a former ash pile 

that was excavated during the Removal Action. 

Nineteen of 20 inorganics were detected in surface soil samples. Silver was not detected in the sample 

set. Concentrations of aluminum, barium, beryllium, cadmium, chromium, cobalt, copper, lead, 

manganese, mercury, nickel, thallium, zinc, and cyanide were detected at levels exceeding Station- 

wide background concentrations. 

Surface Soil Investigation Results-Site 4 Hot Spot 

The surface soil sample locations for the Site 4-Hot Spot are shown on Figure 2-10. 

At least one of three VOCs were detected within the sample set. The highest concentrations of the 

PAHs were detected within the five surface soil samples collected at Site 4-Hot Spot. Concentrations 

of carbazole, benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, indeno( 1,2,3-cd)pyrene, and 

dibenzo-(a,h)pyrene exceeded 10 mg/kg. Concentrations of the PCB Aroclor- 10 16 were detected in 

one of the samples within the hot spot. Nitramine compounds were not detected in any ofthe Hot 

Spotsurface soil samples. 

Eleven of 20 inorganics were detected in Hot Spot surface soil samples. Beryllium, cadmium, cobalt, 

mercury, nickel, selenium, silver, thallium, and cyanide were not detected in the sample set. 

Antimony, arsenic, lead and zinc were detected at levels exceeding Station-wide background 

concentrations in at least one of the samples. 

Subsurface Sod Investigation Results 

Subsurface soil samples were collected at the soil boring (4SB07 and 4SB08) and at one of the new 

monitoring well locations (4SB06A). These locations are presented on Figure 2-l 1. 

One VOC (toluene) and one SVOC [bis(2-ethylhexyl)phthalate] were detected in three subsurface soil 

samples. Nitramines and PAHs were not detected in any of the subsurface soil samples. 
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Fourteen of 20 inorganics were detected within the subsurface soil samples. Antimony, cadmium, 

mercury, selenium, silver, and thallium were not detected in the sample set. The concentrations of all 

of the analytes were below Station-wide background levels with the exception of chromium which 

slightly exceeded the background levels. 

Groundwater Investigation Results 

The following paragraphs discuss the results of samples collected from the Cornwallis 

Cave/Yorktown-Eastover aquifer at Site 4. Groundwater sampling locations are shown on Figure 2- 

12. 

VOCs, pesticides, and nitramines were detected in eight of the ten groundwater samples colllected at 

Site 4. Three of the monitoring wells (4GW03, 4GW04, and 4GW05) had concentrations of 

1,2-dichloroethene and trichloroethene. The highest concentration of trichloroethene (9 pg/L) 

detected in samples collected from 4GW04 and 4GW05. These compounds were also detected (at the 

same well locations) during the Round One sampling event but at slightly lower concentrations. Four 

explosive compounds (2,4-DNT/2,6-DNT, 2,4,6-TNT, amino-DNTs, and RDX) were detected in 

groundwater samples obtained from the monitoring wells 4GW03,4GW05, 4GW05A, and 4GWO6. 

Concentrations of total inorganics were also detected in the groundwater samples. Twelve of 19 

inorganics were detected within the sample set. Concentrations of aluminum, arsenic, barium, 

chromium, cobalt, copper, iron, lead, manganese, nickel, vanadium and zinc exceeded Station-wide 

maximum background levels. 

Nine of 20 dissolved inorganics were detected in the sample set. Antimony, beryllium, cadmium, 

copper, lead, mercury, selenium, silver, thallium, and zinc were not detected. Concentrations of 

dissolved inorganics exceeded Station-wide background levels for the following analytes: aluminum, 

arsenic, barium, chromium, cobalt, manganese, nickel, and vanadium. 
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Surface Water Investigation Results 

The following paragraphs present a discussion of the analytical results for surface water samples 

collected from the east branch of Felgates Creek, the unnamed tributary to the east branch of Felgates 

Creek between Sites 4 and 2 1, and within the marsh area adjacent to the main body of Felgates Creek 

west of Site 22. The surface water samples collected for Site 4 also represent Sites 21 and 22. Sample 

locations are shown on Figure 2-13. 

No VOCs or pesticides/PCBs were detected in the samples. Only one bis(2-ethylhexyl) phthalate was 

detected in the sample set. 

Eight nitramine compounds were detected within the surface water samples. The majority of 

detections were located within the upstream portion of the unnamed tributary that discharged into the 

east branch of Felgates Creek between Sites 4 and 21. These two samples (4SWO7 and 4SWlO8) were 

located downgradient of surface soil locations that also contained explosives. 

Twelve of 20 inorganics were detected within the sample set. Beryllium, mercury, nickel, selenium, 

silver, thallium, zinc, and cyanide were not detected within the sample set. Only antimony and 

chromium exceeded the maximum Station-wide background concentrations. 

Sediment Investigation Results 

Seven sediment samples were collected from the east branch of Felgates Creek, the unnamed tributary, 

and the marsh area adjacent to the main body of Felgates Creek east of Site 22. Sediment sample 

locations are shown on Figure 2-13. These samples are also representative of Sites 21 and 22. 

Three VOCs (benzene, carbon disulfide, 2-butanone, and tetrachloroethene) were detected at 

relatively low concentrations. PAHs were detected in sample 4SD07-02 which was collected near the 

former ash pile at the eastern portion of the Site 4. One n&amine compound (2,4,6-TNT) was 

detected in four locations (4SD09,4SDlO, 4SD11, and 4SD12). 
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Nineteen of 20 inorganics were detected in the sediment samples. Cyanide was not detected within 

the sample set. Aluminum, antimony, cadmium, chromium, copper, iron, lead, mercury, nickel, 

vanadium, silver and thallium exceeded the maximum Station-wide background levels. 

2.5.9.2 Site 21 Round Two RI Results Summarv 

The following sections present analytical results for the environmental samples collected during the 

Removal Action and the Round Two RI at Site 2 1 and are presented on Figures 2-l 4 through 2-l 6. 

Surface Soil Investigation Results 

Low concentrations of methylene chloride, acetone, toluene, and styrene were detected within the 

sample set. PAHs were also detected at relatively low concentrations within the sample set. There 

were no explosive compounds detected within the sample set. 

Nineteen of 20 inorganics were detected in the surface soil samples. Antimony was not detected 

within the sample set. Inorganic concentrations exceeded Station-wide background levels in ten of 

the samples for at least one or more of the following analytes: aluminum, cadmium, coppe:r, iron, 

manganese, mercury, selenium, thallium, vanadium, zinc, and cyanide. 

Subsurface Soil Investigation Results 

The subsurface soil sample locations are shown on Figure 2- 15. 

Low concentrations of methylene chloride, acetone, toluene, and xylenes were detected in the sample 

set. Low concentrations of PAHs, and one PCB were detected in the sample set. Nitrarnines were not 

detected in the subsurface soil samples. 

Twelve of 20 inorganics were detected in the subsurface soil samples. Antimony, cadmium, cobalt, 

nickel, silver, thallium, and cyanide were not detected within the sample set. Concentrations of 

copper, lead, mercury, and zinc were detected above Station-wide background levels. 
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Groundwater Investigation Results 
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Five groundwater samples were collected from the existing monitoring wells at the site and are shown 

on Figure 2-l 6 nitramine compounds, and TAL inorganics (total and dissolved). 

Trichloroethene (2 1 GW03) and 1 ,Zdichloroethene (2 1 GWO 1 A) were detected in the ground water 

samples. 

Concentrations of fourteen total inorganics were detected in the groundwater samples. Antimony, 

beryllium, cadmium, mercury, silver, and thallium were not detected in the sample. In addition, 

concentrations of aluminum, arsenic, cadmium, chromium, cobalt, copper, manganese, nickel, 

selenium, vanadium and zinc exceeded the Station-wide background levels. 

Relatively low concentrations of eleven dissolved inorganics were detected in the groundwater 

samples. Aluminum, antimony, beryllium, chromium, copper, lead, silver, and thallium were not 

detected within the sample set. In addition, concentrations of barium, cadmium, cobalt, iron, 

manganese, mercury, nickel, and zinc exceeded the Station-wide background levels. 

2.5.9.3 Site 22 

The following sections present analytical results for the environmental samples collected during the 

Round Two RI at Site 22 by medium. 

Surface Soil Investigation Results 

Surface soil sample locations are shown on Figure 2-l 7. 

Low concentrations of PAHs, were detected within surface soil samples collected at Site 22. Five 

nitramine compounds were detected in surface soil samples at low concentrations. 

Nineteen of 20 inorganics were detected in surface soil samples. Thallium was not detected in the 

sample set. Cadmium, cobalt, copper, lead, mercury, selenium, silver, vanadium, zinc, and cyanide 

were detected at levels exceeding Station-wide background concentrations in at least one of the 

samples. 
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Subsurface Soil Investigation Results 

Subsurface soil samples were collected at the new monitoring well locations. These locations are 

presented on Figure 2-l 8. 

Low concentrations of three VOCs, one SVOC, and three nitramine compounds were detected in the 

sample set. 

Seventeen of 20 inorganics were detected within the subsurface soil samples. Cadmium, silver, and 

cyanide were not detected in the sample set. The concentrations of chromium, copper, iron, mercury, 

selenium, thallium, and vanadium exceeded Station-wide background levels. 

Groundwater Investigation Results 

The following paragraphs discuss the results of samples collected from the Yorktown-Eastover 

aquifer at Site 22. Groundwater sample locations are shown on Figure 2-l 9. 

Four of the monitoring wells had detectable concentrations of chlorinated solvents. The highest 

concentration of trichloroethene (I ,200 pg/L) was detected in 22GW04. This well, which is located 

adjacent to the former burn pad, also contained the highest concentration of RDX. 

Low concentrations of three SVOCs were detected. 

Three explosive compounds (Hh4X, RDX, and tetryl) were detected within five groundwater samples 

from the monitoring wells. The highest concentrations of explosives (RDX at 11’ p/L) were detected 

in monitoring well 22GW04. 

Relatively low concentrations of total inorganics were detected in the groundwater samples. Ten of 

19 inorganics were detected within the sample set. Only concentrations of barium, beryllium, cobalt, 

iron, manganese, mercury, nickel, selenium and zinc exceeded Station-wide maximum backiground 

levels. 

Eleven of 19 dissolved inorganics were detected in the sample set. Antimony, cadmium, chromium, 

copper, lead, silver, thallium, and vanadium were not detected within the sample set. Concentrations 
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of dissolved inorganics exceeded Station-wide background levels for the following analytes: ibarium 

beryllium, cobalt, iron, manganese, mercury, nickel, selenium and zinc. 

Sediment Investigation Results 

The following subsections present a discussion on the analytical results for sediment samples collected 

in within marsh area at the southern portion of Site 22. Sample locations are shown on Figure 2-20. 

VOCs, SVOCs, and nitramine compounds were detected in the sediment samples. 

Four SVOCs (di-n-butylphthalate, fluoranthene, pyrene, and benzo(b)fluoranthene) were detected 

within the sample set at low concentrations. 

One nitramine compound (2,4,6-TNT) was detected in sample 22SD0 1-O 1. 

Seventeen of 20 inorganics were detected in the sediment samples. Mercury, vanadium, and cyanide 

were not detected within the sample set. Concentrations exceeded the maximum Station-wide 

background levels of arsenic, barium, cadmium, lead, silver, thallium and vanadium. 

2.6 Nature and Extent of Contamination 

This section describes the extent to which contamination has migrated at Sites 4,21 and 22. Note that 

the discussion focuses on organic contamination. Inorganic constituents were detected in all the media 

sampled as part of the Round Two investigation. Based on a review/evaluation of the data, no trends 

or hot spots of inorganic contamination were identified. 

2.6.1 Extent of Contamination at Site 4 

2.6.1.1 Surface Soil 

Concentrations of PAHs detected in surface soil were consistent with those identified as soil 

contaminants across the site during Round One RI. The PAH detected were possibly related. to past 

disposal practices including disposal of asphalt, roofing tar, utility poles, and miscellaneous 

construction material. 
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PCB compounds were detected in surface soils at low levels within the same area as they were 

detected in the Round One RI (along the gravel road traversing through the site). The PCB detections 

may be attributed the application of oil to suppress the dust on the roadways. Explosives were 

detected within the surface soil at the northeast portion of the site. The detection of these comlpounds 

was isolated and may be indicative of past disposal practices. These compounds were detected 

downgradient from where similar compounds were detected in the Round One RI (this area was 

addressed in a removal action conducted by IT Corp.). Most of the inorganics (19 of 20) were 

detected within the surface soil samples. The majority of them were sporadic and at low frequencies. 

Concentrations of arsenic, beryllium, iron, and zinc were detected at a greater rate. These inorganics 

may be attributed to past disposal practices. 

Overland transport of contaminated soils by runoff flowing toward Site 22 and to the unnamed 

tributary to the east branch of Felgates Creek is a potential pathway for surface soil contaminant 

migration. Analytical results from surface water/sediment samples collected in the unnamed tributary 

indicate that the surface soil contaminants (explosives) detected at Site 4 may have migrated to or had 

an impact on this surface water body. 

The surface soil at Site 4 (with the exception of the “Hot Spot”) has not been significantly impacted 

by site operations. There is no apparent source or discernible pattern of contamination within this 

media. 

2.6.1.2 Subsurface Soil 

Low concentrations and the sporadic appearances of organic compounds detected at the site indicate 

these compounds do not appear to be associated with the past disposal practices at the site. Inorganics 

detected within the subsurface soil were similar to inorganics detected within the surface soils. The 

relatively low concentrations were generally within the Station-wide background levels. 

The subsurface soil at Site 4 has not been significantly impacted by site operations. There is no 

apparent source or discernable pattern of contamination within this media. The leaching of subsurface 

soil contaminants to groundwater is a potential contaminant migration pathway. Organic contaminants 

detected in groundwater at Site 4 have probably migrated through (or from) the subsurface soils. 

However, the analytical results from the subsurface soil samples collected during this indicate that this 

medium is not currently acting as a source of groundwater degradation at Site 4. 
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2.6.1.3 Groundwater 
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Results of the Round Two RI indicated that the horizontal extent of chlorinated solvents and 

explosives detected in the Round One RI at Site 4 is limited to the southern portion of the landl’ill near 

adjacent to Site 22. The highest concentrations of TCE were detected at 4GW05 and 4GWO4 at 9J 

pg/L. TCE was not detected at depth within monitoring wells 4GW06A (65-R depth) and 4CW02A 

(80.5-ft depth). Nitramine compounds (RDX, 2,4/2,6dinitrotoluene, 2,4,6-trinitrotoluene, and arnino- 

DNTs) were also detected within the shallow portion of the aquifer at relatively low concentrations 

and at low frequencies. These compounds were not detected at greater depths within the aquifer. The 

VOC and nitramine compounds detected at the site may be attributed to past site operations. 

Concentrations of inorganics in shallow groundwater exceeded the range of the Station-wide levels 

for both total and dissolved fractions. 

The vertical extent of groundwater contamination appears to be limited to the shallow portion of the 

Yorktown-Eastover aquifer. Groundwater flow at Site 4 is generally toward the south (Site 22). The 

horizontal extent of groundwater contamination is limited to a southern area adjacent to Site 22. 

2.6. I .4 Surface Water 

The surface water and sediment samples collected for Site 4 are also representative of conditions at 

Sites 21 and 22. Nitramine compounds were detected within the unnamed tributary between Sites 4 

and 21 that flow into the east branch of Felgates Creek. These nitramine compounds were detected 

in surface soil samples at the eastern portion of Site 4, which may indicate migration of surface soil 

contaminants to the surface water. The inorganic concentrations detected within the surface water 

were generally within the range of Station-wide background levels. 

2.6. I .5 Sediment 

Relatively low concentrations of VOCs, SVOCs and nitramine compounds were detected within the 

sediment samples. These concentrations may be associated with residual contaminant migration from 

Site 4. The concentrations of inorganics detected within the samples were generally within thle range 

of Station-wide background levels. The sediment within the study area has not been significantly 

2-23 



!---“-^-- 

..--.. 

IT-- 

impacted by operations at Sites 4,2 I, and 22. There is no apparent source or discernable pattern of 

detections. 

2.4.2 Nature and Extent of Contamination at Site 21 

2.6.2.1 Surface Soil 

Low concentrations of VOCs were detected sporadically and generally at low frequencies. 

PAHs, occurred generally throughout the site and did not occur in a discernible pattern. Most of the 

inorganics (19 of 20) were detected within the surface soil samples at relatively low concentrations. 

Concentrations of aluminum, arsenic, beryllium, cadmium, iron, manganese, mercury, thallium, and 

zinc were detected at either higher concentrations or greater frequencies. These inorganics may be 

attributed to past disposal practices (of batteries, scrap metal, and construction debris). 

Overland transport of contaminated soils by runoff flowing toward the unnamed tributary to the east 

branch of Felgates Creek is a potential pathway for surface soil contaminant migration. Analytical 

results from surface water/sediment samples collected in the unnamed tributary indicate that the 

surface soil contaminants detected at Site 2 1 have not had an impact on this surface water body. The 

surface soil at Site 21 has not been significantly impacted by site operations. There is no apparent 

source or discernible pattern of contamination within this medium. 

2.6.2.2 Subsurface Soil 

Results of the subsurface soil investigation at Site 21 indicate low levels of VOCs and PAHs. These 

compounds do not appear to be the result of past disposal activities. Inorganics detected within the 

subsurface soil were similar to inorganics detected within the surface soils. The relatively low 

concentrations were within the Station-wide background levels. 

The subsurface soil at Site 21 has not been significantly impacted by site operations. There is no 

apparent source or discemable pattern of contamination within this medium. Leaching of subsurface 

soil contaminants to groundwater is a potential contaminant migration pathway. Organic contaminants 

detected in groundwater at Site 21 have likely migrated through (or from) the subsurface soils. 
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However, the analytical results from the subsurface soil samples collected during this investigation 

indicate that this medium is not currently acting as a source of groundwater degradation at Site 2 1. 

2.6.2.3 Groundwater 

This section addresses the extent of groundwater contamination at Site 21. Possible sources of 

groundwater contamination and potential migration of contamination are also evaluated. 

Results of the Round Two RI indicated that low levels of VOCs were detected in two monitoring wells 

at Site 2 1. Although past sampling events did not detect these VOCs, empty cans of solvents were 

discovered during reconnaissance of the site (Baker, 1996). Concentrations of inorganics in :shallow 

groundwater were generally within the range of the Station-wide levels for both total and dissolved 

fractions. Concentrations of manganese and zinc may be related to the batteries that were disposed 

at the site. 

The contaminants detected in groundwater at Site 21 are sporadic and at low concentrations. 

Groundwater flow at Site 2 I is generally toward the unnamed tributary that flows to Felgates Creek. 

It does not appear that past site operations have had an adverse impact the groundwater at the site. 

2.6.3 Nature and Extent of Contamination at Site 22 

2.6.3. I Surface Soil 

Concentrations of PAHs and explosives were generally spread throughout the site and may be related 

to past solvent and explosives burning that occurred on site. A total of 19 of the 20 inorganics were 

detected within the surface soil samples. The majority of them were sporadic and at low frequencies. 

Concentrations of arsenic, beryllium, cadmium, copper, iron, lead, and manganese were detected at 

higher concentrations. These inorganics may be attributed to past site activities. 

Overland transport of contaminated soils by runoff flowing toward the east branch of Felgates 

Creek 22 is a potential pathway for surface soil contaminant migration. Analytical results from surface 

water/sediment samples collected in Felgates Creek do not indicate adverse effects from contaminant 

migration from surface soil. The surface soil at Site 22 has, not been significantly impacted by site 

operations. 
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2.6.3.2 Subsurface Soil 

Results of the subsurface soil investigation at Site 22 indicate that low levels of VOCs, one SVOC and 

an explosive compound were detected at low the concentrations and at low frequencies. Inorganics 

detected within the subsurface were similar to inorganics detected within the surface soil. The 

relatively low concentrations were within the Station-wide background levels. 

The subsurface soil at Site 22 has not been significantly impacted by site operations. There is no 

apparent source or discernable pattern of contamination within this medium. The leaching of 

subsurface soil contaminants to groundwater is a potential contaminant migration pathway. Organic 

contaminants detected in groundwater at Site 22 have probably migrated through (or fro’m) the 

Subsurface soils. However, the analytical results from the subsurface soil samples collected during this 

investigation indicate that this media is not currently acting as a source of groundwater degradation 

at Site 22. 

2.6.3.3 Groundwater 

This section addresses the extent of groundwater contamination at Site 22. Possible sources of 

groundwater contamination and potential migration of contamination are also evaluated. 

Results of the Round Two RI indicated that the horizontal extent of chlorinated solvents and 

explosives contamination detected at Site 22 was most prevalent in the southern half of the site. The 

highest concentrations of TCE and RDX were detected at 22GW04 at 1,200 pg/L and 1110 pg/L, 

respectively. This well is located adjacent to the bum area. The solvents and explosives detected at 

the site may be attributed to past site operations. Detections of similar compounds were olbserved 

within the samples collected from monitoring wells 22GWOl and 22GWOlA at lower (one order of 

magnitude) concentrations. Concentrations of inorganics in shallow groundwater were generally 

within the range of the Station-wide levels for both total and dissolved fractions. 

The vertical extent of groundwater contamination appears to be limited to the shallow portion of the 

Yorktown-Eastover aquifer. The concentrations detected in the deeper (55-a bgs) portion of the 

aquifer are generally one order of magnitude lower. Groundwater flow at Site 22 is toward the east 

branch of Felgates Creek. Surface water and sediment samples collected down gradient of Site 22 do 
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not exhibit VOC contamination. The groundwater at Site 22 does not appear to adversely impact the 

surface water and sediment within Felgates Creek. 

2.6.3.4 Sediment 

Concentrations of VOCs, SVOCs, and n&amine and pesticide compounds were detected wiithin the 

sediment samples collected within the marsh area at the southern portion of Site 22. These may be 

associated with residual contaminant migration from Site 22. 

The concentrations of inorganics detected within the samples were generally within the range of 

Station-wide background levels. 

The sediment within the study area has not been significantly impacted by operations at Site 22. 

2.7 Baseline Risk Assessment Summary 

2-7.1 Human Health Risk Assessment 

This section presents the results of the human health and ecological risk assessments conducted for 

Sites 4,2 1 and 22. Results of the risk assessment provide the basis for evaluating contaminant effects 

on human health and the environment. These effects drive the development of remedial action 

objectives and the identification of engineering processes and remedies. 

A baseline human health RA was conducted for Sites 4,21, and 22 under the Round Two F:I. 

This section presents the results of the baseline human health RA and those contaminants associated 

with unacceptable human health risks. 

Analytical data were evaluated to determine which chemicals detected in environmental media have 

the greatest potential to adversely affect human health. This first step in the risk assessment process 

identifies chemicals of potential concern (COPCs). These chemicals are carried into the quantitative 

risk assessment process. Tables 2-l through 2-7 identity COPCs in surface and subsurface soils. Site 

4 was subdivided into Site 4-Proper and a Site 4-Hot Spot so that contaminants present in soiil would 

not be overlooked in the statistical evaluation of these data. 

2-27 



The following receptors were evaluated during the risk assessment for Site 4-Hot Spot, Site 4-Proper, 

Site 21, and Site 22. 

l Current Adult and Child (Ages 7-l 5 Years) Trespassers 

l Current Commercial/Utility Workers 

l Future On-site Adult, Older Child (Ages 7-15 Years), and Young Child (Ages l-6 Years) 

Residents 

l Future Construction Workers 

Results of the quantitative risk assessment are presented in the following paragraphs. 

Current Potential Receptors 

The total ICR values for the current adult and adolescent on-Station trespassers at Sites 4,2 1, and 22 

fall within the USEPA’s generally acceptable target risk range of 1 x 1 O* to 1 x 1 Oa4. The target risk 

range represents the range of potential risks that USEPA generally believes to be acceptable. The total 

HI values for the current potential adult receptors at Site 4 were greater than unity (i.e., HI = 2.9 at Site 

4-Hot Spot and HI = 1.9 at Site 4-Proper). The exceedence at Site 4-Proper was based on the 

cumulative effect of exposure to all media at the sites (i.e., surface soil, surface water, and sediment). 

Individually, the total HI values for each medium at each site were below 1.0; therefore, it is not 

expected that adverse noncarcinogenic health effects will occur to these receptors at Site 4-Proper 

subsequent to exposure to the COPCs identified in these medium. The exceedence at Site 4-Hsot Spot 

was due primarily to dermal exposure to the arsenic in the surface soil in the “hot spot” area 

(i.e., HI = 1.6). HI values for current potential adult receptors at both Site 21 and Site 22 exceed 1 .O, 

(i.e., HI = 1.5 at Site 21 and HI = 1.5 at Site 22). The exceedances for Sites 21 and 22 were based on 

the cumulative effect of exposure to all medium at the sites (i.e., surface soil, surface watler, and 

sediment). Individually, the total HI values for each medium at each site were below 1 .O; therefore, 

it is not expected that adverse noncarcinogenic health effects will occur to these receptors at either site 

subsequent to exposure to the COPCs identified in these media. 
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The total HI values for the current potential adolescent receptors at Sites 4, 2 1, and 22 were greater 

than unity (i.e., HI = 4.0 at Site 4-Hot Spot, HI = 2.4 Site 4-Proper, HI = 1.9 at Site 21, and I-II = 1.9 

at Site 22). The exceedences for Site 4 adolescent receptors were due to the same factors that resulted 

in exceedences for the adult receptors. 

The ICRs and HIS were estimated for current commercial/utility workers who may be exposed to 

surface soil during groundskeeping activities, via the pathways of accidental ingestion, dermal contact, 

and the inhalation of fugitive dusts at Sites 4 (Proper and Hot Spot), 21, and 22. The total site ICRs 

and HIS for Sites 21 and 22 were within USEPA’s acceptable risk levels. The total ICR evaluated for 

exposure to surface soil at Site 4-Proper was within USEPA’s target risk range. The total ICR 

evaluated for exposure to surface soil at the Site 4-Hot Spot exceeded USEPA’s target risk range. This 

exceedence was based on the cumulative effect of the ingestion and dermal exposure pathways. 

Arsenic and benzo(a)pyrene contributed to this elevated ICR. 

The total HIS evaluated for exposure to surface soil at both Site 4-Proper and the Hot Spot exceeded 

unity. While the dermal pathway contributed primarily to the total site HI for Site 4-Proper, none of 

the individual hazard quotients (HQs) exceeded unity. Therefore, it is not expected that adverse 

noncarcinogenic effects health effects will occur to commercial workers subsequent to exposure to the 

COPCs identified in Site 4-Proper surface soil. The dermal pathway contributed primarily to the total 

site HI for Site 4-Hot Spot. Arsenic contributed approximately 85 percent of the dermal pathway HI, 

and its HQ exceeded unity. 

Table 2-8 summarizes the total ICR values for potential current human receptors to coniaminants 

present in surface soil at Sites 4,2 1, and 22. 

Future Potential Receptors 

Future Residents 

All total HI risks (Site 4-Hot Spot and Proper) estimated for adults and older and younger children in 

this area under the reasonable maximum exposure (RME) exposure scenarios, summed over all media, 

exceed USEPA acceptable criteria. The total ICR values for soil at the Site 4-Hot Spot exceed 

USEPA acceptable criteria. The Site 4-Hot Spot total ICRs ranged from 6.6 x IO-O4 to 1.5 x 10q3. 

Both the ingestion and dermal contact routes of exposure when evaluating surface soil contributed to 
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the elevated Hot Spot ICRs. This was due mainly to the presence of arsenic and cPAHs detected in 

the surface soil. 

Total HIS under the Rh4E exposure scenario for the Site 4-Hot Spot ranged from 6.0 to 25. The 

presence of arsenic detected and exposure by surface soil in both the ingestion and dermal pathways 

is the primary contributor to elevated HI values. The HQ for arsenic in surface soil exceed 1 .O in each 

pathway for all receptors. 

The total ICR values for Site 4-Proper for residential receptors, summed over all media were within 

USEPA’s acceptable risk range. Total HIS under the RME exposure scenario for the Site 4-Proper 

ranged from 2.5 to 6.8. These exceedences are due primarily to the presence of manganese and iron 

detected in the surface soil. It should be noted that the individual HQ value for iron was below one. 

Also, while iron is evaluated quantitatively in this risk assessment, it is considered an essential 

nutrient, and studies that prompted the development of toxicity human criteria are provisional and 

have not been formally promulgate by the USEPA. 

Total HI values for Site 2 1 exceed USEPA acceptable criteria. The total ICR values calculated using 

reasonable maximum estimates of exposure to future residents were within USEPA’s acceptable risk 

range of 1 .O x 1 Oa4 to 1 .O x 1 Omo6. The total surface soil HI estimated for the future residenti,al adult 

slightly exceeded unity (1.5). The total Site 21 HI for the future residential child was 4.1 and the total 

Site 21 HI for the future residential older child was 2.3. This is due mainly to the presence of iron, 

cadmium, and manganese detected in surface soil. It should be noted that the individual HQ values 

for cadmium, iron, and manganese were below one when evaluated with respect to target organ 

effects. Therefore, it is considered unlikely that adverse noncarcinogenic human health effects will 

result from exposure to Site 21 soil. 

For Site 22, all total ICR values developed using the RME summed over all medium, were: within 

USEPA acceptable risk range. Total HIS exceed 1 .O and ranged from 1.6 to 4.7. HIS exceecling 1 .O 

were caused by arsenic and iron present in the surface soil. It should be noted that the individ.ual HQ 

values for arsenic and iron were below 1 .O. It is considered unlikely that adverse noncarcinogenic 

human health effects would result from exposure to COPCs in Site 22 surface soil. 

Table 2-9 presents total site ICRs and HI values for future potential residents at Sites 9,21 and 22. 
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Future Construction Workers 

The total ICR values for the future adult construction workers at Sites 4, 21, and 22 fall within the 

USEPA’s generally acceptable target risk range of 1 x lOa to 1 x 10m04. The target risk range 

represents the range of potential risks that USEPA generally believes to be acceptable. 

The total HI value for the future adult construction workers at Site 21 was below USEPA’s acceptable 

level of 1 .O. However, the total HI values for Site 4 and Site 22 were greater than 1.0, suggesting that 

adverse noncarcinogenic human health effects could occur subsequent to exposure because of the 

presence of iron and chromium. Iron contributed the greatest percentage to the total HI value at both 

sites. However, individual HQ values were below 1.0 when target organ effects are considered. 

Therefore, it is considered unlikely that adverse noncarcinogenic human health effects would occur 

from exposure to S.ite 22 subsurface soil. 

Identification of Human Health COG 

Chemicals of Concern (COCs) are those chemicals that pose the greatest human health threats. These 

chemicals are identified by evaluating the results of the baseline risk assessment and detennining those 

chemicals responsible for the majority of unacceptable human health risks. Human health COCs 

include: 

Site 4 

. Carcinogenic PAHs (benzo(a)pyrene, chrysene, benzo(a)anthracene, benzo(b) 

fluoranthene, benzo(k) fluoranthene, indeno( 1,2,3-cd)pyrene,, dibenz (a,h) anthracent) 

l Arsenic 

Human health COCs were not identified in Site 21 or Site 22 soil. 

2.7.2 Ecological Risk Assessment 

An ecological risk assessment was conducted for Sites 4, 21, and 22 at WPNSTA Yorktown. the 

ecological risk assessment covers the first two steps of the USEPA eight step process (USEPA. 1997). 
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Step one is Screening-Level Problem Formulation and Ecological Effects Evaluation, and step two 

is Screening-Level Preliminary Exposure Estimate and Risk Calculation. Somewhat less conservative 

refinements of risk calculations are also provided (Step 3A, CNO 1999). 

Sites 4 and 21 have had limited removal actions performed in recent years. The objective of this 

ecological RA is to assess potential risks to terrestrial or aquatic ecological communities at or adjacent 

to Sites 4,2 1, and 22 from exposure to contamination remaining following the removal actions. This 

ecological RA concerns both terrestrial and aquatic environments. Four terrestrial assessments were 

conducted: Site 4 - Soil Hot Spot, Site 4 Proper, Site 21, and Site 22. The Site 4 terrestrial 

assessment was divided in to two areas due to the detection of a soil hot spot contaminated with 

polynuclear aromatic hydrocarbons (PAHs) identified during the Round Two Remedial Investigation 

(RI). Two aquatic assessments were conducted on surface water and sediment samples collected a 

small creek located between Sites 4 and 21 that flows into the East Branch of Felgates Creek (east 

branch, tributaries, and headwaters): Sites 4, 21, and 22 - Freshwater Stations, Sites 4, 21 and 22 - 

Tidal Freshwater Stations. Groundwater from each of the three sites was assessed under future 

scenarios presuming migration to the east branch of Felgates Creek. In addition, sediment samples 

were collected at three locations within a wetland area immediately south of Site 22. However, 

groundwater, surface water and sediment will not be evaluated in this FS Report. 

2.7.2.1 Step 1 - Screening-Level Problem Formulation 

Problem formulation involves the development of a conceptual model of the site that addresses the 

following issues: the environmental setting and ecological contaminants of potential concern 

(COPCs); mechanisms of ecotoxicity associated with the compounds; complete exposure pathways 

that might exist at the site; and the selection of endpoints to screen for ecological risk (USEPA, 1997). 

2.7.2.1.1 m 

The following subsections present a description of Sites 4, 21, and 22. Information used to evaluate 

sensitive environments was obtained from the Natural Heritage Inventory conducted at Naval 

Weapons Station Yorktown by the Commonwealth of Virginia (Buhlman and Ludwig, 1992). In 

addition, a qualitative habitat evaluation was conducted at Sites 4 and 21 in 1993 to identifjr potential 

terrestrial and aquatic receptors (Baker, 1995a). Based on the findings of these studies, the following 

sensitive species or environments are identified at WPNSTA: the bald eagle (HaGaeetus 
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leucocephalus) (Threatened bird), Mabee’s salamander (Ambystoma mabeei)(Threatened amphibian); 

Florida adder’s mouth (Malaxis spicata) (rare plant). Although both the bald eagle and Mabee’s 

salamander inhabit WPNSTA, neither species has been observed near or is expected to inhabit Sites 

4, 21, or 22. The specific habitat requirements of the Mabee’s salamander (i.e. sinkhole pond 

complexes and adjacent mixed hardwood forests) and the Florida’s adder’s mouth (marl ravine 

complexes) preclude the occurrence of these organisms at or near Sites 4,21 and 22. At least oae pair 

of Bald Eagles are known to occupy WPNSTA Yorktown. The pair was known to have nested in a 

dead tree adjacent to Pond #I 1 and King Creek (Buhlman and Ludwig, 1992). Although the Bald 

Eagle is known to inhabit WPNSTA Yorktown, it is unlikely that the birds would utilize Sites 4,21, 

or 22. Bald Eagle’s have never been observed at these site locations since the discovery of th,e birds 

at the Station. 

Descriptions of each site are presented below. 

Site 4 - Burning Pad Residue Landfill 

Site 4, the Burning Pad Residue Landfill, consists of more than 10 acres. Site 4 was used as a disposal 

area from 1940 through 1975. Reportedly, the landfill was a ravine in which trench and fill operations 

took place. The landfill area was reportedly backfilled three to four times a week (C.C. Johnson, 

1984). An ash pile measuring approximately 100 feet by 150 feet was located in the northeast comer 

of the site. Materials reportedly disposed elsewhere at Site 4 include: carbon-zinc batteries from 

underwater weapons; burning pad residues [possibly containing aluminum, cyclotrimethyiene 

trinitroamine ww, 2,4,6-trinitrotoluene (TNT), 2,4-dinitrotoluene, and 

cyclotetramethylenetetranitramine (HMX)]; tree stumps; fly ash from coal-fired boilers; mine casings; 

electrical equipment (possibly telephone poles, line hardware, etc.); and transformers (possibly 

containing polychlorinated biphenyl [PCB] oils). 

An investigation of subsurface source areas, conducted by IT Corporation (IT) in Decembe:r 1992, 

identified a large battery disposal area located in the southeast part of the site. The batteri’es were 

found between 2 and 4 feet below ground surface (bgs). Additional landfill material consisting of 

construction debris, scrap metal, piping, glass, concrete, bottles, cans, and drums, were also identified 

at various locations within the site boundary. 
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In 1994, IT conducted a Removal Action at the site to dispose of the surface debris and the battery 

disposal areas. Materials were removed from several areas throughout the site and the area around 

the ash pile located in the northeast corner of the site near West Road. 

The majority of the site is‘relatively open, vegetated with scrub grasses and small trees. Larger trees 

are present in the northern and southeastern portions of the site. A gravel road now loops through the 

site and meets West Road. A dirt or gravel road formerly cut through the site and leads toward Site 

22. The topography within the open area of Site 4 is relatively flat with elevations ranging between 

33 to 47 feet above mean sea level (msl). In the wooded areas along the southeastern portion of the 

site, the topography slopes sharply down toward the unnamed drainage way with elevations changing 

from 39 to less than 10 feet above msl. 

Three general types of terrestrial habitats are present at Site 4: an open field, scrub shrub/mixeld forest 

edge, and upland forest. The open field is surrounded by edge habitat; this edge habitat also occurs 

between Site 4 and Site 22. Vegetation in this open area includes a mix of small trees, saplings, vines, 

grasses, and field plants. Upland forest areas are present between Sites 4 and 21. The upland forest 

areas have limited understories (Baker, 1995a). 

Site 2 1 - Battery and Drum Disposal Area 

Site 2 1, the Battery and Drum Disposal Area, is a small wooded area covering approximately 1 -acre. 

The site is located immediately adjacent to the unnamed drainage way leading to Felgates Creek. 

Site 21 was identified in November 1990 by WPNSTA Yorktown personnel and, therefore, had not 

been included in any previous investigations. Wastes noted and confirmed during a reconnaissance 

of Site 21 in October 1991 by Roy F. Weston, Inc. (WESTON) personnel included: various sized 

drums; batteries (Leclanche type); empty solvent containers; and scrap metal. Waste was present 

throughout the site area with several areas of concentrated waste dumping (batteries and drums) noted. 

Based on a geophysical investigation, the fill area was estimated to be approximately 200 feet by 

200 feet, with apparently well-defined boundaries (Baker/WESTON, 1993). 

Site 21 was investigated as part of a subsurface soil study performed by IT in December 1992. This 

investigation indicated the presence of approximately 5 to 8 inches of topsoil under which batteries 

were present at thicknesses of 2 to 6 feet. The batteries were a carbon-zinc dry chemistry type, 

consistent with the type observed on the surface. 
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In 1994, IT performed a Removal Action at the site designed to remove identified wastes. Tlhe site 

has been cleared in the area of the Removal Action. Small and large trees surround the removal action 

area and make up the remaining area of the site (based on a March 12, 1993 aerial photograph, the site 

was entirely covered with small and large trees prior to the removal action). A dirt road extending 

from West Road leads to the removal action area. The topography within the site is relatively steep; 

it falls sharply toward the on-site drainage way located along the western and southeastern portions 

of the site. Site elevations range from 5 to 45 feet above msl. 

Two terrestrial habitats are present at Site 21: an upland forest and a mixed forest. The mixed forest 

makes up the disposal area and the upland forest covers the remainder of the site. 

Site 22 - Burn Pad 

Site 22 is located south of Site 4 and west of Site 21 (Figure l-3). A circular array of 11 steel burning 

pans was used for burning waste plastic explosives and spent solvents. The pans surround a 1:50-foot 

diameter circular area. The burn pad is not currently in use. Site 22 became an area used for a 

treatability study (TS) for the treatment of n&amine-contaminated soil. As part of the TS, a 153-foot 

by 86-foot biocell was constructed at this site. The biocell is no longer in active use. 

2.7.2.2 Potential Ecological Contaminants of Concern 

Ecological Contaminants of Concern (ECOCs) are those compounds detected at the sites that were 

found to pose potential risk to one or more ecological receptors. Laboratory contaminants [e.g., 

acetone, carbon disulfide, toluene, and bis(2-ethylhexyl)phthalate and constituents with low itoxicity 

characteristics (e.g., calcium, magnesium, potassium, and sodium) were eliminated as potential 

ECOCs. Based on previous activities and investigations at the sites, potential ECOCs included 

volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), explosives, 

pesticides, polychlorinated biphenyls (PCBs), and metals. 

Because of the soil removal action performed after the Round One sampling event, contaminant 

concentrations at Sites 4, 21, and 22 are expected to have changed. For this reason, only data 

collected during the Round Two RI are used in this ecological RA. Surface soil samples were 

collected at Site 4 during June of 1994 and October of 1996. Surface soil was collected from Site 21 
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in September of 1994. Surface soil was collected from Site 22 in August of 1994 and October of 

1996. Surface water and sediment samples were collected from Sites 4,2 1, and 22 in August of 1996. 

Based on the previous activities at these sites, surface soils at Site I-Soil Hot Spot were analyzed for 

VOCs, SVOCs, explosives, pesticides and polychlorinated biphenyls (PCBs), and TAL inorganics. 

Surface soils at Site 4-Proper were analyzed for VOCs, SVOCs, pesticide/PCBs explosives and TAL 

inorganics. Groundwater at Site 4 was analyzed for VOCs, SVOCs, pesticides/PCBs, expllosives, 

TAL inorganics (total and dissolved), and dissolved metals. Surface soil from Site 22 was analyzed 

for VOCs, SVOCs, pesticides/ PCBs, explosives, and TAL inorganics. Surface soil at Site 21 was 

analyzed for VOCs, SVOCs, pesticides/ PCBs, explosives, and TAL inorganics. Groundwater at Site 

21 was analyzed for VOCs, SVOCs, pesticides/ PCBs, and TAL inorganics (total and diss,olved). 

Groundwater at Site 22 was analyzed for VOCs, SVOCs, pesticides/ PCBs, explosives, total metals, 

and dissolved metals. Since Sites 4, 21 and 22 are in close proximity to one another and the east 

branch of Felgates Creek the available surface water and sediment data were used to represent 

potential contaminants associated with all three of the sites. Surface water was analyzed for VOCs, 

SVOCs, pesticides/ PCBs, explosives, and TAL inorganics (total only). Sediments were analyzed for 

VOCs, SVOCs, pesticides/ PCBs, explosives, and TAL inorganics. These results of the sediment and 

surface water analyses were used to assess the freshwater and tidal freshwater aquatic habitats 

associated with all of the sites. All compounds positively detected in media at Sites 4,21, and 22 were 

evaluated for potential risks to ecological receptors identified for these sites. ECOCs, screening levels, 

site concentrations and station-wide background values are presented in Tables 2- 10 through 2- 13. 

2.7.2.3 Risk Characterization 

The following subsections provided a summary of the potential ecological risks identified in this RA 

for each site. Summaries regarding screening levels are highly conservative and reflect potential risks 

to terrestrial or aquatic flora and fauna. these data were used to select ECOCs. Discussions regarding 

upper trophic level receptors discuss potential risks for conservative and less conservative scenarios. 
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Site 4 - Prouer - Terrestrial Receptors 

Based on a screening of soil concentrations against flora/fauna toxicity values, the terrestrial 

environment in Site 4-Proper potentially may be adversely impacted by soil concentrations of PAHs 

aroclor-1254, aroclor-1260, 2,4,6-trinitotoluene (2,4,6-TNT), HMX, RDX, aluminum, cadmium, 

chromium, copper, iron, lead, manganese, mercury, vanadium, and zinc. 

Conservative upper trophic level receptor models suggest that surface soil concentrations of PAHs and 

inorganics produce HQ values greater than 1 .O for the red fox. Inorganics and PC& produce elevated 

(above 1 .O) HQ values for the american robin, short tailed shrew, deer mouse, american woodcock, 

and marsh wren. Inorganics produce HQ values above 1 .O for the bobwhite quail, meadow vole, and 

red-tailed hawk 

Less conservative upper trophic level receptor models for Site 4-Proper indicate potential unacceptable 

risks to red fox, american robin, meadow vole, short tailed shrew, deer mouse, american woodcock, 

and marsh wren from surface soil concentrations of aluminum, arsenic, cadmium, chromium, lead, 

mercury, vanadium and zinc. 

Site 21 - Terrestrial Receptors 

Based on a screening of soil concentrations against flora/fauna toxicity values, the terrestrial 

environment in Site 21 may be adversely impacted by soil concentrations of aluminum, cadmium, 

chromium, copper, iron, lead, manganese, mercury, thallium, vanadium, and zinc. 

Conservative upper trophic level receptor models suggest that surface soil concentrations of 

aluminum, arsenic, cadmium, chromium, lead, mercury, and zinc produce HQ values above 1 .O for 

the american robin, american woodcock, and marsh wren. Aluminum, arsenic, cadmium, mercury, 

thallium, vanaduim, and zinc, produced HQ values above 1 .O for the red fox, bob white quail, Imeadow 

vole, short tailed shrew, deer mouse, and red-tailed hawk. 

Less conservative upper trophic level receptor models for Site 21 indicate potential risks to the red fox, 

american robin, meadow vole, short-tailed shrew, deer mouse, american woodcock, and marsh wren 

from surface soil concentrations of aluminum, cadmium, chromium, mercury, and zinc. 

2-37 



Site 22 - Terrestrial Receptors 

Screening of soil concentrations against flora/fauna toxicity values, indicates that the terrestrial 

environment at Site 22 may potentially be impacted by soil concentrations of HMX, cadmium, copper, 

lead, silver, vanadium and zinc. 

Conservative upper trophic level receptor models suggest that surface soil concentrations of 

aluminum, antimony, arsenic, cadmium, chromium, copper, lead, selenium, vanadium, and zinc 

produce HQ values above 1 .O for the red fox, bobwhite quail, american robin, meadow vole, short 

tailed shrew, deer mouse, american woodcock, marsh wren and red-tailed hawk. 

Less conservative upper trophic level receptor models for Site 22 indicate potential risks to red fox, 

american robin, meadow vole, short tailed shrew, deer mouse, american woodcock, and marsh wren 

from surface soil concentrations of aluminum, arsenic, cadmium, chromium, copper, lead, selenium, 

vanadium and zinc. 

Ecological COCs 

Ecological COCs are those chemicals that pose the greatest threat to environmental receptors. These 

chemicals have been identified in the risk characterization section and account for the majority of 

unacceptable ecological risk. Ecological COCs include: 

Site 4 

2,4,6-TNT, HMX, RDX aluminum cadmium, copper, iron, lead, manganese, mercury, 

vanadium, zinc 

Site 22 

aluminum, cadmium, chromium, copper, iron, lead, manganese, mercury, thallium, vanadium 

and cyanide 

Site 22 

HMX, cadmium, chromium, copper, lead, silver, vanadium and zinc 
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TABLE 2-l 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 4 - PROPER 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Organic Compounds: 

I Region III 
Criteriac2) 

Contaminant(‘) Residential 
COC Value 

(wk) 

I Acetone I 780 

I2-Butanone I 4,700 

I Toluene I 1,600 

Semivolatile Organic Compounds: 

Naphthalene 160 

I2-Methvlnaphthalene I 160 

Acenaphthene 

Dibenzofuran 

Fluorene 

I Pentachlorophenol I 5.3 

Phenanthrene 160’“’ 2415 1 0.0545 - 3.9 0 No NA 

1 Pluoranthene 1 310 

Pyrene 230 
Butylbenzylphthalate 1,600 

Contaminant Frequency/Rangec3) Comparison to 
Criteria 

COPC 
Selection 

No. of Positive Range of Positive No. of Positive Range of 

Detects/ Detection Detects Above Selected as a Positive 

No. of Samples h3k) 
Residential COPC? Detection 
COC Value (m&g) 

21142 0.001 J - 0.06 0 No NA 
l/42 0.0055 0 No NA 
1 l/42 0.004J - 0.0075 0 No NA 
3142 0.0025 - 0.027 0 No NA 

0.0465 - 0.175 

515 1 1 0.0535- 0.43J i 0 No NA 
315 1 0.0465 - 0.235 0 No NA 
715 1 0.0455 - 0.44J 0 No NA 
l/51 0.0525 0 No NA 

2GJ5 1 0.04J - 0.19J 0 No NA 

30151 0.0365 - 8.9 0 No NA 
2915 1 0.0495 - 8. I 0 No NA 

215 1 1 0.0465-0.15 1 0 No NA 1 
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TABLE 2-l (Continued) 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 4 - PROPER 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant(‘) 

Methoxychlor 39 l/50 0.00 145 0 No NA 

Endrin Ketone 2.3”” 3150 0.000125 - 0.00845 0 No NA 

Endrin Aldehyde 2.3”” l/50 0.00945 0 No NA 
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TABLE 2-l (Continued) 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 4 - PROPER 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN. VIRGINIA 

Contaminant(‘) 

Pesticides/PCBs : (Continued) 

Region Ill 
Criteriac2) Contaminant Frequency/Rangec3) Comparison to COPC 

Criteria Selection Background(4) 

Residential No. of Positive Range of Positive No. of Positive Range of 
COC Value Detects/ Detection Detects Above Selected as a Positive 

Owk) No. of Samples hkit) 
Residential COPC? Detection 
COC Value bg/kg) 
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TABLE 2-l (Continued) 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 4 - PROPER 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Region III 
Criteria”’ 

COPC 
Selection I 

Background(4) 

Contaminant(‘) Residential 
COC Value 

bwW 

Selected as a 
COPC? 

Range of 
Positive 

Detection 

No. of Positive 

t Inorganics (mg/kg): (Continued) 

1 Lead 4oo”*’ 

IM ercury 

1 Nickel 160 

I Potassium+ 

No 0.26L - 0.55L Selenium 

Sodium+ 

1 Thallium 

No 13.9J - 115J 

No 1 ND 

I Vanadium 

160 Cyanide 

Notes: 

(I) Organic concen trations converted to mg/kg, inorganic concentrations reported in mgkg. 
(*) COC = USEPA Region III COC screening value (USEPA, 1993a, 1999). 
(3) J = Value is Estimated. 

* -x1,1.., :,l.:n.^-A 1,... 
l.2 - Y lIltlO 15 "ux.ssU I"W. 

K = Value is biased high. 
(4) Baker (1995) 
(5) Value for acenaphthene used as a surrogate. 
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TABLE 2-l (Continued) 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 4 - PROPER 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Notes: (Continued) 

@) Value for naphthalene used as a surrogate. 
(‘) Re-included as COPC because of possible additive effect of carcinogenic polyaromatic hydrocarbons. 
I*) Value for pyrene used as a surrogate. 
(9) Value for endosulfan used as a surrogate. 
(lo) Value for endrin used as a surrogate. 
(“) Value for chlordane used as a surrogate. 
(I*) Action level for residential soils (USEPA, 1994b) 
(13) Value for mercuric chloride used as a surrogate. 
-- = No criteria published 
+ = Essential Nutrients 
NA = Not Applicable 
ND = Not Detected 
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TABLE 2-2 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 4 - HOT SPOT 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Region III 
Criteria(*) Contaminant Frequency/Rangec3) Comparison to 

Criteria 
COPC 

Selection 

No. of Positive 
Detects Above 

Residential 
COC Value 

Range of 
Positive 

Detection 

Contaminant(l) Residential No. of Positive Range of Positive 
COC Value Detects/ Detection 

Owk) No. of Samples bwdk) 

Volatile Organic Compounds: 

Methylene Chloride 

!-Butanone 

I?ichloroethene 

85 

4,700 
58 

215 0.0025 - 0.0065 0 

l/5 I 0.004J 0 

II5 I 0.0085 0 No 1 

Selected as a 
COPC? 

l/5 0.225 
3emivolatile Organic Compounds: 

2-Methylphenol 

Yaphthalene 

2-Methylnaphthalene 

4cenaphthylene 

39 

160 

160 

470C5’ 

415 0.0455 - 8.9 

315 0.0625 - 3 No I NA 

215 I 0.044J - OS8J No 1 NA 

4cenaphthene 515 0.185 -255 No NA 

No NA 

No NA 
No NA 

Zbenzofuran 515 0.059J - 8.1 

Fluorene 515 0.13J - 12 

515 1.2 - 1205 ?henanthrene 1 160’6’ 

X-n-butylphthalate 

Tluoranthene 

780 

I 310 

315 0.048J - 0.245 

515 2.2 - 140J 

/ 0.06;;X-O08” ;;: No 1 NA Bis(2-ethylhexyl)phthalate 

LX-n-octylphthalate 

46 

160 No NA 
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TABLE 2-2 (Continued) 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 4 - HOT SPOT 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Region III 
Criteria(*) 

COPC 
Selection 

Contaminant(‘) Range of 
Positive 

Detection 

Residential 
COC Value 

@g/kg) 

No. of Positive 
Selected as a 

COPC? 

Semivolatile Organic Compounds: (Continued) 

I Benzo(g,h,i)perylene 230@’ 515 I 0.44 - 14 1 No 
Pesticides/PCBs: 

4,4’-DDE 1.9 3/3 0.0065 - 0.0735 0 No 

213 0.00385 - 0.0046J 0 No 

213 0.065J - 0.0775 0 No 

313 0.015J - 0.93J 0 No 

213 0.0035 - 0.01 IJ 0 No 

313 0.00435 - 0.0078J 0 No 

l/3 0.0815 0 No 

47C9’ Endosulfan II 

4,4’-DDD 

4.4’-DDT 

1 Endrin Aldehyde 

alpha-Chlordane 

Aroclor-1016 

NA 

NA 2.7 

1.9 NA I 
2.3(“) 

1.8”” 

NA I 
NA I 

Inorganics (mg/kg): 

Aluminum 

0.32 

7,800 

IB arium l/5 45.3 0 No 

515 2.95 - 6.9 0 No 

315 6.2 - 15 0 No 
Chromium 

Conner 

23 

310 1.25 - 24.4 1 



TABLE 2-2 (Continued) 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 4 - HOT SPOT 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant”’ 

Region III Contaminant Frequency/Range(3) 
Comparison to COPC 

Criteriac2) Criteria Selection 
Background(4) 

Residential No. of Positive Range of Positive 
No. of Positive Range of 

COC Value Detects/ Detection Detects Above Selected as a Positive 

bc3k) No. of Samples bxsk) 
Residential COPC? Detection 
COC Value Gwk) 

Magnesium+ 
I I 

I 3/s 1445 - 2055 No 61.5J- 1,610 

Sodium+ -_ 215 19.75 - 315 _- No 13.95 - 115J 

Vanadium 55 315 10.6 - 11.8 0 No 6.1 J - 34.75 

Zinc 2,300 515 15.15 - 79.75 0 No 3.2K - 48.4 

Notes: 

(1) 
(2) 
(3) 

(4) 

1-v 
(6) 
(7) 

(8) 
(9) 

(10) 
(11) 
(12) 

Organic concentrations converted to mg/kg, inorganic concentrations reported in mg/kg. 
COC = USEPA Region III COC screening value (USEPA, 1993a, 1999) 
J = Value is Estimated. 
L = Value is biased low. 
K = Value is biased high. 
Baker (1995) 

-- = No criteria published 
+ = Essential Nutrients 
NA - Not Applicable 
ND - Not Detected 

Value for acenaphthene used as a surrogate. 
Value for naphthalene used as a surrogate. 
Re-included as COPC because of possible additive effect of carcinogenic polyaromatic hydrocarbons. 
Value for pyrene used as a surrogate. 
Value for endosulfan used as a surrogate. 
Value for endrin used as a surrogate. 
Value for chlordane used as a surrogate. 
Action level for residential soils (USEPA, 1994b) 



TABLE 2-3 

SUBSURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 4 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Region [II 
Criteria 2, Contaminant Frequency/Range(3) Comparison to 

Criteria COPC Selection Background’4’ 

Contaminant(‘) Residential No. of Positive No. of Positive Positive Detects Range of 
COC Value Detects/ Range of Positive 

No. of Detections Detects/ Above Residential Selected as a Positive 

bw&s) Samples Ow%) No. of Samples COC Value COPC? Detections 
h&z) 

Volatile Organic Compounds: 

Toluene 

Semivolatile Organic Compounds: 

1,600 2/7 O.O04J-0.004J NA 0 No NA 

I I 

Lead I 4ooC5’ I 717 I 3.4-l 1 ] 16/16 I 0 No 1 3.6L-25.5L 

Magnesium+ -- 717 308-2,390 16/16 -- No 136J-2,870 

Manganese 160 717 5.2-102 16/16 0 No 3.5J-2,940 
I I I I I 

Nickel 160 717 1.6-12.7 13/16 0 I No 1 4.25-145 

Potassium+ -- 717 1 453-2,250 1306 -- No 1 392F2,560 



TABLE 2-3 (Continued) 

SUBSURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 4 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant(i) 

Inorganics: (Continued) 

Sodium+ 
Vanadium 
Zinc 

Region [II 
Criteria *) Contaminant Frequency/Range”) Backgroundc4’ Comparison to 

Criteria COPC Selection Background(4) 

Residential No. of Positive 
Detects/ Range of Positive No. of Positive Positive Detects Selected as a 

Range of 
COC Value Detections Detects/ Above Residential Positive 

b-wdk3~ 
No. of 

bwYk) No. of Samples COC Value COPC? Detections 
Samples OwW 

-- l/7 1,250 15/16 -- No 17.25-2,180 

55 717 10.8-34.7 15/16 0 No 7.85-70.3L 
2,300 717 6.3K-85 16116 0 No 3.65-330 

Notes: 

(‘) 
(2) 

Organic concentrations converted to mg/kg, inorganic concentrations reported in mg/kg. 
COC = USEPA Region III COC screening value (USEPA, 1993a, 1999). 

(3) L = Estimated value, biased low 
J = Analyte was positively identified, value is estimated. 
K = Estimated value, biased high 

(4) Baker, 1995. 
(‘) Action level for residential soils (USEPA, 1994~). 

-- = No criteria published 
+ = Essential Nutrients 
NA = Not Applicable 
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TABLE 2-4 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 21 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Region f# 
Criteria 

Contaminant(‘) Residential 
COC Value 

(mg/kg) 

Volatiles: 

Methylene Chloride 85 
Acetone 

Di-n-butylphthalate I 780 
Fluoranthene I 310 

Pyrene 
Butvlbenzvltlhthalate 

I 230 
1.600 

Bis(2-ethylhexyl)phthalate 1 46 

Pesticides: 

Gamma-BHC (Lindane) 
Hentachlor 

0.49 
I 0.14 

1 

Endrin I 2.3 

Contaminant Frequency/Rangec3) I Comparison to COPC 
-T- Criteria Selection I 

No. of Positive 
Detects/ 

No. of Samples 

Range of 
Posuive 

Detections 
bvdk) 

No. of Positive 
Detects/ 

No. of Samples 

Range of 
Posttive 

Detections 
(w&d 

Positive Detects 
Above Selected as a 

Residential COPC? 
COC Value 

l/14 0.06 NA NA 0 No 
l/14 0.0075 NA NA 0 No 
3114 0.001 J-O.0035 NA NA 0 No 
l/14 0.0015 NA NA 0 No 

l/19 O.llJ NA NA 0 No 
3119 0.042-0.365 NA NA 0 No 
l/19 0.275 NA NA 0 NO 

I I I 1 

2119 1 0.0495-0.26J NA I NA I 0 I No i 

2119 0.013-0.022 NA NA 0 No 
2/l 9 0.013-0.022 NA NA 0 NO 
2119 0.01 l-0.02 NA NA 0 No 

2119 I 0.031-0.051 I NA I NA I 0 I No 1 



TABLE 2-4 (Continued) 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 21 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 
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TABLE 2-4 (Continued) 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 21 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Notes: 

(I) 
(‘) 

Organic concentrations converted to mg/kg, inorganic concentrations reported in mgikg. 

(3) 
COC = USEPA Region III COC screening value (USEPA, 1993a, 1999) 
L = Estimated value, biased low 
J = Analyte was positively identified, value is estimated. 
K = Estimated value, biased high. 

14) Baker, 1995. 
w 
@) 

Value for acenaphthene used as a surrogate. 

(‘I 
Re-included as COPC because of possible additive effect of carcinogenic polyaromatic hydrocarbons. 

(*) 
Value for pyrene used as a surrogate. 

(‘) 
Value for endrin used as a surrogate used as a surrogate. 
Value for chlordane used as a surrogate. 

(lo) Action level for residential soils (USEPA, 1994~). 
(I I) Value for mercuric chloride used as surrogate. 

-- = No criteria published 
+ = Essential Nutrients 
NA = Not Applicable 
ND = Not Detected 
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TABLE 2-5 

SUBSURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 21 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant(‘) 

Volatiles: 

Region ii/ 
Criteria 

Residential 
COC Value 

(mg/kg) 

COPC Contaminant Frequency/Range(3) Background(4) Comparison to 
Criteria Selection 

No. of Positive Range of Positive 
Detects/ Positive No. of Positive Range of 

Positive Detects Above Selected as a 
No. of Samples Detections Detects/ 

No. of Samples Detections Residential COPC? 
hk) b-&k) COC Value 

Acetone 
Methylene chloride 
Toluene 

Semivolatiles: 

780 l/8 0.1 iJ NA NA 0 No 
85 318 0.0 185-0.038 NA NA 0 No 

1,600 218 0.0025-0.0045 NA NA 0 No 

Phenol 4,700 l/8 0.0265 NA NA 0 No 
Di-n-butvlphthalate 780 318 0.0445-0.175 NA NA 0 No 
Fluoranthene 
Pyrene 
Chrysene 
Bis(2-ethylhexyl)phthalate 
Benzo(b)fluoranthene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 

Pesticides: 

310 l/8 0.0485 NA NA 0 No 
230 l/8 0.05J NA NA 0 No 
88 318 O.O42J-0.05 1 J NA NA 0 No 
46 418 0.0435-0.071 J NA NA 0 No 

0.88 318 0.0525-0.0855 NA NA 0 No 
0.088 318 O.O49J-0.085J NA NA 0 No 
230c5’ l/8 0.037J NA NA 0 No 



TABLE 2-5 (Continued) 

SUBSURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 21 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Notes: 

(‘) 
(*) 

Organic concentrations converted to mg/kg, inorganic concentrations reported in mg/kg. 

(31 
COC = USEPA Region III COC screening value (USEPA, 1993a, 1999). 
L = Estimated value, biased low 
J = Aiiaiy’ie -was positjveiy identified, value is estimated. 

(4) Baker, 1995. 
(? Pyrene used as a surrogate. 
@) 
(‘) 

Chlordane used as a surrogate. 

(*I 
Action level for residential soils (USEPA, 1994~). 
Mercuric chloride used as a surrogate. 

-- = No criteria published 
+ = Essential Nutrients .*. NA = Not Appiicabie 
ND = Not Detected 



TABLE 2-6 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant(‘) 

Region I&I 
Criteria( 

Residential 
COC Value 

WW 

I 2,6-Dinitrotoluene I 7.8 
I Phenanthrene I 160”’ 

Di-n-butylphthalate 780 
Fluoranthene 310 
Pvrene 230 

I Bis(2-ethvlhexvl)phthalate I 46 

Pesticides: 
Beta-BHC 

I Heptachlor epoxide I 0.07 
I Dieldrin I 0.04 
I 4,4-DDE I 1.9 

4,4’-DDT 
Alpha-chiordane 

1.9 
1.8‘“’ 

Contaminant Frequency/Rangec3) Comparison to COPC 
Criteria Selection Backgroundc4) 

No. of Positive Range of Positive Positive 
Detects/ Detections Above 

No. of Samples Owks) 
Residential 
Pm- Vnhw 

l/26 1 0.05J I No 1 NA 
l/26 0.35 0 No NA 



TABLE 2-6 (Continued) 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

I Region III 
Cnteria(*) 

Nitramines/Nitroaromatics: 

2,4,6-Trinitrotoluene 
HMX 390 
Amino-DNTs 0.47 
RDX 5x 
1,3,5-Trinitrobenzene 

Inowanics: 
230 

I 

Antimonv I 

Barium 

Cobalt 

Cyanide 160 

Magnesium+ 

Contaminant Frequency/Range(3) COPC 
Selection 

No. of Positive 
Detects/ 

No. of Samples 

4126 

2126 
5126 
If26 
2126 
I/26 

1 l/26 

Range of Positive Positive Detects Range of 
Detections Above Selected as a Positive 

bwk) 
Residential COPC? Detections 
COC Value @g/kg) 

0.000555-0.00445 i 0 I No 1 NA I 

0.2-0.22 0 No NA 
0.77-140 0 No NA 

0.27 0 Nil NA 
_ .- . .& . 

0.9-3.5 0 No NA 
0.2 0 No NA 

I I I 

O.l7L-0.52L 1 0 I No 1 0.23J-0.93.1 

269-2,250 __ No 1 61.5J-1,610 
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TABLE 2-6 (Continued) 

SURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant(‘) 

Notes: 

(‘) 
(*) 

Organic concentrations converted to mg/kg, inorganic concentrations reported in mg/kg. 

(3) 
COC = USEPA Region III COC screening value (USEPA, 1993a, 1999) 
L = Estimated value: biased low 
J = Analyte was positively identified, value is estimated. 
K = Estimated value, biased high. 

(4) Baker, 1995. 
(5) 
@) 

Value for naphthalene used as a surrogate. 

(‘) 
Re-included as COPC because of possible additive effect of carcinogenic polyaromatic hydrocarbons. 

(‘) 
Value for pyrene used as a surrogate. 

(9) 
Value for chlordane used as a surrogate. 

(lo) 
Action level for residential soils (USEPA, 1994~). 
Value for mercuric chloride used as a surrogate. 

-- = No criteria published 
+ = Essential Nutrients 
NA = Not Applicable 
ND = Not Detected 



TABLE 2-7 

SUBSURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant(‘) 



TABLE 2-7 

SUBSURFACE SOIL DATA AND COPC SELECTION SUMMARY 
SITE 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Contaminant(‘) 

Copper 
I 

I 
I I 

310 I 1 l/l 1 4-15.3 0 NO I 25-15 

Notes: 

(l) 
(‘I 

Organic concentrations converted to mg/kg, inorganic concentrations reported in mgkg. 

(3) 
COC = USEPA Region III COC screening value (USEPA, 1993a, 1999). 
L = Estimated valuel biased low 

‘A.-...c:c:,.l ..,I.... :- ..,.r:.--r^.d 
3 z Analyte WZiS pCXitiVe!jj iucxrlucu, Y~UC 13 cjbuukux. 

K = Estimated value, biased high 
(4) Baker, 1995. 
w 
@) 

Chlordane used as a surrogate. 

(‘) 
Action level for residential soils (USEPA, 1994~). 
Value for mercuric chloride used as a surrogate. 

-- = No criteria published 
+ = Essential Nutrients XI. iw = Xot Appiicabie 
ND = Not Detected 



TABLE 2-8 

TOTAL SITE LIFETIME INCREMENTAL CANCER RISK (ICR) AND 
HAZARD INDEX (HI) VALUES FOR POTENTIAL CURRENT RECEPTORS(l) 

SITES 4,21, AND 22 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Site 4 - Proper 

I 

Site 4 - Hot Spot 

Receptors(2) 

On-Station Adult Trespasser 

Total ICR Total HI 

On-Station Adolescent Trespasser 

On-Station Commercial/Utility Worker 

‘otal ICR 1 Total HI 

Site 21 I Site 22 I 

Total ICR 1 Total HI 1 Total ICR / ‘ZIal / 

Notes: 

(‘) Shaded values represent exceedences of USEPA acceptable risk criteria (i.e., ICR > 1 x lo-04 and HI > 1 .O). 

(2) On-station adolescent and adult trespassers could potentially be exposed to COPCs by accidental ingestion and dermal contact with soil, surface water, 
and sediments. On-Station commercial/utility workers could potentially be exposed to COPCs by accidental ingestion, dermal contact, and inhalation 
of fugitive dusts emanating from surface soil. 



TABLE 2-9 

TOTAL SITE LIFETIME INCREMENTAL CANCER RISK (ICR) AND 
HAZARD INDEX (HI) VALUES FOR POTENTIAL FUTURE RECEPTORS”’ 

SITES 4,21 AND 22 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

I Receptord2) I 
Site 4 - Proper Site 4 -Hot Spot Site 21 

I Adult Residents I 1.6 x 10 

HI ICR j HI I I( _ “& i”,a,.Ai_a_ __., 
8.4 

6.1 

:R HI 
.: i_,“. 

x1O-5 :;: 1.6 
,$ 

,:‘, 
“’ 

x 10-5 2:. 1123.. 1,;’ 

x 1o-5 4.7 

Site 22 

Notes: 

(l) Shaded values represent exceedances of USEPA acceptable risk criteria (i.e., ICR > 1 x 1 Om4 and HI L1.0). 
(2) Future residents could potentially be exposed to COPCs by accidental ingestion, dermal contact and inhalation of dust emanating from surface soil. 

Construction workers could potentially be exposed to COPCs by accidental ingestion, dermal contact and inhalation of dust emanating from subsurface 
soil. 



TABLE 2-10 
FREQUENCY AND RANGE OF SURFACE SOIL DATA COMPARED TO SURFACE SOIL SCREENING LEVELS 

SITE 4 - PROPER AREA SOIL 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 



TABLE 2-10 
FREQUENCY AND RANGE OF SURFACE SOIL DATA COMPARED TO SURFACE SOIL SCREENING LEVELS 

SITE 4 - PROPER AREA SOIL 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 



i 
i 

-\ 
d 

TABLE 2-10 
FREQUENCY AND RANGE OF SURFACE SOIL DATA COMPARED TO SURFACE SOIL SCREENING LEVELS 

SITE 4 - PROPER AREA SOIL 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

ECOC - Ecological Contaminant of Concern L - Value Biased Low 

J - Value Estimated NE -Not Established 
HQ Hazard Quotient NA - Not Applicable 

K - Value Biased High &kg - micrograms per kilogram 

t” Maximum detected value 
(*I USEPA Region III BTAG screening values unless otherwise noted (USEPA, 1995) 

O) HQ = Value used in Screen/Screening Level 

(I) Screening value for Chlordane 

(5) Alternate Screening Value (CH2MHILL, 2000) 

(6) MHSPE, 1994 

mg/kg - milligrams per kilogram 

(‘) Screening value for total PAHs) 

(‘) Efroymson Will Suter, and Wooten, 1997 (ORNL Terrestrial Plants) 

t9) Efroymson ‘Will and suter, 1997 (ORNL soil invertebrates) 

(“‘) Screening’value for total PCBs 

(‘I) Screening level for Chromium VI 

02) Value dependent on pH 

3 



TABLE 2-11 
FREQUENCY AND RANGE OF SURFACE SOIL DATA COMPARED TO SURFACE SOIL SCREENING LEVELS 

SITE 4 - HOT SPOT AREA SOIL 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Analyte 

VOLATILES (ug/kg) 

METHYLENE CHLORIDE 

2-BUTANONE 

TRICHLOROETHENE 

IEMIVOLATILES (@kg) 

No. of 
Positive 

Detects/No. 

of Samples 

215 

l/5 

l/5 

Contaminant Frequency/Range 
Arithmetic 

Range of Mean 
Positive (Half 

Detections Non-Detects) 

25 - 65 5.00 

45 - 45 5.50 

85 - 85 6.40 

Background 
Surface 

Soil Range of 
Value used Screening Max. Background 
in Screeu (‘) Levels (SSSL) (*) HQ (” ECOC? Concentrations 

6 , ()()I (WM) 0.01 No 73 - 9J 
4 NA No ND 
8 0.00 No ND 

FLUORBNE 515 13OJ- 12000 3112.00 12000 * 700 (5X9) 

N-NITROSODIPHBNYLAMINE l/5 1 2205 -2205 1 323.00 220 , ($0 (W) 

PHENANTHRENE s/5 1 1200 - 1200005 1 31560.00 120000 4,bO (5%) 
I 

1 ND 

BENZO(A)PYRBNE 515 890 - 56000J 15178.00 56000 4 100 (5Mm 

iNDENO(l,2,3CD)PYE 515 460 - 320005 8706.00 32000 4 100 (JMm 

v.,..,-.lOI\,. IT\.._.m .,.w.\.... ‘ ,- ^ .̂ ,.^^ .^^. ^̂  
lJlocnL.“~A,n,nru lrmALClYC 4/J NJ - OIUU IXUI.UU 6iOO 100 
BENZO(G,H,I)PERYLENE 5/s 440 - 14000 4806.00 14000 4100 (S)(6)(7) 
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TABLE 2-l 1 
FREQUENCY AND RANGE OF SURFACE SOIL DATA COMPARED TO SURFACE SOIL SCREENING LEVELS 

SITE 4 - HOT SPOT AREA SOIL 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Notes: 

ECOC - Ecological Contaminant of Concern 
J - Value Estimated 
K - Value Biased High 
L - Value Biased Low 

NE-Not Established 
NA -Not Applicable 
mg/kg - micrograms per kilogram 

mg/kg - milligrams per kilogram 
Shaded area represents ECOCs and highlights HQ > 1 .O. 

(‘r Maximum detected value 

(‘1 USEPA Region III BTAG screening values unless otherwise noted (USEPA, 1995) 

(‘) HQ = Value used in Screen/Screening Level 

(‘) TOC = Value dependent on Total Organic Carbon (TOC) 

(s) Alternate Screening Value (CH2MHILL, 2000) 

th) MHSPE, 1994 

t’) Screening value for total PAHs 

(s) Efroymson, will, Suter, and Wooten, 1997 (ORAL Terrestrial Plants) 

(% Effrovmson Will and Suter (ORNL soil invertebrates) , 3 
t’“) Screening level for Chromium VI 



i 
,i 

TABLE 2-12 
FREQUENCY AND RANGE OF SURFACE SOIL DATA COMPARED TO SURFACE SOIL SCREENING LEVELS 

SITE 21- BATTERY AND DRUM DISPOSAL AREA 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Ef$XUN KETONE l/19 0.95J - 0.95J 2.28 0.95 100 <(Ill 0.01 o/13 No NO 
ALPHA-CHLORDANE 3119 2.6 - 15 2.07 15 100 <Cd’ 0.15 o/13 ND NO 
GAMMA-CHLORDANE 3119 3 -13 1.97 13 100 <Cd) 0.13 0113 ND No 
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TABLE 2-12 
FREQUENCY AND RANGE OF SURFACE SOIL DATA COMPARED TO SURFACE SOIL SCREENING LEVELS 

SITE 21- BATTERY AND DRUM DISPOSAL AREA 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

TAL INORGANICS (mgikg) 

ECOC - Ecological Contaminant of Concern 
HQ - Hazard Quotient 
J - Value Estimated 
K - Value Biased High 
L - Value Biased Low 
@cg - micrograms per kilogram 
mg/kg - milligrams per kilogram 
< - Screening vaiue indicates upper iimir 

Shaded area represents ECOCs and highlights HQ > 1.0 
’ Represents analytes with low toxicity characteristics 

(1) Maximum detected value 
(2) USEPA Region III BTAG screening values unless 

otherwise noted (USEPA, 1995) 
(3) HQ = Value used in Screen/Screening Level 

(4) Screening value for Chlordane 
(5) MHSPE, 1994 
(6) Alternate Screening Value (CH2MHILL, 2000) 
(7) Value dependent on Total Organic Carbon (TOC) 
(8) Efroymson, Will, Suter, and Wooten, 1997 (ORNL Terrestrial Plants) 
(9) Screening value for total PAHs 
(10) Screening level for Heptachlor Epoxide _ 
( I 1) Xreening ievei for Endrin 
(12) Efroymson, Will and Suter, 1997 (ORNL soil invertebrates) 
(13) Screening level for Chromium VI 
(14) Value dependent on PH 
(15) Eisler, 1991 



TABLE 2-13 
FREQUENCY AND RANGE OF SURFACE SOIL DATA COMPARED TO SURFACE SOIL SCREENING LEVELS 

SITE 22 - SOIL 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

SEMIVOLATILES (uglkg) 
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TABLE 2-13 
FREQUENCY AND RANGE OF SURFACE SOIL DATA COMPARED TO SURFACE SOIL SCREENING LEVELS 

SITE 22 -SOIL 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Notes: 

ECOC - Ecological Contaminant of Concern L - Value Biased Low 
HQ Hazard Quotient NE - Not Established 
J - Value Estimated NA - Not Applicable 
K - Value Biased High &kg - micrograms per kilogram 

mg/kg - milligrams per kilogram 

(‘I Maximum detected value 

(2) USEPA Region III BTAG screening values unless otherwise noted (USEPA, 1995) 

@) HQ = Value used in Screen/Screening Level 

(4) Screening value for Chlordane 

(‘I MHSPE, 1994 

@) Efroymson Will Suter, and Wooten, 1997 (ORAL Terrestrial Plants) , 9 

t’) Screening value for total PAHs) 

(*) Efroymson, Will and Suter, 1997 (ORNL soil invertebrates) 

(9) Screening level for Chromium VI 

““r Value dependent on pH 

(‘I) Screening level for Chromium VI 

(12) Value dependent on pH 
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3.0 REMEDIATION GOALS AND REMEDIAL ACTION OBJECTIVES 

This section evaluates the results of the baseline risk assessment and determines whether it is 

necessary to remediate environmental media at Sites 4, 21, and 22. If remediation is necessary, all 

pertinent Federal and Commonwealth of Virginia standards and criteria will be evaluated in a manner 

consistent with the results of the baseline RAs to ensure that the selected remedy is adequately 

protective of human health and the environment. If Federal and/or Commonwealth of Virginia 

standards and criteria are not available, or are not adequately protective because of multi-clhemical 

mixtures or multiple exposure pathways, risk-based remediation goals will be derived. These goals 

will be evaluated to determine final COCs and AOCs for which RAAs can be developed. Figures 3-1 

through 3- 16 present the human health and ecological COCs and support the development o,f FRGs. 

3.1 Media and Contaminants of Concern 

The following section identifies the media of concern and COCs for Site 4,21, and 22 with respect 

to the results of the human health and ecological RAs. 
.--I- 

3.1.1 Human Health 

As discussed in Section 2.7.1 of this FS, the medium of concern for Site 4,21 and 22 is surface soil. 

Surface soil COCs for these sites are listed below: 

Site 4: Arsenic 

Benzo(a)anthracene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Dibenzo(a, h)anthracene 

Indeno( 1, 2,3-cd)pyrene 

Site 21: 

Site 22: 

NONE 

NONE 

3-l 



3.1.2 Ecological 

As discussed in Section 2.7.2 of this FS, surface soil at Sites 4, 21, and 22 are media of concern. 

ECOCs for each site are presented below: 

Terrestrial Environment 

Site 4 Surface Soil AOC 

Site 4 Proper Surface Soil 

Site 21 Surface Soil 

PAHs, antimony, arsenic, lead, zinc 

TNT, aluminum, antimony, chromium, 

copper, lead, manganese, mercury, zinc 

aluminum, cadmium, manganese, mercury, 

thallium, zinc 

Site 22 Surface Soil HMX, cadmium, copper, lead, mercury, 

silver, zinc 

3.2 Identification of Remediation Goals and Definition of ARAR/TBCs 

An evaluation of applicable or relevant and appropriate requirements (ARARs) is the first step in the 

identification of remediation goals. ARARs should be addressed consistently with the results of the 

baseline RA and should ensure that a selected remedy attains a degree of cleanup that assures the 

protection of human health and the environment. This section provides an explanation of Federal and 

state (Commonwealth of Virginia) criteria that apply to those media deemed to pose unacceptable 

human health risks or adverse ecological effects identified in the baseline RA. In addition to ARARs, 

other advisories, criteria, or guidance to-be-considered (TBC) will be evaluated. TBCs ma;y also be 

useful in developing remedies for Sites 4,21, and 22. ARARs and TBCs for Sites 4,21, and 22 will 

be defined and evaluated in the following subsections. 

Under Section 12 1 (d)( 1) of CERCLA, remedial actions must attain a degree of cleanup which assures 

protection of human health and the environment. Additionally, CERCLA remedial actions that leave 

any hazardous substances, pollutants, or contaminants on site must meet, upon completion of the 

remedial action, a level or standard of control that at least attains standards, requirements, limitations, 

or criteria that are “applicable or relevant and appropriate” under the circumstances of the release. 

These requirements are known as ARARs. ARARs are derived from both Federal and State laws. 

3-2 



Definitions of ARARs, as well as TBCs, are given below: 

I---- 

,, .-7.’ . 

l Applicable Reauirements are cleanup standards, standards of control, or other substantive 

environmental protection requirements, criteria, or limitations promulgated under Federal 

or state law that specifically address a hazardous substance, pollutant, or contaminant, 

remedial action, location, or other circumstance at a CERCLA site. 

l Relevant and Aupropriate Requirements are cleanup standards, standards of control, and 

other substantive environmental protection requirements, criteria, or limitations 

promulgated under federal or state law that, while not “applicable” to a hazardous 

substance, pollutant, contaminant, remedial action, location, or other circumstance at a 

CERCLA site, address problems or situations sufficiently similar to those encountered 

at the CERCLA site that their use is well suited (appropriate) to the particular site. 

Requirements must be relevant and appropriate to be an ARAR of this type. 

l TBCs are non-promulgated, nonenforceable guidelines or criteria that may be useful for 

establishing a cleanup level or for designing the remedial action, especially when no 

ARARs exist or they are not sufficiently protective. Examples of TBCs include IJSEPA 

Drinking Water Health Advisories and Secondary Maximum Contaminant Levels 

(SMCLs). 

Section 12 1 (d)(4) of CERCLA allows the selection of a remedial alternative that will not attain all 

ARARs if any of six conditions for a waiver of ARARs exist. These conditions include: 1) the 

remedial action is an interim measure whereby the final remedy will attain the ARAR upon 

completion; 2) compliance will result in greater risk to human health and the environment than other 

options; 3) compliance is technically impracticable; 4) an alternative remedial action will attain the 

equivalent of the ARAR; 5) for State requirements, the state has not consistently applied the 

requirement in similar circumstances; and 6) compliance with the ARAR will not provide a balance 

between protecting public health, welfare, and the environment at the facility with the availability of 

CERCLA money for response at other facilities. 

Subsection 12 1 (d) of CERCLA also requires that remedies comply with Federal and state substantive 

requirements that qualify as ARARs. Federal, state, or local permits do not need to be obtained for 

removal or remedial actions implemented on site but their substantive requirement must be obtained. 
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“On site” is interpreted by the USEPA to include the area’s extent of contamination and all suitable 

areas in reasonable proximity to the contamination necessary for implementation of the response 

action. 

There are three categories of ARARs: chemical-specific, location-specific, and action-specific. They 

are based on the manner in which they are applied. Many requirements are combinations of the 

different ARAR categories. An explanation of each of the ARAR categories follows. 

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

establish concentration or discharge limits for particular contaminants. Federal MCLs 

established under the Safe Drinking Water Act (SDWA) are examples of chemical- 

specific ARARs. 

l Location-Specific ARARs: Restrictions based on the concentration of hazardous 

substances or the conduct of activities in specific locations. These may restrict or 

preclude certain remedial actions or may apply only to certain portions of a site. 

Examples of this type of ARAR include Federal and state siting laws for hazardous waste 

facilities and sites on the National Register of Historic Places. 

0 Action-Specific ARARs: Refers to the requirements that set controls or restrictions on 

particular activities related to the management of hazardous substances, pollutants, or 

contaminants. RCRA regulations for closure of hazardous waste storage units, RCRA 

incineration standards, and pretreatment standards under the Clean Water Act (CWA) for 

discharges to publicly-owned treatment works (POTWs) are examples of action-:specific 

ARARs. 

Chemical-Specific ARARs 

There are no chemical-specific ARARs for Sites 4,2 1, or 22. The only medium of concern is surface 

soil for which there are no specific regulatory limits on contaminant levels. However, TBCs include 

USEPA Region III residential screening values for human health, and USEPA Region III BTAG 

surface soil screening levels for ecological resources. Both of these TBCs were used in the Round 

Two RI to develop the COCs and ECOCs. Contaminant concentrations that exceeded these screening 
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levels were identified as potential COCs or ECOCs. Data of this development process can be found 

in the Round Two RI. 

RCRA and Virginia Hazardous Waste Management regulations may be applicable to Site 4,21, or 22 

if hazardous waste is generated during remedial activities at the sites. These regulations would have 

chemical-specific levels that determine if a waste is hazardous or not. The potential chemical !specific 

ARARs/TBCs are shown on Table 3-1. 

Location-Specific ARARs 

Potential location-specific ARARs identified for Sites 4, 21, and 22 are listed on Table 3-2. An 

evaluation determining the applicability of these location-specific ARARs with respect to Sites 4,21, 

and 22 is also presented on the table. Based on this evaluation, specific sections of the following 

acts/standards could be considered as ARARs/TBCs for these sites: 

0 National Historic Preservation Act 

8 Groundwater Protection Strategy 

0 Executive Order 1 1990, Protection of Wetlands 

0 Clean Water Act 

0 RCRA Location Requirements 

0 Virginia Wetlands Regulations 

Citations listed on Table 3-2 do not indicate that the entire citation is a potential ARAR. The citation 

listing is provided on the table as a general reference. 
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Action-Specific ARARs 

Action-specific ARARs are typically evaluated following the development of alternatives since they 

are dependent on the type of action being considered. Therefore, at this step in the FS process, 

potential action-specific ARARs have only been identified and not evaluated for Sites 4,2 1, and 22. 

A set of potential action-specific ARARs is listed on Table 3-3. These ARARs are based on IRCRA, 

CWA, SDWA, and Department of Transportation (DOT) requirements. Citations listed on Ta.ble 3-3 

should not be interpreted to indicate that the entire citation is an ARAR. The citation listing is 

provided on the table as a general reference. 

Action-specific ARARs will be evaluated after the RAAs have been identified for Sites 4,21, ;and 22. 

Additional action-specific ARARs may also be identified and evaluated at that time. 

One action-specific ARAR will be applicable to Site 22 no matter what alternative is selected. The 

existing biocell is considered a RCRA treatment, storage and disposal (TSD) facility (specifically a 

surface impoundment) which will require closure according to 40 CFR Part 264, subparts G and R. 

3.3 Human Health Risk-Based Preliminary Remediation Goals 

When ARARs or TBCs are not available for a chemical or an environmental medium, or ARARs and 

TBCs are not sufficiently protective of human health and the environment, risk-based remediation 

goals must be developed for media presenting unacceptable risks. The methodology used to derive 

the preliminary risk-based remediation goals (PRGs) for Site 4 was obtained from USEPA’s R.i& 

Assessment Guidance for Superfund, Parts A and B (USEPA, 1989 and USEPA, 1991). PRGs were 

not calculated for Sites 21 and 22 because no human health COCs were identified for these sites. For 

noncarcinogenic effects, PRGs were calculated for significant human exposure pathways that target 

an HI of 1 .O. Contaminant concentrations in a given medium that are less than a corresponding PRG 

indicate that systemic health effects will not occur subsequent to exposure for even sensitive 

populations. For carcinogenic effects, risk-based PRGs were calculated for target ICR levels of 

1 x 1 O-O6 (one additional cancer occurrence in one million), and 1 .O x 1 O-O4 (one additional cancer 

occurrence in ten thousand) that would be expected to result from exposure to a potential carc,inogen 

over a lifetime, from all significant exposure pathways for a given medium. 
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Carcinogenic PRGs were derived by apportioning the target ICR value by the number of carcinogenic 

contaminants in a given medium (if necessary). Based on the NCP (40 CFR 300.430), accleptable 

exposure levels, for known or suspected carcinogens, are generally concentrations that represent an 

ICR between I .O x 1 O-O4 and 1 .O x 1 OMo6, with the latter representing USEPA’s point of dep,arture. 

Noncarcinogenic human health PRGs were established by apportioning the target HI value (1 .O) by 

the number of COCs having similar target organs and critical effects. 

Human health PRGs for each COC for surface soil were compared to the USEPA Region III RBCs. 

The human health PRGs selected for each surface soil COC are presented in Table 3-4. Th.e PRG 

calculations for human health are presented in Appendix A. 

3.4 Ecological Preliminary Remediation Goals 

Ecological PRGs were developed for Sites 4,2 1, and 22 and were selected for each surface soil ECOC 

from flora and fauna benchmark concentrations or concentrations derived from the most conservative 

of the No Observed Adverse Effects Level (NOAEL) receptor uptake models. The ecological PRGs 

that could be selected are presented in Table 3-5. NOAELs and the uptake models are presented in 

Appendix A. 

3.5 Final Remediation Goals 

Final Remediation Goals (FRGs) were developed by comparing human health and ecological PRG 

values against each other and the maximum background concentrations for each contaminant. Table 

3-6 presents the FRGs for each site. The rationale for choosing the FRGs for each contaminant is 

described in the following paragraphs. 

l Total PAHs: Total PAHs is an ECOC at Site 4. The ecologically based 

FRG for Total PAHs is 44 m&g. This value is based on a medium effects range 

value for sediment. 

l Total cPAHs: Total cPAHs is a human health COC at Site 4. The human health 

based FRG for Total cPAHs is 10 mg/kg. This value is based on the human health risk 

calculations for the future commercial/industrial worker that are presented in Appendix 

A. These calculations show that 11 mg!kg would be protective of human health. 
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However, 10 mgkg has been accepted as the FRG at other sites at WPNSTA and is more 

protective of human health. 

l 2,4,6-TNT: 2,4,6-TNT is a COC and an ECOC at Site 4. The human health PRG (14 

mg/kg) was selected because it is the more conservative alternative between the two 

possible clean up goals. As such, it is protective of both human health and the 

environment. 

l HMX: HMX is identified as an ECOC at Site 22. No flora toxicity benchmark value 

for HMX is available for comparison. However, a fauna toxicity benchmark value and 

an ecological toxicity value developed through the Station toxicity study for work. at Site 

6 at WPNSTA were compared. The value developed through the Station toxicity study 

is more conservative than the fauna toxicity benchmark value. Therefore, the toxicity 

study value of 5.7 mg/kg was selected as the FRG for HMX. 

l Aluminum: Aluminum is an ECOC at Sites 4 and 21. An ecological uptake goal and 

flora and fauna benchmark values were compared. All of these values were below the 

maximum site-wide background concentration of aluminum in soil. Therefore, the 

background concentration of 24,100 mg/kg was selected as the FRG for aluminum. 

l Antimony: Antimony is an ECOC at Site 4. An ecological uptake goal and flora toxicity 

values were compared. A fauna toxicity value for antimony is not established. The two 

values are well below the maximum site-wide background concentration of antimony in 

soil. Therefore, the background concentration of 11 mg/kg was selected as the FRG for 

antimony. 

l Arsenic: Arsenic is identified as a COC and an ECOC. Human health and ecological 

goals were calculated and compared to flora and fauna toxicity benchmark values. All of 

these values were below the maximum background concentration of arsenic in soil. 

Therefore, the background concentration of 63.9 mg/kg was selected as the FRG for 

arsenic. 
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l Cadmium: Cadmium is identified as an ECOC for Sites 21 and 22. An ecologica. uptake 

goal and flora and fauna toxicity benchmark values were compared. The ecological 

uptake goal was the most conservative value but was below the Station-wide m,aximum 

background concentration. Therefore, the next most conservative value, the flora toxicity 

value (4 mg/kg), was selected as the FRG for cadmium. 

l Chromium: Chromium is identified as an ECOC for Site 4. An ecological uptake goal 

and flora and fauna toxicity benchmark values were compared. Each of these values is 

well below the Station-wide maximum background concentration of chromium in soil. 

Therefore, the background concentration of 33.5 mg/kg was selected as the ERG for 

chromium. 

l Copper: Copper is identified as an ECOC at Sites 4,21, and 22. An ecological uptake 

goal and flora and fauna toxicity benchmark values were compared. Based upon this 

comparison the flora toxicity benchmark value, 100 mg/kg, was selected as the most 

realistic FRG. 

l Lead: Lead is identified as an ECOC for Sites 4 and 22. An ecological uptake goal 

and a flora and fauna toxicity benchmark values were compared. From this comparison 

the ER-M value for sediment, 200 mag, was selected as the FRG. 

l Manganese: Manganese is identified as an ECOC for Sites 4 and 2 1. An ecological 

uptake goal and flora and fauna toxicity benchmark values were compared. Each Iof these 

values is well below the Station-wide maximum background concentration for manganese 

in soil. Therefore, the background concentration of 491 mg/kg was selected as the FRG 

for manganese. 

l Mercury: Mercury is identified as an ECOC for Sites 4, 21, and 22. An ecological 

uptake goal and flora and fauna toxicity benchmark values were compared. The flora 

toxicity benchmark value is below the Station-wide maximum background concentration 

of mercury in soil. The fauna toxicity benchmark value is equal to the background 

concentration. The ecological uptake goal is the most conservative goal that is not equal 

to or below the background concentration for mercury. Therefore, the ecological uptake 

value of 0.3 mg/kg was selected as the FRG for mercury. 
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l Silver: Silver is identified as an ECOC for Site 22. Flora and fauna toxicity 

benchmark values were compared. No information was available to develop an 

ecological uptake model for silver. The flora toxicity benchmark value is the most 

conservative; however, it is an order of magnitude less than the Station-wide background 

concentration for silver. Therefore, the flora toxicity benchmark, 50 mg/kg, was selected 

as the FRG. 

l Zinc: Zinc is identified as an ECOC for Sites 4,21, and 22. An ecological uptake goal 

and flora and fauna toxicity benchmark values were compared. Based upon this 

comparison, an FRG of 4 10 mg/kg was selected. This FRG is an effects range-medium 

(ER-M) value. 

3.6 Identification of Site Areas of Concern 

In this section of the FS, surface soil AOCs are delineated for Sites 4,21, and 22 based on the FRGs 

that were developed for each site in the previous section. 

3.6.1 Site 4 Areas of Concern 

Organic and inorganic AOCs were developed for Site 4 based on the FRGs presented in Section 3.5. 

The sample locations where COC/ECOC concentrations exceed FRGs are shown on Figure 3-9 for 

organics, and Figure 3-10 for inorganics. Organic contaminants that exceed FRGs are found in three 

areas at Site 4. Two sample locations in or near the eastern most excavation area have 2,4.,6-TNT 

concentrations above the FRG. This excavation area was the former site of an ash pile. The: sample 

locations are found in the low lying drainage area that leads away from the former ash pile. It should 

be noted that one of the samples (4SS7) was collected from the bottom of the excavated area. The 

excavation area has been restored with backfill and vegetation. Therefore, there is a no longer an 

exposure pathway to the soil for ecological receptors so this sample location will not be included in 

a surface soil Hot Spot. 

,,-y-- 

Another area near the northern most excavation area of Site 4. Two unconnected sample locations 

show detections of total PAHs and/or total cPAHs. These FRG exceedances may be related to 

disposal of asphalt-like debris in this area. Because there is no physical connection between the 

locations, they will be considered small areas of concern. The third area of concern is 1ocate:d in the 
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southwestern portion of the site. The exceedances in this area may also be related to debris disposal. 

These locations are not located in the “hot spot” that was identified in the Round Two RI. The “hot 

spot” indicates that disposal activity may have been focused in this area. Therefore, although there 

does not appear to be a physical connection between these locations, they will be considered as part 

of a single AOC based upon historical information. 

The exceedences of inorganic FRGs are scattered and are most likely due to the scattered disposal of 

debris, including batteries. Six of these scattered sample locations will be considered individual 

inorganic AOCs because they do not appear to be physically related, but are the result of sc,attered 

disposal. Sample location 4SS40 has the highest arsenic detection at Site 4 at 486 mg/kg. !3ample 

location 4SS21 has the highest concentrations of chromium (36.5 mg/kg), copper (337 mg/kg), lead 

(2485 mgikg), manganese (17,700 mg/kg), and zinc (15,ZOOJ mg/kg). Two sample locations (4SS7 

and 4SS32) are located within excavation areas which have been backfilled and vegetated. Therefore, 

there is no longer an exposure pathway to the contaminated soil in these locations and they are not 

included in an AOC. Sample locations 4SS18 and 4SS42 are most likely related as evidenced by 

similar contaminants and their proximity. These locations are considered a part of one inorganic 

AOC. Sample locations 4SS8,4SS9, and 4SS50 appear to be related because similar contaminants 

were detected, and the locations are along a low lying drainage area leading from the former ash pile. 

These locations are considered as one inorganic AOC. 

Figure 3- 11 shows the PAH and inorganic AOCs that were discussed above. The exceedence of2,4,6- 

TNT was found in a sample along with an inorganic exceedence. Because this location will most 

likely not be separated from the inorganic contaminated soil for treatment, it is not considered a 

separate TNT AOC. 

3.6.2 Site 21 Areas of Concern 

Sample locations showing exceedances of inorganic FRGs (Figure 3-12) are most likely the result of 

run-off from the Site 21 disposal area. Inorganic AOCs were identified at Site 21 as presented on 

Figure 3-13. Batteries and drums were disposed at Site 2 1. These were removed under the Removal 

Action. Sample location 21 SS2 lies to the north and downgradient of Site 2 1 and has an exceedance 

of the FRG for aluminum. Sample 21 SS 19 was collected during the Round Two RI after the Removal 

Action restoration. This location has an exceedance of the thallium FRG. This location lies! to the 

west and downgradient of Site 21. Each of these sample locations is considered to be ai small 
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individual inorganic AOC. A larger inorganic AOC is identified to the southwest and downgradient 

of Site 2 1. Cadmium, manganese, mercury, and zinc exceed the FRGs in this AOC that lies along the 

unnamed drainage way to the west of Site 2 1. 

3.6.3 Site 22 Areas of Concern 

Organic and inorganic COCYECOCs exceeded FRGs at Site 22 (Figures 3-14 and 3-15). One 

detection of HMX exceeded its FRG at sample location 22SSO8 at a concentration of 140 mg/kg. This 

sample, which was collected prior to the construction of the biocell, lies at the center of the bum pad 

and is currently underneath the existing biocell. This sample also had detections of copper and lead 

that exceed FRGs. Two sample locations adjacent to this (22SSO3 and 22SSO7) had exceedances of 

cadmium and copper, respectively. These three exceedances are most likely related to the ash 

resulting from burning activities (ash storage, spills, disposal, or deposition or emissions). Because 

of their proximity and common historic activity, these locations are considered to be one AIOC. A 

separate AOC for HMX is not identified because the small area will not be separated for individual 

HMX and inorganic treatment processes. 

Another AOC is identified at sample location 22SS23 because of cadmium and lead FRG 

exceedences. This sample was collected in an area that lies to the east of Site 22 and receives overland 

run-off from the former burn pad. 

Besides the AOCs at Site 22, the existing biocell must be closed according to 40 CFR Part 264 

Subpart G (Closure and Post-Closure) and 40 CFR Part 264 Subpart K (Surface Impoundments). The 

existing biocell is a lined surface impoundment with concrete sides which is no longer in a usable 

condition for aqueous-phase bioreactor processes. Therefore, the Site 22 biocell is considered part 

of the surface soil inorganic AOC that underlies the same area. Figure 3-16 presents the organic and 

inorganic AOCs at the site. 

3.7 Remedial Action Obiectives 

The following remedial action objectives have been identified for Sites 4, 2 1, and 22. 

. Site 4: Prevent the exposure of human and ecological receptors to carcinogenic 

PAHs and arsenic in surface soils which exceed FRGs. 
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Prevent the exposure of ecological receptors to 2,4,6-TNT and inorganics in surface 

soils which exceed FRGs. 

. Site 21: Prevent the exposure of ecological receptors to inorganics in surface soils 

which exceed FRGs. 

. Site 22: Prevent the exposure of ecological receptors to HMX and inorganics in 

surface soils which exceed FRGs. 

Clean close the existing biocell according to RCRA closure requirements. 

Regrade and reestablish native vegetation to prevent erosion for Site 22 to Felgates 

Creek. 

, (‘ ‘. 
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TABLE 3-l 

SUMMARY OF THE POTENTIAL CHEMICAL-SPECIFIC ARARs AND TBCs 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation 

FEDERAL/CONTAMINANT-SPECIFIC ARARs/TBCs 

Requirement Consideration in the FS Comments 

Safe Drinking Water Act (42 USC 3OO[fj) 
Maximum Contaminant Levels (MCLs) 
40 CFR 141.11-141.16 

Clean Water Act (CWA), 33 USC 125 1 et seq 

Health Advisories, EPA Office of Drinking 
Water 

Safe Drinking Water Act (42 USC 3OO[fJ) 
National Secondary Drinking Water 
Regulations (SMCLs) 40 CFR 143, excluding 
143.5(b) 

Resource Conservation and Recovery Act 
(RCRA), 40 CFR Sections 26 1.2 1, 
26 1.22(a)(l), 26 1.23,26 1.24(a)(l), and 
261,100 

Standards for protection of drinking water 
sources serving at least 25 persons. MCLs 
consider health factors, as well as economic 
and technical feasibility of removing a 
contaminant. 

-I 

Not applicable to Sites 4,21, or 22. Groundwater is not a medium of 
concern in this FS. 

Guidelines to assess acute and chronic toxic Not applicable to Sites 4,21, or 22. Surface water is not a medium of 
effects in aquatic organics for surface water concern in this FS. 
bodies. Also, included criteria for protection of 
human health fi-om ingestion of water and 
aquatic organisms or from ingestion of 
organisms alone. 

Non-enforceable guidelines for chemicals that 
may intermittently be encountered in public 
water supply systems. Available for short- or 
long-term exposure for a child and/or adult. 

Not applicable to Sites 4, 21, or 22. Groundwater is not a medium of 
concern in this FS. 

Non enforceable Federal contaminant levels Not applicable to Sites 4, 2 1, or 22. Groundwater is not a medium of 
intended as guidelines for the aesthetic qualities concern in this FS. 
of public water systems. 

Provides definition of RCRA hazardous waste, 
applicable for determining whether waste is 
hazardous. 

ARAR/TBC May be applicable if hazardous waste 
is generated at Sites 4,2 1, or 22 during 
remedial actions. 
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TABLE 3-l (Continued) 

SUMMARY OF THE POTENTIAL CHEMICAL-SPECIFIC ARARs AND TBCs 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement 

FEDERAL/CONTAMINANT-SPECIFIC ARARs/TBCs (cont.) 

Consideration in the FS Comments 

Toxic Substances Control Act (TSCA), 40 
CFR 76 1.60, excluding 76 1.60(a)(B and D), 
76 1.60(a)(3)(iii)(3), 761.60(e), 761.60(f); 
76 1.65(a and b); 761.65 (c) except 
76 1.65(c)(9); 76 1.65(e)(6)(ii and iii); 
76 1.65(e)(7 and 8); 76 1.79( 15 USC 2601, et 
WI 

Applicable for wastes (soils, sludges, or Not applicable to Sites 4,21, or 22. No PCBs were detected in surface soils 
dredged material) contaminated with PCBs at above 1 ppm at Sites 4,21, or 22. 
concentrations greater than 50 parts per million 
(wm> 

Clean Air Act (CAA), 40 USC 740 1 et seq. National Ambient Air Quality Standards: 
Primary and secondary standards for ambient 
air quality to protect public health and welfare 
(including standards for particulate matter and 
lead). 

ARAR/TBC May need to monitor air at and around 
the sites during remediation to ensure 
compliance with standards. 

USEPA Region III Soil Screening Values for 
Human Health 

Applicable for screening contaminant levels in TBC Contaminants of concern were 
soils at levels that are protective of residential identified for Sites 4,2 1, and 22 partly 
or industrial users on land. through the use of these soil screening 

levels. 

USEPA Region III BTAG Soil Screening 
Levels for Ecological Resources 

Applicable for screening contaminant levels in 
soils at levels that are protective of ecological 
receptors. 

TBC Ecological contaminants of concern 
were identified for Sites 4,2 1, and 22 
partly through the use of these soil 
screening levels. 

STATE OR REGIONAL/CONTAMINANT-SPECIFIC ARARs/TBCs 

Virginia Drinking Water Standards - PMCLs- 
Primary Maximum Contaminant Levels 
(Bureau of National Affairs, December 1994) 

Virginia Anti-Degradation Policy for 
Groundwater 
(VR 680-2 l-04) 

Establishes drinking water standards for the 
Commonwealth 

Establishes groundwater standards for State 
Anti-degradation Policy for Groundwater 
(VR 680-2 l-04.2). 

Not applicable to Sites 4,2 1, or 22. Groundwater is not a medium of 
concern in this FS. 

Not applicable to Sites 4,2 1, or 22. Groundwater is not a medium of 
concern in this FS. 



TABLE 3-l (Continued) 

SUMMARY OF THE POTENTIAL CHEMICAL-SPECIFIC ARARs AND TBCs 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement 

STATE OR REGIONAL/CONTAMINANT-SPECIFIC ARARs/TBCs (cont.) 

Consideration in the FS Comments 

Virginia Water Quality Standards (VR 680-2 l- Guidelines to assess acute and chronic toxic Not applicable to Sites 4,2 1, or 22. Surface water is not a medium of 
01.14 effects in aquatic organics for surface water concern in this FS. 

bodies. Also, included criteria for protection of 
human health from ingestion of water and 
aquatic organisms or from ingestion of 
organisms alone. 

Virginia Drinking Water Standards-SMCLs- 
Secondary Maximum Contaminant Levels 
(Bureau of National Affairs, December 1994) 

Virginia Board of Health Waterworks 
Regulations (VR 355-28-004) 

Non-enforceable guidelines to protect the Not applicable to Sites 4,2 1, or 22. Groundwater is not a medium of 
aesthetic qualities of drinking water such as concern in this FS. 
taste or odor. 

Standards for protection of health of consumers Not applicable to Sites 4, 2 1, or 22. Groundwater is not a medium of 
using public drinking water supplies. concern in this FS. 
Establishes MCLs for given contaminants. 

Virginia Hazardous Waste Management 
Regulations, VR 672- 1 O-O 1 

Provides definition of RCRA hazardous waste, ARAR/TBC May be applicable is hazardous waste 
applicable for determining whether waste is is generated at Sites 4, 2 1, or 22. 
hazardous. 

Virginia Air Pollution Control Regulations, 
VR 120-03 

Ambient Air Quality Standards: Primary and 
secondary standards for ambient air quality to 
protect public health and welfare (including 
standards for particulate matter and lead). 

ARAR/TBC Will need to monitor air at and around 
the sites to ensure compliance with 
standards. 



TABLE 3-2 

POTENTIAL LOCATION-SPECIFIC ARARs AND TBCs 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation 

FEDERAL/LOCATION-SPECIFIC 

Requirement Consideration in the FS Comments 

The Endangered Species Act of 1973 
(16 USC 153 1) (40 CFR Part 502) 

National Historic Preservation Act 
(32 CFR Parts 229 and 229.4; 
43 CFR Part 171; and 36 CFR Part 800) 

Requires action to conserve endangered and 
threatened species and their critical habitats. 

Develops procedures for the protection of 
archaeological and historical resources. 

Not applicable to Sites 4,2 1, or 22. 

ARAR 

There are no known endangered 
species at Sites 4,21, or 22. 

Applicable to any excavation on site. 
If archaeological resources are 
encountered during soil excavation, 
they must be reviewed by Federal and 
Commonwealth archaeologists. 

National Archaeological and Historical 
Preservation Act (36 CFR 65) 

Protection of Archaeological Resources 
(32 CFR Parts 229 and 229.4; 43 CFR Parts 
107 and 171.1-5) 

Groundwater Protection Strategy 

Develops procedures for the protection of Not applicable to Sites 4,2 1, or 22. Archaeologically significant areas are 
archaeological and historical resources. not present at the sites. 

Develops procedures for the protection of Not applicable to Sites 4,21, or 22. Archaeologically significant areas are 
archaeological and historical resources. not present at the sites. 

EPA policy to protect groundwater for its The groundwater in the shallow aquifer 
highest present or potential beneficial use. The system at the sites should be 
strategy designates three categories of considered a Class 3, 

Class 1 - Special Ground Waters 
Class 2 - Current and Potential Sources of 

Drinking Water and Waters Havin 
Other Beneficial Uses 
Groundwater Not a Potential Sourc 

ater and of Limited 

Fioodpiains; 4u CrK b, Appendix A; minimize poteriiiai haiTii, i?%OE, tiiiu 

excluding Sections 6(a)(2), 6(a)(4), 6(a)(6); 40 natural and beneficial values. 
CFR 6.302 



TABLE 3-2 (Continued) 

POTENTIAL LOCATION-SPECIFIC ARARs AND TBCs 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement Consideration in the FS Comments 

FEDERAL/LOCATION-SPECIFIC (cont.) 

Executive Order 11990, Protection of Action to minimize the destruction, loss, or ARAR 
Wetlands; 40 CFR 6, Appendix A; excluding 

Wetlands are present near the sites and 

Sections 6(a)(2), 6(a)(4), 6(a)(6); 40 CFR 
degradation of wetlands. could potentially be impacted by 

6.302 
remedial response actions. 

Clean Water Act, Section 404; 40 CFR Action to prohibit discharge of dredged or fill ARAR This requirement is an ARAR if 
230.10;40CFR231 (231.1,231.2,231.7, material into wetland without permit. discharge of dredged or fill material to 
23 1.8) a wetland is planned as part of 

remedial response action. 

RCRA Location Requirements, 40 CFR 
264.18 

Places limitations on where on-site storage, 
treatment, or disposal of RCRA hazardous 
wastes may occur. 

ARAR If RCRA hazardous wastes are present 
at Sites 4,21, or 22, hazardous wastes 
will be handled and disposed of 
accordingly. 

STATE/LOCATION-SPECIFIC 

Virginia Wetlands Regulations (VR 450-O l- Regulates activities that impact wetlands. ARAR. Activities that could impact wetlands 
005 1) will comply with regulations. 

Virginia Endangered Species Act and Virginia Action to conserve endangered species or Not applicable There are no known endangered 
Board of Game and Inland Fisheries; Code of threatened species, including consultation with species at Sites 4,2 1, or 22. 
Virginia Sections 29.1-563 et seq. and 29- 100 the Board of Game and Inland Fisheries. 
et seq. 
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TABLE 3-3 

POTENTIAL ACTION-SPECIFIC ARARs AND TBCs 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement Consideration in the FS Comments 

FEDERAL/ACTION-SPECIFIC 

DOT Rules for Hazardous Materials Transport Regulates the transport of hazardous waste Applicable for any action requiring Remedial actions may include off-site 
(49 CFR Parts 107 and 171.1-500) materials including packaging, shipping, and off-site transportation of hazardous treatment and disposal. 

placarding. materials. 

Resource Conservation and Recovery Act Regulates the treatment, storage, and disposal Applicable to remedial actions Remediation may involve treatment, 
(RCRA) Subtitle C of hazardous waste. involving treatment, storage, or storage, or disposal of hazardous 

disposal of hazardous waste. waste. 

Identification and Listing of Regulations concerning determination of Applicable in determining waste Remediation may involve contaminants 
Hazardous Waste (40 CFR Part 26 1) whether or not a waste is hazardous based on classification. that are considered listed wastes. 

characteristics or listing. 

Treatment, Storage, and Disposal 
(TSD) of Hazardous Waste 
(40 CFR Parts 262-265,266) 

Regulates the treatment, storage, and disposal Applicable in the event that wastes TSD activities related to hazardous 
of hazardous waste, and closure of RCRA TSD on site are classified as hazardous or waste will comply with regulations. A 
facilities. if a RCRA TSD is closed. RCRA TSD facility is located at Site 

22 and may be closed. 

Manifest Systems, Recordkeeping, Regulates manifest systems related to Applicable to remedial actions Remedial actions may include off-site 
and Reporting (40 CFR Part 264, hazardous waste treatment, storage, and where hazardous waste is generated 
Subpart E) disposal. 

disposal or treatment. 
or transported, 

Releases from Solid Waste Regulates releases fi-om solid waste 
Management Units (40 CFR Part 264, management units. 

All solid waste management units on Groundwater protection standards 
site shall comply with requirements. apply to solid waste management units. 

Subpart F) 

Use and Management of Containers Regulates use and management of containers 
(40 CFR Part 264, Subpart I) being stored at all hazardous waste facilities. 

Applicable to containers stored on 
site. 

Remedial actions may generate 
containerized waste. Investigation- 
derived waste (IDW) is containerized. 

Toxic Substances Control Act (TSCA) ( 15 
USC 260 1 et seq) (40 CFR portions of Part 
761) 

Regulates management and disposal of PCB 
contaminated materials. 

Not applicable. No PCBs were detected in soils above 
1 ppm at Sites 4,21, or 22. 

National Emissions Standards for Hazardous Standards promulgated under the Clean Air Act Not applicable. The release of hazardous air 
Air Pollutants (NESHAPs) (40 CFR Part 6 1) 1 f or significant sources of hazardous pollutants, 

I 
pollutants.is not anticipated at Sites 4, 

o,qnh oc .r:n.,l ~hl.-.,.:r-l~ l.~nvc.nca JUti,, CKl * 1L.J 1 UI11”1 IUti) “~UL,clllti) 21, or 22. 

trichloroethylene, dichlorobenzene, asbestos, 
and other hazardous substances. Considered 
for any source that has the potential to emit 
10 tons of any hazardous air pollutant or 
25 tons of a combination of hazardous air 
pollutants per year. 



TABLE 3-3 (Continued) 

POTENTIAL ACTION-SPECIFIC ARARs AND TBCs 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation 

FEDERAL/ACTION-SPECIFIC (cont.) 

Requirement Consideration in the FS Comments 

National Ambient Air Quality Standards 
(NAAQS) (40 CFR 50) 

Control of Air Emissions from Air Strippers at 
Superfund Groundwater Sites (OS WER 
Directive 9355.0-02) 

OSHA Requirements 
(29 CFR Parts 1910, 1926, and 1940) 

Standards for the following six criteria 
pollutants: particulate matter; sulfur dioxide; 
carbon monoxide; ozone; nitrogen dioxide; and 
lead. The attainment and maintenance of these 
standards are required to protect the public 
health and welfare. 

Guidance that establishes criteria as to whether 
air emission controls are necessary for air 
strippers. A maximum 3 lbsihr or 15 lbs/day or 
10 tons/yr of VOC emissions is allowable; air 
pollution controls are recommended for any 
emissions in excess of these quantities, 

Provides regulations for workers safety and 
health to be followed during all construction 
and operation of remedial activities. 

TBC 

TBC 

TBC 

STATE/ACTION-SPECIFIC 

Virginia Solid Waste Management 
Regulations 
(VR 672-20- 10) 

Regulates the disposal of solid wastes. Applicable for solid (nonhazardous) Remedial actions could include off-site 
waste. disposal of nonhazardous waste. 

Virginia Hazardous Waste Regulations 
(VR72-30-l and VR 672-10-i, Part VII) 

1 Regulates the transoort of hazardous waste 
1 maierials including’packaging, shipping, and 
1 placarding. 

Applicable for any action requiring 
off-site transportation of hazardous 
materials. 

The release of criteria air pollutants 
is not anticipated at Sites 4, 2 1, or 22. 

Applicable if the alternative includes 
air stripping. 

Applicable to all workers engaged in 
on-site field activities. 

Remedial actions may include off-site 
treatment and disposal. 

Virginia Hazardous Waste Management 
Regulations (VR 672-10-l) 

Identification and Listing of 
UQ7lwlnllO wnetla I\IR &73-l n-1 .lLIYUlY”U” ‘.u”LY\.I~“,* I” *, 

Part III) 

Regulates the treatment, storage, and disposal 
of hazardous waste. 

Regulations concerning determination of 
whdhm A,. nnt n .r,nrto ;.a h~w,vAn,,~ hcacc4 nn “.LIVCIIV. “L A‘“& IA “.U”.I I.J IIU~UIU”UJ “ULlVU “I1 

characteristics or listing:. 

Applicable to remedial actions 
involving treatment, storage, or 
disposal of hazardous waste. 

Applicable in determining waste 
c!assif;cation. 

Remediation may include treatment, 
storage, or disposal of hazardous 

Manifest Systems, Recordkeeping, Regulates manifest systems related to 
and Reporting (VR 672-10-1, Part X, hazardous waste treatment, storage, and 
Section 10.4) disposal. 

Applicable to remedial actions Remedial actions may include off-site 
where hazardous waste is generated disposal or treatment. 
or transported. 



TABLE 3-3 (Continued) 

POTENTIAL ACTION-SPECIFIC ARARs AND TBCs 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Citation Requirement Consideration in the FS Comments 

STATE/ACTION-SPECIFIC (cont.) 

Releases from Solid Waste Regulates releases from solid waste All solid waste management units on Groundwater protection standards 
Management Units (VR 672-10, Part management units. site shall comply with requirements. apply to solid waste management units. 
X, Section 10.5) 

Use and Management of Containers Regulates use and management of containers Applicable to containers stored on Remedial actions may generate 
(VR 672-l 0, Part X, Section 10.8) being stored at all hazardous waste facilities. site. containerized waste. Investigation- 

derived waste (IDW) is containerized. 

Virginia Stormwater Management Regulations Regulates stormwater management and erosion/ Applicable for remedial actions Activities during construction will 
(VR 2 15-02-00) and Virginia Erosion and sedimentation control practices that must be involving land disturbing activities. comply with the Virginia Storm Water 
Sediment Control Regulations followed during land disturbing activities. Management Program. A sediment and 
(VR 625-02-00) erosion control plan will be submitted 

to LANTDIV for approval. 

Virginia Water Quality Standards 
(VR 680-21-00) 

Surface water quality standards based on water Applicable to remedial actions May be considered an ARAR if 
use and criteria class of surface water. requiring discharge to surface water. discharges to surface water are part of 

remedial activities. 

Virginia Ambient Air Quality Standards 
(VAAQS) (VR 120-03-01) 

Primary and secondary air quality standards for Potentially applicable for remedial Air emissions from a remedial 
particulate matter, sulfur oxides, carbon actions requiring discharge to the treatment facility will be monitored to 
monoxide, nitrogen dioxide, and lead. atmosphere. comply with the substantive 

requirements of VAAQS provided by 
VADEQ. 

Virginia Emission Standards for Toxic Establishes acceptable limits for toxic These standards are applicable To be used during remedial design to 
Pollutants (VR 120-O 1) pollutants by applying a l/40 correction factor requirements for remedial actions determine whether air emissions from a 

to the occupational standard Threshold Limit requiring discharge to the remedial treatment facility will not 
Value-Ceiling (TLV-Ceiling). atmosphere. exceed air emission standards. 

Virginia Pollution Discharge Elimination Regulated point-source discharges through the Applicable to discharge of treated May be an ARAR if point source 
System (VPDES) (VR 680-14-o 1) Regulation VPDES permitting program. Permit water to surface water. discharges into surface 
onrl Tr;rn;n;l alot~r Pmtw+ir\n PPrmit Y,,U . LA8”“” ., ‘AL”. A l”.VVI.“ll I Y 1.1.. c pylrimmentc inrhlde rnmnlianre with. ?“’ .w...-l..- AI .-.-..- -.,... y ..-..-- w&r arp n2rt nf remerli2l xrtivitiec r--- __^_^^ _--_-_ --__.._ .--. 
Regulations (VR 680-15-01) corresponding water quality standards, 

establishment of a discharge monitoring 
system, and completion of regular discharge 
monitoring records. 



TABLE 3-4 

HUMAN HEALTH PRGs FOR SURFACE SOIL 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Notes: 

PRG = Preliminary Remediation Goal 
(‘based on carcinogenic risk 

Shaded Area = Selected as Final Human Health PRG. 



TABLE 3-5 

ECOLOGICAL PRGs, FOR SURFACE SOIL 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Site 
Contaminant 

Benchmark Criteria 

Flora Fauna 

Receptor Models 

Receptor 
Concentration Derived Uptake 

Models (mg/kg) 

Site 4 I Total PAHs I NE I NE ER-M Sediment Value I 44 I 
I 2,4,6-Trinitrotoulene I I Station Toxicity 68 

I Aluminum I 50 I 600 I mouse I 1.4 I 
Antimony 0.5 NE mouse 0.09 

I I 

I Chromium I 1 I 0.15 I robin I 0.6 I 
Copper 100 50 mouse 20 

I 

I Manganese 50 10 mouse 117.3 

0.3 

Zinc 50 100 robin 9.2 

Site 21 Aluminum 50 600 mouse 1.4 

I Cadmium I 4 I 20 I robin I 0.9 I 

I-- Manganese 50 10 mouse 117.3 

Mercury 0.03 0.05 robin 0.3 



TABLE 3-5 (Continued) 

ECOLOGICAL PRGs, FOR SURFACE SOIL 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Site 

Site 22 

Contaminant 

Thallium 

Zinc 

HMX 

Cadmium 

Copper 

Lead 

Mercury 

Silver 

Zinc 

Benchmark Criteria 

Flora Fauna 

0.1 NE 

50 100 

NE 50 

3 20 

100 50 

50 500 

0.03 0.05 

0.2 50 

50 100 

Receptor Models 

Receptor 
Concentration Derived Uptake 

Models (mg/kg) 

mouse 0.01 

robin 9.2 

Station Toxicity Study 5.7 

robin 0.9 

mouse 20 

robin 0.7 

robin 0.3 

shrew NA 

robin 9.2 I 

Notes: NA = Not applicable 

NE = Not established 

PRG = Preliminary Remediation Goal 
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TABLE 3-6 

Selection of Final Remediation Goals for Surface Soil 
Sites 4,21, and 22 

Naval Weapons Station, Yorktown 

Contaminant 

Site 

Total cPAHs 

Total PAHs 

2,4,6-TNT 

Station-Wide 
Background 

@%/kg) 

NA 

NA 

NA 

Human Health 
PRG (mg/kg) 

10 
-- 

14 

Ecological Flora Toxicity 
Uptake Goal Benchmark 

Nw’k) (m&z) 

-- __ 

44 NE 

68 30 

Fauna Toxicity 
Benchmark 

(w&s) 

-- 

25 

100 

Final 
Remediation 
Goal (mg/kg) 

10 

44 

14 

Manganese 

Mercury 0.05 -- 0.3 0.03 0.05 0.3 

Tallium NA -- 0.01 0.1 NE 0.1 

Zinc 
I . . ,I,\ I 41U“’ 

Site 22 

HMX NA __ 5.7C2’ NE 50 5.7 1 
Cadmium 1.5 -- 0.9 4 20 4 
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TABLE 3-6 (Continued) 

Selection of Final Remediation Goals for Surface Soil 
Sites 4,21, and 22 

Naval Weapons Station, Yorktown 

Contaminant 

Site 22 (Cont.) 
Copper 

Lead 

Mercury 

Silver 

Zinc 

Station-Wide 
Background 

WdW 

24.4 

43.1 

0.05 

2.1 

48.4 

Human Health 
PRG (mg/kg 

-- 

-- 

-- 

-- 

-- 

Ecological Flora Toxicity Fauna Toxicity Final 
Uptake Goal Benchmark Benchmark Remediation 

(WW @w/k) (mdk) Goal (mg/kg) 

20 100 50 100 

200”’ 50 500 200 

0.3 0.03 0.05 0.3 

NA 0.2 50 50 

410”’ 50 100 410 

Notes: 

(1) Effects range - medium sediment value applied to soil 
(2) From station toxicity study work at Site 6 

NA- not applicable 
NE - not established 

not a contaminant of concern for this receptor 
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FIGURE 3-3 
POSITIVE DETECTIONS OF 
INORGANIC COCs/ECOCs 

IN SURFACE SOIL 
SITE 21 
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FIGURE 3-4 
POSITIVE DETECTIONS OF 
ORGANIC AND INORGANIC 

COCs/ECOCs IN SURFACE WATER 
SITE 4 AND 21 
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FIGURE 3-7 
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INORGANIC COCs/ECOCs 

IN SURFACE SOIL 
SITE 22 

‘RIOR TO BIOCELL CONSTRUCTION 

Ml WEAPON8 BTAmN YoixTOwN YomcTOIYI(. VRGNA 



I--- 

-- 

Y- 
FIGURE 3-8 

POSITIVE DETECTION OF 
ORGANIC AND INORGANIC 

COCs/ECOCs IN SEDIMENT 
SITE 22 
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4.0 IDENTIFICATION AND PRELIMINARY SCREENING OF REMEDIAL ACTION 

TECHNOLOGIES 

This section includes the identification and preliminary screening of remedial action technologies and 

process options that may be applicable to the remediation of the soil AOCs at Sites 4, 21, and 22. 

Specifically, Section 4.1 identifies a set of general response actions; Section 4.2 identifies remedial 

action technologies and process options for each general response action; and Section 4.3 presents the 

preliminary screening of remedial action technologies and process options. The process option 

evaluation is presented in Section 4.4. 

4.1 General Response Actions 

General response actions are broad-based, medium-specific categories of actions that can be identified 

to satisfy the remedial action objectives of an FS. Table 4-l lists the general response actions 

applicable to the remedial action objective established for Sites 4,21, and 22. As shown on Table 4-1, 

four general response actions have been identified: no action, institutional controls, containment, and 

removal/ treatment/ disposal. A brief description of these response actions follows. 

4.8.1 No Action 

The NCP requires the evaluation of the no action response action as part of the FS process. A no 

action response provides a baseline assessment for comparisons involving other RAAs that have a 

greater level of response. A no action alternative may be considered appropriate when there are no 

adverse or unacceptable risks to human health or the environment or when a response action may 

cause a greater environmental or health danger than the no action alternative itself. 

4.1.2 Institutional Controls 

Institutional controls are various “institutional” actions that can be implemented at a site as part of a 

complete RAA to minimize exposure to potential hazards at the site. These controls are typically 

considered to be “passive” actions such as limiting exposure to contaminated soil by placing 

restrictions on the land use of a contaminated area. 
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c-z. 4.1.3 Containment 

Containment actions include technologies that contain and/or isolate contaminants by covering, 

sealing, chemically stabilizing, or providing an effective barrier against specific areas of concern. 

These actions also provide isolation and prevent direct exposure with or migration of the contaminated 

media without disturbing or removing the waste from the site. 

4.1.4 Removal/Treatment/Disposal 

A typical general response action applicable to soil remediation involves a combination of removal, 

treatment, and/or disposal actions. Treatment actions (in-situ and ex-situ) for soil can include 

biological, physical/chemical, and thermal treatment methods. In-situ treatments may result in 

production of process water or products from off-gas treatment systems. Ex-situ treatments may result 

in process water, products from off-gas treatment systems or contaminated soil. These remediation 

end products may need to be disposed. Disposal may include on-site or off-site landfill options in 

addition to recycling options. 

4.2 Identification of Remedial Action Technologies and Process Options 

In this step, a set of potentially applicable technologies and process options will be identified for each 

of the general response actions listed in the previous section. The term, “technology type” will refer 

to general categories of technologies such as physical/chemical, thermal, and biological. The term 

“process option” will refer to specific processes, or technologies, within each generalized technology 

type. For example, soil washing and solvent extraction are process options under the technology type 

known as physical/chemical treatment. Several technology types may be identified for each general 

response action, and numerous process options may exist within each generalized technology type. 

,-.m , 

Remedial action technology types and process options that are potentially applicable at Sites 4, 2 1, 

or 22 are listed on Table 4-l with respect to their corresponding general response action. (The 

technology types are listed in the column titled “Remedial Action Technology.“) The technologies 

and process options listed on Table 4-1 do not represent a global list of all available soil or 

groundwater technologies/options. Instead the list includes a set of technologies/options that may be 

applicable to soils contaminated with PAHs, explosives, and/or inorganics. This focused list was 

developed based on information obtained from four sources: 1) a search of the USEPA’s ‘Vendor 
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Information System for Innovative Technologies (VISITT) data base; 2) the document, “Remediation 

Technologies Screening Matrix and Reference Guide” (DOD, 1994); 4) the document “Guidance on 

Remedial Actions for Superfund Sites with PCB Contamination” (USEPA, 1990); and a search of the 

Internet. Descriptions of each of these technologies/process options listed on Table 4-l are presented 

below. 

4.2.1 No Action 

The no action alternative will be considered at each of the sites (Sites 4,2 1, and 22). The no action 

response provides a baseline for comparison with other response actions. Under the no action 

response, the contaminated media at each site will be left in place. Passive remediation of organic 

contaminants (i.e., natural attenuation) may occur, but will be unmonitored and unproven. No active 

remediation efforts would be taken at a site if the no action alternative is selected. 

4.2.2 Institutional Controls 

4.2.2.1 Fencing 

The fencing process option would include the installation and/or maintenance of security fencing and 

signs around the contaminated media at Sites 4,21, or 22. Warning signs would be posted along the 

fence. The fencing option would eliminate direct exposure to the impacted soil at the site by reducing 

the potential for dermal contact with or ingestion of the soil. 

4.2.2.2 Land Use Restrictions 

Land use restrictions at Sites 4,2 1, or 22 would require that the contaminated AOCs have pemlanent 

land use restrictions implemented that would limit future development of the site areas. 

4.2.2.3 Monitoring 

Monitoring programs for contaminated media would be implemented at Sites 4, 21, or 22. The 

monitoring would involve periodic sampling and analysis of the soil within the contaminated AOCs. 

The results of the sampling would be evaluated to determine if the contaminant concentrations within 

the sampled media are decreasing or if contaminants are migrating. 
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4.2.3 Containment 

4.2.3.1 Capping 

A capping process option (i.e., soil cover) for Sites 4, 21, or 22 would consist of placed and 

compacted soil fill, with topsoil and vegetation on top of the compacted fill. The cover would reduce 

the potential for direct exposure to the contaminated soil in this area. 

4.2.3.2 Solidification/Stabilization 

Solidification/stabilization (S/S) reduces the mobility of hazardous substances in soil using physical 

and chemical methods. A hardening agent (e.g., cement) is mixed or injected into the contaminated 

soil. The agent fixes the contaminants in the soil. Leachability testing is typically performed to ensure 

that the contaminants are no longer mobile. This process is applicable to inorganic contaminatiion but 

has limited effectiveness on SVOCs. 

. ex situ 

Because of the vigorous mixing needed to disperse the binder in the matrix to be 

treated, S/S treatment processes are often applied to excavated materials. This 

process involves removing wastes from their site location, mixing them with binders, 

and transferring the treated waste to an appropriate disposal area. The treatment may 

be accomplished in a fixed facility at a treatment plant or in a mobile treatment plant 

at the site. Screening and crushing operations may be needed upstream of the 

blending operations to separate and crush oversize materials, such as rocks and 

debris. Portable equipment may be used. Area mixing could be an option where the 

excavated matrix is moved to a contained location for mixing. Area mixing involves 

placing layers of binder and matrix in a large containment area and then mixing with 

a backhoe or similar earth-moving equipment (Smith et. al., 1995). 

The application of asphalt and similar organic binders to treat wastes contaminated 

with metals or with metal and organics is called polymer microencapsulation. S/S by 

polymer microencapsulation can include application of thermoplastic or 

thermosetting resins. Bitumen (asphalt) is the least expensive and by far the most 
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commonly used thermoplastic resin. The process of thermoplastic encapsulation 

involves heating and mixing the waste material and the resin at elevated temperature, 

typically 130°C to 230°C in an extrusion machine. Any water or volatile organics 

in the waste boil off during extrusion and are collected for treatment or disposal. 

Because the final product is a stiff, yet plastic resin, the treated material typically is 

discharged from the extruder into a drum or other container. Asphalt-treated soils or 

abrasives contaminated with metals have been reused as paving materials. (Smith et. 

al., 1995) 

S/S with organic binders like asphalt requires more complex equipment and 

operations and higher energy use than cement-based stabilization. Applications have 

been limited to special cases where the specific performance features are required or 

the waste matrix and contaminants allow reuse of the treated waste at a construction 

material (Smith et. al., 1995). 

. In-situ 

In-place mixing of the binder with the contaminated matrix involves spreading and 

mixing of binder reagents with waste by conventional earth-moving equipment such 

as draglines, backhoes, or clamshell buckets. The technology is applicable only to 

surface or shallow deposits of contamination. For deeper contamination vertical 

augers and injection grouting is used. Organic contaminants are often present with 

inorganic contaminants at many sites. S/S treatment of organic-contaminated waste 

with cement-based binders is more complex than treatment of inorganics alo:ne. S/S 

can be applied to wasted that contain lower levels of organics; particularly when 

inorganics are present and/or the organics are semivolatile or nonvolatile (Smith et. 

al., 1995). 

4.2.4 Removal - Excavation 

Excavation is a method for removing contaminated soil using conventional heavy construction 

equipment such as backhoes, cranes, bulldozers, and loaders. A typical practice is to excavate and 

remove contaminated “hot spots” and to employ other remedial technologies for less contaminated 
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soils. With respect to Sites 4, 21, or 22, the soil within the contaminated AOCs could be excavated 

and then treated (on site or off site) or sent off site for disposal. 

4.2.5 Treatment - Biological 

Biological treatment processes use microorganisms to destroy contaminants by using the contaminants 

as a food and energy source. Oxygen, nutrients, and moisture, as well as the appropriate pH and 

temperature, must be present for bioremediation to take place. Some biological processes can also 

occur in an anaerobic environment. Usually, organic contaminants are treated through bioreme8diation, 

but some inorganics can be treated too. 

Biological processes can alter the chemical state, form, or distribution of metals in several ways. 

Exploiting biological activity for the purpose of remediating metals contamination can take any one 

of several forms. Treatment can be conducted in-situ or in the more controlled scenarios such as 

aboveground reactor configurations. The more common biological mechanisms that can be exploited 

for remedial purposes include adsorption, uptake, oxidation reactions, reduction reactions, and 

methylation/demethylation reactions. Biological oxidation/reduction treatment avoids addition of 

environmentally unfriendly chemicals. When available, biological mechanisms can achieve leaching, 

oxidation, or reduction without the addition of acids, bases, or oxidation/reduction agents (Smith et. 

al., 1995). 

4.2.5.1 Landfarming 

Landfarming is a full-scale bioremediation technology in which contaminated soils are applied onto 

the soil surface and periodically turned over or tilled into the soil to aerate the waste. Although 

landfarming is usually performed in place, landfarming systems are increasingly incorporating liners 

and other methods to control the leaching of contaminants. Additional controls usually require 

excavation and placement of contaminated soils. (DOD, 1994). Figure 4-l shows a typical 

landfarming treatment system. Landfarming has been used for the treatment of explosives, PA&, and 

PCBs. This process would not be applicable to inorganics. 
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4.2.5.2 Composting 

Cornposting is a controlled biological process by which biodegradable hazardous materials are 

converted by microorganisms to innocuous, stabilized by-products, typically at elevated temperatures 

in the range of 120“ F to 130” F. The increased temperatures result from heat produced by 

microorganisms during the degradation of the organic material in the waste. In most cases, this is 

achieved using indigenous microorganisms. Soils are excavated and mixed with bulking agents and 

organic amendments such as wood chips, paper, leaves, and animal and vegetative wastes. The 

bulking agent serves as a source of carbon, nutrients, or microbes, in addition to increasing the 

porosity of the soil to be treated. Maximum degradation efficiency is achieved by maintaining 

moisture content, pH, oxygenation, temperature, and the carbon-to-nitrogen ratio (DOD, 1994). After 

cornposting, the material is typically cured for additional time. During the period, additional 

decomposition as well as stabilization, pathogen destruction, and degassing take place (Weston, 1988). 

The decomposed waste is reduced in weight and volume, and the process produces a stabilized 

material that can be used as backfill. Cornposting has been used for the treatment of explosives, 

PAHs, and PCBs. Certain microorganisms can be added to the compost, which are known to 

biodegrade or transform certain inorganics including arsenic, selenium, lead, and mercury. 

Cornposting is similar to landfarming in that it relies on the destruction of organic compounds through 

microbial metabolism. Cornposting methods fall into three categories: aerated static-pile; 

mechanically agitated in-vessel; and windrow. In static-pile cornposting, contaminated material is 

excavated, placed in a pile(s) under protective shelter, and mixed with readily degradable carbon 

sources. The pile undergoes forced aeration (blowers or vacuum pumps) to maintain aerobic and 

thermophilic conditions which foster the growth of microorganisms. Bulking agents, such as cow 

manure and vegetable waste and/or wood chips, can be added to enhance biodegradation. Figure 4-2 

shows a typical aerated static pile schematic. 

In mechanically agitated in-vessel composting, contaminated material is aerated and blended with 

carbon-source materials in a mechanical cornposter. These devices have been used at municipal 

sewage treatment facilities and for explosives waste. 
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Windrow cornposting is similar to static-pile cornposting except that compost is placed in long piles 

and periodically aerated (mixed) with mobile equipment, rather than a forced air system 

(USEPA, 1993 and DOD, 1994). 

4.2.5.3 Aqueous-Phase Bioreactor (Bioslurry) 

Two types of aqueous-phase bioreactors are discussed below lagoon slurry reactor and aboveground 

siurry reactor. Aqueous-phase bioreactors have been used for the treatment of explosives, PAHs, and 

PCBs. This process would not be applicable to inorganics. 

Lagoon Slurry Reactor 

The lagoon slurry reactor is an aqueous-phase system which allows contaminants to remaiin in a 

lagoon, be mixed with nutrients and water, and degrade under anaerobic conditions. The lagoon slurry 

reactor is still in the developmental stage. A typical lagoon slurry reactor is shown on Figure 4-3. 

These reactors can provide good process control, can be configured in several treatment trains to treat 

a variety of wastes, and potentially can achieve very low contaminant concentrations. A drawback to 

the bioreactors is that they accumulate the products of biotransformation, unlike cornposting which 

binds the contaminants to humic material (DOD, 1994). 

Aboveground Slurry Reactor 

Slurry phase biological treatment involves the controlled treatment of excavated soil in a bioreactor. 

The excavated soil is first processed to physically separate stones and rubble. The soil is then mixed 

with water to a predetermined concentration dependent upon the concentration of the contaminants, 

the rate of biodegradation, and the physical nature of the soils. Some processes pre-wash the soil to 

concentrate the contaminants. Clean sand may then be discharged, leaving only contaminated fines 

and wash water to biotreat. Typically, the slurry contains from 10 to 40 percent solids by weight. The 

soil is maintained in suspension in a reactor vessel and mixed with nutrients and oxygen. The slurry 

is mixed to keep solids suspended and microorganisms in contact with the soil contaminants. If 

necessary, an acid or alkali may be added to control pH. Microorganisms also may be added if a 

suitable population is not present. Upon completion of the process, the slurry is dewatered and the 

treated soil is disposed. Dewatering devices that may be used included clarifiers, pressure filters, 

vacuum filters, sand drying beds, or centrifuges (DOD, 1994). 
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The aboveground slurry reactor (or bioslurry reactor) is either constructed on site or mobilized on site 

as a package system. A schematic of a typical aboveground slurry reactor is shown on Figure 4-4. 

Like the lagoon slurry reactors, the bioslurry reactors can provide good process control; can be 

configured in several treatment trains to treat a variety of wastes; and potentially can achieve very low 

contaminant concentrations. A drawback to the bioreactors is that they accumulate the products of 

biotransformation, unlike cornposting which binds the contaminants to humic material (DOD, 1994). 

4.2.5.4 Solid -Phase Bioce!! Reactor 

Solid-phase bioce!! reactors can be used to treat contaminated soil. This process is a controlled solid- 

phase biological treatment in which excavated soils are mixed with soil amendments and placed in 

above ground enclosures. The technology/process option involves excavation of contaminated soil, 

screening to remove larger debris, and then loading of the soils into the biocells. This process can be 

described as “bioventing in a can.” Once the soil is loaded into the biocell, little or no mixing is 

provided. Mixing operations may be performed by periodic use of a vertical auger mounteld from 

above the cell (WES, 1995). 

Biocells are operated in a true batch mode much like composting. The soil is added into the biocell 

without slurrying. Instead the soil is simply dumped into the cell and aeration is initiated to stimulate 

the aerobes. In some cases, if the soil has a very low hydraulic conductivity, sand or other bulking 

agents may be added. Low hydraulic conductivity hinders transport of air and water (WES, 1995). 

Figure 4-5 shows a typical solid-phase bioce!! reactor schematic. Solid-phase bioreactors have been 

used for the treatment of explosives, PAHs, and PCBs. This process would not be applicable to 

inorganics. 

4.2.5.5 In Situ Bioremediation 

Bioremediation is a developing technology that uses microorganisms to degrade organic contaminants 

into less hazardous compounds. In situ bioremediation uses existing indigenous or cultivated strains 

of bacteria to biodegrade compounds in the soil. Precise control of the biological processes is not 

feasible because the processes occur under the ground surface. The biological processes can be 

accelerated by the addition of air, nutrients, or additional bacteria strains. The nutrients can be 

injected with vertical or horizontal wells that stimulate the growth of the microbes. The system can 
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be combined with soil vapor extraction to strip the more easily removed and more highly concentrated 

contaminants out of the soil. Figure 4-6 shows a typical in situ bioremediation schematic. 

4.2.5.6 White Rot Fungus 

White rot fungus has been reported to degrade a wide variety of organ0 pollutants by using their 

lignin-degrading or wood-rotting enzyme system. A white rot fungus system may be conducted in 

a bioreactor with moisturized air and wood chips added. Temperature within the biocell is controlled. 

The optimum temperature for biodegradation with lignin-degrading fungus ranges from 86 F to 

100” F. The heat of the biodegradation reaction helps to maintain the temperature of the process near 

the optimum (DOD, 1994). A typical schematic for the white rot fungus is shown on Figure 4-7. 

White rot fungus has been used to treat soils contaminated with explosives, PAHs and PCBs. This 

process is not applicable to inorganics. 

4.2.5.7 Monitored Natural Attenuation 

The term natural attenuation refers to naturally occurring processes that occur in groundwater or soil 

without the assistance of engineered systems to reduce contaminant mass, toxicity, mobility, volume, 

or concentration of contamination. The natural attenuation of contaminated groundwater or soil 

occurs as the result of destructive and nondestructive subsurface mechanisms. Biodegradation, 

reduction of contamination to innocuous byproducts by microbes, is the most important destruction 

mechanism. However, abiotic destruction, chemical reduction (or oxidation) of contamination to 

innocuous byproducts does occur. Extensive monitoring and analysis would be required to show that 

natural attenuation is occurring. Monitoring for natural attenuation encompasses a range of analytic 

parameters that include the contaminants of concern. This process has been used for explosives, 

PAHs, and PCBs. This process would not be applicable to inorganics. 

4.2.5.8 Phvtoremediation 

“Phytoremediation” includes several technologies that use upland or wetland plants to remove, 

degrade, or accumulate contaminants in soil, groundwater, surface water, or air. The process is faster 

than natural attenuation because plants that are used are specifically chosen for their remedial 

capability. Petroleum hydrocarbons, PAHs, chlorinated solvents, pesticide radionuclides, explosives, 

and excess nutrients have been treated with various plant species. Soils from zero to three feet, and 
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groundwater less than ten feet below ground surface have been treated through phytoremediation. 

Generally, the contaminated medium to be treated must be in the root zone of the remedial plant 

species. 

Phytoremeiation occurs through at least one of the following processes: 

l Rhizofiltration - remediation of water occurs through uptake and accumulation of 

contamination by plant roots. This can be utilized in-situ or by pumping water into 

troughs filled with root systems. 

l Phytoextraction - Metals, radionuclides, and some organic compounds are taken IUP and 

accumulated by plant tissue from soil. 

l Phytotransformation - Soil and water contaminants are taken up and metabolized b,y plant 

tissue. 

l Phyto-stimulation - Microbial biodegradation of soil or water contaminants is stimulated 

by the addition of oxygen and organic carbon to the medium by the plants. 

l Phytostabilization - Mobility and migration of contaminants in soil is reduced through the 

prevention of wind erosion, sedimentation processes, and leaching. 

l Groundwater Capture - Deep-rooted trees may utilize enough water to prohilbit the 

movement of contaminated groundwater and prolong treatment by the roots. 

l Phytovolatilization - Soil and groundwater contaminants (including selenium, mercury, 

and VOCs) are evapotranspired to the atmosphere. 

l Phytorespiration - Organic contaminants are taken into the leaves from the air. 

Plants that have accumulated contaminants can be harvested and disposed or treated, depending on 

the toxicity. Some accumulated metals can even be recovered from the harvested plants. 

Phytoremediation can be used as the sole clean-up technology for sites with low levels of contaminants 

(the contaminant concentration should be below toxicity screening levels for the plant). For sites with 
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higher contaminant concentrations, a primary technology can be used to remediate the media to lower 

levels. Phytoremediation can then be used as a “polishing” technology to complete the remetliation 

at a lower cost than the continued treatment of the primary remediation technology. 

Food-source plants are not usually used for phytoremediation purposes. However, food-source 

animals (e.g., cattle or pigs) should not be allowed to graze areas where phytoremediation is being 

used. Insects will not usually feed on plants with high levels of toxic metals; and will therefore, not 

introduce contaminants into the food chain. Genetically-engineered plants that can be used to 

remediate mercury contaminated soil do not have the ability to grow in the absence of mercury, 

thereby, limiting spread of mercury to nearby ecosystems. 

Organic contaminants that are more rapidly degraded in rhizosphere soil than in unvegetated soil 

include TPHs, PAHs, chlorinated pesticides, PCBs, chlorinated VOCs, explosives, organophosphate 

pesticides, surfactants, and excess nutrients (such as nitrogen, phosphorus, and potassium). 

Plants that have been used for phytoremediation include alfalfa, arabidopsis, bamboos, bladder 

campion, indian mustard greens, boxwood, composites, tomato, alpine pennycress, and poplar. 

Phytoremediation is applicable to contaminated sites that cover large areas. Treating the top six inches 

of contaminated soil with phytoremediation could cost between $1,000 to $6,000 per acre (not 

including any soil excavation which could be required). This is inexpensive compared to other 

treatment technologies. Phytoremediation is in-situ, produces small amounts of residual waste, and 

has high public acceptance. Soils can be used after treatment, recyclable plant material that has 

accumulated metals may be generated, and minima! environmental disturbance is involved (although 

the ground surface may need to be modified to prevent flooding and erosion). 

Phytoremediation may be limited under certain conditions. The contaminated media must be fairly 

shallow and remediation may take more than one growing season. Climate and contaminant 

concentrations can affect whether or not remediation plant species can grow at a site. Uncertainties 

with using phytoremediation include the ability of the plant species to achieve clean up goals and 

regulations that may apply to the contaminated media. 
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4.2.6 Treatment - Physical/Chemical 

The purpose of physical and chemical treatment technologies is to change the toxicity or mobility of 

contaminants through various means. Contaminants undergo chemical reactions in natural 

surroundings that may transform them into more or less toxic products or may increase or decrease 

their mobility within the soil system. Various treatment agents may be added to adjust the conlditions 

in the contaminated matrix to favor less toxic or less mobile forms of metal contaminants. Chemical 

treatment of contaminated soils entails the reaction of contaminants with reagents to form products 

that are less toxic or less mobile. 

4.2.6.1 Solvent Extraction 

Solvent extraction is a physical/chemical treatment in which waste and solvent are mixed in an 

extractor, dissolving the organic contaminant into the solvent. The extracted organics and solvent are 

then placed in a separator, where the contaminants and solvent are separated for treatment and further 

use. Solvent extraction does not destroy wastes, but is a means of separating hazardous contaminants 

from soils, thereby reducing the volume of the hazardous waste that must be treated. The technology 

uses an organic chemical as a solvent and differs from soil washing, which generally uses water or 

water with wash-improving additives. Commercial-scale units are in operation; they vary in regard 

to the solvent employed, type of equipment used, and mode of operation (DOD, 1994). A typical 

solvent extraction process schematic is shown on Figure 4-8. Solvent extraction is applicable to soil 

contaminated with explosives and PCBs. 

Solvent extraction is commonly used in combination with other technologies - 

solidification/stabilization, incineration, soil washing - depending upon site-specific conditions. It can 

also be used as a stand-alone technology in some instances. The treated media are usually returned 

to the site after having met Best Demonstrated Available Technology (BDAT) and other standards 

(DOD, 1994). 
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4.2.6.2 Chemical Oxidation/Reduction 

Chemical oxidation increases the oxidation state of an atom by removing electrons or adding oxygen 

to the atom. Oxidation may cause a substance to be transformed, degraded, or immobilized in soil. 

Oxidation reactions within the soil matrix may occur through management of the natural processes 

in a soil or through addition of an oxidizing agent to the soil complex (USEPA, 1990a). 

Chemical reduction is a process in which the oxidation state of an atom is decreased. Reducing agents 

are electron donors, and reduction is accomplished by the addition of electrons to the atom. Reduction 

of chemicals may occur naturally within the soil system. Certain compounds are more susceptible to 

reduction than others because they will accept electrons. The addition of reducing agents to soil to 

degrade reducible compounds can be used as a physical/chemical treatment technology 

(USEPA, 1990a). A typical chemical oxidation/reduction process is shown on Figure 4-9. Chemical 

reduction and oxidation processes are applicable to soil contaminated with inorganics and possibly 

PAHs. 

4.2.6.3 Solvated Electron Technology 

A solvated electron process which is under development by Teledyne-Commodore, LLC, has achieved 

99.999 percent destruction efficiency of TNT and tetry!. The process is also being tested on PCBs. 

Contaminated media are fed into a stainless steel reactor and mixed with the solvated electron 

solution. For explosives, the actual conversion to inert compounds ties place within several minutes 

of contact with the contaminated media. The solvated electron solution is made by dissolving an 

alkaline metal, such as sodium, potassium, lithium or calcium, in anhydrous ammonia. The resulting 

solution has a high density of unbounded electrons (solvated electrons) which has high conductivity 

and is a strong reducing agent. The solution breaks the bonds between unlike non-metals and 

halogenated species (producing salts of the solute metal), a!! halogen bonds, and many sulfur, 

nitrogen, phosphorus, and arsenic bonds are also broken. The products are separated fi-om the solution 

by evaporating the ammonia, which is recovered and recycled. The other products are disposed. 

Small volumes of hydrogen and Cl-C3 hydrocarbon gases may be formed. Traces of ionic cyanide 

may be produced but can be treated through oxidation. The process takes place at room temperature 

and pressures required to keep the ammonia in liquid form (140psig) (Kumar, Woosley and Johnson, 

1997). Figure 4- 10 shows a schematic for the solvated electron technology process. 
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4.2.6.4 Soil Washing 

Soil washing is a water-based process for scrubbing soils ex situ to remove contaminants. 

Contaminants sorbed onto fine soil particles are separated from bulk soil by particle size in an 

aqueous-based system. The wash water may be augmented with a basic leaching agent, surfsctant, 

pH adjuster, or chelating agent to help remove organics and heavy metals. The process removes 

contaminants in one of two ways: 1) by dissolving or suspending them in the wash solution, which 

is later treated by conventional wastewater treatment methods. 2) by concentrating them into a s,maller 

volume of soil through particle size separation, gravity separation, and attrition scrubbing techniques, 

similar to those used in sand and gravel operations. (DOD, 1994). A typical soil washing schematic 

is shown on Figure 4-l 1. Soil washing is applicable to soil contaminated with explosives, PAHs, and 

inorganics. 

A soil washing procedure, called the Lurgi Process, is being developed in Germany. In the Lurgi 

Process, contaminated soil is excavated and processed in an attrition reactor, which detachles the 

explosive material from the soil particles. The remaining material undergoes a second process, which 

separates clean from contaminated particles. Clean particles are dewatered, separated into heavy and 

light materials, and returned to the site. Contaminated particles undergo a final series of washing, 

separation, and chemical extraction processes to remove any remaining clean particles. Finally, the 

contaminated material is clarified and concentrated before being disposed or treated (DOD, 1994). 

Soil flushing, like soil washing, uses an extraction fluid to interact between the fluid and the 

contaminant. The contaminant and extraction fluid are recovered, and the recovered contaminant and 

fluid are then treated. Unlike soil washing, soil flushing is in-situ. Soil flushing uses extraction and 

injection wells to inject and extract the fluid and to remove contaminants from the subsurface without 

excavation of the contaminated materials. After the solution passes through the contamination zone, 

the contaminant-bearing fluid is collected by wells and brought to the surface for disposal, 

recirculation, or on site treatment and reinjection. 

4.2.6.5 Leaching/Recoverv 

A leaching/recovery process is being developed for remediation of soils, dust, sludge, or sediment 

contaminated with lead. The process can also be modified to remediate soils contaminate’d with 

cadmium, copper, mercury, and zinc. Physical separation (dry screening) can be used to separate the 
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fines from the oversized material. Lead oflen adheres to the fine portion of soils. The fines (and sands 

if they are contaminated) are then treated with a ieachant to dissolve the adsorbed lead or other heavy 

metals. The metal ions are then recovered from the leachate by a process that is appropriate for the 

metal being recovered. The leachant can be reused after the metals are recovered. The final p.roducts 

of the process are treated soil, recovered metal, and leachant. No waste products are generated and 

the treated soil can be returned to the site. A process flow diagram is presented in Figure 4- 12. 

4.2.7 Treatment - Thermal 

4.2.7.1 Incineration 

Incineration processes can be used to treat organic and inorganic-contaminated soil. Incin’eration 

processes involve high temperatures used to combust (in the presence of oxygen) organic constituents 

in hazardous wastes. The destruction and removal efficiency for properly operated incinerators 

exceeds the 99.99 percent requirement for hazardous waste (DOD, 1994). Contaminated soil can be 

sent to an off-site incinerator or treated with a mobile, on-site unit. 

The rotary kiln incinerator can be used to treat organic-contaminated soil. Soil is fed into a primary 

combustion chamber, or rotary kiln, where organic constituents are destroyed. The temperature of 

gases in the primary chamber ranges from 800” to 1,200° F, and the temperature of soil ranges from 

600’ to 800’ F. Retention time in the primary chamber, which is varied by changing the rotation speed 

of the kiln, is approximately 30 minutes. Off gases from the primary chamber pass into a secondary 

combustion chamber, which destroys any residual organics. Gases from the secondary combustion 

chamber pass into a quench tank where they are cooled from approximately 3,600” to 4000’ F. From 

the quench tank, gases pass through a Venturi scrubber and a series of baghouse filters, which remove 

particulates prior to release from the stack. The treated product of rotary kiln incineration is ash (or 

treated soil), which drops from the primary combustion chamber after organic contaminants have been 

destroyed. This product is routed into a wet quench or a water spray to re-moisturize it, then 

transported to an interim storage area pending receipt of chemical analytical results (DOD, 1994). 

Figure 4-l 3 shows a typical mobile incineration process. 
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4.2.7.2 Low Temperature Thermal Desorption 
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Low temperature thermal desorption (LTTD) systems are physical separation processes and are not 

designed to destroy contaminants, but instead volatilize them. Wastes are heated to 200” to 600” F 

to volatilize water and organic contaminants. A carrier gas or vacuum system transports volatilized 

water and organics to the gas treatment system. The bed temperatures and residence times designed 

into these systems will volatilize selected contaminants but will typically not oxidize them. LTTD is 

a full-scale technology that has been proven successful for remediation of petroleum hydrocarbon 

contamination in all types of soil. Contaminant destruction efficiencies in the afterburners of these 

units are greater than 95 percent. Decontaminated soil retains its physical properties and ability to 

support biological activity (DOD, 1994). 

Two common thermal desorption designs are the rotary dryer and thermal screw. Rotary dryers are 

horizontal cylinders that can be indirect or direct fired. The dryer is normally inclined and rotated. 

For the thermal screw units, screw conveyors or hollow augers are used to transport the medium 

through an enclosed trough. Hot oil or steam circulates through the auger to indirectly heat the 

medium. Particulates are removed by conventional particulate removal equipment, such as wet 

scrubbers or fabric filters. Contaminants are removed through condensation followed by carbon 

adsorption, or they are destroyed in a secondary combustion chamber or a catalytic oxidizer. Most of 

these units are transportable (DOD, 1994). A process schematic for LTTD is shown on Figure 4-l 4. 

4.2.7.3 Two-Phase Temperature Thermal Desorption 

A two-stage medium temperature thermal desorption process has been designated by the USEPA as 

BDAT for the treatment of mercury-contaminated materials (including soils). Because the process 

also results in the recovery of mercury (99 percent pure metallic form suitable for directly refining and 

recycling), it is actually classified as “recycling” rather than “waste treatment”. Therefore, the process 

is exempt from air and solid waste permitting requirements. The process steps include: 1) attaining 

consistent particle size (through crushing or shredding if necessary); 2) blending with an additive to 

break down oxides, sulfides, and chlorides, and prevent gaseous sulfur and chlorine compounds from 

mixing with exhaust gas; 3) removal of moisture by low temperature heating; 4) vaporization of 

mercury by high temperature heating; 5) condensation of mercury (returned to metallic state); and 6) 

cleaning off-gas with carbon columns. A process flow diagram for this technology is shown in 

Figure 4- 15. 

4-17 



The process equipment has been demonstrated at a pilot scale and has operated commercially from 

a truck-mounted mobile unit with a capacity of 12 tons/day. Mercury contaminated soil has been 

treated from a starting concentration of 15,000 mg/kg to a final concentration of 0.07 mg/kg in sandy 

soil. No waste products are produced by this process, and treated soil can be placed back at the site. 

4.2.7.4 High Temperature Thermal Desorption 

Ex situ 

High temperature thermal desorption (HTTD) is a process which heats wastes from 600°F to 1 ,OOO°F 

to volatilize water and organic contaminants. Because bed temperatures and residence times volatilize 

but do not oxidize the organics, the organics are not destroyed, but are separated from the 

contaminated soil. A carrier gas or vacuum system brings the volatilized contaminants to ,the gas 

treatment system. PAHs are a target contaminant of HTTD process. The process also removes 

volatile metals. 

Two similar separation techniques for contaminant extraction from the soil through heat are 

pyrometallurgical separation and electrokinetic separation. 

Pyrometallurgical separation is similar to HTTD in that it also uses high-temperature processes to treat 

contaminated soils. The term pyrometallurgy encompassed techniques for processing metals at 

elevated temperatures. 

Another separation technology called electrokinetic treatment separates the contaminants in thie same 

manner through heat and an electric field. The contaminants are separated from the aqueous solution 

and then treated. 

In situ 

High temperature thermal desorption can also be achieved in situ. A remediation coimpany, 

TerraTherm, has a Thermal Blanket system which was specifically designed to remediate surticial and 

shallow contamination up to three feet deep. The Thermal Blanket is made up of an S-foot by 20-foot 

steel box suspended by stainless steel webbing which is threaded by heating element rods. Soil 

temperatures can reach 1,OOO”F. The blankets can be operated side-by-side simultaneously. The 
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vapors are sucked into a vapor treatment system where they are oxidized or adsorbed by activated 

carbon adsorber. A typical in situ high temperature thermal desorption schematic is shown on 

Figure 4-16. 

4.2.7.5 Pvrolvsis 

Ideally, pyrolysis is a process which chemically decomposes organic materials by heat in the absence 

of oxygen. The actual process occurs under less than stoichiometric conditions. Thermal desorption 

also occurs if SVOCs are present. Target contaminants for pyrolysis are SVOCs and pesticides. This 

technology has been shown to remediate PAH-contaminated material. Pyrolysis will not destroy or 

separate heavy metals but may remove volatile metals. Pyrolysis occurs under pressure and 

temperatures above SOO’F. Off gases need to be treated. A typical pyrolysis process is shown on 

Figure 4- 17. 

4.2.7.6 Thermallv Enhanced Vapor Extraction 

Soil vapor extraction can more effectively remove heavier compounds if the soil is heated. H.eating 

increases the mobility of the volatiles to facilitate extraction. Energy for heating can be supplied in- 

situ with powerline frequency (PLF) heating, or with radio frequency (RF) generators, that are inserted 

into the ground. PLF can raise soil temperatures to about 100°C and requires residual soil water as 

a conductive path. RF heating does not require residual soil water as a conductive path. RF heating 

works by applying an electromagnetic field that distorts the molecular structure of the soil. The 

distortion is transformed into mechanical and then thermal energy. RF heating is faster than 

convective or conductive methods of heating the soil and can raise the soil temperature to about 250°C. 

PLF and RF heating techniques can be combined in one system. 

Several other methods of heating contaminated soil are being developed. Dynamic underground 

stripping is a combination of steam injection and electric heating. Six-phase soil heating heats the soil 

with six electric phases through electrodes placed in a circle. Finally, steam and hot air can be injected 

as a means of heating the soil. Figure 4-l 8 shows a schematic of a typical soil vapor extraction system 

enhanced by steam/hot air injection. 
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The effectiveness of each method of soil heating varies with the characteristics of the soil, 

characteristics of the contaminants, and water content of the soil. 

4.2.7.7 Vitrification 

In situ 

In situ vitrification involves an electric current that melts contaminated soil at extremely high 

temperatures (1,600” to 2,000°C). Melting the soil destroys most organics by pyrolysis. Inorganics 

are immobilized within the vitrified residual product. Water vapor and organic combustion products 

are captured in a hood over the site that conveys the contaminants into an off-gas treatment system. 

The off-gas treatment system may involve scrubbing, filtering, and activated carbon adsorption. The 

vitrification process reduces contaminant volume by 20 to 45 percent. The end product is a chemically 

stable, leach resistant, glass/crystalline material. Figure 4-19 shows a typical in situ vitrification 

system. The in situ mass of vitrified material could limit future use of the area that is treated. 

Ex situ 

Ex situ vitrification encapsulates contaminants in a glass-like matrix in the same way that in situ 

vitrification does. However, the contaminated soil is excavated and vitrified in batches in electrically 

heated arc furnaces or in coal-fired cyclone combustors. Coal ash can act to enhance the strength of 

the final vitrified product. Because the vitrified mass is not in situ, the future use of the land is not 

limited. Organic contaminants are destroyed because of the high temperatures that are reacheld. The 

target contaminants are metals and radionuclides. Fluxing agents can be added to the excavated soil 

to improve the strength of the final vitrified mass. The vitrified material may be quench-cooled1 or air- 

cooled. Quench-cooled masses may be more easily fractured. Off-gas treatment is required if volatile 

contaminants are present. The resulting vitrified product, or slag, must be used or disposed. 

Figure 4-20 shows a schematic of a typical ex situ vitrification process. 
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4.2.8 Disposal 

4.2.8.1 Permitted Landfill 

Disposing of contaminated or treated material at a permitted off-site disposal facility is a common 

technology. Some pretreatment of contaminated material usually is required in order to meet land 

disposal restrictions. The generator of the disposed soil/waste is still responsible for the material since 

disposal is not a treatment option. The availability and limitations of a landfill must be evaluated prior 

to the selection of this technology. 

4.2.8.2 Reuse/Recycle 

Soil can sometimes be reused or recycled. Depending on the contaminants, the soil may be burned 

for fuel. Another option is that treated soil can be reused for backfill. 

4.3 Preliminary Screening of Remedial Action Technologies and Process Outions 

In this step, the set of remedial action technologies and process options identified in the previous 

section will be screened (or reduced) by evaluating the technologies with respect to technical 

implementability and site-specific factors. This screening step is accomplished by using readily 

available information from the RI (with respect to contaminant types, contaminant concentrations, and 

on-site characteristics) to screen out technologies and process options that cannot be effectively 

implemented at the sites (USEPA, 1988). In general, all technologies and process options that appear 

to be applicable to the site contaminants and to the site conditions will be retained for further 

evaluation. 

The preliminary screening results are presented on Table 4-2. Several technologies and/or process 

options were eliminated from further evaluation following the preliminary screening. The specific 

reasons for elimination are provided in the column titled “Contaminant/Site-Specific Applicability” 

on Table 4-2. As shown on the table, the following technologies/process options were eliminated from 

further evaluation: 

. In-situ Bioremediation 

. Thermally Enhanced Vapor Extraction 

. Vitrification - In-Situ 
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,?--x 4.4 Process Option Evaluation 

,< -“-. 

The objective of the process option evaluation is to select only one process option for each applicable 

remedial technology type to simplify the subsequent development and evaluation of alternatives 

without limiting flexibility during remedial design. More than one process option may be selected for 

a technology type if the processes are suffkiently different in their performance such that one option 

would not adequately represent the other. The representative process option provides a basis for 

developing performance specifications during preliminary design. However, the specific process 

option used to implement the remedial action may not be selected until the remedial design phase. 

The process options that passed the preliminary screening (Table 4-2) were evaluated based on three 

criteria: effectiveness, implementability, and relative cost. This evaluation is presented on Table 

4-3. The effectiveness evaluation focused on the potential effectiveness of process options in meeting 

the remedial action objective, the potential impacts to human health and the environment dur:ing the 

construction and implementation phase, and how reliable the process is with respect to the COCs. The 

implementability evaluation focused on administrative feasibility of implementing a technology (e.g., 

obtaining permits), since the technical implementability was previously considered in the preliminary 

screening. Order-of-magnitude capital and operating and maintenance (O&M) costs were used instead 

of detailed estimates. The costs were qualified as high, medium, or low. As per the USEPA guidance, 

the relative cost analysis was made on the basis of engineering judgement. 

A summary of the technologies/process options that were eliminated from further evaluation based 

on the process option evaluation includes: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Landfarming 

Cornposting 

Aqueous-Phase Bioreactor 

Solid-Phase Biocell Reactor 

White Rot Fungus 

Monitored Natural Attenuation 

Solvent Extraction 

Solvent Electronic Technology 

Leaching/Recovery 

Low Temperature Thermal Desorption 
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. Two-Phase Temperature Thermal Desorption 

. High Temperature Thermal Desorption 

. Pyrolysis 

. Ex-Situ Vitrification 

Table 4-4 lists the remedial technologies/process options that have been retained and will be used to 

develop the RAAs applicable for each site individually. 
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TA. 14-l 
PRELIMINARY SCREENING OF SOIL REMEDIATION TECHNOLOGIES 

SITES 4,21, AND 22 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Eliminated from further evaluation 

Process Option General Response Action Remedial Action Technology 



TABLE 4-2 

PRELIMINARY SCREENING OF SOIL REMEDIATION TECHNOLOGIES 
SITES 4,21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN. VIRGINIA 

General Response Action Remedial Action Technology Process Option Site-Specific Applicability 

Eliminated from further evaluation 



TABLE 4-2 (Continued) 

I Physical/Che&cal 
I- 

Solvent Extraction 1 Potentially applicable for explosives J 
Chemical Reduction/ 

nua.,inn Potentially applicable for inorganics and possibly PAHs I 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

Process Option Site-Saecific Aaolicabilitv .~.. , 
-I Potentially applicable for all COCs 

Potentially applicable for explosives and PA& 

-I Potentially applicable for explosives, PAHs, and some inorganics 

PRELIMINARY SCREENING OF SOIL REMEDIATION TECHNOLOGIES 
SITES 4,21, AND 22 

General Response Action Remedial Action Technology 

-4 Thermal 

1 
“,..--..“.. 

Solwcd Iktrw 
Technology 

- Leaching/Recovery 

Low Temperature Thermal 
na.,,,:.., I “C~“1&n’“1L I 

TwoPhaseTemperature 
Thermal Desorption 

High Temperature Thermal 
nrrnmtinn 

4 Potentially applicable for explosives 

I Potentially applicable for inorganics I 
Potentially applicable for all COCs 1 

Potentially applicable for explosives and PAHs 

Potentially applicable for PAHs and mercmy I 

Potentially applicable for mercury 

Potentially applicable PAHs 

Eliminated from further 
evaluation 

ReusefRecycle ‘, 



TABLE 4-3 

PROCESS OPTION EVALUATION 
SITES 4,21, AND 22 

WPNSTA YORKTOWN, YORKTOWN, VIRGINIA 

Remedial Action 
Technology 

Process Option 
Effectiveness 

* Effective for limiting human 

Institutional Controls 

l Not effective for limiting all 
types of ecological access 

l Effective for limiting future 
development at the site 

Monitoring 

l Shows progress of any natural 
attenuation 

’ * Shows progress of any remedial 
action 

l Tracks migration of contaminants 

l Prevents direct contact with 

I Containment contaminated soils 
* Contaminants still present in soil 

- Reduce the contaminant solubility 
l Limit the contact of transport fluids 

* Improve the physical characteristics 
of the waste by producing a solid 

Eliminated from further 
evaluation. 

that may be useable. 

Evaluation 
Implementability 

l Easily implemented 

- Easily implemented 

* Land development 
restrictions already in place 
at Sites 2, 8 and SSAl4 

* Easily implemented 

l Standard construction 
equipment requited 

l Drainage would have to be 
diverted to prevent erosion 

l Challenge is achieving 
complete and uniform mixing 
of the binder with the 
contaminated matrix. 

l Conventional earth moving 
equipment 

l Applicable to surface or 
shallow deposits (in place 
mixing). 

l Disposal or use of treated 
waste is required. 

0 Excavation requited 
m Process at treatment facility or 

mobile treatment plant on site. 
l Possible screening and 

crushing (physical separation) 
before hand 

* Processing rates for large 
portable plants range from 500 
to over 1,000 tons per day. 

1 Pilo? sca!e plants typica!!y 
operate at 100 tons per day and 
may be transported in one trailer. 

* Area mixing can be done 
where the matrix is excavated 
and moved to a contained 
location for mixing. 

* Possible off gas treatment. 
* Pretreatment may be necessary. 
l May be used as paving material if 

treated with asphalt. 

Order-of-Magnitude Evaluation 
costs Result 

No Costs 

Low Capital Cost 
Low O&M Cost 

Negligible Cost 

Low Capital Cost 
Moderate O&M Cost 

Low to Moderate 
Capital Cost 
Low O&M Cost 

Low to Moderate 
Capital Cost 
Low O&M Cost 

Low to Moderate 
Capital Cost 
Low O&M Cost 

Retained; 
Reauired bv NC1 

Retained 

Retained 

Retained 

Retained 
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TABL, ,:$ (Continued) 

PROCESS OPTION EVALUATION 
SITES 4,21, AND 22 

WPNSTA YORKTOWN, YORKTOWN, VIRGINIA 

General Response Remedial Action 
Action Technology Process Option 

1 . Phytoremediation 

Eliminated from further evaluation. 

. 

. 

. 

c 

c 

l ’ 

c 

t 

Effectiveness 
8 Will remove contaminated soil from the site 
5 Method for consolidating contaminated soil 

for treatment 
b Must be used in conjunction with a treatment 

process option or disposal option 

* Typically used to treat petroleum and PAH 
contamination 

* Slow degradation rates - may take years to 
reach target clean-up levels 

1 Treats similar contaminants as landfarming 
b Provides aerobic and anaerobic treatment 
1 Duration of treatment period varies with level 

of indigenous organisms and waste stream 
compo’ients - 

b Waste is reduced in volume and weight - 
stabilized material can be used as backfill 

1 Effective for treating explosives, PAHs, 
lead, and mercury 

1 Previous bench-scale tests have 
demonstrated 99.5%-100% remediation of 
RDX 

1 Good process control 
* May accumulate products of bio-transformation, 

whrch may present new contamination 
nroblems . . 

* Effectiveness for treatin[i.explosives was 
evaluated with a treatabt I 
Yorktown Found to be elective 

study at WPNSTA 

1 Effective for treating explosives and PAHs 
* Have mostlv been used for oetroleum hvdro- 

carbon treafment 
1 Recent bench-scale studies indicate that this 

method may be applicable to explosives 
1 Effectiveness for treatin explosives was 

evaluated with a treatabt tt 
Yorktown. Found to be!&ctive 

study at WPNSTA 

1 Effective for treating explosives and PAHs 
RDX, HMX and PAHs reported. 
concentrations in soil can 

e growth of white rot fungus 
1 Works best in nitrogen-limited envtronments 
8 Effective for treating explosives was evaluated 

with a treatability study at WPNSTA Yorktown. 
Found to he somewhat effective. 

* Ma be effective for nonhalogenated VOCs, 
SV6Cs and fuel hydrocarbons but less 
effect@ for hologenated VOCs, SVOCs, and 

l Rreos:‘&+!ee~ive for inorganics 

l Effective for treating VOCs, PAHs, explosives, 
inorganics, and other contammants. 

* Cannot be used if contaminant concentrations are 
above plant toxicity screening levels 

. Can be used as a “polishmg” remediation 
technology to complete the remediation when 
continuatron mechanical remediation is not cost 
effective. 

Evaluation 
Implementability 

* Conventional equipment 
required 

* Easily im 
l High con amination contact P 

lemented 

potential during 
implementatioti 

* Generation of fugitive 
emissions may b’e a 
problem during operations 

l Treatability stud required 
* Large amount 0 ty 

required 
space 

l ~ZZZrZr&K~ 

* Excavation required 

* Mobile treatment units 
available 

l Screening/sizing soils can 
be expensive 

l Must dispose of non- 
recycled waste water 

l Treatability stud required 
l Dewatering so11 mes after 2 

treatment can be 
expensive 

l Excavation required 
l Ty ically contains air 

dts rtbutron system P* 
l Treatability study required 
l Requires longer treatment 

trme than slurry-phase 
reactors 

l Excavation required 

l Treatability study required 
l ~dtrrl-scale operattons 

l Excavation required 

* Treatability stud required 
m Long time perto 3 

for remediation 
required 

Treatability study required 
More than one growing season 
required for remediation but 
faster than natural attenuation 
Disposal/treatment of harvested 

i 
lant material required 
eed for excavatron IS site 

??g!$mplemented 
Little to no maintenance requires 

Order-o&-$l;gnitude 

* Low Capital Cost 
l No O&M Cost 

l Moderate Ca ital Cost 
* Moderate 0 B M Cost 

l PO; to Moderate Capita 

l Moderate O&M Cost 

l Moderate to High 
Capital Cost 

l Moderate O&M Cost 

l Moderate Ca ital Cost 
l Moderate 0 8 M Cost 

l Moderate Capital Cost 
l I,;; to Moderate O&M 

. Low Ca ital Cost 
’ Low0 B MCost 

* Low Ca ital Cost 
’ Low 0 t! MCost 

Ev$u$cm 

Retained for 
Hotspots 

Eliminated; not 
effective for 
inorganics; not 
enough or 
contamina ed ! 

anic 
soil 

volume to be cost 
effective. 
Eliminated; land 
farming treatment 
area is already 
available at 
WPNSTA 

Eliminated; land 
farming treatment 
area is already 
available at 
WPNSTA 

Eliminated; land 
farming treatment 
area is already 
available at 
WPNSTA 

Eliminated; land 
farming treatment 
area is already 
available at 
WPNSTA 

Organic 
contaminants 
naturally 
degrade, but 
innrvafi!cs do 
not3ites 4 21, 
and 22 have 
inorganic COCs. 

Retained 
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/’ 

7 i 

General Response 
Action 

Remedial Action 
Technology Process Option 

TABLE 4-3 (Continued) 

PROCESS OPTION EVALUATION 
SITES 4,21, AND 22 

WPNSTA YORKTOWN, YORKTOWN, VIRGINIA 

Chemical Reduction/ 
Oxidation 

Soil Washing 

Effectiveness 

* Target contaminant groups include PCBs, 
VOCs,, solvents, and petroleum wastes; less 
effecttve for other groups 

9 Does not destroy wastes but is a means of 
separation 

l Less effective on very high molecular weight 
organics and very hydrophilic substances 

l Target contaminant group is inorganics and 

* P 
ossibly PAHs,; less effective for other groups 
ncomplete oxrdation of the formation of 

intermediate contatninants may occur 
depending upon the contaminants and 
oxrdizing agents 

l Target contaminants include halogenated 
organic wastes, PCBs, explosives, and 
propellants 

l Process takes place with low temperatures 
and pressures 

l Achreved 99.999% destruction efficiency 
TNT and tetryl 

l Target contaminant groups include SVOCs, 
fuels, and inorganics; also for selected VOCs 
and pesticides 

l Fine soil particles may re uire the addition of a 

l Rl olymer to remove them rom the washing fluid P 
ost effective for solids with small percentage 

of fines 

* Demonstrations show up to 75% lead removal 
l Can be modified to remove other inorganics 
l Not applicable for organics 
l Effects of presence of organics on the process 

is unknown 

Evaluation 
Implementability 

* Mobile units available 

* Full-scale, well-established 
systems now being used 
more frequently for 
hazardous wastes in soil 

* Off-the-shelf equipment 
and process chemrcals 
are used 

* Products require disposal 
and/or treatment 

* Very short residence time 
per batch (15 minutes) 

l Concentrated fine fraction 
and aqueous waste stream 
requires further treatment 

l Can be used as pretreat- 
ment for other remediation 
technologies 

* Large quantities of soil 
required to make process cost 
effective 

l No waste products 
produced 

* Screening/sizing soils can 
be expensive 

l Excavation required 
l Mobile unit available 
l No fixed treatment facilities 

currently available 

Order-of-Magnitude Evaluation 
costs Result 

* Moderate Capital Cost 
l Moderate O&M Cost 

l Moderate Capital Cost 
l Low to Moderate O&M 

cost 

l Moderate Capital Costs 
l y;$erate to Hugh O&M 

l Moderate Capital Costs 
l PO; to Moderate O&M 

l High Capital Cost 
l Low O&M Cost 

Eliminated; soil 
washing is 
similar typically 
less expensive, 
and targets COG 
for Sites 4, 21, 
and 22 

Retained 

Eliminated;. 
technolo y IS a 
pilot-sea e $ 
develo ment 
stage ( P 00 to 200 
p$ batch 

Retained 

Eliminated; not 
~Jd~h~to all 

inorganic 
concentrations 
most likely not 
$f&?ygh for 
recovery. 

Eliminated from further evaluation. 
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General Response 
Action 

Remedial Action 
Technology Process Option 

TABLE 4-3 (Continued) 

PROCESS OPTION EVALUATION 
SITES 2,8, AND 18, AND SSA 14 

WPNSTA YORKTOWN, YORKTOWN, VIRGINIA 

Effectiveness 
Evaluation 

Implementability 
Order-of-Magnitude 

costs 
Evaluation 

Result 

+ Effective for organic contaminants including 
PA&, PCBs, and explosives 

* Heavy metals can produce a bottom ash that 
requires stabilization 

* Specific feed size and 
materials handling require- 
ments that can impact 
applicability or cost’ 
A rox. 20 commercial 
;$$pW~o$‘a~~do~s 

Retained 

approx. 10 transportable 
htgh temperature units are 
available 

* Off-gas treatment is 
requtred 

* Excavation and long- 
distance transuort reauired 

* Spec,itic feed size and materials handling 
requuements that can impact applicabihty 

* Works best at moisture content of 20% 
* PAHs have been effectively treated at 

temperatures up to 450°F 
* Applicable for treating mercury and PCB 

contaminated soils 
* Not effective for most inorganics 

* Mobile units available 
l Hardware readily available 
f Liqutd condensate and 

fabric filter dust require off- 
site treatment 

* Treatability study 
recommended 

l Excavation required 

boiling oints 
hi her t[an 
4&F not 
effective for mos 
inoraanics. 

* Two-phase process can separate and recover 
mercury from soil 

* Designated as BDAT for treatment of mercury 
contammated materials 

* 99% pure metal recovered 
* Not effective for most inorganics 

. Mobile and fixed units 
available 

* Excavation required 
* No waste roducts 

* !?e!!f?&tp$c$l solid 
waste ermtttmg requue- 
ments ecause process 
IS considered “recyclmg” 
by USEPA 

Eliminated; fixec 
treatment facility 
may not be 
permiped for hig 
orgamc 
concentrations in 
soil. 

l Tar et contaminants are SVOCs, PAHs PCBs 
* Vo attle metals may be removed; not effective for 18. 

* Most hardware 

other inorganics 
components for system are 

. Low to Moderate 

readtty available off the 
Capital ($lOO-$300/tan) Eliminated; not 

* Moderate O&M effective for 
* Operates at temperatures that will volatilize shelf explosives and 

heavy PAHs * Can be implemented as an most morganics. 
m situ or ex situ system 

l Excavation required for ex 
situ process option 

* Can achieve over 99% removal of PAHs 
6 Volatile metals may be removed not effective for 

* Treatability study 
recommended 

other inorganics * Soil must be dried to it% 
m Operates at temperatures that will volatilize before treatment 

heavy PAWS * Off-gas treatment is 
requued 

* Excavation reauired 
. Vitrification is applicable to a full range of 

contammant grou s 
h O~gyncs are vola rhzed 14 
* Vrtrrfied mass has high strength and resists ,^..^l.:.... 
. ~~~&s are encapsulated 

* High Capital 
* Moderate O&M Cost 

Disposal or use of the slag 
is required 

* Excavation required 

Eliminated. the 
quantity ofsoil tc 
be treated at Sites 
4. 21 j and 22 is 
too small to be 
cost effective. 

* Contaminants are removed from the site 
* Cradle to grave scenario 
* Distance to nearest disposal facility will affect 

cost 

l Availability of local 

E 
ermitted landtills must 
e evaluated 

* Moderate to High 
Capital Cost 

* No O&M Cost 

Retained 
for hot spots 

* Effective on-site disposal alternative for 
treated soil l Reuse of treated material 

must be approved 
* May be Negligible 

Capital Costs 
* No O&M Cost 

Retained 

Eliminated from further evaluation. 
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TABLE 4-4 

REMEDIAL ACTION TECHNOLOGIES AND PROCESS OPTIONS 
RETAINED FOR FURTHER EVALUATION 

SITES 4,21, AND 22 
WPNSTA YORKTOWN, YORKTOWN, VIRGINIA 

General Response 
Action 

Remedial Action Technology Process Option 

No Action 

Institutional Controls 

Containment 

Removal 

rreatment 

Disposal 

No Action 

Fencing 

Land Use Restrictions 

Monitoring 

Capping 

Solidification/Stabilization 

Excavation 

Biological 

Physical/Chemical 

Thermal 

Permitted Landfill 

Reuse/Recycle 

soil cover 

phytoremediation 

chemical reduction/oxidation 
soil washing 

incineration 

I-.. 





FIGURE 4-l 
TYPICAL LANDFARMING 

TREATMENT 

IAVAL WEAPONS STATION YORKTOWN YnQKTOWN. VIRGINIA 
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VENTILATION 

COMPOST 

COLLECTION 

EXISTING GROUK 

STRAW BALE 
CONCRETE PAD 

WOOD CHIP BASE 

FIGURE 4-2 
TYPICAL AERATED STATIC PILE 

COMPOSTING SCHEMATIC 

NAVAL WEAPONS STATION YORKTOWN YORKTOWN, VlRGlNlA 
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FIGURE 4-3 

TYPICAL LAGOON SLURRY 
REACTOR SCHEMATIC 
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FIGURE 4-4 
TYPICAL ABOVEGROUND AQUEOUS-PHASE 

(SLURRY) BIOREACTOR SCHEMATIC 

349203t-s 
1 NAVAL WEAPONS STATION YORKTOWN YORKTOWN, VlRGlNlE 
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AND MIXED) 
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Raker Environmental. ka 

FIGURE 4-5 
TYPICAL SOLID-PHASE BIOCELL 

REACTOR SCHEMATIC 

NAVAL WEAPONS STATION YORKTOWN YORKTOWN, VIRGINIA 
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FIGURE 4-6 
TYPICAL IN-SITU 

BIOREMEDIATION SCHEMATIC 

1 NAVAL WEAPONS STATION YORKTOWN YORKTOWN, VlRGlNlA 
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FIGURE 4-7 
TYPICAL WHITE ROT 
FUNGUS SCHEMATIC 
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FIGURE 4-8 
TYPICAL SOLVENT EXTRACTION 

PROCESS SCHEMATIC 

NAVAL WEAPONS STATION YORKTOWN YORKTOWN, VlRGINM 
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FIGURE 4-9 
TYPICAL CHEMICAL REDUCTION/ 

OXIDATION PROCESS 
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FIGURE 4-10 
TYPICAL SOLVATED ELECTRON 

TECHNOLOGY PROCESS FLOW DIAGRAM 

NAVAL WEAPONS STATION YORKTOWN YORKTOWN, VIRGINIA 
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FIGURE 4-11 
TYPICAL SOIL WASHING 
PROCESS SCHEMATIC 

NAVAL WEAPONS STATION YORKTOWN YORKTOWN, VIRGINIA 
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FIGURE 4-12 
LEACHING/RECOVERY 

PROCESS FLOW DIAGRAM 

NAVAL WEAPONS STATION YORKTOWN YORKTOWN, VIRGINIA 
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FIGURE 4-13 
TYPICAL MOBILE/TRANSPORTABLE 

INCINERATION PROCESS 
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FIGURE 4-14 
TYPICAL LOW TEMPERATURE 

THERMAL DESORPTION SCHEMATIC 

NAVAL WEAPONS STATION YORKTOWN YORKTOWN. VIRGINIA 
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I FIGURE 4-15 FIGURE 4-15 
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FIGURE 4-16 
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5.0 DEVELOPMENT AND PRELIMINARY SCREENING OF REMEDIAL ACTION 

ALTERNATIVES 

In this phase of the FS, process options and remedial action technologies will be combined to form 

potential RAAs for Sites 4, 21, and 22. The alternatives will be presented for each site separately. 

However, a cost savings may be incurred if the same treatment technology is implemented 1For the 

combined quantities of contaminated soil from all three sites. As previously discussed, all alternatives 

for Site 22 (except ‘no action’) must include the RCRA closure of the existing biocell. 

5.1 Development of Alternatives 

The remedial action technologies and process options identified on Table 4-4 have been combined to 

form RAAs that are potentially applicable to the contaminated soils at Sites 4, 21, and 22, RAAs 

developed for each site are identified on Table 5-1. Alternatives for each site are discussed below. 

5.1.1 Site 4 

Alternatives developed for Site 4 must address potential human health and ecological risk from 

exposure to PAWS, 2,4,6-TNT, and inorganics in surface soil. 

5.1.1.1 RAA I: No Action 

Under the No Action RAA, the contaminated soils will remain in place. No remedial efforts will be 

conducted to reduce the contamination below the RLs. No actions will be taken to reduce human or 

environmental contact with the soil. RAA 1 is not protective of human health, but was evaluated to 

provide a baseline for comparison to other RAAs. 

5.1.1.2 RAA 2: Capping 

This RAA will include the installation of a soil cover over the contaminated areas, revegetation, and 

annual maintenance and inspection. 
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i” * Figure 5-1 shows the areas at Site 4 to be covered with backfill and clean topsoil. The total area is 

approximately . I2 acres. The cover soil cover will consist of 12 inches of clean backfill and six inches 

of topsoil. The cover will be contoured so as to control erosion and sedimentation, and will be 

compacted and vegetated with native grasses. 

The cover will be made up of approximately 200 cubic yards of backfill and 100 cubic ya.rds of 

topsoil. Backfill can be obtained from an on-Base borrow pit. Topsoil will be purchased from an off- 

site source. Approximately .I8 acres will be fine graded and seeded with native grasses. The cover 

will be inspected on an annual basis and after major storm events to ensure that integrity is maintained. 

Cover restoration will be performed, as needed, based upon inspection results. For costing purposes, 

it is assumed that annual inspections and maintenance (assuming that 10 percent of the cap area will 

require repairs) will be done once per year for thirty years. 

Because contaminated soil that poses a potential human health risk will remain at the site, land use 

controls will be required for this alternative. Land use controls will include the prohibition of intrusive 

activities at the site (e.g., excavation, installation of wells, or construction) other than for monitoring 

or future remediation purposes. The boundary of land use controls is shown on Figure 5-1. 

5.1.1.3 RAA 3: On-Site Ex-Situ Phytoremediation 

RAA 3 includes ex-situ phytoremediation of the surface soil AOCs at Site 24. Figure 5-2 shows the 

areas that will be treated through ex-situ phytoremediation. Organic and inorganic COCYECOCs will 

be degraded or accumulated in plant tissue through natural plant processes. Specific species will be 

selected that have been shown to be successful at remediating the COC/ECOCs found at Site: 4. The 

selected appropriate plant species will be limited to the species that tolerate the local climate and the 

contaminant concentrations. A treatability study will be conducted to select the most appropriate 

species or combination of species that will be able to remediate the surface soil in the local climate 

and that can withstand the contaminant levels at the site. The inorganic surface soil AOCs will be 

excavated and placed on an impermeable treatment cell (18 inches deep by 40 feet long by 40 feet 

wide) and seeded with plant species that will accumulate inorganics in the plant tissue. Grasses that 

accumulate inorganics are harvested every six weeks and will tank two to three growing seasons to 

remediate the soil. The plants will be perennial and will be dormant in the winter. 
,_ ,, .“.i 

, 
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Because inorganics will be accumulated in plant tissue, plants will be periodically harvested and 

disposed or treated. HMX will be broken down through phytoremediation processes. The plant tissue 

will be analyzed to determine if it is hazardous or nonhazardous before it is transported to an approved 

disposal or treatment facility. 

Monitoring will be conducted four times per year, through surface soil sampling and analysis to 

determine the effectiveness of the phytoremediation. Samples will be analyzed for TCL SVOCs, 

explosives, and arsenic. Monitoring and harvesting will continue until RLs have been achieved. 

Temporary land use controls, as described for RAA2, will be required for this ahernative until RLs 

have been achieved. After RLs have been achieved, land use controls will not be required for Site 4 

because the soil will be protective of human health. 

5.1 .1.4 RAA 4: Excavation with Off-Site Disposal 

RAA 4 includes the excavation and off-site disposal of all PAH, explosive, and inorganic 

contaminated soils with concentrations that exceed final RLs. The areas to be excavated are shown 

on Figure 5-3. 

Confirmatory sampling will be conducted during excavation to ensure the removal of PAHs 

explosives, and inorganics that exceed final RLs. Samples will be analyzed for TCL SVOCs, 

explosives, and inorganics. The excavated areas will be backfilled with approximately 200 cubic 

yards of clean fill obtained from an on-Base borrow pit. Six inches of topsoil (100 cubic yards) will 

be placed over the fill to be fine graded and vegetated with native grasses. 

Excavated soil will be analyzed to determine if it is hazardous or non-hazardous and disposed of in 

an approved off-site landfill. For cost estimating purposes it is assumed that the soil is hazardous. 

Land use controls will be required for Site 4 because the soil will be protective of 

commercial/industrial workers. Future residential development of the area shown on Figure 5-3 will 

be restricted. 
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5.1.1.5 RAA 5: Soil Washing 

V’ ’ 

This RAA will include soil washing of inorganic and PAH AOCs at Site 4. Soil washing tre.atment 

targets soils contaminated with inorganics and SVOCs. Soil washing solutions may be difficult to 

formulate for wastes with mixed organic and inorganic contaminants. All soils with contaminant 

concentrations greater than the final RLs will be excavated and treated on site in a soil washing unit. 

Figure 5-4 shows the area that will be excavated and treated with the soil washing process. 

A treatability study will be performed to determine the most appropriate solution to be used with the 

contaminants and type of soil at Site 4. Confirmation sampling and analysis will be performed in the 

excavated areas to ensure that all soils with contaminant concentrations exceeding final RLs have been 

removed. Samples will be analyzed for TCL SVOCs, explosives, and inorganics. After the soil has 

been treated, the excavated areas will be restored with approximately 200 cubic yards of backfill 

(obtained from an on-Base borrow pit), covered with six inches of topsoil (approximately 100 cubic 

yards) and seeded with native grasses. The treated (clean) soil will be stored on-Base to be used for 

future commercial/industrial fill requirements. The treated soil will not be suitable for residential uses 

because the final RLs are only protective to commercial/industrial human receptors. A residual waste 

stream of concentrated contaminated fine particles of soil will result from the soil washing process. 

This waste stream will be dewatered. The contaminated wastewater and solids will be analyzed to 

determine if it is hazardous or non-hazardous and then transported to an approved off-site disposal 

facility. For costing purposes, it is assumed that the residual waste streams are hazardous. 

Land use controls will be required for Site 4 because the soil will be protective of 

commercial/industrial workers. Future residential development of the area shown on Figure 5-4 will 

be restricted. 

5.1.1.6 RAA 6: In-Situ Solidification/Stabilization with Capping 

This RAA will include in-situ solidification/stabilization of inorganic AOCs and the capping of PAH 

AOCs at Site 4. Solidification/stabilization treatment targets soils contaminated with inorganics. It 

is less effective for SVOCs and not effective for VOCs. The treatment may be effective on explosives 

depending on the mix of additives used. Therefore, the PAH AOCs will be capped with a soil cover 

instead of treated through solidification/stabilization in order to prevent exposure to human and 

ecological receptors. The area to be solidified/stabilized will be covered with a topsoil cover. This 
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RAA will also include revegetation and maintenance of the PAH AOC soil cover and inorganic AOC 

topsoil cover. Figure 5-5 shows the area that will be treated through in-situ solidification/stabilization 

and the area that will be capped. 

A treatability study will be performed to determine the most appropriate mix of 

solidification/stabilization agents required to prevent the leaching of COC/ECOCs from thje solid 

matrix (e.g. cement and ash). Because of the presence of 2,4,6-TNT within the limits of the inorganic 

AOC, a carbon additive may be required to prevent the leaching of the explosive. Once the best 

additive mixture is selected, the materials will be tilled into the inorganic AOC soils until soil and 

additives are thoroughly mixed. After the soil and additive matrix has solidified, the area will be 

covered with six inches of backfill and six inches of topsoil (approximately 60 cubic yards of each) 

and seeded with native grasses. 

The PAH AOCs will each be capped with a soil cover that will consist of twelve inches of backfill 

obtained from an on-Base borrow pit (approximately 80 cubic yards) and six inches of topsoil 

(approximately 40 cubic yards) that will be seeded with native grasses. 

The topsoil cover of the solidified areas, and the cap will be inspected on an annual basis, and after 

major storms to ensure that integrity is maintained. The topsoil cover and cap restoration Twill be 

performed as needed upon inspection results. For costing purposes, it is assumed that annual 

inspections and maintenance (assuming 10 percent of the area requiring repairs) will be done once per 

year for thirty years. 

Land use controls, as described under RAA 2, will be required under this alternative because 

contaminated soil will remain on site. No intrusive activities (e.g., excavation, installation of wells, 

or construction) other than for monitoring or future remediation purposes will be allowed. The 

boundary of land use controls is shown on Figure 5-5. 

5.1.2 Site 21 

Alternatives developed for Site 21 must address potential ecological risk from exposure to inorganics 

in surface soil. 
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5.1.2.1 RAA 1: No Action 

Under the No Action RAA, the contaminated soils will remain in place. No remedial efforts will be 

conducted to reduce the contamination below the RLs. No actions will be taken to reduce human or 

environmental contact with the soil. The No Action RAA provides a baseline for comparison with 

other response actions under consideration in this FS. 

5.1.2.2 RAA 2: Capping 

This RAA will include the installation of a soil cover over the contaminated areas, revegetation, and 

annual maintenance and inspection. Figure 5-6 shows the area at Site 21 to be capped with a soil 

cover. This area is approximately .07 acres. The soil cover will consist of 12 inches of clean backfill 

and six inches of topsoil. The cap will be contoured so as to control erosion and sedimentation. The 

cap will be compacted and vegetated with native grasses. 

The cap will be made up of approximately 72 cubic yards of backfill and 36 cubic yards of topsoil. 

Backfill can be obtained from an on-Base borrow pit. Topsoil will be purchased from an (off-site 

source. Approximately 348 square yards will be fine graded and seeded with native species. The cap 

will be inspected on an annual basis, and after major storms to ensure that integrity is maintained. Cap 

restoration will be performed as needed upon inspection results. For costing purposes, it is assumed 

that annual inspections and maintenance (assuming 10 percent of cap area requiring repairs) will be 

done once per year for thirty years. 

Land use controls will not be required for Site 21 because no potential human health risk was 

identified at the site. Therefore, no restrictions on future development of the site will be required. 

5.1.2.3 RAA 3: Ex-Situ Phvtoremediation 

RAA 3 includes ex-situ phytoremediation of the surface soil AOC at Site 21. Figure 5-7 shows the 

area that will be treated through ex-situ phytoremediation. Approximately 64 cubic yards will be 

excavated as shown in Figure 5-7. The excavated area will be backfilled with 64 cubic yards of clean 

fill that is obtained from an on-Station borrow pit. Six inches of topsoil (32 cubic yards) will be 

placed over the backfill, finely graded, and vegetated with native grasses. Inorganic COC/ECOCs will 

be accumulated in plant tissue through natural plant processes. Specific species will be selected that 

have been shown to be successful at remediating the COC/ECOCs found at Site 2 1. The selected 
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appropriate plant species will be limited to the species that tolerate the local climate and the 

contaminant concentrations. A treatability study will be conducted to select the most appropriate 

species or combination of species that will be able to remediate the surface soil in the local climate 

and that can withstand the contaminant levels at the site. The inorganic surface soil AOCs will be 

excavated and placed in an impermeable treatment cell (18 inches deep by 40 feet wide by 40 feet 

long) and seeded with plant species that will accumulate inorganics in the plant tissue. Grasses that 

accumulate inorganics are harvested every six weeks and will require two to three growing seasons 

to remediate the soil. The plants will be perennial and will be dormant in the winter. 

Because inorganics will be accumulated in plant tissue, plants will be periodically harvested and 

disposed or treated. The plant tissue will be analyzed to determine if it is hazardous or nonhazardous 

before it is transported to an approved disposal or treatment facility. 

Monitoring will be conducted four times per year, through surface soil sampling and analiysis to 

determine the effectiveness of the phytoremediation. Samples will be analyzed for TAL metals. 

Monitoring and harvesting will continue until RLs have been achieved which is expected to be 2 to 

3 growing seasons. As described in RAA 2, land use controls will not be required for Site 21. 

5. I .2.4 RAA 4: Excavation with Off-Site Disposal 

RAA 4 includes the excavation and off-site disposal of all inorganic contaminated soils with 

concentrations that exceed final RLs. The areas to be excavated are shown on Figure 5-8. 

Confirmatory sampling will be conducted during excavation to ensure the removal of inorganic 

contaminant concentrations that exceed final RLs. Samples will be analyzed for TAL metals. The 

excavated areas will be backfilled with 72 cubic yards of clean fill obtained from an on-Base borrow 

pit. Six inches of topsoil (36 cubic yards) will be placed over the fill, then fine graded and vegetated 

with native grasses. 

Excavated soil will be analyzed to determine if it is hazardous or non-hazardous and disposed in an 

approved off-site landfill. For cost estimating purposes it is assumed that the soil is hazardous. 

Land use controls will not be required for Site 21 because no potential human health risk was 

identified at the site. Therefore, no restrictions on future development of the site will be required. 
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This RAA will include soil washing of inorganic AOCs at Site 21. Soil washing treatment targets 

soils contaminated with inorganics. Soil washing solutions may be difficult to formulate for wastes 

with mixed organic and inorganic contaminants. All soils with contaminant concentrations greater 

than the final RLs will be excavated and treated on site in a soil washing unit. Figure 5-9 shows the 

area that will be excavated and treated with the soil washing process. 

A treatability study will be performed to determine the most appropriate solution to be used with the 

contaminants and type of soil at Site 2 1. Confirmation sampling and analysis will be performed in 

the excavated areas to ensure that all soils with contaminant concentrations exceeding final RLs have 

been removed. Samples will be analyzed for TAL Metals. After the soil has been treated, the 

excavated areas will be restored with approximately 72 cubic yards of backfill (obtained from an on- 

Base borrow pit), covered with six inches of topsoil (approximately 36 cubic yards), and seeded with 

native grasses. The treated (clean) soil will be stored on-Base to be used for future 

commercial/industrial till requirements. A residual waste stream of concentrated, contaminated, fine 

particles of soil will result from the soil washing process. This waste stream will be dewatered. The 

contaminated wastewater and solids will be analyzed to determine if it is hazardous or non-hazardous 

and then transported to an approved off-site disposal facility. For costing purposes, it is assumed that 

the residual waste streams are hazardous. 

Land use controls will not be required for Site 21 because no potential human health risk was 

identified at the Site. Therefore, no restrictions on future development of the site will be required. 

5.1.2.6 RAA 6: In-Situ Solidification/Stabilization 

This RAA will include in-situ solidification/stabilization of inorganic AOCs at Site 21. 

Solidification/stabilization treatment targets soil contaminated with inorganics. The area to be 

solidified/stabilized will be covered with a topsoil cover. This RAA will also include revegetatiion and 

maintenance of the inorganic AOC topsoil cover. Figure 5-10 shows the area that will be treated 

through in-situ solidification/stabilization. 

1"‘ 
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A treatability study will be performed to determine the most appropriate mix of 

solidification/stabilization agents required to prevent the leaching of ECOCs from the solid matrix 

(e.g. cement and ash). Once the best additive mixture is selected, the materials will be filled into the 

AOC soils until soil and additives are thoroughly mixed. After the soil and additive matrix has 

solidified, it will be covered with six inches of backfill and six inches of topsoil (approximately 36 

cubic yards of each) and seeded with native grasses. 

Land use controls will not be required for Site 21 because no potential human health risk was 

identified at the site. Therefore, no restrictions on future development of the site will be required. 

5.1.3 Site 22 

Alternatives developed for Site 22 must address potential ecological risk due to exposure to HMX and 

inorganics in surface soil. Also, the existing biocell that is located at Site 22 will be closed. The 

closure of the biocell will be included in each of the Site 22 alternatives except for the No Action 

alternative. 

5.1.3.1 Biocell Closure 

The existing biocell was previously used for aqueous-phase biological treatment of explosives 

contaminated soils. The biocell structure is considered to be a surface impoundment under .RCRA 

regulations. Because it will no longer be used as a treatment unit and has not been maintained for 

operation, it will be closed according to 40 CFR 265, Subparts G and K. Figure 5-l 1 shows the 

RCRA closure of the biocell and the inorganic and HMX areas of concern. These sections contain 

RCRA requirements for closure of RCRA treatment facilities. Subpart K specifically addresses 

surface impoundments. 

According to RCRA regulations, surface impoundments can be closed in two different ways. The first 

is to remove or decontaminate waste residues, contaminated containment system components, 

contaminated subsoils, and structures and equipment contaminated with waste and leachate. These 

will be handled as hazardous waste. The other way to close a RCRA surface impoundment is fo close 

the impoundment as a landfill and provide post-closure care for a landfill according to Subpart G. 

This includes removal of free liquids or solidification of remaining waste, installing and maintaining 

a final cover, and maintaining and monitoring the leak detection system and groundwater monitoring 

system. 
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There is currently approximately 1,655 cubic yards of clean soil in the biocell that covers the liner. 

This soil could be removed for closure or remain in place if a RCRA cap is installed. Because there 

are no leak detection or groundwater monitoring systems installed at the biocell, a cap may not be the 

appropriate option for closing the surface impoundment. Therefore, for costing purposes, it Twill be 

assumed that the biocell will be closed by excavating and disposing of the structure, subsoils, (etc., as 

described in paragraph 40 CFR 265.22X(a)( 1) of Subpart K. 

Under each alternative, it will be assumed that the clean soil that is currently in the biocell will be 

removed, sampled and analyzed, and used as clean backfill for restoration of Site 22. Soil underneath 

the bioceli will be removed according to RCRA requirements even if it overlaps AOCs that have been 

identified in this FS according to CERCLA guidance. There is soil that has been identified un’der the 

biocell that contains contaminant concentrations that exceed the final RLs developed in this FS. The 

depth of the contaminated soil under the biocell is assumed to be 1 foot deep for costing purposes. 

This soil will not be subject to these clean up goals, but rather to RCRA requirements. The subsoil 

will be sampled and analyzed with Toxicity Characteristic Leaching Procedure (TCLP) and arry other 

applicable requirements to determine how the soil is to be disposed. All soil that does not pass TCLP 

will be excavated and properly disposed at an approved landfill. Soil surrounding the biocell will also 

be sampled and handled according to RCRA requirements because the surrounding area was used for 

staging contaminated soils. RCRA sampling includes samples collected for every 100 square foot 

segment. The sample locations will be determined through random number generation. 

5.1.3.2 RAA 1: No Action 

Under the No Action RAA, the contaminated soil will remain in place. No remedial efforts .will be 

conducted to reduce the contamination below the COC RLs. No actions will be taken to reduce 

human or environmental contact with the soil. The No Action RAA provides a baseline for 

comparison with other response actions under consideration in this FS. The existing biocell will be 

left in place and will not be closed according to RCRA closure regulations. 

5.1.3.3 RAA 2: Capping and Biocell Closure 

This RAA will include the closure of the existing biocell, the installation of a soil cover over the 

contaminated areas, revegetation, and annual maintenance and inspection. The biocell will be closed 

according to 40 CFR 265 as described in Section 5.1.3.1 of this FS. The excavated area including the 

1 foot of contaminated soil underneath the bioceil, and other soil AOCs, will be backfilled with 
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approximately 4,800 cubic yards of clean fill (obtained from an on-Base borrow pit and from th.e clean 

soil removed from the biocell). 

Figure 5-12 shows the area at Site 22 with a soil cover after the removal of the biocell anid other 

AOCs. This area is approximately .60 acres. The soil cover will consist of twelve inches of clean 

backfill and six inches of topsoil. The cap will be contoured so as to control erosion and 

sedimentation. The cap will be compacted and vegetated with native grasses. 

The caps will be made up of approximately 960 cubic yards of backfill and 480 cubic yards of topsoil. 

Backfill can be obtained from an on-Base borrow pit. Topsoil will be purchased from an off-site 

source. Approximately .60 acres will be fine graded and seeded with native grasses. The cap will be 

inspected on an annual basis and after major storms to ensure that integrity is maintained. Cap 

restoration will be performed as needed based upon inspection results. For costing purpos,es, it is 

assumed that annual inspections and maintenance (assuming 10 percent of cap area requiring Irepairs) 

will be done once per year for thirty years. 

Land use controls will not be required for Site 22 because no potential human health risk was 

identified at the site, Therefore, no restrictions on future development of the site will be required. 

5.1.3.4 RAA 3: Ex-Situ Phytoremediation and Biocell Closure 

RAA 3 includes closure of the existing biocell and ex-situ phytoremediation of the surface soil AOC 

at Site 22. The biocell will be closed and the area restored as described in RAA 2. Figure 5-13 shows 

the area that will be treated through ex-situ phytoremediation. The excavated area of the biocell, 

including one foot of potentially contaminated soil underneath the liner as well as other surface soil 

AOCs, will be backfilled with approximately 4,800 cubic yards of clean fill. Clean fill will be 

obtained from an on-Station borrow pit and from the clean soil removed from the biocell. Six inches 

of topsoil (480 cubic yards) will be placed over the backfill, finely graded, and vegetated with native 

grasses. Organic and inorganic COC/ECOCs will be degraded or accumulated in plant tissue through 

natural plant processes. Specific species will be selected that have been shown to be successful at 

remediating the COC/ECOCs found at Site 22. The selected appropriate plant species will be limited 

to the species that tolerate the local climate and the contaminant concentrations. A treatability study 

will be conducted to select the most appropriate species or combination of species that will be able 

to remediate the surface soil in the local climate and that can withstand the contaminant leve!ls at the 
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site. The inorganic surface soil AOCs will be excavated and placed on an impermeable treatment cell 

(18 inches deep by 40 feet long by 40 feet wide) and seeded with plant species that will accumulate 

inorganics in the plant tissue. Grasses that accumulate inorganics are harvested every six weeks and 

will tank two to three growing seasons to remediate the soil. The plants will be perennial and will be 

dormant in the winter. 

Because inorganics will be accumulated in plant tissue, plants will be periodically harvested and 

disposed or treated. HMX will be broken down through phytoremediation processes. The plant tissue 

will be analyzed to determine if it is hazardous or nonhazardous before it is transported to an approved 

disposal or treatment facility. 

Monitoring will be conducted four times per year, through surface soil sampling and analysis to 

determine the effectiveness of the phytoremediation. Samples will be analyzed for explosives and 

TAL metals. Monitoring and harvesting will continue until RLs have been achieved. 

Land use controls will not be required for Site 22 because no potential human health risk was 

identified at the site. Therefore, no restrictions on future development of the site will be required. 

5.1.3.5 RAA 4: Excavation with Off-Site Disposal and Biocell Closure 

RAA 4 includes the closure of the biocell and excavation and off-site disposal of all inorganic and 

HMX contaminated soils with concentrations that exceed final RLs. The biocell will be closed and 

the area restored as described under RAA 2. The areas to be excavated are shown on Figure 5-14. 

Confirmatory sampling will be conducted during excavation to ensure the removal of inorganic 

contaminant concentrations that exceed final RLs. Samples will be analyzed for explosives and TAL 

metals. The excavated areas will be backfilled with approximately 4,800 cubic yards of clean fill 

obtained from on on-Base borrow pit and from the clean soil removed from the biocell. Six inches 

of topsoil (480 cubic yards) will be placed over the fill then fine graded and vegetated with native 

grasses. 

Excavated soil, including the soil excavated from under the biocell, will be analyzed to determine if 

it is hazardous or non-hazardous and disposed in an approved off-site landfill. For cost estimating 

purposes it is assumed that the soil is hazardous. 
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Land use controls will not be required for Site 22 because no potential human health risk was 

identified at the site. Therefore, no restrictions on future development of the site will be required. 

5.1.3.6 RAA 5: Soil Washing and Biocell Closure 

This RAA will include the closure of the biocell and soil washing of inorganic AOCs at Site 22. Soil 

washing treatment targets soil contaminated with inorganics. Soil washing solutions may be difftcult 

to formulate for wastes with mixed organic and inorganic contaminants. All soil with contaminant 

concentrations greater than the final RLs will be excavated and treated in the soil washing unit. 

Figure 5-l 5 shows the area that will be excavated and treated with the soil washing process. 

A treatability study will be performed to determine the most appropriate solution to be used with the 

contaminants and type of soil at Site 22. Confirmation sampling and analysis will be performed in 

the excavated areas to ensure that all soil with contaminant concentrations exceeding final RLs has 

been removed. Samples will be analyzed for TAL Metals. After the soil has been treated, the 

excavated areas will be restored with approximately 4,800 cubic yards of backfill (obtained from an 

on-Station borrow pit and from the clean soil removed from the biocell), covered with six inches of 

topsoil (approximately 480 cubic yards), and seeded with native grasses. The treated (clean) soil will 

be stored on-Station to be used for future commercial/industrial fill requirements. A residual waste 

stream of concentrated, contaminated, fine particles of soil will result from the soil washing process. 

This waste stream will be dewatered. The contaminated wastewater and solids will be analyzed to 

determine if they are hazardous or non-hazardous and then transported to an approved off-site d.isposal 

facility. For costing purposes, it is assumed that the residual waste streams are hazardous. 

Land use controls will not be required for Site 21 because no potential human health risk was 

identified at the site. Therefore, no restrictions on future development of the site will be required. 

5.1.3.7 RAA 6: In-Situ Solidification/Stabilization and Biocell Closure 

This RAA will include closure of the biocell and in-situ solidification/stabilization of inorganic AOCs 

at Site 22. Solidification/stabilization treatment targets soil contaminated with inorganics. The 

treatment may be effective on explosives depending on the mix of additives used. The area to be 

solidified/stabilized will be covered with a topsoil cover. This RAA will also include revegetatilon and 
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maintenance of the inorganic AOC topsoil cover. Figure 5-16 shows the area that will be treated 

through in-situ solidification/stabilization. 

A treatability study will be performed to determine the most appropriate mix of 

solidification/stabilization agents required to prevent the leaching of ECOCs from the solid matrix 

(e.g. cement and ash). Because of the presence of HMX within the limits of the inorganic AOC, a 

carbon additive may be required to prevent the leaching of the explosive. Once the best additive 

mixture is selected, the materials will be tilled into the inorganic AOC soils until soil and adlditives 

are thoroughly mixed. After the soil and additive matrix has solidified, it will be covered with six 

inches of backfill and six inches of topsoil (approximately 480 cubic yards of each) and seeded with 

native grasses. 

The topsoil cover of the solidified areas will be inspected on an annual basis and after major storms 

to ensure that integrity is maintained. The topsoil cover restoration will be performed as needed based 

upon inspection results. For costing purposes, it is assumed that annual inspections and maintenance 

(assuming 10 percent of the area requiring repairs) will be done once per year for thirty years. 

Land use controls will not be required for Site 22 because no potential human health risk was 

identified at the site. Therefore, no restrictions on future development of the site will be required. 

5.2 Screening; of Alternatives 

This section of the FS presents a preliminary screening of the RAAs. The objective of this screening 

is to make comparisons between similar alternatives, so that only the most promising alternatives are 

carried forward for further evaluation (USEPA, 1988). This screening is an optional step in the FS 

process and is usually conducted if there are too many RAAs on which to conduct the detailed 

evaluation. The screening process will be conducted for alternatives for Sites 4, 2 1, and 22 because 

two similar containment alternatives were developed for the sites. 

The alternatives that were developed for are: 

. RAA 1: No Action 

. RAA 2: Capping 
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. RAA 3: Hot Spot Removal and Off-Site Disposal with Ex-Situ Phytoremediation (no 

hot spot removal for Sites 2 1 and 22) 

. RAA 4: Excavation with Off-Site Disposal 

. RAA 5: Soil Washing 

. RAA 6: In-Situ Solidification/Stabilization with Capping 

Two containment technologies, capping and in-situ solidification/stabilization, may be appropriate for 

the remediation of Sites 4,21, and 22. The technologies in each of these categories will be compared 

for effectiveness, implementability, and order-of-magnitude cost in order to select one technology 

from each category that will be evaluated further in Section 6.0 of this FS. 

5.2.1 Comparison of Containment Technologies 

5.2.1.1 Effectiveness 

Solidification/stabilization is only effective for inorganic contaminated soil. This technology will only 

be used for the inorganic AOCs at Sites 4, 21, and 22, if selected. The solidification/stabilization 

process (RAA 6) would produce a granular material that would pass the TCLP test, which means that 

inorganic contaminants would not leach from the material when exposed to water. Because this 

material would not support plant growth, the solidified/stabilized soils would then be covere.d with 

six inches of backfill and six inches of topsoil so that vegetation may grow over the area. The soil 

cover would prevent water from reaching the solidified/stabilized soil, thus even further reducing the 

chance for contaminants to leach into the subsurface soil. The long term effects of weathering on the 

solidified/stabilized soil are unknown and may reduce the effectiveness over time. The soil cov’er over 

the solidified/stabilized material would be maintained, which would extend the long-term 

effectiveness of the containment process. 

The soil cover (RAA 2) would prevent water from reaching the contaminated soil which would reduce 

the chance of contaminants leaching into subsurface soil. If water did reach the covered contaminated 

soil, there would be no further means to prevent contaminant leaching. The cap would be maintained 

which would extend its long-term of effectiveness. 

Based on this discussion, solidification/stabilization is the more effective containment alternative. 
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5.2.1.2 Implementability 

While both containment technologies would be easy to implement, capping is easier to implement than 

the solidification/stabilization containment alternative. The solidification/stabilization alternative 

requires that a treatability be conducted to determine the best mix of additives to form a matrix that 

will pass the TCLP test for each inorganic contaminant of concern at the sites. The presence of 2,4,6- 

TNT (Site 4), and HMX (Site 21) within the limits of the inorganic AOCs may make formulating the 

additive mixture more difficult. More equipment and site work would be require:d for 

solidification/stabilization. Capping would not require a treatability study. 

Based on this discussion, capping would be easier to implement than solidification/stabilization. 

5.2.1.3 Order-of-Mapnitude Cost 

Capping and solidification/stabilization are both relatively inexpensive options for site remediation 

when compared to other treatment technologies. However, the solidification/stabilization alternatives 

will have higher materials and mobilization/demobilization costs than the capping alternative. 

Solidification/stabilization will also require a treatability study which would not be required for 

capping. The O&M for each alternative (site inspections and soil cover repair) will be approximately 

the same cost. 

Based on this discussion, capping is the more cost-effective containment alternative. 

5.2.2 Results of Alternative Screening 

Based on the effectiveness, implementability, and order-of-magnitude costs, capping has been selected 

as the alternative to carry through for further analysis in Sections 6.0 and 7.0 of this FS. 

Solidification/stabilization would be more effective than capping for preventing human and ecological 

receptors from coming into contact with inorganics and explosives, but with proper maintenance, the 

soil cap would provide adequate protection for human health and the environment. 

Solidification/stabilization may be disruptive to ecological receptors during installation. Further, if 

solidification/stabilization was used only for soils that present potential human health risks (at Site 4), 

the volume would be too small to be cost effective. Only an estimated 200 cubic feet (cf) of soil 

contaminated with 2,4,6-TNT and arsenic are above human health risk based clean-up goals. at Site 
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4. There are no human health risk-based AOCs at Sites 21 and 22. Therefore, 

solidification/stabilization will not be analyzed f%rther in this FS. The final list of alternatives that will 

be analyzed in Sections 6.0 and 7.0 are shown in Table 5-2. 
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TABLE 5-l 

SUMMARY OF ALTERNATIVES FOR SITES 4,21, AND 22 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

- 

Site Alternatives 

- 

Site 4 RAA 1 No Action 
RAA 2 Capping 
RAA 3 On-Site Ex-Situ Phytoremediation 
RAA 4 Excavation with Off-Site Disposal 
RAA 5 Soil Washing 
RAA 6 In-Situ Solidification/Stabilization 

with Capping 

- 

Site 21 RAA 1 No Action 
RAA 2 Capping 
RAA 3 Phytoremediation 
RAA 4 Excavation with Off-Site Disposal 
RAA 5 Soil Washing 
RAA 6 In-Situ Solidification/Stabilization 

- 

Site 22 RAA 1 No Action 
RAA 2 Capping and Biocell Closure 
RAA 3 Phytoremediation and Biocell 

Closure 
RAA 4 Excavation with Off-Site Disposal 

and Biocell Closure 
RAA 5 Soil Washing 
RAA 6 In-Situ Solidification/Stabilization 

- 
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TABLE 5-2 

FINAL ALTERNATIVES FOR SITES 4,21, AND 22 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

Site 

Site 4 

Site 21 

Site 22 

Aiternatives 

MA 1 No Action 
MA 2 Capping 
MA 3 On-Site Ex-Situ Phytoremediation 
MA 4 Excavation with Off-Site Disposal 
RAA 5 Soil Washing 

RAA 1 No Action 
MA 2 Capping 
MA 3 Phytoremediation 
MA 4 Excavation with Off-Site Disposal 
MA 5 Soil Washing 

RAA 1 No Action 
RAA 2 Capping and Biocell Closure 
MA 3 Phytoremediation and Biocell 

Closure 
MA 4 Excavation with Off-Site Disposal 

and Biocell Closure 
RAA 5 Soil Washing 
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6.0 CRITERIA FOR DETAILED EVALUATION OF REMEDIAL ACTION 

ALTERNATIVES 

6.1 Obiectives 

This section of the FS presents the criteria for the evaluation of the RAAs developed for Sites 4,21, 

and 22. This evaluation will present focused information for the purpose of selecting a site remedy 

for each site. The objective of the evaluation is to assess the alternatives against nine evaluation 

criteria. The results of the assessment will be compared to aid in selecting the most appropriate RAA 

for each of the sites. 

6.2 Overview of Evaluation Criteria 

Nine criteria typically are considered in the detailed evaluation of alternatives. The nine criteria are 

categorized into three groups with each group having a distinct function in selecting the remedy. 

Threshold Criteria 

l Overall protection of human health and the environment 

l Compliance with ARARs 

Primary Balancing Criteria 

0 Short-term effectiveness 

o Long-term effectiveness and permanence 

l Reduction of toxicity, mobility, or volume 

l Implementability 

l Cost 

Modifvinp Criteria 

0 State acceptance 

0 Community acceptance 
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Descriptions of each of these nine criteria are presented in greater detail in the folIowing paragraphs. 

6.2.1 Overall Protection of Human Health and the Environment 

Evaluation of the overall protectiveness of the RAAs focuses on whether a specific RAA would 

achieve adequate protection of human health and the environment and how risks posed by each 

pathway would be eliminated, reduced, or controlled through treatment, engineering, or institutional 

controls. The overall assessment of the level of protection includes the evaluations conducted under 

other criteria, especiaIly long-term effectiveness and permanence, short-term effectiveness, and 

compliance with ARARs. Consideration of each alternative with respect to overall protection of 

human health and the environment focuses on how the source of contamination is to be eliminated, 

reduced, or controlled. 

6.2.2 Compliance with AFL4R.s 

This evaluation involves determining whether each alternative for each site would meet all of the 

pertinent Federal and state ARARs, as identified in Section 3.0 of this report. 

Each RAA was evaluated for compliance with applicable or relevant and appropriate Federal and state 

requirements. The evaluation summarizes which requirements are applicable or releva.nt and 

appropriate to each RAA. The following items were considered for each alternative: 

l Compliance with chemical-specific ARARs. This addresses whether the ARARS can be 

met and, if not, whether a waiver may be appropriate. 

l Compliance with location-specific ARARs (e.g., preservation of historic sites, regulations 

relative to activities near wetlands or floodplains, etc.). As with other ARAR-related 

factors, these involve consideration of whether the ARARs can be met or whlether a 

waiver is appropriate. 

l Compliance with action-specific ARARs (e.g., RCRA minimum technology standards). 

This addresses whether the ARARs can be met, and if not, whether a waiver may be 

obtained. 
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6.2.3 Long-term Effectiveness and Permanence 

This criterion evaluated alternatives with respect to their long-term effectiveness and the degree of 

permanence. The primary focus of this evaluation was the residual risk that will remain at th’e sites 

and the effectiveness of the controls that will be applied to manage residual risk. 

Evaluation of each RAA as to its long-term effectiveness and permanence was based on the risks 

remaining at the sites tier the remedial action objectives are achieved. The assessment of long-term 

effectiveness was made considering the following four factors: 

l The magnitude of the residual risk to human and environmental receptors remaining from 

untreated waste or treatment residues at the completion of remedial activities. 

l An assessment of the type, degree, and adequacy of long-term management (including 

engineering controls, institutional controls, monitoring, and operation and maintenance) 

required for untreated waste or treatment residues remaining at the site. 

l An assessment of the long-term reliability of engineering and/or institutional controls to 

provide continued protection from untreated waste or treatment residues. 

l The potential need for replacement of the remedy and the continuing need for repairs to 

maintain the performance of the remedy. 

6.2.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

This evaluation criterion addresses the degree to which the RAAs employ treatment technolog,ies that 

permanently and significantly reduce toxicity, mobility, or volume of hazardous substances. 

Alternatives that do not employ treatment technologies were not considered to reduce toxicity, 

mobility, or volume of the COCs. The evaluation considered the following specific factors: 

l The treatment processes, the remedies to be employed, and the materials to be treated. 

l The amount or volume of hazardous materials that will be destroyed or treated. 
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l The degree of expected reduction in toxicity, mobility, or volume, including how the 

principle threat is addressed through treatment. 

l The degree to which the treatment will be irreversible. 

l The type and quantity of treatment residuals that will remain following treatment. 

6.2.5 Short-Term Effectiveness 

The short-term effectiveness of each RAA was evaluated relative to its effect on human health and the 

environment during implementation of the remedial action. Potential threats to human health and the 

environment associated with the handling, treatment, or transportation of hazardous substances were 

considered. The short-term effectiveness assessment was based on four key factors: 

l Short-term risks that might be posed to the community during implementation an 

alternative. 

l Potential impacts on workers during remedial action and the effectiveness and reliability 

of protective measures. 

l Potential environmental impacts of the remedial action and the effectiveness and 

reliability of mitigative measures during implementation. 

l Time until remedial response objectives are achieved. 

6.2.6 Implementability 

Implementability considerations include the technical and administrative feasibility of each RAA and 

the availability of various materials and services required for implementation. The following factors 

were considered during the implementability analysis: 
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l Technical Feasibility: The relative ease of implementing or completing an action based 

on site-specific constraints, including the use of established technologies, such as: 

t Ability to construct the alternative (constructability). 

b Operational reliability, or the ability of a technology to meet specified process 

efficiencies or performance goals. 

b Ability to undertake future remedial actions that may be required. 

b Ability to monitor the effectiveness of the remedy. 

l Administrative Feasibility: The ability and time required to obtain necessary approvals 

and permits from regulatory agencies. 

l Avaiiabiiitv of Services and Materials: The availability of the technologies, materials, or 

services required to implement an alternative, including: 

l Available capacity and location of needed treatment, storage, and disposal services. 

+ Availability of equipment, specialists, and provisions for additional resources. 

l Timing of the availability of prospective technologies under consideration. 

b Availability of services and materials, plus the potential for obtaining bids that are 

cost competitive. 

6.2.7 Cost 

For each remedial alternative, a detailed cost estimate was developed based on conceptual engnreering 

and analyses. Unit prices were based on published construction cost data, quotes from vendors and 

contractors, and/or engineering judgment. Costs are expressed in terms of 1998 dollars. In order to 

allow the costs of the remedial alternatives to be compared on the basis of a single figure, the net 
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present worth (NPW) value of ail capital and annual costs was determined for each RAA for each site. 

The Guidance for Conducting Remedial Investigations and Feasibilitv Studies Under CERCLA 

(USEPA, 1988) recommends that a five percent discount rate be used in present worth analyses. 

Cost estimates were prepared to assist in the evaluation of alternatives using currently available 

information. In accordance with the USEPA CERCLA RI/FS Guidance Document (USEPA, 1988), 

the costs were developed as order-of-magnitude estimates with an intended accuracy range of +50 

percent to -30 percent. Final project costs will depend on actual local labor and material costs, actual 

site conditions, productivity, competitive market conditions, final project scope, final project schedule, 

and other variable factors. As a result, the actual final project costs probably will vary from the cost 

estimates presented herein. This variance must be considered in evaluating project funding needs. The 

cost estimate of the selected remedial actions will be refined in the design phase of this project. 

The cost analysis of remedial alternatives consisted of three principal elements: 

l Capital Costs: Capital costs consist of direct (construction) and indirect (non-construction 

and overhead) costs. Direct costs include costs for equipment; labor and materials 

incurred to develop, construct, and implement a remedial action; and the operation and 

maintenance costs for the first year after the action is completed. Indirect costs are 

expenditures for services that are not actually a part of construction, but are required to 

implement a remedial alternative. In this FS, indirect costs include the following items: 

+ Engineering and Design 

l Preconstruction Submittals 

- Work Plans 

- Health and Safety 

- License, Legal Fees, and Permits 

- Erosion and Sediment Control Plans 

- Quality Control Plans 

b Contract Administration 
f “-h 

b Post Construction Submittals 
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Additionally, a contingency allowance was included in the cost estimate to account for factors that 

cannot be anticipated or estimated. Contingencies address costs associated with constructing a given 

project, such as general economic conditions at the time of bidding, adverse weather condition, strikes 

by material suppliers, inherent uncertainties in characterizing wastes or waste volumes, and regulatory 

or policy changes that may affect the FS assumptions. 

l Annual Costs: Annual costs refer to post-construction costs necessary to ensure the 

continued effectiveness of a remedial action. They typically refer to long-term power and 

material costs (such as the operational costs of a treatment facility), equipment 

replacement costs, and long-term monitoring costs. 

. Present Worth Analvsis: This assessment is used to evaluate the capital and annual costs 

of a RAA on a present worth basis. Present worth analysis is a method of comparing 

expenditures for various alternatives that occur over different time periods, By 

discounting all costs to a common base year, the costs for different remedial action 

alternatives can be compared on the basis of a single cost figure for each alternative. The 

total NPW for a given alternative is equal to the full amount of ail costs incurred until the 

end of the firs year of operation (capital costs), plus the series of expenditures in 

following years reduced by the appropriate future value/present worth discount factors. 

This analysis allows the comparison of remedial alternatives on the basis of a single cost 

representing an amount that, if invested in the base year and disbursed as needed, would 

be sufficient to cover costs associated with the remedial action over its planned life. A 

maximum 30-year performance period is assumed for present worth analyses. The 

discount rate represents the anticipated difference between the rate of inflation and 

investment return. A five percent discount was used in the present worth analysis. 

6.2.8 State Acceptance 

This criterion reflects the statutory requirement to provide for substantial and meaningful state 

involvement. State (Commonwealth) comments will be addressed in the development of this FS and 

in the Proposed Remedial Action Plan (PRAP) and Record of Decision (ROD) reports. State 

(Commonwealth) acceptance of the selected remedies for Sites 4,2 1, and 22 will be evaluated at the 

PRAP stage. Therefore, this criterion will not be addressed any further in this FS report. 
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6.2.9 Community Acceptance 

Community acceptance is a modifying criterion addressing the issues and concerns the public may 

have regarding each alternative. Community involvement will have a significant impact on 

implementation of the selected alternative. Community acceptance will be evaluated during the PRAP 

stage of the remedial process. Therefore, this criterion will not be addressed any further in this FS 

report. 
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7.0 DETAILED EVALUATION AND COMPARATIVE ANALYSIS OF REMEDIAL 

ACTION ALTERNATIVES 

A detailed evaluation of each RAA for Sites 4,21, and 22 is presented in Section 7.1 of this FS, and 

a comparison analysis of the RAAs for each site is presented in Section 7.2. 

After the alternative screening that was preformed in Section 5.2, the following alternatives will be 

analyzed in this section of the FS: 

Site 4. A 

RAA 1: No Action 

RAA 2: Capping 

RAA 3: Hot Spot Removal and Off-Site Disposal with Ex-Situ Phytoremediation 

RAA 4: Excavation with Off-Site Disposal 

RAA 5: Soil Washing 

Site 21 

RAA 1: No Action 

RAA 2: Capping 

RAA 3: Ex-Situ Phytoremediation 

RAA 4: Excavation with Off-Site Disposal 

RAA 5: Soil Washing 

Site 22 

RAA 1: No Action 

RAA 2: Capping and Bioceii Closure 

RAA 3: Ex-Situ Phytoremediation and Bioceli Closure 

RAA 4: Excavation with Off-Site Disposal and Biocell Closure 

RAA 5: Soil Washing and Bioceil Closure 

7.1 Detailed Evaluation of Remedial Action Alternatives 

This section of the FS presents the detailed evaluation of each RAA for Sites 4, 21, and 22 with 

respect to the Threshold and Primary Balancing criteria. Due to the similarities of the RAAs for each 
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site, RAAs for ail three sites will be discussed in the same section. Closure of the bioceli at Site 22 

will be implemented for each of the alternatives for this site. Bioceii closure, however, will not be 

analyzed in this part of the FS. 

It should be noted that the same alternative may not be implemented at ail three sites. The costs for 

these alternatives are estimated separately for each site. However, if the same alternative for two or 

three sites is chosen at the ROD stage, a cost savings may be incurred due to economies of scale. 

7.1.1 RAA 1: No Action 

7.1.1.1 Overall Protection of Human Health and the Environment 

Because no remedial actions will be implemented under this RAA, this alternative will not be 

protective of human health (Site 4) or the environment (Site 4, 21, or 22). The contaminants will 

remain in the soil at the sites, and there are no physical access restrictions to the sites such as fencing. 

No other controls have been undertaken to limit contact with contaminated soils at the sites 

7.1.1.2 Compliance with ARARs 

No chemical-specific ARARs have been identified for Sites 4, 21, or 22. Site-specific risk-based 

clean-up goals have been developed for the sites which will not be met through this alternative. 

Tables 3-l and 3-2 identify the location-specific and action-specific ARARs, respectively, which are 

applicable for each of the RAAs developed for the sites. As shown on the two tables, potential 

location and action-specific ARARs identified for this site will not be applicable or relevant and 

appropriate under this RAA because the alternative does not involve any remedial actions. 

7.1.1.3 Long-Term Effectiveness and Permanence 

The No Action alternative will not achieve long-term effectiveness because the contamination will be 

left in place. This alternative does not provide long-term protectiveness of human health (Site 4) and 

the environment (Sites 4,21, and 22) from exposure to the explosive and inorganic contaminants in 

the soil. 
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7.1.1.4 Reduction of Toxic&v, Mobil&v, or Volume Through Treatment 

The No Action RAA will not include active treatment technologies to permanently and significantly 

reduce toxicity, mobility, or volume of the contaminated soil at Sites 4,21, or 22. Natural attenuation 

may reduce the toxicity of the organic contaminants (PAHs and explosives) but will not reduce 

toxicity of inorganics. However, any evidence that natural attenuation of organics may occur would 

be undocumented and unsupported. Because the contaminants would not be contained in any way, 

they would be subject to migration through leaching or sedimentation and erosion processes,, 

7.1.1.5 Short-Term Effectiveness 

The No Action RAA will have no short-term effects on human health (Site 4) and the environment 

(Sites 4,21, or 22) associated with the handling, treatment, or transportation of hazardous substances 

because this alternative includes no remedial actions. The current potential effects on human health 

and the environment due to the presence of soil contaminants will remain unchanged. 

7.1.1.6 Implementability 

Because this alternative does not include any remedial actions or institutional controls, there are no 

implementability concerns associated with the RAA. 

7.1.1.7 Cost 

There are no costs associated with the No Action RAA. 

7.1.2 RAA 2: Capping 

7.1.2.1 Overall Protection of Human Health and the Environment 

The capping alternative will prevent soil contaminants from coming into contact with hum.an and 

ecological receptors. Soil invertebrates usually inhabit the top 6 inches to one foot of soil. The 

contaminated soil will be covered with one foot of backfill and then covered with 6 inches oftopsoil. 

The soil invertebrates will move into the upper portion of the newly installed soil cover and will no 
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longer inhabit the contaminated soil. The soil cover will also prevent contaminated soil from 

migrating to other receptors via sedimentation and erosion processes, and will prevent exposure 

through dermal contact, ingestion and inhalation. However, contaminants could migrate due to 

infiltration of rainwater through the soil cover. With proper maintenance of the soil cover, human 

health (Site 4) and the environment (Sites 4, 21, and 22) will be protected under this alternative. 

Should the cap fall into disrepair, human and ecological receptors may not be protected in tlhe long 

run. 

7.1.2.2 Compliance with ARARs 

There are no chemical-specific ARARs for soils at Sites 4, 21, or 22. Because no soils will be 

excavated or removed from the sites, soil contaminant concentrations will not have to mleet any 

requirements for handling, treatment, or disposal. 

Tables 3-l and 3-2 identify the location-specific and action-specific ARARs, respectively, which are 

applicable for each of the RAAs developed for the sites. As shown on the two tables, several potential 

location and action-specific ARARs identified for this site will be applicable or relevant and 

appropriate under this RAA because the alternative includes earth moving activities. Activities at the 

sites will be implemented such that all ARAR requirements will be met. 

7. I .2.3 Long-Term Effectiveness and Permanence 

A soil cover will be effective for protecting human health and the environment in the long-tenn if the 

cap is properly maintained. Human (Site 4) and ecological (Sites 4,21, and 22) dermal, ingestion, and 

inhalation contact with contaminated soils will be prevented by the soil cover as long as the 

contaminated soils are not exposed. Infiltration of surface water run-off could cause leaching of soil 

contaminants into the groundwater. 

7.1.2.4 Reduction of Toxicity, Mobil&v, or Volume Through Treatment 

The toxicity of contaminants will not be reduced by this alternative because the contaminants Twill not 

be transformed into less toxic forms or destroyed by any physical, chemical, or thermal process. 

However, because ecological receptors in the soil may migrate away from the contaminated soils and 

into the soil cover, receptors will remove themselves from the contaminants. The mobility of 
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.,.“’ 1 contaminants will be reduced because the soil cover will prevent wind erosion and prevent movement 

of soils caused by erosion and sedimentation. Infiltration of surface run-off could cause leaching into 

groundwater. The volume of the contaminated soil will not increase or decrease as a result of 

implementing this alternative. However, should leaching to groundwater occur, the volume of 

contaminated groundwater could increase. 

7.1.2.5 Short-Term Effectiveness 

In the short-term, this alternative will not be effective for protecting human health and the 

environment. Construction workers and ecological receptors may be exposed to disturbed 

contaminated soils. Exposure to human health and the environment will be minimized by the Iproper 

use of erosion and sediment control measures and dust controls. Further, this alternative can be 

implemented is less than one year, Upon completion, this alternative will be effective for protecting 

human health and the environment. 

7.1.2.6 Impiementabiiitv 

This alternative is an easily implemented because no active treatment technologies will be used. 

Commonly used earth moving equipment and site work procedures will be employed to place, contour 

and seed the backfill and topsoil. 

7.1.2.7 Cost 

Sites 4,21, and 22 RAA 2 alternative costs include estimated capital, O&M, and NPW listed below. 

Annual O&M costs have been included for routine inspection and maintenance of the soil cover. The 

cost estimates for this alternative for Sites 4,21, and 22 are presented in Appendix C. 

RAA 2: Capping 

,,,,b., 

i 

Site Capital Cost O&M Cost NPW 

4 $135,000 $1,100 $152,000 

21 $126,000 $1,100 $143,000 

22 $381,000 $1,100 $400,000 
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7.1.3 RAA 3: Ex-Situ Phytoremediation 

7.1.3.1 Overall Protection of Human Health and the Environment 

After the soil has been treated, the phytoremediation alternative will prevent soil contaminants from 

coming into contact with human and ecological receptors. It is anticipated that the specifically selected 

plants that be able to accumulate or break down contaminants, thus removing them from the 

environment. Accumulated contaminants will be removed from the sites by periodic harvesting, 

testing, and appropriate disposal of contaminated biomass. The contaminant concentrations in soil 

will gradually decrease through phytoremediation treatment and will be protective of human health 

and the environment. 

7.1.3.2 Compliance with ARARs 

There are no chemical-specific ARARs for soils at Sites 4, 21, and 22. Because no soils will be 

removed from the sites, soil contaminant concentrations will not have to meet any minimum 

concentration requirements for handling, treatment, or disposal. However, site-specific risk-based 

clean-up goals were developed for each contaminant. These goals will be met after phytoremediation 

treatment has been successfully completed. Before this time, the clean-up goals will not be met. 

Tables 3-l and 3-2 identi@ the location-specific and action-specific ARARs, respectively, which are 

applicable for each of the RAAs developed for the sites. As shown on the two tables, several potential 

location and action-specific ARARs identified for this site will be applicable or relevant and 

appropriate under this RAA because the alternative includes earth moving activities. Activities at the 

sites will be implemented such that all ARAR requirements will be met. 

7.1.3.3 Long-Term Effectiveness and Permanence 

After the contaminant concentrations have been removed or destroyed through phytoremeldiation 

treatment, the contaminant concentrations will not increase. The treatment will be effective: in the 

long-term because the contaminants will be permanently removed from the site and will no longer 

pose a potential risk to human health (Site 4) or the environment (Sites 4,21, or 22). 
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7.1.3.4 Reduction of Toxicitv, Mobilitv, or Volume Throuph Treatment 

The toxicity of contaminants to human health and the environment will be reduced through the 

physical removal or destruction of contaminants by specially selected plant species. Mobility of 

contaminants will be reduced as they are sequestered or destroyed in plant tissue. Contaminants that 

bioaccumulate in the plant tissue will be harvested and disposed of in an off-site landfill and will not 

be available to human or ecological receptors. Because the contaminants will be removed or 

destroyed, the volume of contaminants will also be reduced over time. 

7.1.3.5 Short-Term Effectiveness 

The phytoremediation alternative will not be effective for protecting human health or the environment 

in the short run. Construction workers may be exposed to contaminated soils during implementation 

of the alternative because earth moving activities will be used. Further, phytoremediation will only 

gradually remove or destroy contaminants during which time, human or ecological receptors may be 

exposed. Several growing seasons may be required for clean-up goals to be attained. However, 

exposure to human health and the environment will be minimized by the proper use of erosion and 

sediment control measures and dust controls. 

7.1.3.6 lmplementabilitv 

Phytoremediation is relatively easy to implement. Commonly used earth moving activities would be 

required, as well as seeding and planting of specially selected species. However, a treatability study 

would have to be done in order to determine what plant species that can tolerate the local climate 

would be required to remediate the contaminants in the soil. 

7.1.3.7 QsJ 

Sites 4,21 and 22 RAA 3 Ex-Situ Phytoremediation alternative costs include estimated capital, O&M, 

and NPW as listed below. See RAA 3 Hot Spot Removal and Off-Site Disposal with 

Phytoremediation below for Site 4 costs only. Annual O&M costs have been included for routine 

inspection and maintenance (replanting) of the planted area. The cost estimates for this alternative 

for Sites 21 and 22 are presented in Appendix C. 
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,.r --\ 7.1.4.2 Compliance with ARARs 

Site 

4 

21 

22 

RAA 3: Ex-Situ Phytoremediation 

Cadal Cost O&M Cost NPW 

$194,000 $28,000 $295,000 

$178,000 $22,600 $220,000 

$583,000 $155,000 $871,000 

7.1.4 RAA 4: Excavation with Off-Site Disposal 

7.1.4.1 Overall Protection of Human Health and the Environment 

After the soil has been removed from the sites and disposed at an off-site landfill, soil contaminants 

will no longer come into contact with human or ecological receptors. This alternative will be 

protective of human health and the environment even though the contaminants will not be destroyed, 

because they will be inaccessible to human or ecological receptors. Clean backfill will be placed at 

the sites, and they will be graded and seeded. 

There are no chemical-specific ARARs for soil at Sites 4,21, or 22. However, because soil will be 

excavated and removed from the sites, soil contaminant concentrations will have to meet requirements 

for handling and disposal. 

Tables 3-l and 3-2 identify the location-specific and action-specific ARARs, respectively, which are 

applicable for each of the RAAs developed for the sites. As shown on the two tables, several potential 

location and action-specific ARARs identified for this site will be applicable or relevant and 

appropriate under this RAA because the alternative includes earth moving, transport, and dlisposal 

activities activities. Activities at the sites will be implemented such that all ARAR requirements will 

be met. 

7.1.4.3 LonP-Term Effectiveness and Permanence 

The excavation and disposal alternative will be an effective and permanent alternative. The 

contaminated soil will be removed from the sites and placed in an off-site disposal facility where 

contact with human and ecological receptors will be eliminated, This alternative will be effective in 
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the long-term because the contaminants will be permanently removed from the site and will no longer 

pose a potential risk to human health (Site 4) or the environment (Sites 4,2 1, or 22). 

7.1.4.4 Reduction of Toxic&, Mobil&v. or Volume Through Treatment 

Neither toxicity, mobility, nor volume of contaminants will be reduced through treatment with this 

alternative because no treatment technologies will be used. However, the physical removal of tlhe soil 

will eliminate the availability of contaminants to human or ecological receptors. Similarly, there will 

be no mobility of contaminants that exceed clean-up goals at the sites because they will be removed. 

Volume of the contaminated soil will not be reduced, but the soil will be removed from the sites. 

Therefore, the volume, mobility, and toxicity of contaminants at the site will be reduced, even though 

the contaminated soil itself will not be affected. 

7.1.4.5 Short-Term Effectiveness 

In the short-term, this alternative will not be effective for protecting human health and the 

environment. Construction workers and ecological receptors may be exposed to disturbed 

contaminated soil. Exposure to human health and the environment will be minimized by the proper 

use of erosion and sediment control measures and dust controls. Further, this alternative can be 

implemented is less than one year. Upon completion, this alternative will be effective for protecting 

human health and the environment. 

7.1.4.6 Implementabilitv 

This alternative is an easily implemented because no active treatment technologies will be used. 

Commonly used earth moving equipment and site work procedures will be employed to place, contour, 

and seed the backfill and topsoil. 

7.1.4.7 Cost 

Sites 4,2 1, and 22 RAA 4 alternative costs include estimated capital and NPW as listed below. There 

are no O&M costs for this alternative because it can be implemented within one year. The cost 

estimates for this alternative for Sites 4,2 1, and 22 are presented in Appendix C. 
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Site 

4 

21 

22 

FL4A 4: Excavation with Off-Site Disposal 

Capital Cost O&M Cost NPW 

$180,000 $0 $180,000 

$173,000 $0 $173,000 

$717,000 $0 $717,000 

7.1.5 RAA 5: Soil Washing 

7.1.5.1 Overall Protection of Human Health and the Environment 

Soil washing would result in the removal of soil contaminants from the site. Contaminated soil Iwould 

be excavated and treated with the soil washing process. The contaminated portion of the soil would 

be separated and concentrated. The concentrated contaminants would be transported to an off-site 

disposal facility where human and ecological receptors would not be exposed. 

7.1.5.2 Compliance with ARARs 

There are no chemical-specific ARARs for soil at Sites 4,2 1, or 22. However, because soil washing 

residuals will be removed from the sites, contaminant concentrations will have to meet require:ments 

for handling and disposal. 

Tables 3-l and 3-2 identify the location-specific and action-specific ARARs, respectively, whiich are 

applicable for each of the RAAs developed for the sites. As shown on the two tables, several potential 

location and action-specific ARARs identified for this site will be applicable or relevant and 

appropriate under this RAA because the alternative includes earth moving, transport, and disposal 

activities. Activities at the sites will be implemented such that all ARAR requirements will be met. 

7.1.5.3 Long-Term Effectiveness and Permanence 

The soil washing alternative will be an effective and permanent alternative. The contaminated 

residuals will be removed from the sites and placed in an off-site disposal facility where contact with 

human and ecological receptors will be eliminated. Only clean soil will be placed back at the sites. 

This alternative will be effective in the long-term because the contaminants will be permanently 

removed from the site and will no longer pose a potential risk to human health (Site 4) or the 

environment (Sites 4, 2 1, or 22). 
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7.1.5.4 Reduction of Toxic&v, Mobilitv, or Volume Through Treatment 

The toxicity and mobility of the contaminants will not be reduced, but they will be removed from the 

large fraction of the soil. Therefore, the toxicity and mobility of contaminants in the large fraction of 

soil will be reduced through removal of the contaminants. The volume of contaminated soil will be 

reduced through this technology. The fine portion of the soil will be separated from the large portion. 

Contaminants will be concentrated in the fine portion, thus reducing the amount of soil that contains 

contaminants. The residuals (fine soil) will be transported and disposed at an off-site landfill facility. 

7.1.5.5 Short-Term Effectiveness 

In the short-term, this alternative will not be effective for protecting human health and the 

environment. Construction workers and ecological receptors may be exposed to disturbed 

contaminated soils. Exposure to human health and the environment will be minimized by the proper 

use of erosion and sediment control measures and dust controls. Further, this alternative can be 

implemented is less than one year. Upon completion, this alternative will be effective for protecting 

human health and the environment. 

7.1.5.6 Implementabilitv 

This alternative can be implemented with moderate ease. Commonly used excavation equipment and 

procedures would be required. However, soil washing would require the mobilization of specialized 

equipment and require a source of water. A treatability study would also be required in order to 

formulate the washing fluid. 

7.1.5.7 Cost 

Sites 4,21, and 22 RAA 5 alternative costs include estimated capital and NPW as listed below. There 

are no O&M costs for this alternative because it can be implemented within one year. The cost 

estimates for this alternative for Sites 4,2 1, and 22 are presented in Appendix C. 
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Site 

4 

21 

22 

RAA 5: Soil Washing 

Capital Cost O&M Cost 

$428,000 $0 

$3 1 s,ooo $0 

$1,012,000 $0 

NPW 

$428,000 

$3 18,000 

$1,012,000 

7.2 Comparative Analvsis 

This section of the FS presents a comparative analysis of the RAAs for each site. The purpose of this 

analysis is to identify the relative advantages and disadvantages of each RAA with respect to the 

detailed evaluation criteria. Because the alternatives are similar for each site (with an additional 

alternative for 

Site 4), the discussion for each alternative will apply to Sites 4,21, and 22. 

7.2.1 Overall Protection of Human Health and the Environment 

Each alternative will protect human health and the environment with the exception of the No Action 

alternative. Alternatives that do not include removal or destruction of contaminants will not be as 

protective as those alternatives that do because there is the potential for leaching of contaminants. 

Alternatives that require more time are also not as protective in the short-term as those that remove 

or destroy the contaminants in a short amount of time. In the long run, all of the treatment alternatives 

should provide equal protection to human health and the environment. The order in which remedial 

action alternatives provide protection, from best to worst, are listed below: 

1. RAA 4: Excavation and Off-Site Disposal 

1. RAA 5: Soil Washing 

2. RAA 3: Ex-Situ Phytoremediation 

2. RAA 3: Ex-Situ Phytoremediation 

3. RAA 2: Capping 

4. RAA 1: No Action 
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Note that RAAs 3,4, and 5 provide equal protection to human health and the environment in the long- 

term. However, RAAs 3,4, and 5 include extensive excavation which may be harmful to ecological 

receptors in the short run. 

7.2.2 Compliance with ARARs 

There are no chemical-specific ARARs for Site 4. However, site-specific risk-based clean-up goals 

have been developed. Each of the alternatives will meet these goals with the exception of the No 

Action alternative. Each active alternative can be implemented such that they will meet all action- 

specific or location-specific ARARs that apply to the remedial action. 

7.2.3 Long-Term Effectiveness and Permanence 

The No Action alternative will not have any long-term effectiveness for protecting human health and 

the environment because the contaminants will remain at the site and will not be contained, removed 

or treated. RAA 2 will have long-term effectiveness as long as the soil cover is maintained. Even 

with maintenance, leaching may occur. RAAs 3,4,5, and 6 will be permanent and be effective in 

protecting human health and the environment in the long-term. 

7.2.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

The No Action alternative will not reduce the toxicity, mobility, or volume of contaminated soil at the 

site. RAA 2 will reduce the mobility of contaminants but not the toxicity or volume of the s0i.l itself. 

However, because the cap will reduce contact with contaminated soil by human and ecological 

receptors, the toxicity will be reduced. RAAs 3,4, 5, and 6 will all reduce the toxicity, mobility, or 

volume through treatment or removal of the contaminants. 

7.2.5 Short-Term Effectiveness 

The No Action alternative is not effective for protecting human health and the environment in the 

short-term. The contaminants will remain in place. The other alternatives require earth moving 

activities they could increase the exposure to construction workers and ecological receptors in the 

short-term. Alternatives where contaminated soil is actually excavated will lead to the most potential 

short-term exposure to contaminants. These alternatives are also the alternatives that Twill be 
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completed in the shortest period of time (most likely less than one year). The phytoremedliation 

alternatives will require more time to meet the clean-up goals that have been developed for the site. 

7.2.6 Implementability 

All of the alternatives have an easy to moderate level of difftculty to implement. The No Action 

alternative requires no effort because nothing will be implemented at the site. The alternatives that 

require treatability studies will require more effort for planning and design. 

7.2.7 Cost 

The net present worth costs associated with each alternative are listed below in order of least to 

greatest. RAAs 1, 5, and 6 can be implemented within one year and will not require annual operation 

and maintenance. Therefore, the net present worth cost are the same as the capital costs. RAAs 2, 

3, and 4 will require long term maintenance. 

Site 4 
Alternative 
RAA 1: No Action 
RAA 2: Capping 
RAA 4: Excavation with Off-Site 

Disposal 
MA 3: On-Site Ex-Situ 

Phytoremediation 
RAA 5: Soil Washing 

Capital Cost O&M Cost NE 
$0 $0 $0 
$135,000 $1,100 $!I 52,000 
$180,000 $0 $I so,ooo 

$194,000 $28,000 $295,000 

$428,000 $0 !$428,000 

Site 21 
Alternative 
RAA 1: No Action 
RAA 2: Capping 
RAA 4: Excavation with Off-Site 

Disposal 
RAA 3: Ex-Situ Phytoremediation 
RAA 5: Soil Washing 

Capital Cost 
$0 
$126,000 
$173,000 

$178,000 
$3 18,000 

O&M Cost 
$0 
$1,100 
$0 

$22,600 
$0 

FSPW 

Lo43 000 
$173:000 

$220,000 
$:3 18,000 

Site 22 
Alternative Capital Cost O&M Cost Pm 
RAA 1: No Action $0 
RAA 2: Capping and Biocell Closure $381,000 lPlO0 

$6 
:4LMO 

RAA 4: Excavations with Off-Site $717,000 $717:000 
Disposal and Biocell Closure 

RAA 3: Ex-Situ Phytoremediation $583,000 $155,000 $871,000 
and Biocell Closure 

RAA 5: Soil Washing and $1,012,000 $0 $1,012GxI 
Biocell Closure 
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FUTURE RESIDENTIAL ADULT 
SURFACE SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGs) 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
SITE 4 
NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VfRGlNfA 

PRGc (mgikg) = ICW[(lng ‘CSFo)+ (Derm’CSFd)] 
PRGnc (ma/kg) = HQi[(lng/RtDo) + (De”WRfDd)] 

Where: 

ICR = appoti~oned target incremental cancer risk. unitless 
HO = target hazard quotient. unitless 
PRGc = carcinogenic contaminant concentration in surface soil. mgikg 
PRGnc = noncarcinogenic contaminant concentration in surface 5011. mgikg 
ATc = averaging fun.5 for carcinogen. days 
ATnc = averaging tm1.9 fornoncarc~nogen, days 
CF = conwixion factor, kglmg 
CSFo = oral cancer slope facior, (mglkg-day)-1 
CSFd = dermally adjusted cancer slope factor, (mg/kg-day,-, 
Rrn.2 = ma, reference dose, mglkg-day 
Rmd = denally adjusted reference dose. mgikg-day 
ED = exposure duration. yeas 
EF = exposure frequency. days/year 
IR = ingestion rate, mgiday 
SW = body weight. kg 

0 10 
0.10 
0.10 
010 
010 

0.10 

0 032 

lfifL!u 
X-07 

1.0 
calculated 
calculated 

25550 
8760 

0.000001 
cs 
cs 
cs 
cs 
24 
350 
100 
70 

5300 
0.2 
cs 

RefWWce 
Dose 

@g/kg-day) 

FAOOE-04 

3 OOE-04 

4 706.07 1.3x-06 1 &E-OS 
4 ,OE-07 1 37E-OS 1 45E-OS 
4 TOE-07 1 SE-06 1 458-06 
4 70507 1 37E.06 ,.45E-OS 
4 70507 1.37E-06 1 ‘SE-OS 

TOTAL PAHs 
4 05E-02 3 70E.04 4.,OE-07 4 9s07 1.37E.06 1.458-06 

1 %E+oo 2 85804 / 4 ,OE-07 1 ,.59E-07 / 1 37E-OS / 465E-07 

10125199. 4-PRGs x,5, WARES 



FUTURE RESIDENTIAL CHlLD 
SURFACE SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDlATlQN GOALS IPRGn, 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
SITE 4 
NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

PRGc (mgIkg) = ICRJ(lns ‘CSFo)+ (Derm’CSFd)J 
PRGnc @s/kg) - HQl[(ln@?fDo) + (DemvRDd)] 

Ing - IR’ED’EF’CFIATo orATnc+BW 
De,“, = SA’ED’EF’AF’A8S’CWATc or ATnCSW 

ICR = apportioned target tncremental cancer risk. unitless 
HQ = target hazard quotient, unifless 
PRGc - carcinogenic contaminant concenbatian in surface sal, mg/kg 
PRGnc = noncarcinogenic contaminant concentration in surface soil. @kg 
ATc = averagmg he for carcinogen. days 
ATnc - averaging bme for oonoarcinogen, days 
CF = conversion factor, kglmg 
CSFo - or3 c,ance, slope factor. (mglkgday)-l 
CSFd = dermally adjusted cancer slope faotor. (mg/kg-day)., 
RfDa - oral reference dose, “@kg-day 
RDd = dermally adjusted reference dose. mg/kg.day 
ED = exposure durabon. years 
EF = exposure frequency dayslyear 
IR = ingestion rate. “@day 
SW = body ,,wght, kg 
SA = skin surface area available for contar.,. cm2 
AF = so,1 to skin adherence factor. mqlcm2 
ASS = Absorption Factor, uniC3ss 

Target 
ICR 

3.3E-07 
3.3E.07 
3 JE-07 
3.3C07 
3 3E-07 

3 JE-07 

3.3E-07 

3rget 

10 

10 

0 000001 
cs (chemioal specific value, 
CS 
CS 
CS 
6 

350 
200 
15 

2006 
OZ 
CS 

Reference Dermally Ad, 
Dose Slope Factor 

(mgikg-day) fmpjkl(-day)., 

. 

. 

5 OOE-04 

3.00E.04 

4.05E-02 

1 5cE+oo 

Derm Adj 
Ref. Dane 

(mgikg-day) 

3 IOE-04 

2.858-04 

gerflon 
3se 
NC 

1.,OE-OS 
LlOE-OS 
1 IOE-06 
1 10E.06 
I IOE-06 

1 1 OE-OS 

1 fOE-06 

D 
D 
c 

I 

e(mal 
me 
arc 

. . 

2.20E.07 

7 03E-08 

128E-05 
1 28E-05 
1.28&05 
1.28145 
1 28E-05 

D D 
N 

I 

ermal 
DSB 
OnCalC 

2.56~.06 
2.56E.06 
2 SE-06 
2.568-06 
2.5SE-06 

TOTAL P/\Hs 8 
2 %E-06 

821507 

,0,25/99. d_PRGs.xls. SSCRES 



CURRENT ADULT TRESPASSER 
SURFACE SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGsl 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
SITE 4 
NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VlRGlNlA 

PRGC (mghg) = ICw[(lng ‘csFo)+ (Derm*CSFd)] 
PRGnc (mglkg) = HO/[(lnglR(Do) + (DermJRfDd), 

Ing = IR’EO-EF’CFIATc or ATnc’BW 
Derm = SA’ED’EF*AF’ABS’CF/ATc 0‘ ATnc*BW 

Target Target 
Contaminant ICR HO 
Carcinoaenic PAHs: I I 

ME-07 
3.3B07 
3 3E-07 
3.3E-07 
3 3507 

3.3E-07 

(mgikg-day) 

g&ion De,mal PRG PRG 
>se Dose CXC Nancarc 

mcarc Noncarc (mglkg) mlalka~ 

2 80E-07 5.93E-07 29 
2.80E47 5 93B07 3 . . 
2 80E-07 5.B3E-07 29 . . 
2.80E-07 5.93E.07 3 . . 
2 80%07 5 93E-07 29 

TOTAL PAHB = 91 
2.80E.07 5 93E-07 180 462 

2 80E-07 1 90E-07 8 625 



CURRENTADDLESCENTTRESPASSER 
SURFACE SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGs) 
COMBlNED INGESTION AND DERMAL ROVTES OF EXPOSURE 
SlTE 4 
NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, “IRGlNlA 

PRGc (mglkg) = ICRJ[(l”g *CSFo)+ (Den’CSFd)] 
PRGnc (mglkg] = HQ/](l”g/RfDo) + (OerrolRfDd)] 

Ing = IR’ED’EF%F/ATc or ATnc’BW 
De”” q SA*EO’EF*AF’ABS’CF/ATc or ATodBW 

WhW? 

ICR q appoltioned target inwemenlal cancer wk. unitless 
HO -target hazarc quotient, unitless 
PRGc = cati”oQe”ic contaminant wncentlatio” in surface soil. mglkg 
PRGnc = “oncaranogenic contaminant co”Ce”tratio” in surface soil, mglkg 
ATc = averaging time for carcinogen. day$ 
ATnc = averaging time for “oncarcinogen. days 
CF = convenio” factor, kglmg 
CSFo q oral cancer slope fwtol. (“@kg-day)-, 
CSFd = dermally adjusted cancel slope factor. (mglkg.day)-4 
RfDo = oral reference dose. mg/kg-day CS 
RfDd = dermslly adjusted reference dose. mglkg-day CB 
ED = exposure duration, years 4 
EF = exp05”re frequency. days/year 143 
IR = ingestion rate, mg/day 100 
FI = Fraction Ingested. witless 05 
BW = body weight, kg 37 
SA = skm sufiace area available for contact. cm2 3480 

l!mLcs 
3607 

1.0 
calculated 
calculated 

25550 
1460 

0.000001 
cs (chemm specific vaiue) 
CS 

AF = soil to ski” adherence fsdor, mghm2 0.2 
ABS = Absorption Fador. unitless CS 

Note: Inputs are scenario and site specific 

Be”zo(a)pyre”e 
Se”zo(b,Ruo‘anthe”e 
Dibenzo(a.h)a”thrace”e 
,“deno(l.2.3-cd,pyre”e 

Nitramines: 
2.4.S.Td”it~Ololue”e 

Inorganicr: 

Arsenic 

3.x.07 
3.3507 
3 3E-07 
3.3B07 

3 3E-07 

3.3507 

7.30EtOO 
7 3gE-01 
7 30iE+oo 
7 30~.01 

. . 

. . 

5 gOE.04 4 05E-02 

-tjizq- 
Ref Doss 

(mglkq-da”, 

. 

3.70E-04 

2 BE-04 

ngeslion 
he 
Lw 

3 03E-08 
3 0s08 
3 03E-08 
3 0x508 
3.03E-08 

3 ox-08 

3 03E-08 

-) 
i 

5 25507 7.37E-07 2 . . 
5 7x-07 7 37E.07 15 
5 2gE-07 7.37%07 2 . . 

5.29E-07 7.37B07 15 
TOTAL PAHs - 4.3 

5 29507 7.37E.07 127 328 

5 29E-07 2.36507 5 388 

1012519~. 4-PRG5 xls. SST-rP 



FUTURE CONSTR”CTlON WORKER 
SURFACE SOlL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGs) 

COMBlNED ,NGEST,ON AND DERMAL ROUTES OF EXPOSURE 

SITE 4 
NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

PRGc (mg,kg) = ICR/[(lng ‘CSFo)+ (Derm’CSFd)] 
PRGnc (mglkg) = HQl[(lnglRfDo) + (DermlRIDd)] 

Ing = IR’ED’EF’CF,ATc arAT”dBW 
Den,, = SA’ED’EF’AF’ABS’CFIATc or ATnZBW 

ICR = apportioned target incremental cancer risk, unitless 
HQ = target hazard quotient. UnitlesS 
PRGc = carcinogenic contaminant concentration in surface soil. mgikg 

PRGnc = noncarcinogenic contaminant concentration in su&?ce soil. mglkg 
ATc = averaging time for carcinogen. days 
ATnc = averagIng time for noncarcinogen. days 
CF = cave&n factor, kglmg 
CSFo = oral cancer slope factor. (mg/kgday)-1 
CSFd = dermally adjusted cance, slope factor, (mglkg-day)., 
Rrno = ora, reference dose. mgikg-day 
RfDd = demx#y adjusted reference dose. mglkg-day 
ED = exposure duratlo”. years 
EF = exposure trequency. days/year 
IR = ingestion r&e. w/day 
FI = Fraction Ingested. with* 
SW = body weight. kg 

--Er 
Ref Dose 

(mg/kg-day, 



7 

FUTURE CONSTRUCTION WORKER 

SHALLOW SUBSURFACE SOIL EXPOSURE ASSESSMENT-PRELIMINARY REMEDIATION GOALS (PRGs) 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
SITE 4 
NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VfRGlNlA 

PROS from a&dental ingestion and dermal contact with soif are calculated as follows. 

PRGc (mg/kg) = ICPJ[(lng ‘CSFc)+ (Derm’CSFd)] 

PRGnc (“w/kg) = HQ/[(l”g/RfDo) + (DemRfDd)] 

Ing = IR’ED’EF’CFIAT” or ATndBW 
De”,, = SA’ED’EF’AF*ABS’CF/ATc or ATnCBW 

ICR = apportioned tam* incremental cancer risk, unless 
HO = target hazard quotient, umfless 

PRGc = carcinogenic contaminant concentration in surface sc11. mglkg 
PRGnc = “oncarcinogenic contaminant concentratio” in surface sc1, mglkg 
ATc = averaging time for carcinogen, days 
ATnc = averaging time for “oncarchcge”. days 
CF = ~““erslc” facto,. kghg 

CSFo = OR, cancer slope fsctor. (mglkg-day)-1 
CSFd = dermally adjusted cancer slope factor. (mg/kgday)-1 
RR)” = oral referenu, dose. mglkg-day 
RR)d = darmally adjusted reference dose, mgikgday 
ED = exposure duraton, yean 
EF = exposure frequency, days/year 
IR = ingestion rate, mglday 
FI = Frad~on Ingested. unifless 
BW = body weight, kg 
SA = ski” surface are.3 available forcontact, cm2 
AF = soil tc ski” adherence factcr. mghm2 
ASS = Absorption Factor, u”Bess 

lfAFa.s 
lE-06 

1.0 
calculated 
calculaled 

25550 
365 

0.000001 
CS (chemical specific value) 

cs 
CS 
cs 

1 
250 
480 

70 
4300 

0.24 
CS 

Note: inputs are scenario and s”e specific 

Note: lnomanics that a~ italicized indicate detection of ate cc”ce”fliltio”s that are witfun, or less tha” ccnespcndlog Sfatic” background ccncentrallons 

10125199, 4-PRGs.xls. SBCW 



FUTURE ON-SITE ADULT RESIDENT 
SURFACE WATER EXPOSURE ASSESSMENT- PRELlMlNARY REMEDIATION GOALS (PRGs) 
COMBINING INGESTlON AND DERMAL ROUTES OF EXPOSURE 
SITE 4. 21. AND 22 
NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN. “IRGlNlA 

PRGs from ingestion and derma, contact with groundwater are calculated as follows: 

PRGc (mgli) = ,CRi([,“g l Derm][cSF]) 
PRGnc (mg,L, = HQ’RfD,(,ng + Den, 

Ing = IR’EF’ED,(ATc or AT”c^BW) 
Dam = SA’EF*ET”PC’ED%F/(ATc or ATnC*BW) 

ICR = incremental cancer risk (untiess) 
HQ = hazard quotient (untless) 
PRGc = carclncgen~c oxdaminant ~“central~on I” water @g/L) 
PRGnc = “oncarcincgen~c contaminant ccncenfraticn in water (ug/L) 
ATc = averaging time for carcinogen (days) 
ATnc = averaging time for noncarcinogen (days) 
CF = ccnvenio” factor (0.001 UCmS) 
CSF = cancer slope factor (w/kg-day,., 
RfD = reference dose (mglkg-day, 
EF = exposure frequency (days/year) 
IR = water ingestion rate (Vhour) 
SA = skin surface area available for contact fcm2) 
ED = e~pos.uce dwation (years) 
SW = body weight (kg) 

1 OOE-06 

ca,c”lated 

calculated 

25550 
8760 
0.001 

specific 
SpecIRc 

40 
0.06 
5300 

24 
70 

26 
speclflc 

ET = exposure t,me (hounlday) 
PC = pemleabilay C”“?&“f (cmhr, 

Note’ Inputs are sCenari0 and 588 specific 

C”“t**l”~“t 

Inorganicr: 
Total Antimony 
Total Arsenic 

ICR HQ PHilE*blllt~ Slope Oermally Ad, Reference - Dermaliy Adj l”Qfs.li”” Lmmai lngesll”” Dermal PRG PRG 

Constant Facto‘ Slope Faclw DOS Ref. Dose DOS DCX DC% DOS cart N”“CXC 

(CmnV) (mgikg-dsy)-I jl?j,kg-day)-, (mQ,kg-day, (mQ,kg-day) Cam c*rc NcnCalC Ncncarc (mgiL, (rnQlL, 

. . 1 OOE+OO 3 OOE-03 . . . 4.00E-04 6 OOE-05 2 68E-05 2 22E-05 7 8505 6.47E.05 1 

1 OOE-06 1 OOE+oo 3.00E-03 1.5 ,.%E+OO %OOE-04 2 85E-04 2 68E-05 2 22E-05 7.8JE-05 6 47E-05 0013 2 

10125,Qg. 4-PRGa ~1s. SWARES 
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FUTURE ON-SITE CHILD RESlDENT 

SURFACE WATER EXPOSURE ASSESSMENT- PRELIMINARY REMEDIATION GOALS (PRGs) 
COMBINING INGESTION AND DERMAL ROUTES OF EXPOSURE 
SITE 4, 21. AND 22 
NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

PRGc @g/L) = ICfu((lng + Derm][CSFI) 
PRGnc (w/L) = HQ’RfDl(lng + Derm) 

Ing = IR’EF’ED,(ATc or ATncWvV, 

Dem, = SA’EF’ET’PC*ED’CFI(ATc 0, ATnCBW) 

WWW 

ICR = incremental cancer lisk (witless) 
HQ = hazard quolient (uniUers) 
PRGc = carcinogenic contaminant concentration in water (“g/L) 
PRGnc : noncarcinogenic contaminant concentredon in water (ugit.) 
ATc = averaging time for carcinogen (days) 
ATnc = averaging time for noncarcinogen (days) 
CF = conversion fador (O.OOl IJcmS) 

CSF = cancer slope factor (mglkgday)-I 
RID = reference dose (mgikg-day) 
EF = exposure frequency (days/yea,) 
IR = wafer ingestion rate (Vhour) 
SA q skin surface area weilable for contact (cm*) 
ED = exposure duration (years) 
SW = body weight (kQ) 
ET = exporure time (hours/day) 
PC = pe”“eab~lNy wnrtant (c”,Jhr, 

-. 
i 

INPUTS 

10,25,99. QPRGS.xls, SWCRES 



FUTURE RESlDENT,AL ADULT 
SEDIMENT EXPOSURE ASSESSMENT-PRELIMINARY REMEDlATlON GOALS (PRGs) 

COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
SITE 4. 21, AND 22 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN. VlRGlNlA 

PRGs from accidental ingesfian and dermal contact with soil are calculated as hollows: 

PRGc (mgikg) = ICRl[(lng ‘CSFo)+ (DemvCsFd)] 

PRGnc (“?QlkQs) = HQi[(lngiRfDo) + (Derm/R,Dd)] 

Ing = IR’EO’EF’CFIATc or ATnc-SW 
Derm = SA’ED’EF’AF’ABS’CFIATc or ATnaSW 

ICR = appoltloned target incremental cancer risk, unnless 
HP = target hazard quobent. “mtless 
PRGc = carcinogenic conlaminant concentration in surface soil, mgikg 

PRGnc = noncarcinogenic contaminant wncentration in suflaace soil, mg/kQ 
ATc = averaging time for carcinogen. days 
AT”= = WWQi”Q ,i”E ,O‘ "O"WCi"‘,QW,, days 
CF = cO”“.%%,n fador. kQ,mQ 
CSFO = Oral Cancer slope factor. (,“Q,kQ.day)-, 
CSFd = dermally adlusted cancer slope faclor. (mglkg-day)-, 
Redo = oral relerence dose, mQ/kg-day 
RM = dermaliy adjusted reference d&e. mg,kQ.day 
ED = exposure d”rat,o”, years 
EF = exposure frequency. dayslyear 
IR = ingeslion rate. @day 
SW = body weight, kg 
SA = skin surface area available for contact. cm2 
AF = so11 to sk,n adherence factor, mglcm2 
ASS = Absorption Factor. “rulless 

A”h”lO”y 
Arsenic 
Cadmium 
c*,Ll*ium 
h” 
Manganese 
Thai,,““, 
Vanadium 

. 

. . 

. . 

,.50E+OO 
. 

. . 

40 
too 
70 

5300 
6.7 
CS 

Rsfemnce 
Dose 

(mgikg-day) 

1 OoE+OO 
4 OOE-04 
3 OOE-04 
,.OOE-02 

3 OOE-03 
3 OOE-01 
2 30E-02 
,.OOE-05 
,.OOE-03 

Deimally Ad, 
Slope Factor 

(mQ,kg-day)., 

. 

,s*E+oo 

. 

2 OOE-01 
&OOE-05 
2 8x504 
2 5OE-04 
3 OOE-03 
S.OOE-02 
1.15~~03 
1 40E-05 
1 40E-03 

5.37E-oa 
5.37E-08 
5 31E-08 
5 37E-08 
5378.08 
5.37b08 
5 37E-08 
5 37E-08 
5.3x08 

340.575 
136 
148 
447 

4,211 
102.173 

2.040 
24 

2.384 

10125189. 4-PRGs XIS, SedARES 



FUTURE RESIDENTIAL CHILD 
SEDIMENT EXPOSURE ASSESSMENT.PRELIMINARY REMEDIATION GOALS (PRGs) 
COMBINED INGESTION AND DERMAL ROUTES OF EXPOSURE 
SITE 4.21, AND 22 
NAVAL WEAPONS STATION YORKTOWN 

YORKTOWN, VIRGINIA 

PRGs from accidental ingestion and dermal COntact with soll are calculated as follows’ 

PRGc (mg/kg) = ICRJ(lng ‘CSFo)t (Derm’CSFd)] 
PRGnc (“IQlkQg) = HQl[(lng/RfDo, + (Oerr,!IRfDd,] 

hg = IR’ED’EF’CF/ATC Or ATW’BW 

Derm = SA’ED’EF’AF’ASS’CFIc or ATndSW 

PRGnc = noncarcinogenic contaminant concentration in sulfate $1. mg/kQ 
ATc = averaging time for carcinogen. days 
ATnc = averaging time for noncarcinogen, days 
CF = conversion factor. kg/mg 
CSFo = oral cancer slope factor. (mg,kQday)-1 
CSFd = dermally adjusted cancer slope factor. fm(llka-dayI.1 

Redo = oral refer&e dose. mglkg-day - 
_ 

iS 

25550 
2190 

0.000001 

cs 
CS 

RfI!d = dem?ally adjusted reference dose. mg/kg-day cs 
ED = exposure duration. years 6 
EF = exposure lreguency. daysfyear 40 

IR = ingestlon rate. mQ/day 200 
SW = body weight. kg 15 
SA = skin surf&e a&a wallable for contact. cm2 2006 
AF = soil 10 skin adherence factor. mgbm2 67 
ASS = Absorption Factor, unilless 

Note Inputs are scenario and site specific 

CS 

Aluminum . . 1.0 0.010 . ,.00E+00 

Antimony . . 1.0 0010 . . 4 OOE-04 

Arsenic 1 .OE.06 1.0 0.032 1soE+oo J.OOE-04 1 58Etoo 
Cadmium . . 1.0 0.010 1 .OOE.OZ 

Clmmium 1.0 0010 . . 3.00E.03 

,rOn . . 1.0 0010 . 3 00501 

M*“Qa”ese . . 1.0 0.010 2.30%02 . . 

Thallium . . 1.0 0.010 ,.OOE-05 
Vanad,““, . . IO 0.010 7.00E.03 I 

Derm Ad) lnQeStl0" 
Ref Dose oose 

(“,Q,ka-day) CB‘C 

2 OOE.01 1.258-07 
8 OOE-05 1.25E-07 
2.85B04 1 25E-07 
2 50E-04 1 25G07 
3.00E-03 1.25E-07 
B.OOE-02 I 25E-07 
1 15E-03 1 25E.07 
1 40E-05 1 25E-07 
1 40E-03 1 25E-07 

GGi---- 
35e 
src 

8 42&08 
8.42E-08 
2.69E.07 
8.42608 
8 42E-08 
8 42.6.08 
8.42E-08 

8.42E-08 
8.428-08 

I” 
D 
N 

t 

1.46E.06 

1 46E-06 
1.46E.06 
I.46506 
,.46E-OS 
1.46B06 
1 4%06 
1 46606 
1 46G06 

0 
D 
N 

I 
9.82E-07 . . 

9.82E.07 . . 

3.14E.OS 2 
9.82E.07 
$.82E-07 . . 

9.82E-07 . 

9 SZE-07 . . 

9.82E.07 . . 

9.828.07 

156,965 
63 
63 

245 
1,228 

47.089 
1.090 

11 
1.099 

10125199, d_PRGs x15. SedCRES 



FUTURE ON-SITE ADULT RESIDENT 

FUTURE BENEFICIAL USE SCENARIO 
GROUNDWATER EXPOSURE ASSESSMENT. PRELIMINARY REMEDlATlON GOALS (PRGs, 
COMBINING INGESTION AND DERMAL ROUTES OF EXPOSURE 
SITE 4 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VIRGINIA 

PRGs from ingestion and dermal contact with groundwater are calculated as follows 

PRGc (mg/L) = ICW([l”g + Derm][C.SFI) 
PRGnc (mg/L) = HO’RDl(l”g 1 Derm) 

Ing = IR’EF’ED/(ATc or ATnc’BW) 
De”,, = SA’EF’ET’PC’ED’CF,(ATc orAT”c’SM 

WhW3 

ICR = i”crementa, cancer “Sk (““niess) 

HO = hazad quotient (unitlass) 
PRGC = carcinogentc contaminant concentrat~o” in water (“g/L) 
PRGnc = “oncarcinogenic contaminant concentration in water (“g/L) 
ATC = averagmg time for carcinogen (days) 
ATnc = averaging time for “o”carci”oge” (days) 
CF = convel3lw fador (0.001 Ucm3) 
CSF = cancer slope factor @g/kg-day)-1 
RfD = reference dose (mglkg-day) 
EF = sx~Os”re frequency (days/yea0 
IR = water i”Qestlo” rate (L/hour) 
SA = ski” sur&face area available for contact (cm*) 
ED = ex!@sure duMon (years) 
SW = body weight (kQ) 
ET = exposure time (hours/day) 
PC = pemleabllny constant (Gmihr, 

?T----- 2 

- 

Pesticides: 
Heptachlor 
Niframines: 
Ami”o-Dt”i1mto1ue”es 
RDX 
2.4/Z,6-Dlnnrotolue”e 
Inorganics: 
D,ssolved Ane”,c 
Dissolved lm” 
Dissolved Manganese 
Dissolved N!ckel 

2.5QE-07 
Z.SDE-07 

2.50~.07 

. . 

2 SOE-07 

Z.SOE-07 
. 

. . 
. 

1 OOE+OO 

1 .ooE+oo 
1.0oE+oo 

1.00E+oo 
1 OOE+OO 
tOOE+OO 
1.00E+oo 

Pemleability 
COnStant 
(cnvhr) 

,.OOE-02 
2.30E-01 

1 1 OE-OZ 

8.40G04 
6.40B04 
3.8OE-03 

3 OOE-03 
3.00E.03 
3.00E-03 
3.00E-03 

1 IWO2 

5.00E-04 

. . 

6 80501 

15 

(mgikg-day)-, 

. . 

1.38E.02 

7 14E-04 

. . 

1 05E+Oo 

1 58Et00 

. 

ENPUTS 

2SOE-07 
1 

calculated 
calculated 

25550 
10950 
0 001 

specific 
specific 

40 
0.05 
5300 

30 
70 
1 

specific 

Reference 

Dose 
(“wikg-day) 

9.00E.03 
6.00E-03 

4 50E+oo 

6.00E-05 

3.OOE-03 

3 OOE.04 
3 OOE-01 
2 30E-02 
ZOOE-02 

Dermally Ad, 
Rd Dose 

(mgikg-da* 

S.QOE-03 
4 80E-03 

3.15E+OO 

3.OOE-05 
3 OOE-03 

2 85E-04 3 35505 
6.00E-02 3 35E-05 
1 15E-03 3 35~.05 

8 60E-04 3 35E-05 

3 35E-05 3 56E-05 
3 SE-05 8.18E-04 

X356-05 3 91E-05 

3.35E.05 
3 35E-05 
3 35E-05 

2 99E-06 
2.99~.06 
1 3505 

1 07s05 
1 0x05 
1.07E-05 
1 07E-05 

7.83E.05 
7 63P05 

7 83E-05 

7 83E-05 
7 83E.05 
7 83E-05 

7.83E-05 
7 83E-05 
7 83E-05 
7 83E-05 

WOE-05 
1.91E.03 

9 1x-05 

6.97E-06 
6.97E.05 
3.15E-05 

2.49E-05 
2 49E-05 
2 49E-05 
2.44E.05 

TF--- 
arc 
4/L) 

. . 

0 02 

5 59 

0 01 

0 004 

. . 

. . 

iG 
I”carc 

w/L) 

55.81 
2 44 

21565.51 

065 
35.19 

. . 

2.87 
,479 73 

39.92 
30.43 
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FUTURE ONSITE CHILD RESlDENT 
FUTURE BENEFICIAL USE SCENAR,‘, 

GROUNDWATER EXPOSURE ASSESSMENT- PRELIMINARY REMEDIATION GOALS (PRGs) 
COMBINING INGESTION AND DERMAL ROUTES OF EXPOSURE 
SITE 4 

NAVAL WEAPONS STATION YORKTOWN 
YORKTOWN, VlRGlNlA 

PRGc (“x,/L) = ICW((l”g + Den][CSF]) 
PRGnc (mg,L) = HC!‘RfDl(lng + Den) 

Ing = IR’EF’ED,(ATc orAT”c’SW) 

Dam = SA’EF’ET’PC’ED’CFI(ATc or ATnc’BW) 

Where: 

ICR = tncremenlal cancer “sk (““itess) 
HO = hazard quotient (witless) 
PRGc = carcinogenic wntam~nant conwntrabo” in water (“g/L) 
PRGnc = noncarcinogenic contaminant concentration in water (ug,L) 
ATc = averaging time for carcinogen (days) 
ATnc = avsragrg tome for noncarcinogen (days) 
CF = co”veRion factor (0.001 Vcm3) 
CSF = cancer slope fador (mg/kp-day)., 
RfD = reference dose (mglkgday) 
EF = exposure frequency (days/year) 
IR = water ingestion rate (t/hour) 
SA = ski” surface area available for contact (~“2) 
ED a exposure duration (yean) 
SW = body weylht (kg) 
ET = exposure time (hounlday) 
PC = pemleabilily ~o”sta”t (cr,,,h,, 

1.2~D,chloroethene (total) 
Tnchloroethene 

Amine-Dimtrotoluenes 

2.412.6.Dm,lrololuene 

Dissolved Arsenic 

DISsWed Manganese 

7 

2.50G07 
2 50E-07 

2.50E.07 

.? 50E-07 
. . 

. . 

. . 

l.gOE+gO 

1 OOE+OO 
1 .OOE+OO 
,.00E+00 

l.OOE+OO 
1.00E+00 
l.OOE+OO 
l.OOE+OO 

Permeabilay 
CO”*ta”t 
(c”x!hr) 

1 BOE-02 
2.3OE-01 

8.40E.04 
8.40E.04 
3.SOE.03 

3.00E.03 
3.00E-03 
3.00E-03 
3.00E.03 

l.lOE-02 

Dermally Adj. 
Slope Factor 

(mglkg-day)-, 

1 BE-02 

7 14E-04 

. . 

. 

1 OSE+OO 

1 58Etoo 

. . 
. 

INPUTS 

2SOE.07 
1 

calculated 
CdC”l&+d 

25550 
2190 
0.001 

specific 
specific 

40 
0.05 
2006 

6 
15 
1 

5pecific 

9.00E-03 
6.00E-03 

4.50EtOO 

SOOE-05 
3.00E-03 

3 OOE.04 
3.00E-01 
2.30E-02 
.z.OOE-02 

Dermally Ad, 
Re, Dose 

(mglkpday) 

9 OOE-03 
4 80E-03 

3 15E+OO 

3.00E-05 
3 OOE-03 

3.13P05 

3.13605 
3 13E-05 
3 13E-05 

3.138-05 
3.13E.05 
3 13E-05 
3 13605 

1 06E-06 
1 06E-06 
4 77E-06 

3.65E.04 
3 GE.04 

3 WJE-04 
3.65E.04 
3.85E-04 
3 65504 

1 23B05 
1.23E.05 
5.57E.05 

4 40605 

4 40E-05 
4.401-05 
4.40E.05 

10/25198. 4-PROS XIS. GWCRES 



ECOLOGICAL MODELS 



ESTIMATED WILDLIFE NOAELs 
WPNSTA Yorktown 
Ref: ORNL.1996 

CONTAMINANT GREAT BLUE AMERICAN RED-TAILED AMERICAN MARSH* RED SHORT-TAILED MEADOW DEER* 
HERON &‘OODCOCK @Q& g@jQj yfg%!j EQX SHREW yQ!& MOUSE 

Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 

Chromium 
Copper 

Lead 
Manganese 

Mercury 
Nickel 

Selenium 
Thallium 

Vanadium 
Zinc 

110 110 
NA NA 
5.1 5.1 

20.8 20.8 

NA NA 
1.45 1.45 

47 47 

1.1 1.1 

997 997 
0.45 0.45 

77 77 

0.5 0.5 

NA NA 

11.4 11.4 
14.5 14.5 

110 
NA 

5.1 
20.8 

NA 

1.45 
1 

47 

3.85 

997 
0.45 

77 
0.5 
NA 

11.4 
14.5 

110 110 
NA NA 

5.1 5.1 
20.8 20.8 
NA NA 

1.45 1.45 

47 47 
1.1 1.1 
997 997 
0.45 0.45 
77 77 

0.5 0.5 
NA NA 

11.4 11.4 
14.5 14.5 

0.55 2.3 1.75 2.1 
0.04 0.15 0.11 0.14 
0.04 0.15 0.11 0.14 
2.8 11.8 9 10.8 

0.35 1.45 1.1 1.3 
0.5 2.12 1.6 1.9 
1.7 7.2 5.5 6.55 
8 33 25.5 30 

4.2 17.5 13 16 
46 190 148 176 
3.7 15.7 12 14.3 
21 87 67 80 

0.11 0.44 0.34 0.4 
0.004 0.016 0.013 0.015 

0.1 043 0.33 0.39 
85 350 269 320 

* - These species are not addressed in ORNL 
NA - Not Available 



PRELIMINARY GOALS FOR ECOLOGICAL RECEPTORS 

INPUTS 
Body Weight (Kg) 
Food IR (Kg/d) 
Soil/Sed IR (Kg/d) 
HI 

SOIL GOAL (mg/Kg) HERON WOODCOCK 

Aluminum 554.4 90.7 
Antimony NA NA 
Arsenic 25.7 4.2 
Barium 104.8 17.1 

Beryllium NA NA 
Cadmium 7.3 1.2 

Chromium 5.0 0.8 
Copper 236.9 38.7 

Lead 5.5 0.9 
Manganese 5024.9 821.9 

Mercury 2.3 0.4 
Nickel 388.1 63.5 

Selenium 2.5 0.4 
Thallium NA NA 

Vanadium 57.5 9.4 
Zinc 73.1 12.0 

2.268 0.169 0.169 0.081 
0.41 0.13 0.11 0.098 
0.04 0.075 0.003 0.029 

1 1 1 1 

HAWK m 

164.5 70.2 
NA NA 
7.6 3.3 

31.1 13.3 
NA 
2.2 ,' .‘1. :;; ;- 
1.5, :.-:,; 0:6 

70.3 30.b 
5.8 ":,I .I$, 

1491.1 635.9 
0.7 ;I, 0.3 

115.2 49.1 
07 0.32 
NA NA 

17.0 7.3 
21.7 9.2 

0.0161 5 0.017 0.033 0.019 

0.0036 0.32 0.009 0.011 3.80E-03 ' 

0.0009 0.01 9.70E-04 2.60E-04 7.60E-03 

393.6 8.3 3.9 
NA 0.6 0.3 

18.2 0.6 0.3 

74.4 42.4 20.1 
NA 5.3 2.5 
5.2 7.6 3.6 
3.6 25.8 12.3 

168.2 121.2 56.3 

3.9 63.6 29.8 

3567.0 697.0 324.0 

1.6 56.1 26.8 
275.5 318.2 148.3 

1.8 1.7 0.8 
NA 0.1 0.027 

40.8 1.5 0.7 

51.9 1287.9 596.8 

EQX SHREW 

5.4 4.4 

11.7 9.5 
65.5 53.3 

0.33 --c . ..". -, .Q,27 
0.0127 0." 0,. 

0.32 0.26 
262.8 213.3 
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--. 
Phone Call Report 

Project/Location: Sites 4, 21 and 22 S.O. No.: 62470 

WPNSTA, Yorktown, VA Date: l/27/00 

Contract No.: 149 

To: Julie Chard 

Repres.: Phvtokinetics, Inc. 

Phone No.: (435) 752-0644 

From: 

Repres.: 

Phone No.: 

Nina Coleman 

Baker Environmental, Inc. 

(412) 269-6124 

Subject: phytoremediation 

Phytokinetics is a phytoremediation company that was established in 1994. Phytokinetics specializes in organics 

in soil and groundwater. They also have alliances with other remediation companies that allow them to expand 

their services to include inorganics in soil and water as well. After the information was faxed to Ms. Chard 

concerning the site contaminants she suggested a company that specializes in metals they collaborate with, this 
- fl 

.3mpany is Edenspace Systems. 

.Prepared by: Nina Coleman Title: Environmental Scientist Page: 1 of 1 
- - 

CUean II\CTO 349\Cost Estimates\Vendors\PhoneReport\Phytokinetics.wpd 



PhytoKinetics’ Home Page and an introduction to Phytoremediation 

Truly Innovative! 
Cost-effective Cleanup of 
Hazardous Contaminants 

Phytoremediation is the unique 
process of using specific plants 
and planting techniques to 
remed- iate contaminated soils 
and groundwater. The innovative 
tech- nology treats both organic 
chemical contaminants and 
inorganics, in- eluding heavy 
metals. Federal and state 
agencies responsible for 
overseeing the cleanup of 
contami- nated sites recognize 
the benefits inherent within the 
technology. We are proud to 
have played a major role in 
advancing both the technol- ogy 
and its approval within the 
scientific community. 

1770 N. Research Park Way, Suite 110 
North Logan, Utah 84341 

(435) 750-0985 or (435) 752-0644 
Fax: (435) 750-6296 

e-mail:ayiferr_o_@_p~~~kinetics,com 
Best Viewed with your “screen resolution” set at 600 X 800, and variable font width=1 1 

“On MS Internet Explorer, set text or font on smaller” 
We recommend installing the Internet browser cited below. 

http://www.phytokinetics.com/homepg.htm 

Page 1 of 1 
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Phytokinetics, Inc. - About the company and phytoremediation technology 

Phytokinetics, Inc. is a rapidly emerging company that’s become a leader in the 
commercialization of phytoremediafion -- a new cost-effective method for environmental 
remediation. Established in 1994, Phytokinetics was one of the first companies to recognize 
the potential of plants to achieve the removal of contaminants in soil and groundwater. 
Located in beautiful Cache Valley of northern Utah, our dedicated staff works in conjunction 

with faculty experts at neighboring Utah State University. Our close association with academic 
professionals in plant physiology, groundwater modeling, fate and transport of organics and 
agronomy has been an invaluable asset in keeping us on the cutting edge. Phytokinetics has 
recently established alliances with other remediation companies that allow us to expand our 
range of services to include inorganics in soil and water. The Company’s mission is to provide 
clients with a cost-effective cleanup technology. 

Early in the Company’s history, contracts consisted of small-scale field projects allied with 
laboratory and greenhouse investrgations which were important in advancing the technology. 
Today, Phytokinetics procures contracts from major companies and sites throughout the 
United States, and is highly regarded in the environmental community. Over the past five 
years, Phytokinetics has worked with many distinguished companies and agencies, including 
Chevron and Exxon Oil, Woodward Clyde International Americas, and the U.S. EPA. Federal 
and state agencies responsible for overseeing the cleanup of contaminated sites see the 
inherent benefits of phytoremediation, and Phytokinetics has been instrumental in advancing 
this view. jRe;~r! P~~hlished Jo~~rnals and Papers Relating to Phv~oremediatiot?) 

Ari M. Ferro Ph.D. (President) 
Telephone: 435-750-0985 
Fax: 435-750-6296 
e-mail:ariferrp@p.hytokinetics.com 

Julie Chard (Project Manager) 
Telephone: 435-752-0644 
Fax: 435-750-6296 
e-mail:johard_@phy_tpkinetics.com 

Jean Kennedy (Vice President) 
Telephone: 435-755-0891 
Fax: 435-750-6296 
e-mail:jkennedy@phytqkine~cs.com 

Marlon U. Stones (Business Development) 
Telephone: 801-486-5478 or 435-750-0985 
e-mail:tricom@wasatch.com 

Brandon Chard (Project Supervisor ) 
Telephone: 435-752-0644 
Fax: 435-750-6296 
e-mail:b~~~.d.@p_l7_yytokjnetics.corn 

Offices......Mailing Addresses 

Administrative Offices 
Phytokinetics, Inc. 

Greenhouse /Laboratory 
Phytokinetics, Inc. 

1770 N. Research Park Way, Suite 110 USU Research Greenhouse 
North Logan, UT 84341 1410 N. 800 E. Logan, UT 84322 

Downloaci!f’Gtg 

Attention: Publications are formatted in Adobe (pdf). If you do not have Adobe’s 
Acrobat Reader, you will need to download the program from their Web Site. It’s Free! 
Simply click on the words Download Site and follow the instructions for installing Acrobat 
Reader 4.0 onto your hard drive. Then, return to this page and download the desired 
publications, 

IPage 1 of 2 
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Phytokinetics, Inc. - About the company and phytoremediation technology 

Selected Publications.....(pdf) format 

Ferro, A.M., Steven A. Rock, J. Kennedy, James J. Herrick, David L. Turner, - 1999. 
Ph.yttremediatjonfor SoiIs.~ontaminateSl.with Wood Preservatives: Greenm-use and Field 
Evaluations Vol. 1, No. 3 pp. 289-306, lnfernafional Journal of fhytoremediaf~~-(in~~~ ~~ 
publication) 

Ferro, A.M., J. Kennedy, R. Kjelgren, J. Rieder, and S. Perrin - 1999. Phytotoxicityof 
VolatikeCrganic Cornpo_un_d_sjn~Po~~ar Trees. Vol. 1, No. 1, pp. 9-17, lnfernational Journal 
of PhytoremediafiK 

.~~._. 

Ferro, A.M., J.P. Rieder, J. Kennedy, R. Kjelgren - 1997. Phytoremediat[q&gf 
.. pundwater UsingPop!ar.Tr.ees_ P. 201-212. In: CA. Thibeauit and L.M. Savage (eds.) 
Phyti?e~tie&rion~ Internat. Bus. Commun., Inc., Southborough, M.A. 

Ferro, A.M., J. Kennedy, W. Doucette, S. Nelson, G. Jauregui, B. McFarland, B. Bugbee 
- 1997. Fate of Benzene in Soils Planted with Alfajfa P. 223-237. In: ~.~~ ~~. E. L. Kruger, T.A. _- ~~~ 
Anderson, and J.R. Coats (eds.) ~h~%%%-%?&on of Soil and Water Contaminants. ACS 
Symp. Ser. 664. Am. Chem. Sot.: Washington, D.C. 

Ferro, A.M., R.C. Sims, and B. Bugbee - 1994. Hyp?$t Crested Wt-@g[as_s Accelerates 
the Degradation of Pentachlorophenol~in Soi1.J. Environ. Qua/. 23:272-279. 

http://www.phytokinetics.com/phyto.htm 

Page 2 of 2 
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Company’s Qualifications - A leader in Phytoremediation Page 1 of 2 

i 
SW 
Frames 

General Background - Phytokinetics, Inc. is a leader 
in the phytoremediation of organic chemical 
contaminants in groundwater and within soils. We were 
among the first to commercialize the technology. A 
principle activity of our firm centers on groundwater 
phytoremediation, using deep-rooted, water-loving 
trees to create hydraulic barriers against the movement 
of contaminant plumes. Another main focus is surface 
soil phyforemediation , which involves selecting plant 
species (such as specific grasses) that are appropriate 
for the site, tolerant of the contaminants, and that have a 
successful record as Dhvtoremediation tools. 

One of Phytokinetics’ strengths is the ability to carry 
out site-specific treatability studies to determine the rate 
and the extent of contaminant removal. The studies are 
performed in growth chambers or in greenhouses. Still, 
at other times, we carry out studies in the field, on a 
small-scale basis. The best plants, planting techniques, 
and soil amendments are determined. Assessments are 
made of plant tolerance to contaminants and plant uptake 
of toxic compounds which could potentially create a 
ecotoxicological problem. We also offer consulting 
services, in which site data are evaluated and 
phytoremediation systems are designed to achieve 
specific goals. 

Table I 

http://www.phytokinetics.com/qualif.htm 

See; Table I- SelectedProjects 

q We have experience with BTEX, 
PCP, TNT, TPHs, chlorinated 
aliphatics (e.g., TCE), insecticides 
(e.g., DDT) and plumes of nitrate- 
contaminated ground water. Recent 
projects have involved highly saline 
environments. 

1 Phytokinetics has carried out 
projects in California, Colorado, 
Connecticut,. Massachusetts, 
Michigan, Missouri, New Jersey! 
Oregon, Texas, Utah and Washlngton. 
We have used a variety of plant 

species including poplar hybrids, 
eucalyptus, salt cedar, many grass 
species, including wetland types, and 
alfalfa. 

Our clients have included the U.S. 
A (SITE Program and an SBIR 

award), Chevron, Exxon, responsible 
parties at Superfund sites and major 
engineering firms. 

Phytokinetics has analytical 
capabilities (HPLCYGC 
instrumentation) for a variety of 
contaminants and meets the EPA’s 
QAlQC guidelines. 

2/l woo 



Company’s Qualifications - A leader in Phytoremediation Page 2 of 2 

SitelProJect Dates ContammantslObJectlves 
Solvents Hecovery Systems of New 
England Superfund Site, 

,998 to One thousand poplars and wrflows installed as a brologrcai “pump and treat” 
system to supplement the existing water treatment facrlrty. Contamrnants: 

Southington, Connecticut present chlorinated volatile organics 
Rofors-Nobel Suoerfund Me. 1999 to Thirteen thousand trees will be planted on the 15 acre sfte to help remove 

s Inc. at an oil 

I I -- 
t tvaluatron of deep rooted poplar trees to hydraulrcally control the IIJlgratlOn Ot 

ashington and Colorado 1999O PH-contaminated groundwater. 

PHYTOkitietics, Inc. 
1770 N. Research Park Way, Suite 110 

North Logan, Utah 84341 
(435) 750-0985 or (435) 752-0644 

Fax: (435) 750-6296 
e-mail:~rjfer~@phy_tokinetics.co.m 

http://www.phytokinetics.com/qualif.htm 2/l s/o0 



Phytoremediaion Greenhouse Studies 

The potential toxicity of volatile organic compounds 
(including chlorinated solvents) was evaluated in poplar 
trees established in 50 gal. Barrels. Phytotoxicity was 
assessed by measuring rates of gas exchange. 

The efficacy of phytoremediation was evaluated for 
PCP / PAH-contaminated soils from a Supetfund Site in 
Oregon. Treatments included planted / unplanted soil rt 
nutrient amendments. 
Study to evaluate the tolerance of various trees in an 
extremely saline groundwater coniiition, Texas I@ 
City. Texas site. 

1 Using a novel aerobic/ 
anaerobic treatment protocol, 
phytoremediation was evaluated for 
soil contaminated with chlorinated 
insecticides (including DDT). 

Phytoremediation was 
evaluated for TNT-contaminated 
soil comparing four species of 
grass. TNT phytotoxicity was also 
evaluated. 

Page 1 of 1 
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?rojectlLocation: Sites 4, 21 and 22 S.O. No.: 62470 

WPNSTA, Yorktown, VA Date: l/28/00 

Contract No.: 349 

To: Mr. Jim Deshon 

Repres.: Edenspace Systems 

Phone No.: (703) 390-l 100 

From: 

Repres.: 

Phone No.: 

Nina Coleman 

Baker Environmental, Inc. 

(412) 269-6124 

Subject: phytoremediation 

After Ms. Julie Chard from Phytokinetics faxed the information to their collaborator Edenspace Systems Mr. Jim 

Deshon had some questions concerning the site. He mentioned that the soil remediation could be in-situ or ex-situ. 

He recommends ex-situ phytoremediation. If the soil was excavated it could be placed in three different treatment 

cells on site. He also mentioned that the final goals for remediation were a little lower than he had normally seen 

,q*‘--“;n the past. The lowest threshold of lead that plants are able to extract is 200 to 250ppm. The final goals specify 

200 ppm. Mr. Deshon also mentioned that he has never heard of aluminum as being a concern to remediate since 

it occurs naturally in soils. I suggested to simply mention this in the cost estimate when he sends it. The price 

estimate will assume that the project will be ex-situ and that Baker will hire excavation. 

Price estimate received Z/01/00 as follows: 

Nina: The per cubic yard ex situ treatment of the two mixed waste sites #4 

& #21 range from $150-200 and the metals-only site # 22 cost range is 

$80-120. Edenspace assumes Baker will arrange for the soils to be properly 

characterized, excavated and placed on an impermeable surface and that site 

access, irrigation-quality water and power are readily available. Of course, 

we can provide a more detailed scope of services and cost estimate as the 

project moves forward and we can look at cost savings via delivery of service 

options. We look forward to hearing back from you on this and other Navy 

Clean initiatives. Thank you for the opportunity. I am traveling through 

Wednesday and can be reached on my cellular 703-608-3204. Be well, Jim 

Prepared by: Nina Coleman Title: Environmental Scientist 

bee: 

C:\Clean IlKTO 349\Cost Estimates\Vendors\PhoneReport\Edenspace.wpd 

Page: 1 of 1 
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02/l l/00: 

Follow-up with a few questions for Mr. Deshon. The cost estimate does not include the installation or construction 

of the 3 cells. The harvest time for the metals is required every six weeks. The organics require a grass that will 

grow throughout the course and may only need harvested one time, or not at all. The price does include the disposal 

of harvested material. The approximate length of treatment are two to three growing seasons. Growing seasons are 

typically April to October. The estimated size of one of the ex-situ treatment cells are eighteen inches deep and 

nineteen hundred square feet. Mr. Deshon also explained that the company would come back for further treatment 

to plant if necessary. 

Prepared by: Nina Coleman Title: Environmental Scientist 

bee: 

C:\Clean Il\CTO 349\Cost Estimates\Vendors\PhoneReport\Edenspace.wpd 

Page: 1 of 1 
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From: cDeChantJ@aol.com> 
To: 
Date: 
Subject: 

<ncoleman@mbakercorp.com> 
2/l/00 12:llPM 
Yorktown pricing 

Nina: The per cubic yard ex situ treatment of the two mixed waste sites #4 
& #21 range from $150-200 and the metals-only site # 22 cost range is 
$80-120. Edenspace assumes Baker will arrange for the soils to be properly 
characterized, excavated and placed on an impermeable surface and that site 
access, irrigation-quality water and power are readily available. Of course, 
we can provide a more detailed scope of services and cost estimate as the 
project moves forward and we can look at cost savings via delivery of service 
options. We look forward to hearing back from you on this and other Navy 
Clean initiatives. Thank you for the opportunity. I am traveling through 
Wednesday and can be reached on my cellular 703-608-3204. Be well, Jim 

cc: <Edenspacefrost@aol.com>, <MargaretKasim@aol.com> 



rage I or L 

Edenspace Systems 
Corporation 

11720 Sunrise Valley Drive 
Reston, Virginia 20191 

phone: 703-390-I 100 fax:703-390- 
1180 

Info@edenspace.com 

Edenspace TM Systems 
Corporation 

A//Rights Reserved 

Updated3November1999 

Edenspace Systems Corporation is a biosystems technology company that 
works to restore and enrich human habitats using innovative, plant-based 
technologies. Edenspace seeks to spearhead a revolution in manufacturing 
and architecture that will see a profound integration of plants in a multitude of 
industrial and residential settings. 

Incorporated in October, 1998 and headquartered in Reston, Virginia, 
Edenspace today is the world leader in the use of proprietary techniques to 
remove metals from water and the ground using special plant cultivars and 
amendments. This approach, called phytoremediation, offers substantially 
lower costs than alternative extraction methods, as well as important 
environmental benefits. 

htq ww.phytotech.com/index.html 

Current 
contracts 
call for 
removing 
lead and 
depleted 
uranium 
from firing 
ranges, 
extracting 
trace 
metals 
from water 
at a utility, 
and 
reclaiming 
tungsten 

:/ 18/00 



http://wwv.phytotech.com/index.html 

Brassica 

tungsten 
from 
abandoned 
mines. 
With a 
partner, 
Edenspace 
is 
developing 
ways of 
reaching 
deeper into 
the earth 
with 
elecrokineti 

te chniques. New commercial and retail appilcarrons Tar INS patented . . . . . . . . 
hyperaccumulation technology, together With Innovative container destgns to 
increase plant use in a wide range of modern habitats, are planned for 
introduction in 2000. 

2/l s/o0 
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Edenspace 
Systems 

Corporation 

11720 Sunrise Valley Drive 
Reston, Virginia 20191 

phone: 703-390-1100 fax:703- 
390-I 180 

Info@edenspace,com 

Edenspace TM Systems 
Corporation 

All Rights Reserved. 

Updated 3 November 1999 

For centuries plants have been used to help clean soil and water. Today this 
process, called phytoextraction, removes a wide variety of metals and organic 
compounds, using natural processes to help restore the environment. 

With its unique expertise in metal hyperaccumulation technology, Edenspace is 
the industry leader in phytoextraction of lead, uranium and other heavy metals, 
both in ongoing manufacturing operations (“process phytoextraction”) and 
environmental cleanup (“phytoremediation”). Its proprietary techniques are now 
used commercially throughout the United States. 

Industry Background 

The EPA estimates that there are more than 
30,000 sites throughout the U.S that require 
environmental treatment. Heavy metals comprise 
particularly difficult component of this problem, 
because many metal compounds resist chemical 
breakdown and because soil excavation and 
removal is expensive. Depending on site 
conditions and metal concentrations, solar- 
powered phytoremediation can cost as little as 5% 
of alternative treatment methods. 

a 

Candidate sites for phytoremediation include 
thousands of government and private firing ranges, as well as industrial facilities 
used by primary and secondary metal manufacturers, scrap metal recyclers, 
paint manufacturers, battery recycling and production companies, chemical and 
petrochemical manufacturers, automobile manufacturers, utility companies, 
transportation companies, mining companies, and landfill operators. 

http w.phytotech.com/phytoremediation.htm /1 woo 
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Edenspace also uses phytoremediation to treat soil and water contaminated with 
radioactive elements, a problem at former weapon production and fuel rod 
assembly sites estimated by the Department of Energy at over $200 billion. 

Technology Background 

After several years of careful screening and selection, Edenspace scientists 
have identified superior metal-accumulating plant lines from known, well- 
characterized crop species such as Indian mustard and sunflowers. Company 
researchers have shown that such plants can accumulate lead, mercury, 
arsenic, chromium, uranium, cesium, strontium, gold, zinc, selenium, 
manganese, calcium, iron, magnesium and other metals from soils into 
harvestable leaves and shoots. When combined with proprietary techniques 
involving soil amendments and hyperaccumulation inducing agents, the plants 
can take up more than 3.5% of their dry weight in heavy metals. 

Rhizofiltration is the use of plant roots to accumulate metals from water. 
Hydroponically cultivated plants rapidly remove heavy metals from water and 
concentrate them in the roots and shoots. Harvested plants containing heavy 
metals can be disposed of or treated to recycle the metal. Edenspace scientists 
have identified select species of plants demonstrating high biomass production 
and metal removal capacity for a wide variety of metals. Rhizofiltration has 
many of the benefits of other phytoextraction techniques, including low cost and 
minimal environmental disruption. A continuous flow system circulates the 
contaminated water through specially designed plant containment units. 
Periodically, older plants are harvested and replaced. 

Patents 

Edenspace owns, or has exclusive license to, eleven patents relating to 
phytoextraction, hyperaccumulation, and rhizofiltration: 

5,393,426 

5,728,300 

5,809,693 

5,876,484 

5,364,451 

5,785,735 

5,853,576 

5,917,117 

5,928,406 

678262 (Australia) 

692162 (Australia) 

http://vww.phytotech.com/phytoremediation,htm 2/l 8/00 



bdenspace l’hytoremediation Page 3 of 3 

In addition, Edenspace has twenty-two patent applications pending in the United 
States, Europe, Asia, Canada, Mexico, Israel and other countries. The 
substantial investment in proprietary technology reflected in its patents and 
licenses reflects Edenspace’s commitment to provide its customers with top- 
quality service based on cutting-edge research. 

Further Information 

For further information, see 

,. ‘, ” 

Discuss Your Needs 

Should you be interested in the applicability of phytoextraction techniques to a 
particular manufacturing process or site, please contact us by e-mail at 
Info@edenspace.com, by fax, or at the mailing address above. 

http: w.phytotech.com/phytoremediation.htm ‘1 WOO 





Edenspace 
Systems 
Corporation 

11720 Sunrise Valley Drive 
Reston, Virginia 20191 

phone: 703-390-1100 fax:703- 
390-I 180 

Info@edenspace.com 

Edenspace TM Systems 
Corporation 

A// Rights Resewed 

Updated 8 September 1999 

Edensp 

Recent news releases include: 

_‘, 
- .:I (29 September 1999) 

__ (8 September 1999) 

,,,: ,’ (24 
August 1999) 

; ‘1. .r : .>,,; ..--- ~~~ (10 February 1999) 
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Officers and Directors 
Edenspace Systems 

Corporation 

11720 Sunrise Valley Drive 
Reston, Virginia 20191 

phone: 703-390-I 100 fax:703-390- 
1180 

Info@edenspace.com 

Edenspace TM Systems 
Corporation 

A// Rights Reserved. 

Updated 8 September 1999 

Mr. Bruce W2-Fergusmon Chairman, President and Chief Executive Officer. Mr. 
Ferguson is a co-founder, Director and former Chief Operating Officer of Orbital 
Sciences Corporation. He received his J.D., M.B.A. and A.B. from Harvard 
University. 

M-r John D Frost Vice President and General Manager, Government & Industrial : .--A---- 
Services Division. A former Vice President, Commercial Development at 
Phytotech, Inc., and Vice President of Business Development at ICF Kaiser 
Engineers, Mr. Frost received his B.S. and M.S. in Agronomy from West Virginia 
University. 

Keith Calhoun-Senghor, Esq. Vice President International and Legal Affairs and 
General Counsel. Mr. Calhoun-Senghor was Director of the Office of Space 
Commercialization at the United States Department of Commerce and is a former 
Vice President and General Counsel of Technology Applications, Inc. He received 
his J.D. from Harvard University, his A.B. from Stanford University, and was a 
Fulbright Scholar at the University of Bonn. 

Ms. Heather R. Sand~ifd Director. Ms. Sandiford is a former Market Research __~~ 
Associate at Quaker Oats Company, Senior Research Associate at Bain and 
Company and Research Associate at the Boston Consulting Group. She received 
her M.B.A. from the University of Chicago and her A.B. from Harvard University. 

Dr. H. Marc-Cathey Director. Dr. Cathey is President Emeritus of the American 
Horticultural Society and a former Director of the U. S. National Arboretum. A 
former Fulbright Scho!ar, he received his Ph. D. from Corne!! Uni\versity. 
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Project/Location: Sites 4, 21 and 22 S.O. No.: 62470 

WPNSTA, Yorktown, VA Date: 2/03/00 

Contract No.: 349 

To: Mr. Eric EIzersen 

Repres.: Ecolotree Inc. 

Phone No.: (319) 358-9753 or 358-9773 

From: 

Repres.: 

Phone No.: 

Nina Coleman 

Baker Environmental, Inc. 

(412) 269-6124 

Subject: phytoremediation 

Ecolotree specializes in phytoremediation, with the use of poplar trees. Mr. Eric Egersen described that the 

phytoremediation can uptake metals in soil, but this may not be feasible. Mr. Egersen described the technology of 

phytoremediation might not be feasible considering the large amount of mass born when metals are uptaken by 

plants. The question then arises as to where to dispose of the contaminated plants. Metal uptake by plants is very 

far behind the organics. Mr. Egersen warned to be very careful with companies who claim they can uptake metals 

with plants. Mr. Egersen and I then decided to supply a price for stabilization of metals in soil. Mr. Egersen’s 

response to the faxed information on the sites was that the contaminants would kill the poplars and inflict a phyto- 

toxic response on the plants. He suggested to look into other alternatives. 

Prepared by: Nina Coleman 

bee: 

Title: Environmental Scientist Page: 1 of 1 
- - 
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Ecolotree - Home Page Page 1 of 2 

505 East Washington Street, Suite 300 Iowa City, Iowa 52240 
Phone: 3 19-358-9753 Fax: 3 19-358-9773 

e-mail: Ecolotree@aol.com 

Ecolotree, Inc. uses plants to clean up and contain problem chemicals that 
can harm humans and the environment. This technology is called 
‘phytoremediation.’ The plants, primarily hybrid poplar trees and grasses, 
can provide effective and economical solutions to environmental 
problems. 

Incorporated in 1990, Ecolotree is the oldest and most experienced 
phytoremediation company in America, with over 35 sites planted across 
the United States (and one in Europe). Planted locations include landfill 
covers, municipal and industrial wastewater treatment plants, 
Superfund/RCRA contaminated soil sites, ‘Brownfield’ factory demolition 
sites, agrochemical areas, riparian stream filters, and animal feed lot 
perimeters. 

In addition, Ecolotree offers the “Buffer In A Bag,” which allows you to 
receive 10 inch hybrid poplar cuttings by mail and thus create your own 
tree buffer. The cuttings are identical to the ones that we use at our 
installations. An order of 100 trees costs $134.95, and 250 trees costs 
$239.95. E-mail Ec.oootree@aol.com or call us (3 19-358-9753) with your 
order. 

Click on the buttons at the left to learn more about who we are, what we 
do, and how we can benefit your organization. 

Thank you for your interest in Ecolotree! 

There have been 3963 visitors to this page since Thursday, March 215, 
1999. 

http://www.ecolotree.com/ 

- . ..* l._._- _ __“. ., -__..._-. - ._.. __ -... ._ ̂ ._ -..~ 
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505 East Washington Street, Suite 300 Iowa City, Iowa 52240 
Phone: 3 1 g-358-9753 Fax: 3 19-358-9773 

e-mail: Ecplot~ee@aol.com 

Ideal Project Description 

In order to help potential clients determine if the phytoremediation services that Ecolotree, Inc. offers match their 
needs, an ‘ideal project’ description is provided. This ideal project lays out the typical project requirements and 
timelines to be followed. 

Ideal Project 

Introduction to Ecolotree, Inc. 

1. A potential client, having looked at the Ecolotree, Inc. web site and determined that phytoremediation is a 
viable option, contacts Ecolotree staff. The client provides Ecolotree with basic information about their 
specific project objectives, contaminant concentrations, and regulatory concerns. 

Site Visit and Pre-design 

http: -w.ecolotree.com/page4.htm 18/00 



1. When discussions indicate that phytoremediation is economically and technically feasible at the site, a 
site visit is scoped, contracted, and budgeted. 

2. An Ecolotree staff person travels to the site at a mutually agreed upon time. Once on site, a tour is 
conducted to observe existing site conditions. Site soils are often sampled during this tour. 

3. The Ecolotree staff person presents a summary slide show documenting past installations relevant to the 
present site. 

4. The client provides Ecolotree with existing site data, such as soil and monitoring well analyses, 
topographical and site layout maps, and site photographs. 

5. The client and Ecolotree establish the specific objectives to be accomplished. 
6. If no ‘fatal flaws’ are discovered, Ecolotree provides the client with a budget, schedule, and 

responsibilities for project completion in a summary letter. When this is approved, the project enters the 
design phase. 

Design -._-_ 

1. Site soils are analyzed for agronomic properties. Based on these results, the fertilizer and soil amendment requirements are 
determined. 

2. A hydrologic water balance to determine irrigation needs, soil thickness, water-holding capacity of site soil, and expected water 
percolation is prepared. 

3. The site layout strategy is prepared. 
4. The installation and management plan is developed. 
5. The budgets and schedules are reviewed and updated to reflect any new information. 
6. Final meetings with the owner and regulators are often a part of final design acceptance. 

Site Preparation (ideally completed &he fall months. before-spring planting) __.._ .----. ~-~~ ~~ 

1. Earthwork is completed to ensure that the necessary root zone materia! is insta!!ed. 
2. Grubbing, mowing, roto-tilling, and weeding are completed to prepare the site for spring planting. 
3. The site tree layout is completed. 
4. Fertilizer and other soil amendments are spread on the site. 

http://www.ecolotree.com/page4.htm 2/l woo 



Ecolotree - ideal ProJect Page 3 of 3 

Inst~~lationIspring_months, before June 1) 

1~ Trees are delivered when the site is ready for planting. 
2. Trees are planted. 
3. Understory grass seed is spread and harrowed into the topsoil. 

Maintenancelsummer and Fall months) -----.-.. -- _---.- 

1. Return to the site in July or August to mow, weed, prune, replace non-viable trees, and observe insect and animal predation. 
2. Return to the site in September or October to sample soils and foliage, maintain the site, observe insect and animal predation, spread 

fall fertilizer, and perform a site audit. 

1. Prepare a year-end report documenting the site installation, tree survival, soil fertility, and recommendations for future site 
management activities. 

T-Tome 1 Mission & Conce@ 1 ADhcations 1 Ida! Project 1 St&[] Ecolotrcc Kids / I’I_l_\.ro I~irks 

Copyright 0 1998 Digital Ima,ges & Design, All Rights Reserved 
This page 1s maintained by 

http: .w.ecolotree.com/page4.htm ‘1 WOO 





Project/Location: Sites 4, 21 and 22 S.O. No.: 62470 

WPNSTA, Yorktown. VA Date: l/27/00 

Contract No.: 349 

To: Ms. Susan Wright 

Repres.: Shamrock 

Phone No.: (336) 375-1801 

From: 

Repres.: 

Phone No.: 

Nina Coleman 

Baker Environmental, Inc. 

(412) 269-6124 

Subject: transportation and disposal 

Information pertaining to the site was faxed to Ms. Susan Wright to determine a cost estimate: for providing 

disposal, and transportation. See attached cost estimate. 

Prepared by: Nina Coleman 

bee: 

Title: Environmental Scientist Page: 1 of 1 
-- - 
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SHhhiROCX ENVIRON Elm001 

.FAX TRAMMISSION/C’OvER @J=T 

FAX* 412-269-2002 

COMPAl?W Baklcnvimn~l PHONE * 

DATE: February 9.2000 TIME: 

NUMB= OF PAGES BETNG SENT, INC&UDmG COVER SHEET: 4 

B/i;arF Wise 

-S&GE: Attached is a w of Shamm&&~ rtheYo - wn VA 

moiect. 

A had CODV of this TMM-JO~ as ~~11 as a copy of Our 

. 

20. Box 14987 l Gnxnsboro, NC 27415 l 6106 cqcnace &I& Dr. 0 l3iywns Spnmit, NC 272.M * 3X-375-1989 l 800-81)1-1098 0 Fax 33636;;: 
Webs& vom 

4g!! 
E~tio@- . 

m . . . . 



02/09/00 09:24 FAX 9103751801 
w UUL 

February 7,200O 

Ms. Nina Colgnan 
kiker EnvironmtMal 
Airport Of?ice Park-Building 3 
420 Rouser Road 
Co~opolis, PA 15 108 
Phone: (412) 269-6124 
Via Facsimile.- (412) 269-2002 

Re:. Pumping, Transportation and Diposal of E 4-4~ Waste 
Yorktown, VA 
Shamrock Proposal Number OO-GWIB-01 I 1 .doc 

Dear Ms. Coleman: 

Shamrock En&nmentai Corporation (Shamrock) is plezed TV provide Baker Environmental (B&Z) with this 
budgetary proposal for ihe abovsrefexenced services This qtlotation is based upon information provided by 
Baker. 

Shamrock understands that Bakcrrequires transpmion and disposal of 1,043 cubic yards of mntam&ated soil 
irr Yorktown, VA Sharnmck assumes exxcavation and k+&ng will be provided by others. 

Baker, or its clieng have not yet detded the ws~ ;r: characteritation. Z$hamrock assumes that the wasre will 
nut be an F, P, U or K Iisted waste. Ba& t+--n the Frovided analyti& rcsuhs, the w&c may be 
chdcally hazardous for arsenic (DOO4), cxbninm @006), lead @008X or mercwy (DOOS), orit,maybe 
non-hazardous. Shamrock has provided pricing option for hazardous or non-hazardous characteiizati~~m. 

Shmmck’s pricing for this work is as follows. 

Shamrock’s proposal is conditioned by the followiq. darific~tiqns: 

l Prices are budgetary and subjea to con&xtion upon receipt of additional information. 

l Transportation rate includes 1 hour loading and 1 howtioadiog Additional on-site time, ifrequired, 
will be biied at a rate of $65,OO/hout. 



l&l UUJ 
02/09/00 09 : 24 FAX 9103751801 Sd.WOCK ENVIRON 

Thank you for considering Shy Em@menti Corpomian for the completion of this project If you have 

any questions or additional needs, please contact us at (800) 881-1098. 

Sincerely, 
Shamrock Environmental Corporation 

Manager, Planning & Programing 



r -. 

02/09/00 09:24 FAX 9103751801 SWOCR ENVIRON 
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TERMS A.Wl.3 CONDIl’lONS OF SALE 
SELAMROCK ENWRONMENTAL, CORPORATION 

TERMS OF PAYMENT 

Payment for all pux- f?om Shamrock Enviro~ti Corporation is due thirty (30) days from IW’OlCE 
DATE. 

1. 

PAYMENTS & CREDITS 

Payments and credi& on account will be applied to the c ldest balances unless otherwise stipuk&xL Ifyou wish to 
pay specific invoices, you must indicate this on your cbezk or attached note. 

DEFAULT & COLLECTlON CQSTS 

FaiIure to make payment when due on any e&in% op,en invoices and ail future invoices may be considered 
default and Shamrock Environmental Corporation may; subjsi to applicable law, demand immediatepayment of 
the entire amount owed under this agreement. Fail- IO pay the amount owed under this agreement where 
Shamz-ock Environmental Corporation refers the matter for oGxtion to a collection agency or attorney will 
require payment to Shamrock Environmenti Corporation of reasonable coIIedion costs and attorney’s fees. 

LATE CHARGE 

A late charge will be imposed on all outstanding amotints that remain unpaid past the due date. The applicabie 
annual percentage rare shall be the maximum pm; rted by stztte law. 

. 

,,j-.. 



SOIL WASHING 



Ph 
Project/Location: Sites 4, 21, and 22 S.O. No.: 62470 

Yorktown, Virginia Date: l/25/00 

Contract No.: ‘~9 

To: 

Repres.: 

Phone No.: 

Mr. Mike Mann 

Surbec-Art Environmental 

(8 13) 264-3506 

From: 

Repres.: 

Phone No.: 

Nina Coleman 

Baker Environmental, Inc. 

(412) 269-6124 

Subject: soil washing/leaching recovery of metal contaminants in soils 

The leaching of metals from soil has been found to be effective on most heavy metals (including lead, copper, zinc). 

‘The process has no impact on organic contaminants. It is uncertain whether the process .would be impacted by the 

presence of organics. A mobile unit is available but the cost of processing depends on the quanti.ty and type of 

contaminants as well as many other components. The components that were discussed with Mr. Mike Mann 

ncluded the following; pre-engineering, processing of water, excavation, process analytical, and leaching 

requirements. 

The pre-engineering consists ofmobilization/demobilization ofthe plant, leveling ofthe work area and putting down 

a cement pad. Mr. Mann will include the price of mobilization/demobilization in his cost estimate, but the leveling 

and cement pad would be done commercially by someone else. The processing of water will also be included in 

the cost estimate by Mr. Mann in which they will provide the power and process of water. Fencing will not be 

included in the price estimate. Mr. Mann explained that sometimes other contractors can provide the excavation 

but he would also include excavation in his estimate, this would include the plant, labor, utilities, amd processing 

utilities. The processing analytical procedures will also be included in the estimate. Most of the residual sludge 

will be cleaned and put back on site. See fax cost estimate.. 

Prepared by: Nina Coleman Title: Environmental Scientist Page: 1 of 1 
-- - 
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l/25/00 

Surbec-ART Environmental 
Soil Washing Cost Estimate 

Yorktown, VA 

i, L--:%:~~~~~~~~~~~~~~~~ j 
+$5 *’ 
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KEY ASSUMPTIONS 
Soil Mass (cy) 1,043 

Density (tonslcy) 1.3 

Soil Processed (tons) 1,356 

Plant Size (tons/hour) 15 

Shift Schedule (days/week-hours/day) 5-I 0 

Plant Availability (%) 80% 

Treatment Duration (weeks) 2 

MOB/Site Prep/Demob (weeks) 4 

Total Project Duration (weeks) 6 

Feed - Dry Solids Concentration (%) 87% 

Sludge - Dry Solids Concentration (%) 50% 
” er,::.* .:u ,., .:, :y, : ; :‘!. i. _,,~ . . , 

-_ ,; - .:,;‘ : :. 
ESTIMATED TREATMENT PRldES 
Mobilization (Plant) 
Site Preparation 
Plant Depreciation 
Plant Labor 
Utilities 
Chemicals / HAS 
Maintenance 
Stabilization Reagents 
Process Analytical 
Demobilization 
Insurance 
Contingency 
Total Estimated Treatment Price 

48,000 
27,000 
46,000 
197,000 

9,000 
28,000 
2,000 
3,000 
38,000 
56,000 
7.500 

20,000 
$481,500 

Key operating assumptions: 

1. This estimate assumes that treatment can be accomplished by proven physical/chemical techni ues to be 
confirmed in a required treatability study.. 
2. The plant consists of existing, mobile equipment. 
3. The plant is flexible and can be field adjusted to handle a wide range of feeds. 
4. Excavation, transportation to the plant, and handling/backfilling of products is provided by Surbe -ART. 
5. Management of concentrated residuals is handled by Surbec-ART; the concentrated sludge cak residual iS 
stabilized and disposed at a hazardous waste landfill. 
6. An operations building is not provided for the plant. 
7. Process and product analytical is provided by Surbec-ART on the basis of one sample series pe r 100 tons Of feed sc 





ProjectlLocation: Sites 4, 21 and 22 S.O. No.: 62470 

WPNSTA, Yorktown, VA Date: l/25/00 

Contract No.: 349 

To: Mr. Ernie Stein 

Repres.: IT Corporation 

Phone No.: (423) 694-7347 

From: 

Repres.: 

Phone No.: 

Nina Coleman 

Baker Environmental, Inc. 

(412) 269-6124 

Subject: solidification/stabilization 

The PAW’s, cPAH’s, and TNT would need to be chemically destroyed before the solidification/stabilization 

treatment. The leachability of metals would determine if the hot spots would need to be removed and taken to a 

landfill as hazardous waste. The total leachability is determined by taking the total concentrations and dividing by 

twenty, we can then determine if this will meet our final goals. Stabilization is a method to lower contaminants to 
.f ii, _ 
~ he environment and reduce the leachability to the soil, but it does nothing to the total concentrations. Mr. Stein 

recommended maybe biotreatment or a landfill. 

prepared by: Nina Coleman Title: Environmental Scientist Page: 1 of 1 
-- - 

bee: 
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Project/Location: Sites 4, 21 and 22 S.O. No.: 62470 

WPNSTA. Yorktown, VA Date: l/27/00 

Contract No.: 349 

To: Dave Sandstrom 

Repres.: Geo-Con, Inc. 

Phone No.: (412) 856-7700 

From: 

Repres. : 

Phone No.: 

Nina Coleman 

Baker Environmental, Inc. 

(412) 269-6124 

Subject: solidification/stabilization 

Mr. Dave Sandstrom recommends using ex-situ solidification/stabilization as opposed to in-situ. 

Ex-situ treatment of the soil would be most cost effective because of the small volume of soil. Bulldozers would 

excavate and put grout into the soil. This process would take one day to complete. To set up the project would take 

two weeks worth of work. The price estimate Mr. Dave Sandstrom quoted over the phone is approximately fifty 

to seventy-five dollars per cubic yard with the materials. The product could then be disposed of and rendered non- 

hazardous, he was not sure if we could leave it on site and cap it. 

Prepared by: Nina Coleman Title: Environmental Scientist Page: 1 of 1 
- - 
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Project/Location: Sites 4, 21 and 22 S.O. No.: 62470 

WPNSTA, Yorktown, VA Date: l/25/00 

Contract No.: 349 

To: Mr. Kevin Earlev 

Repres.: Vortec Corporation 

Phone No.: (610) 489-3 18.5 

From: 

Repres.: 

Phone No.: 

Nina Coleman 

Baker Environmental, Inc. 

(412) 269-6124 

Subject: ex-situ vitrification 

The prices of vitrification depends on the soil characterization, moisture content, and chemical constituents. 

Mr. Kevin Earley explained that vitrification would not be a feasible alternative for such a small volume of soil, 

Other companies process as much as five to several thousand tons of soil per year and spend as much as ten million 

dollars for this alternative to be feasible. /.‘.< 

a 

Prepared by: Nina Coleman Title: Environmental Scientist Page: 1 - of 1 
- - 
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SITE 4 COST ESTIMATES 



cost component 

DIRECT CAPITAL COSTS 

GWX.4 

Pre-const~~ctmn Submittals 

Mobilization/Demobjlization 

Decontamination Pad 

Contract AdministratIon 

Post-Construction Submittals 

General - Subtotal 

Site Work 

Clearing and Grubbing 

Temporary Safety Fencing 

Temporary Silt Fencing 

Site Work _ Subtotal 

Soil Cover Instailation & Site Restoration 

Backfill 

Topsoil 

Fine GradmdSeedmg (Revegetation) 

Soil Cover Installation & Site Restoratmn _ Subtotal 

DIRECT CAPITAL COSTS -TOTAL 

Unit 

LS 

LS 

LS 

LS 

LS 

ACR 0.15 

LF 1,650 

LF 1.025 

CY 

CY 

SY 

TABLE C.l-1 

SITE 4 COST ESTIMATE: RAAZ - CAPPLNG 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

QXXltity 

1 

1 

1 

1 

1 

200 $4.11 

100 $17 20 

890 $2 28 

Unit Cost 

$20,000 

$20,000 

$10,000 

$40,000 

$10,000 

$5,G50 $848 

$3.38 $5,571 

$0 56 $574 

iubtotal Cos 

$20,000 

$20,000 

$10,000 

f40,OOO 

$10,000 

$822 

$1,720 

$2,029 

Total Cost Source Basis/Comments 

Eng~. Est Work, E&S, H&S, & QC Plans; Permits; Shop Drawings 

Engr. Est. Includes mobidemob for excavation equipment 

Enpr. Est Includes decon/laydown area 

En@. Est Invoicing, project management, field supervision, H&S, etc. 

Engr. Est Record drawings, etc. 

$100,000 

Eng. Est , Means Env. Rem., 1999,020-104-0260 Clear & grub dense brush and stumps 

Engr Est , Means Site Work, 1999, 028-320-5000 Assumes safety tkncing around excavated areas 

En(7 Est , Means Site Work, 1999, 022-704-1000 Assumes silt fencing downgradient of excavated areas 

$6,999 

Eng Est. Means Site Work, 1999, Al2 l-724-1400 Assumes 1’ soil cover for capped areas 

Eng Est , Means Site Work, 1999, O22-216.7000 Assumes 6” oftop soil; cost includes mat’], hauling from stockpile 

Engr Est , Means Site Work, 1999, 022-286-1000 l&vegetation over all capped and cleared areas 

$4,571 

Cost Component 

INDIRECT CAPITAL COSTS 

Engmeering and Design 

Contingency Allowance 

Unit 

LS 

LS 

Quantity Unit Cost Subtotal Cost Total Cost source BaslslComments 

1 $6.694 $6,694 Engr Est Assume 6% of Total Direct Capital Costs 

1 $16,735 $16,735 Engr. Est Assume 15% of Total Direct Capital Costs 

IN’DlRECT GAI’ITAL COSTS - TOTAL $23,430 

CAPITAL COSTS (DIRECT AND INDIRECT) %134,999 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Long-Term Maintenance 

InspectIon 

Cap Repair Assumc 10% of area requires repalr each year 

Mowing 

Long-Term Maintenance Subtotal 

I 
ANNWAL O&M COSTS - 30 years of maintenance 

TOTAL NET PRESENT WORTH: RAA 2 

EVENT Engr Est 

$1,100 

$1,100 

%15?,000 1Jy ELRrN‘C Chk. mT/NC(‘ Date Completed February 18,200O 
_----.-_- .-.- lll.lll_- --” - . . . ..^..I__ 



Cost component 
DIRECT CAPITAL COSTS 

Pre-construction Submittals 

Mobilization/Demobilization 

Decontamination Pad 

Contract Administration 

Post-Constmction Submittals 

Umt 

LS 

LS 

Is 

LS 

LS 

LS 

ACR 0.15 $5,650 $848 

LF 1,650 $3 38 $5,517 

LF 1,025 so 56 %I4 

TABLE C. 1-2 

SITE 4 COST ESTIMATE: RAA3 - ON-SITE EX-SITU PHYTORIZMEDIATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Quantity Unit Cost iubtotal Cm Total Cost SOWC6 Basis/Comments 

%20,000 

$20,000 

$10,000 

$10,000 

$40,000 

$10,000 

$20,000 

%20,000 

$10,000 

$10,000 

$40,000 

$10,000 

Eng. Est 

Engr Est. 

Engr Est. 

Engr. Est 

Engr Est. 

Engr. Est 

$110,000 

Work E&S, H&S, k QC Planr; Permits; Shop Drawings 

includes mob/demob for excavation equipment 

includes decon/laydown area 

invoicing, project management, field supervision, H&S, etc. 

Record drawings, etc. 

Engr Est / Means Env. Rem., 1999,020-1040260 

Engr Est., Means Site Work, 1999, 028-320-5000 

Engr Est., Means Site Work, 1999, 022-704-1000 

$6,999 

%ar & gub dense brush and stumps 

4ssumes s&y fencing around excavated areas 

4ssumas silt fencing downgradient of excavated areas 



TABLE C. l-2 (continued) 
SITE 4 COST ESTIMATE: RAA3 - ON-SITE EX-SITU PHYTOREMEDIATION 

NAVAT WRAPnNC CTATrfbN VnRKTOWN VnRKT*-7” x’T-flr*TT* 
I.lXl‘XY .,“‘%I “I.” “I‘LILVI. I”L..LIV.,I.) IvAulr”“VI\) VIJxUllYLtL 

Quantity Unit Cost Subtotal Cost Total Cost Source Basis/Comments Cost Component 

:x-Situ Phytoremediation Treatment 

unit 

Includes construction of 1 impermeable surface for treatment; assume a 18 
inch deep, 40 foot by 40 foot biocell; constructed of SO tt. by 50 ft. 120 mil 
HOPE liner (SZ.OS/sf x 2 for small size of proj.) and e&en berms (SO cy 

Eng~ Est , Means Site Work, 1999, A12.1-724-1100 Engr Est.; backfill compacted - $2.731~~); clean backfill from biocell for berms; 1 euip. 
Construct Phytoremediation Cell EA 1 $11,040 $11,040 Means Site Work, 1999,022-706-0300 oper. (MOihr) and 2 technicians ($lO/hr) for 10 hours each 

The vendor assumes that the soil will be properly characterized, excavated abc 
okaced lb ab unoermeable surface and that site access, irrigation-quality water 
and power will be readily available. Includes planting harvesting, biomass 

Ex-Situ Phytoremediation CY 108 $150 S16,200 Eng~ Est , vendor quote samplmg % disposal 

Excavation CY 108 $1 71 $185 Engr Est. Means Site Work, 1999, 022-238-0260 Assumes 1’ deep excavation ofsoil to be treated 

Confirmatory Sampling - Labor HR 10 MO LMOO Engr Est 1 day/event; 1 geo./eng. sampler @ $4O/hr; 10 hrs/day 

Confirmatory Sampling - Analysis Assumes at bottom and walls of excavation 

lnorgamcs Sample 30 $175 $5,250 Baker Average BOAS 30 samples 

Sampling - Travel/Per Diem LS I $1,000 $1,000 Eng Est Airfare, per diem rental car for 2 days for 1 person 

Includes Hnu rental, H&S equipment, sampling & decon expendablcs, ice & 
Miscellaneous Expenses Event 1 $200 $200 Engine&g Estimate DI water 

‘Transport&Disposal of Used HDPE Phytoremedlation Assumes the blocelI 1s non-hazardous and will be disposed at an off-site non- 
Liner Ton 15 $100 $1 so Engr Est hazardous landfill, assume 50 pcf 

Reportmg EA 1 $5,000 $5,000 

:x-Situ Phytoremedlatlon - Subtotal $39,425 

ite Restoration 

Backfill CY 176 $3.11 $723 Engr Est. Means Sltz Work, 1999, A12.1.724.1400 Backfill ofexcavated areas 

Assumes 6” oftop sod over areas of concern; cost includes mat?, hauling from 

Tops011 CY 88 $1720 $1.514 Engr Est., Means Sltc Work, 1999,022-216.7000 stockpile 

Fme Gradmg/Seedmg (Revegetatlon) SY 890 $2 28 $2.029 Engr Est , Means Site Work. 1999, 022-286-1000 Rcvegerarion over all excavated and cle;ired areas 

ite Restora!ion - Subtotal $4,266 

XRECT CAPITAL COSTS - TOTAL $160,689 

NDlRECT CAPITAL COSTS 

Engmeenng and Design LS 1 $9.641 $9.641 Engr Est Assume 6% of Total Duect Capital Costs 

Contingency Allowance LS 1 $24,103 $24.103 Eng Est .4ssume 15% of Total Dlrzct Capital Costs 

~DIRECT CAPITAL COSTS -TOTAL $33,745 
^_^. .^. 

APITAL COSTS (DIRECT AND INDIRECT) z9194,4M , 



TABLE C.l-2 (continued) 

SITE 4 COST ESTIMATE: RAA3 - ON-SITE EX-SITU PHYTOREMEDIATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINLA 

Cost Component Unit Quamy Unit Cost Subtotal Cost Total Cost Source Basis/Comments 

iNNUAL OPERATION AND MAINTENANCE COSTS 

.ong-Term Maintenance 

Inspection EVENT 2 $250 $500 Engr. Est 

Ex-Situ Phytoremedlation CY 108 $150 $16,200 Eng~ Est , vendor quote Includes reseeding (ifnecessary), harvesting biomass sampling & disposal 

Confirmatory Samphng _ Labor m 20 $30 $800 Engr. Est. 1 day/event; 1 geo./eng. sampler @ $40&r; 2 events/yr, 10 hrs/day 

Contirmatory Sampling _ Analysis Assumes at bottom and walls of excavation 

Inorganics Sample 20 $175 $3,500 Bakar Averagz BOAS 10 samples twice per year 

S;lmpling - Trav&Per Diem LS 2 $790 $1,580 Engr Est. Airfare, per diem, rental car for 1 day for 1 person 
Includes Hnu rental, H&S equipment, sampling & decon expendables, ice B: 

Miscellaneous Expenses Event 2 $200 $100 Engmeermg Estimate DI water 

Reportmg EA 1 $5,000 $5,000 

ong-Tam Mamtenance - Subtotal $27,980 

.NNUAL O&M COSTS - 2 years of maintenance $27,980 

‘OTAL NET PRESENT WORTH: RAA 3 $295,000 By ELR/NCC chk JWFVNCC Date Completed: February 18.2000 



TABLE C. 1-3 

SITE 4 COST ESTIMATE: RAA 4 - OFF-SITE DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component Unit Quantity Unit Cost Subtotal Cost Total Cost SOUJC.2 Basis/Comments 

)IRECT CAPITAL COSTS 

&era1 

Pre-construction Submittals LS 1 $7,500 $7,500 Engr Est Work, E&S, H&S, & QC Plans; Permits; Shop Drawmgs 

Mobilization/Demobilization LS I $10,000 $10,000 Engr Est Includes mob/demob for excavation equipment 

Decontamination Pad LS I $10,000 $10,000 Engr Est Includes decon/laydown area 

Contract Administration LS I $20,000 $20,000 Engr Est Invoicin& project management, iield supewsion, H&S, etc. 

Post-Construction Submittals LS 1 $7,500 $7,500 Engr Est. Record drawings, etc. 

eneral . Subtotal $55,000 

ite Work 

Clearing and Grubbmg Acre 0.15 $5,650 $848 Eng Est.; Means Env. Rem., 1999. 020-I 04-0260 Clear & grub dense brush and stumps 

Temporary Safety Fencing LF 1,650 $3.38 $5,577 Eng Est , Means S&e Work, 1999, 028-320-5000 Assumes safety fencing around excavated areas 

Temporary Silt Fencing LF 1.025 $0.56 $574 Eng. Est ; Means Site Work, 1999, 022.704-1000 Assumes slit fencing downgradient of excavated arw 

Site Restoration. 

BaCktill CY 176 s&11 $723 Engr Est., Means Site Work, 1999, A12 I-724-1300 Assumes 1’ backfill for remediatlon areas 

Topsoil CY 88 $1720 $1,514 Engr Est , Means Sllc Work, 1999. 022-2 16.7000 Assumes 6” oftop so& cost includes mat?, hauling from stockplle 

Fine Grading/Seedmg (Revqetation) SY 890 $2 28 22,029 Eng Est ; Means Stte Work, 1999, 022.286.1000 Revegetition over all excavated and cleared areas 

ite Work _ Subtotal $11,265 



TABLE C. 1-3 (continued) 

SITE 4 COST ESTIMATE: RAA 4 - OFF-SITE DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost component Unit Quantity Unit Cost Subtotal Cost Total Cost Source BasisKommenis 

lff Site Disposal (Hazardous) 

Soil Excavfltion CY 176 $1.71 $301 Engr Est , Means Site Work, 1938, 022-242-2000 Assuming I’ deep excavation 

Confirmatory Sampling-Labor HR 20 MO $800 Eny. Gst 2 day/event; 1 gee /eng sampler @ %40&r, IO h&day 

Confirmatory Sampling. Analysis Assumes at bottom and walls of excavation 

svocs Sample 15 $550 $8,250 Baker Average BOAS 15 samples, add 100% cost for quick turn analysis 

Explosives Sample 5 $350 $1,750 Baker Average BOAS 5 samples; add 100% cost for quick turn analysis 

Inorganic8 Sample 30 $350 %10,500 Baker Average BOAS 30 samples; add 100% cost for quick turn analysis 

Sampling - TrawlPer Diem LS 1 $1,000 $1,000 Engr Est Airfare, per diem, rental car for 2 days for 1 person 

Includes Hnu rental, H&S equipment, sampling & decon oxpendables, ice &‘z 
Miscellaneous Expenses Event 1 $200 $200 Engineermg Estimate DI water 

Includes transportation. disposal costs, assumes 1 2 bulking factor of in place 
OffSite Transpotition & Disposal TOA 285 .X210 $59,850 Eny Est vendor quote cubic yards; assumes hazardous; awnnzs 120 pcf 

ff Site Disposal (Hazardous) - Subtotal $82.651 

IRECT CAPITAL COSTS - TOTAL $138,916 

iDIRECT CAPITAL COSTS 

Engineering and Design LS I $8,935 $8,935 Eng Esr Assume 6% of Total Dwct Capital Costs 

Contingency Allowance LS 1 $22,337 522,337 Fry EFl Assume IS% of Total Dtrect Capital Costs 

DIRECT CAPITAL COSTS - TOTAL $31,272 

APITAL COSTS (DIRECT AND INDIRECT) $180,188 

OTAL NET PRESENT WORTH: RAA 4 SlXO,18X By. ELBNCC Chk. JWPiNCC Date Completed. February 18, 2000 



TABLE C. l-4 

SITE 4 COST ESTIMATE: RAA 5 - SOIL WASHING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Comp0nent Unit Quantity Unit Cost Subtotal Cost Total Cost Source Basis/Comments 

IRECT CAPITAL COSTS 

enera 

Pre-construction Submlttals LS 1 $20,000 $20,000 Engr Es1 Work, E&S, H&S, & QC Plans; Permits; Shop Drawings 

Treatability Study LS 1 $20,000 $20,000 Engr Es Bench-scale study 

Mobilizatiow’Demob~l~zat~on LS 1 $9S,OOO $95,000 Eng Est ; vendor quote Includes mobe/demobe for soil washing subcontractor 

Decontammat~on Pad LS 1 $10,000 $10,000 Engr Est Includes deconilaydown area 

Stockpile Area LS 1 $10,000 $10,000 Engr Ert Stockpile area for treated sol1 

Contract Admrnistration LS 1 $40,000 $40,000 Engr Est Invoicing project management, field supervision, H&S, etc. 

Post-Construction Submittals LS I $10,000 $10,000 Eng. Est Record drawings, etc. 

eneral - Subtotal %205,000 

te Work 

Clearing and Gmbbmg Acre 0 15 $5,650 $848 Engr L%t , Means Env. Rem., 1999,020-104-0260 Clear & gmb dense brush and stumps 

Temporary Safety Fmcmg LF 1,650 $3.38 $5,577 Engr fist, Means Site Work, 1999, 028-320-5000 Assumes safety femng around excavated areas 

Temporary Silt Fencmg LF 1,025 $0.56 $574 Eng. Est. Means Sltd Work, 1999,022-704.l;OO Assumes silt fencmg downgradient of excavated areas 

Site Restoration: 

Backtill CY 176 $411 $723 Eng Est , Means Site Work, 1999, Al 2 I-724-1400 Assumes 1’ backlill for remedlatlon areas 

Topsoil CY xx $1720 $1,514 Engr Est , Means Site Work, 1999, 022.2 16-7000 Assumes 6” oftop soil, cost includes met?, hauling from stockpile 

Fine Gradn&cadmg (Revcgetation) SY 890 $228 $2,029 En17 Eat ; Means Sltc Work, 1999, 022-2X6-1000 Revegetatlon over all excavated and cleared areas 

te Work - Subtotal $11,265 



TABLE C. 1-4 (continued) 

SITE 4 COST ESTIMATE: RAA 5 - SOIL WASHING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component Unit Quantity Umt Cost Subtotal Cost Total Cost Source Basis/Comment.s 

reatment - Sol1 Washmg 

Fxcavatlon of Contaminated Sod CY 176 $1.71 $301 Eng Est , Means Site Work, 1999,022-238-0260 Assumes 1’ deep excavation 

Confirmation Sampling Analysis Assumes at bottom and walls of excavation 

svocs Sample 15 $600 $9,000 Baker .4verage BOAS 15 samples; add 100% cost for quick turn analysis 

Explosrves Sample 5 $400 $2,000 Baker .i\vcrage BOAS 5 samples; add 100% cost for quick turn analysis 

Inorganics Sample 30 $350 $10,500 Baker .4verage B0.4~ 30 samples; add 100% cost for quick turn analysis 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice & 
Miscollnneous Expenses 

Reporting 

Loading into Soil Washing Unit Eng Est., Means Site Work, 1999, 022-216-4000 assumes 1.2 bulking factor 

Assumes 120 pcf, cost includes samphng analysis dunng treatment, disposal 
Sol1 Washmg Operation Enfr Est , vcndol quote of process waters and filter cake 

Engineering and Design Assume 6% of Total Direct Capltai Costs 

Contingency Allowance Assume 15% ofTotal Dlrcct Capital Costs 

OTAL NET PRESENT WORTH: RAA 5 $428,000 By. &LB/NCC Chk.JWP/NCC Date Completed: February 18, 2000 
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TABLE C.2-1 

SITE 21 COST ESTIMATE: RAA2 - CAPPING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component 

DIRECT CAPITAL COSTS 

3eneral 

Pre-construction Submittals 

MoblhzationDemobilizatlon 

Decontammatlon Pad 

Contract Administration 

Post-Construction Submittals 

3eneral_ Subtotal 

Site Work 

Clearing and Gmbbrng 

Temporary Safety Fencmg 

Temporary Silt Fencing 

Slope Stabilization 

Site Work - Subtotal 

3oil Cover Installation & Site Restoration 

Backfill 

Tops011 

Fine Grading/Seedmg (Revegetatlon) 

joil Cover Installation & Site Restoration - Subtotal 

Unit 

LS 

LS 

LS 

LS 

LS 

Acre 

LF 

LF 

SY 

CY 

CY 

SY 

Quantity Unit Cost Subtotal Cost Total Cost Source Basis/Comments 

1 $20,000 %20,000 Engr Est. Work, E&S, H&S, 8r QC Plans; Permits; Shop Drawings 

1 $20,000 $20,000 Eng Est Includes mobldamob for excavation equipment 

1 $10,000 $10,000 Engr Est Includes decon/laydown area 

I $40,000 $40,000 Engr Est Invoicing, project management, field supewislon, H&S, etc. 

I $10,000 $10,000 Eng Est. Record drawings, etc. 

%100,000 

0.1 $5,650 $565 Engr. Est., Means Env. Rem., 1999,020-104-0260 Clear&grub dense brush and stumps 

500 $3.38 $1,690 Engr. Est.; Means Site Work, 1999, 028-320-5000 Assumes safety fencing around cleared and excavated areas 

250 $0 56 $140 Engr Est.; Means Site Work, 1999,022-704-1000 Assumes silt fencing downgradient of excavated areas 

120 $1.00 $120 Engr Est , Means Site Work, 1999,022-704-0010 Jute matting for stabilization of area of erosion 

$2,515 

72 $411 $296 Engr Est ; Means Site Work, 1999, Al2 l-724-1400 Assumes 1’ till for soil cover 

36 $17.20 $619 Engr Est., Means Site Walk, 1399, 022-216-7000 Assumes 6” of top solI, cost mcludes mat’], hauhng from stockpile 

348 $2.28 $793 Engr Est., Means Site Work, 1399,022-286-1000 Revegetation over cap and cleared areas 

$1,709 

, 

DIRECT CAPITAL COSTS -TOTAL 

Cost Component 

INDIRECT CAPITAL COSTS 

Unit 

$104,224 I 

Quantity Unit Cost Subtotal Cost Total Cost SOWCZ Basis/Comments 

Engmeermg and Deugn LS 1 $6,253 $6,253 Engr Est 4ssume 6% of Total Direct Capital Costs 

Contingency Allowance LS 1 $15,634 $15,634 Engr Est 4ssume 15% of Total Direct Capital Costs 

ANNUAL OPERATION AND MAINTENANCE COSTS 

Long- I erm Maintenance 

Inspection EVENT 

Cap RepaIr LS 

Mowing EVENT 

2 $250 $500 Eng Est 

1 $500 $500 En@ Est 

2 $50 $100 Ens Est 

Assume 10% of area requires repan each year 

ANNUAL O&M COSTS - 30 years of maintenance $1,100 

TOTAL NET PRESENT WORTH: RAA 2 $143,000 By El.lmwC (‘l!k I\~vP!N(:( - -.--- 
Date Completed February 18, 2000 

.--..-.“---.. .I..” 



TABLE C,2-I 

SITE 21 COST ESTIMATE: RAA 5 - SOIL WASHING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component Unit Quamy Unit Cost Subtotal Cost Total Cost Source Basis/Comments 

KRECT CAPITAL COSTS 

Pre-construction Submittals Work, E&S, H&S, C QC Plans; Permits; Shop Drwingr 

TreatabIlity Study 

MobilwatroniDemobilization Engr Est , vendor quote Includes mobe/domobe for sail washing subcontractor 

Decontamination Pad Includes decoflaydown area 

Stockpile. Area Stockpile area for treated sail 

Contract Administration Invoicing, project management, field super&ion, H&S, etc. 

Post-Construction Submittals Record drawings, etc 

Clearmg and Grubbing Acre 01 $5,650 $565 Eng. Est , Means Env. Rem., 1999, 020-104-0260 Clear&grub dense brush and stumps 

Temporary Safety Fencmg LF 500 $3.38 $1,690 Engr Est Means Site Work, 1999,028.320-5000 Assumes safety fencmg around cleared and excavated area 

Temporary &It Fencing LF 250 $0 56 $140 En9 Est Means Sita Work, 1999, 022-704-1000 Assumes slit fencmg downgradient of excavated arcas 

Site Rastoratmn. 

B&dill CY 12 $4 11 $296 Eng Erc , Mcanr Site Work, 1999, Al2 l-724-1400 Assumes 1’ backtill for remedlatlon arcas 

Slope Stablhzation SY 120 $1 00 %I20 Engr list, Means Sitr: Work, 1993, 022.7114.0010 Jute mattmg for stablltzttlon of area of erosmn 

Topsoil CY 36 $1720 $619 Eng Est , Means Site Work, 1999,022.216-7000 Assumes 6” of top soil, cost includes mat’], hauling from stockplle 

Fine Grading&edmng (Revegetation) SY 348 %22X $793 Eng Est , Means Site Work, 1999,022-286-1000 Rewgetation over disturbed area 

lte Work _ Subtotal $4,224 



4 
i 

‘\ 
1 

i 
i 

TABLE C.2-1 (continuctl) 

SITE 21 COST ESTIMATE: RAA 5 - SOIL WASHING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Excavation of Contamnated So11 

CotiirmatoIy Samphng - Labor 

Confirmation Samplmg - Analysis 

Inorgamcs 

Sampling - Travel/Per Diem 

Miscellaneous Expenses 

Reporting 

Loadmg into Soil Washing Umt 

Soil Washmg Operation 

reatment - SolI Washmg - Subtotal 

IRECT CAPITAL COSTS - TOTAL 

VDIRECTCAPITALCOSTS 

Engineering and Design 

Contingency Allowance 

Event 

LS 

CY 

TON 

LS 

LS 

Eng Est , Means Site Work, 1999,022-238-0260 Assumes 1’ deep excavation 

I day/event; 1 geo./eng sampler @ $4C/hr; 10 hrs/day 

Assumes at bottom and walls of excavation 

Biikzr Average BOAS 22 samples; add 100% cost for qwck turn analysis 

Airfare, per diem, rental car for 2 days for 1 person 
Includes Hnu rental, H&S equipment, sampling & decon expendables, ice & 

1 $200 $200 Engineermg Estlmato DI water 

1 $5,000 $5,000 Eng Est. Letter report 

12 $632 $455 Engr Est ; Means Site Work, 1999,0X-216-4000 

Assumes 120 pcf, cost includes samplmg analysis dung treatment, disposal 

140 $27840 $38,976 Eny Est., vendor quote of process waters and filter cake 

$53,854 

$263,078 

1 $15,785 $15,785 En@ Est Assume 6% of Total Direct Capital Costs 

I $39,462 $39,462 Eny I3 Assume 15% of Total Direct Capital Costs 

DIRECT CAPITAL COSTS - TOTAL $55,246 

APITAL COSTS (DIRECT AI\TD INDIRECT) $318,324 

I - " ,,,m, .nn,Tnn 

T 

D 

If 

IT 

C 

TOTALNETPRESENTWORTH: RAAS $318,000 IBy ELBINCC Chk JWPINCC 



Cost component 

XRECT CAPITAL COSTS 

heral 

Pre-construction Submittals 

MobilizationiDemobihzation 

Treatabllity Study 

Decontammatwn Pad 

Contract Administration 

Post-Construction Submittals 

ieneral - Subtotal 

,ite Work 

Clearing and Grubbing 

Temporary Safety Fencing 

Temporary Slit Fencing 

Slope Stablhzatmn 

iate Work - Subtotal 

Ix-Situ Phytoremedlation Treatment 

Construct Phytorzmediatlon Ccl1 

Ex-Situ Phytoremedlatlon 

Excavation 

Confirmatory Sampling _ Labor 

Confirmatory Sampling -Analysis 

Inorganics 

Sampling - TraveliPzr Cilem 

Mlsczllaixous Expznses 

Transport & Disposal ofTJsed HDPE Phytoremcdlation 
Lm*r 

Repoltmg 

x-Situ Phytoremadiatlon - Subtotal 

Unit 

IS 

LS 

IS 

LS 

LS 

LS 

Acre 

LF 

LF 

SY 

EA 

;ample 

LS 

Event 

Toll 

EA 

TABLE C,2-2 

SITE 21 COST ESTIMATE: RA43 - EX-SITU PHYTOREMEDIATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Quantity 

0.1 

500 

250 

120 

1 

72 

72 

10 

$5,650 

$3 3x 

$0.56 

$1 00 

iubtotal Co: 

$2O,OOC 

$2O,OOC 

$S,OOC 

S1o,ooc 

$40,000 

$10,000 

$565 

$1,690 

$140 

$120 

$11,040 

$10,800 

$123 

$400 

$7.700 

$1.000 

$200 

$150 

$5,000 

Total Cost Source Basis/Comments 

Engr Est 

Eny. Est. 

Eny. Est 

Engr Est. 

Engr Est. 

Engr Est 

Work, E&S, H&S, & QC Plans; Penruts; Shop Drawings 

Includes mob/demob for excavation equipment 

Includes decon/laydown area 

Invoicing, project management, field supervision, H&S, etc. 

Record drawmgs, etc. 

$105,000 

Eny Est., Mzans 5nv Rem.. lY99,020-104-0260 

Engr Est : Means Sltz Work, 1999,028-320-5000 

Eng Est , Means Site Work, 1999,022.704-1000 

Bny Est, Means Sltc Work, 1999, 022-704-0010 

$2,515 

Clear & grub dense brush and stumps 

Assumes safety fencmg around excavated areas 

Assumes sdt fencing downgradient of excavated areas 

Jute matting for stablhzation of area of erosion. 

<ngr Est., Means Site Work, 1999, Al2 l-724.1 100 Engr Est 
deans S11e Work, 1999, 022-706-0300 

Engr Est , vendor quote 

Engr Est, Means Sltc Work, 1999, 022-238-0260 

Eny Est 

Baker Average DOAs 

Eny Est 

Engiricaring Estimate 

Eng Est 

$36,413 ( 

Includes construction of 1 impermeable surface for treatment; assume a 18 
mch deep, 40 foot by 40 foot biocell; constructed of 50 A by 50 ft. 120 mil 
HDPE lmer ($2.06/sf x 2 for small size ofproj.) and earthen berms (SO cy 
backfill compacted _ $2.73/cy), clean backfill from biocell for berms; 1 emp. 
oper ($4O/hr) and 2 techmclans ($10&r) for 10 hours each 

The vendor assumes that the soil will be properly characterized, excavated ab 
okaccd lb ab unocrmeablc surface and that site access, urigatlon-quality wale1 
and power will be readily available. Includes plantmg, harvesting biomass 
samphng & disposal 

Assumes 1’ deep excavation of soil to be treated 

1 day/event, 1 gee ieng sampler @ $?okr; 10 hrs/day 

Assumes at bottom and walls of excavation 

22 samples, add 100% cost for quick turn analysis 

A~rfxe, per dxm, rental car for 2 days for 1 person 

Includes I Inu rental, H&S equprnent, sampling & decon cxpendablas, ice d 
DI water 

Assumes the biocell is non-hazardous and will be disposed at an off-site non- 
hazardous landfill, assume SO pcf 



TABLE C.2-2 (continued) 

SITE 21 COST ESTIMATE: RAA3 - EX-SITU PHYTOREMEDIATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost ComDonent I Unit I Ouantitv IUnit Cost lubtotal Cost T&l f&t Source Basis/Comments 

ite Restoration I I I 

B&till 

Topsoil 

Fine GmdingGeeding (Revegetation) 

ite Restoration _ Subtotal 

1IRECT CAPITAL COSTS -TOTAL 

CY I?. $4.11 $296 Engr Est ; Means Sits Work, 1999, AlZ.l-724-1400 Backiill of excavated areas 

Assumes 6” of top soil over excavated areas; cost includes mat’], hauling from 

CY 120 $17.20 $2,064 Eng. Est.; Means Site Work, 1999,022-216-7000 stockpile. 

SY 34x $2 2x $793 Engr Est , Means Site Work, 1999,022-2X6-1000 Revegetatmn over excavated and cleared areas 

I I I $3,153 

$147 0x1 

$8,825 

$22,062 

I I 
LS 

LS 

I I I I I I I 

$30,887 

$8,825 

I I 

Eng. Est. Assume 6% of Total Direct Capital Costs 

$22,062 Engr Est Assume 15% of Total Direct Capital Costs 

\QIRECT CAPITAL COSTS 

Engineering and Design 

Contingency Allowance 

iDIRECT CAPITAL COSTS -TOTAL 

APITAL COSTS (DIRECT AND INDIRECT) $177,969 I 

NNUAL OPERATION AND MAINTENANCE COS 

ong-Term Mamtenance 

lnspect1on EVEN-l 2 

Ex-Situ Phytoremediation CY 72 

Confirmatory Samplmg - Labor 

Confiirmatory Sampling - Analysis 

Inorgnnics 

Sampling - Travel/Per Diem 

HR 

Sample 

LS 

Miscellaneous Expenses 

Reporting 

>ne-Term Maintenance - Subtotal 

Event 

EA 

$250 

$150 

$40 

$175 

$790 

$200 

55.000 

$500 

$10,x00 

$800 

$3,500 

$1,580 

$400 

%5,000 

EngT list 

Eng Est vendor quote ncludes reseeding (ifnecessary), harvesting, biomass sampling B: disposal 

Engr Est 1 day/event, 1 gco./eng. sampler @ $4O/hr, 2 events/yr, IO trs/day 

\ssumes at bottom and walls of excavation 

Baker Average BOAS 

Engr Est 

Engmeznng ISstlmate 

0 samples twice per year 

Mare, per diem, rental cay for 1 day for 1 person 
ncludes Hnu rental, H&S equrpment, samphng & decon expendables, ice & 
11 water 

$22,580 

NNUAL O&M COSTS - 2 years of maintenance $22,580 

OTAL NET PRESENT WORTH: RAA 3 $220,000 By, ELBmCC Chk, JWP/‘NCC Date Completed February 1X,2000 



TABLE C.2-3 

SITE 21 COST ESTIMATE: RAA 4 - OFF-SlTE DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN,,~U$@NIA 

Cost Component 

lIRECT CAPITAL COSTS 

enoral 

Prz-canstructmn Submittals 

Mobilization/Denloblllzation 

Decontamination Pad 

Contract Admimstration 

Post-Construction Submittals 

eneral - Subtotal 

ite Work 

Clearing and Grubbmg 

Temporary Safety Fencing 

Temporary Silt Fencmg 

Site Restoration 

BaCkfill 

Slopz Stabdlzatlon 

Toyso~l 

Fme Gradmg/Sezding (Revzgctatlon) 

ite Work - Subtotal 

Unit 

IS 

LS 

LS 

LS 

LS 

Acre 

LF 

LF 

CY 

SY 

CY 

SY 

T' ‘y+~;- 

.' :- ;B %&J& 

* 
Quantity Unit Cost Subtotal Cost Total Cost Source Basis/Comments 

1 $20,000 $20,000 Eng Est Work, E&S, H&S, & QC Plans; Permits; Shop Drawmgs 

I $20,000 $20,000 Eng Est Includes mobidemob for excavation equipment 

1 $10,000 $10,000 Engr Est Includes decon/laydown area 

1 %40,000 %40,000 Eng. Est Invoicing, project management, field supervwon, H&S, etc. 

1 %10,000 %10,000 Engr Est Record drawings, etc. 

$100,000 

01 $5,650 $565 Engr Est : Means Env. Rem., 1999, 020-104-0260 Clear & grub dense brush and stumps 

500 $3.38 $1,690 Engr Est , Means Site Work, 1999,028-320-5000 Assumes safety fencing around cleared and excavated areas 

250 $0.56 $140 Engr Est , Means Site Work, 1999, 022-704-l 000 Assumes silt fencing downgradient of excavated areas 

72 54.11 $296 Eng Est , ~i/ieans Site Work, 1999, A12 l-724-1300 Assumes 1’ backtill for remedlation area 

120 %I 00 $120 Eng Est , Msans Site Work, 1999, 022-704-0010 Jute mattrng for stablhzatmn of urea of erosion 

36 $1720 $619 Engr Est , Means Site Work. 1999, 022-216-7000 Assumes 6” oftop solI, cost mcludes mat’l, hauling from stockpile 

34x $2.28 $793 Engr EM , Means Site Work, 1999, 022-2X6-1000 Revegetation over disturbed area 

Pi,224 



TABLE C.2-3 (continued) 

SITE 21 COST ESTIMATE: RAA 4 - OFF-SITE DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost component 

)ff Site Disposal (Hazardous) 

Soil Excavation 

Confirmatory Samphng - Labor 

Con!innatoIy Sampling - Analysis 

Inorganics 

Samplmg - Travel/Per Diem 

Miscellaneous Expenses 

Off Site Transport&on & Disposal 

off Site Disposal (Hazardous) - Subtotal 

lIRECT CAPITAL COSTS - TOTAL 

VDIRECT CAPITAL COSTS 

Engineering and Design 

Contingency Allowance 

VDIRECT CAPITAL COSTS -TOTAL 

‘APITAL COSTS (DIRECT AND INDIRECT) 

unit Quantity Unit cost Subtotal Cost Total Cost Source Bas~s/Comments 

CY 12 $1 71 $123 En@. Est.; Means Site Work, 1998, 022-242-2000 Assuming 1’ deep excavation 

HR 10 $40 MOO Eng. Est 1 day/event; 1 geo./eng. sampler @ $4Oihr, 10 hrs/day 

Assumes at bottom and walls of excavation 

Sample 22 $350 $7,700 Baker Average. BOAS 22 samples; add 100% cost for quick turn analysis 

LS 1 $1,000 $1,000 Engr Est. Airfare, per diem rental car for 2 days for I person 

Includes Hnu rental, H&S equipment, sampling & decon expendable+ ice B 

Event 1 $200 $200 Engineering Estimate DI water 

Includes transportation, disposal costs; assumes 1.2 bulking factor of in place 

Ton 140 $210 $29,400 Engr Est ; vendor quote cubic yards, assumes hazardous; assumes 120 pcf 

$38,823 

$143,047 

LS I $8,583 $8,583 Engr Est. Assume 6% of Total Direct Capital Costs 

LS 1 $21,457 $21,457 Engr Est Assume 15% of Total Direct Capital Costs 

$30,040 

S173,OX6 

I ~~ - - * .-, .n^n^_ 
OTALNET PRESENT WORTH: RAA 4 %173,000 IBy. ELBNJC chk JwP/Ncc ,Lm” uxnplerea: reomary 16, L”“” 





TABLE C.3-1 

SITE 22 COST ESTIMATE: RAA2 - CAPPING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost Component 

)lRECT CAPITAL COSTS 

;enzra1 

Pre-construction Subm#.als 

Mobilization/Demobilization 

Decontamination Pad 

Contract Admmlstration 

Post-Construction Submittals 

;eneral - Subtotal 

lhte Work 

Clearing and Gmbbing 

Temporary Safety Fencing 

Temporary Slit Fencmg 

:ite Work - Subtotal 

,lte Restoration and SolI Cover 

Backtill for AOCs 

Addltlonal Backfill for Sod Cover 

Backfill for Eros~anal Area 

Backfill for Dew&ring Area 

Topsoil 

Rough Grading (spreading) 

Fine Gradmg/Seedmg (Revegetation) 

lte Restoration - Subtotal 

CRA Closure of Biocell 

Demolition of Concrete Wall 

Excavation of Lmer 

RCR4 Sampling-Labor 

RCR4 Soil Sampling 

Exploswes 

Mwellaneow Expenses 

OfiSlte Transport&on & Disposal 

CRA Closure ofBiocel1 - Subtotal 

Unit 

LS 

LS 

LS 

LS 

LS 

ACK 

LF 

LF 

CY 

CY 

CY 

CY 

CY 

SY 

SY 

CF 

CY 

HR 

Sample 

Event 

Ton 

Quantity Unit Cost Subtotal Cost Total Cost Source Basis/Comments 

1 $20,000 $20,000 Engr. Est. Work, E&S, II&S, t QC Plans; Permits; Shop Drawings 

1 $20,000 $20,000 Eng. Est Includes mob/demob for excavation equipment 

1 $10,000 s10.000 Engr Est Includes deconilaydown area 

1 $40,000 $40,000 Eng Est Invoicing, project management, field supervision, H&S, etc. 

1 $10,000 $10,000 Engr. Est Record drawmgs, etc. 

$100,000 

0.4 $5,650 $2,260 Eng. Est.: Means Env Rem, 1999,020-104-0260 Clear&grub dense brush and stumps 

1,300 $3.38 $4,394 Engr. Est , Means Site Work, 1999,028-320-5000 Assumes safety fencing along inside treeline of site 

915 $0.56 $512 Engr. Est ; Means Site Work, 1999, 022-704-1000 Assumes silt fencing downgradient of excavated areas 

$7,166 

Backfill of excavated AOC areas (includmg bmcoll area); 4105 cy need to be 
brought from another source, 1655 cy of clean sol1 from blow11 will also be 

4105 $411 $16,872 Engr Est., Means Site Work, 1999, Al2.1-724-1400 used as backfdl 

930 $4 1 I $3,822 Engr Est, Means Site Work, 1999, Al2 I-724-1400 I foot additional fill for soil cover over AOCs 

2850 $4 I 1 $11,714 Engr Lst., Means Site Work, 1999, Al2 l-724-1400 Backfill of area of erosion; assume 5 !I deep, 15,400 sf area 

3040 $411 % 12,494 Engr Est , Means Site Work, 1999, Al2 l-724-1400 Backfill for dewatering area; awme 5 !I deep, 16,415 sf area 

Assumes 6” of top soil over excavated and backfilled areas; cost includes 
1070 $1720 $18,404 Engr Est., Means Site Walk, 1999, 022-216-7000 mat’], hauling from stockpile 

Rough gradmg over erosional area, wheel mounted I-112 cy bucket front end 
1710 $6 40 $10,944 En!g Est., Means Site Work, 1999,022-216-4060 loader 

6,415 $2.28 $14,626 Eng. Est ; Me.ins Site Work, 1999,022.286-1000 Revegetatlon over excavated, backfilled and cleared are* 

$88,X76 

1500 $21 11 $31,665 Engr Est ; Means Site Work, 1339,020-7OClO50 Assume concrete slab, bar reinforced 

60 $1 71 $103 Engr Est.; Means Slta Work, 1999,022-238-0260 Excavation of soil is addressed in “Off-S& Disposal” 

10 $40 $400 Eng Est 1 day/event; 1 geo /eng sampler @ $4O/hr; 10 h&day 

2s s400 $10,000 Baker Avsragz B0.4~ 25 samples; add 100% cost for qwk turn annlys~s 

Includes Hnu rental, H&S equipment, sampling & decon expendables, xc d 
1 $200 $200 Enginecling Estimate DI water 

Includes transportation & disposal costs; assume m bulk and hazardous; 
315 $210 506,150 Eng. Est , vendor quote assume 200pcf for concreteilmer waste 

$108,518 
- 



TABLE C.3-1 (continued) 

SITE 22 COST ESTIMATE: RAA2 - CAPPING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

#ite Restoratuxx Sampling 

Site Restoratmn Samplmg - Labor ElR 20 $40 $800 Eng. ES 2 days/event; 1 gee /eng. sampler @ $?O/hr.l 0 hrs/day 

Dewataing Area Sampling $0 

InOrgFWS Sample 10 $350 $3,500 Baker Avzrage BOAS IO samples, add 100% cost for quick turn analysts 

Eros~~~i Area Samplmg SO 

Inorganlcs Sample 10 $350 %3,500 Baker Avcragc B0.Q 10 samples; add 100% cost for quick turn analysts 

Airfare, per diem, rental car for 5 days for 1 person; includas time for RCRA 

Sampling - Travel/Per Dlam LS 1 $2,000 $2,000 Eng. Est sampling end sampling of erosion and dewatering areas 

Includes Hnu rental, H&S equipment, sampling & decon cxpendables, ice & 

Miscellaneous Expenses Event 1 $200 $200 Engineenng Estmxata DI water 

ite Restoration Sampling _ Subtotal $10,000 

Engineermg and Design Assume 6% of Total Direct Capital Costs 

Contmgency Allowance Assume IS% of Total Direct Capital Costs 

.ong-Term Mamtenance 

Inspection 

Cap Repair Assume 10% of area requires repair each year 

.NNUALO&M COSTS -30 years of maintenance $1,100 I 

'OTALNETPRESENTWORTHzRAAZ $400,000 By- ELB/NCC chk JwPmcc Date Completed. February IX,2000 



Cost Component 

IRECT CAPITAL COSTS 

:nwal 

Pre-construction Submittals 

Moblllzntlonfl3emobilization 

TreatabIlity Study 

Decontamination Pad 

Contract Administration 

Post-Constructmn Submittals 

:neral - Subtotal 

:e Work 

Clearmy and Grubbmg 

Temporay Safety Fencing 

Temporary Slit Fencing 

.e Work - Subtotal 

.e Restoratron 

Unit 

LS 

LS 

LS 

LS 

LS 

LS 

Acre 

LF 

LF 

TABLE C.3-2 

SITE 22 COST ESTIMATE: RAA3 - EX-SITU PHYTOREMEDLATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Quantity Unit Cost Subtotal Cost Total Cost SOU*Ct? Basis/Comments 

1 $20,000 $20,000 Eng Est Work, E&S, II&S, & QC Plans; Permits; Shop Drawmgs 

1 $20,000 $20,000 Engr Est Includes mob/demob for excavation equipment 

1 $5,000 $5,000 Eng. Est 

1 $10,000 $10,000 Eng. Es1 Includes deconilaydown area 

1 $40,000 $40,000 Engr Est. Invoicing, project management, field supewismn, H&S, etc. 

1 $10,000 %10,000 Engr Est Record drawmgs, etc. 

$105,000 

0.4 $5,650 $2,260 Engr Est ; Means Env Rem., 1999,020-104-0260 Clear&&rub dense bwh and stumps 

1,300 $3.38 84,394 Engr Est , Means Site Work, 1999,028-320-5000 Assumes safety fencing along insIde treeline of site 

915 $0.56 $512 Engr Est ; Means Site Work, 1999,022-704-1000 Assumes silt fencing downgradient of excavated area 

$7,166 

Backfill for 4OCs 

Backiill for Erosional Area 

Backfill for Dwatenng Area 

Tops011 

Rough Griidmg (spreadmng) 

Fine Grading/Seedmg (Revegatatlon) 

e Rcstoratmn - Subtotal 

:R4 Closiire. oflliacell 

CY 4155 

CY 2850 

CY 3040 

CY 1070 

SY 1710 

SY 6,415 

$4 II 

$4. I I 

$4.11 

$17 20 

$6.40 

$2.28 

$17,077 

$11,714 

$12,494 

$18,404 

$10,944 

$14,626 

Backfill of excavated AOC ares (includmg bmcell area); 4155 cy need to be 
brought from another source, 1655 cy of clean soil from biocell will also be 

Engr Est , Means Site Work, IYYY, Al2.1-724.1400 used as backfill (50 cy of it for the earthen berms of phyto cell) 

Engr Est ; Means Site Work, 1999, Al2 I-724-1400 Backfill of area of erosion; assume 5 ft deep, 15,400 sfarea 

Engr Est., Means Site Work, 1999, Al2.1-724-1400 Backfill for dewatering area; assume 5 Ii deep, 16,415 sfarea 

Assumes 6” of top soil over excavated and backtilled areas; cost includes 

Engr Est , Means Site Work, 1399, 022-216-7000 mat?, hauling from stockpile 

Rough grading over erosional area; wheel mounted l-112 cy bucket front end 

Eng Est ; Means Site Work, 1999,022-216.4060 loader 

Eng Est ; Means Slta Work, 1999, 022-286-1000 Revegetatmn over excavated, backfilled and cleared areas 

$85,259 

Demolitwn of Concrete Wall 

Excavation of Liner 

RCR4 Snmplmg - Labor 

RCP ‘3 9n,l <,,,,i,nn I.___ . I_.. Y ,....=. l... 

CF 1500 

CY 60 

HR 10 

$21 11 

$171 

$40 

$31,665 

$103 

$400 

Engr Est ; Means Site Work, 1999, 020-704-1050 

Engr Est , Means Site Work, 1939, 022-238-0260 

Eng Est 

Assume concrete slab, bar reinforced 

Excavation of sod 1s addressed in “O&Slte Disposal” 

I day/event; 1 gee /eng sampler @ $W/hr, 10 h&day 

Esploslves 

M~scellanaw Expenses 

Off Sitz Transportatmn & Disposal 

RA Closure ofBiocel1 _ Subtotal 

Sample 25 

Event 1 

Ton 315 

woo 

$200 

$210 

$1 0,000 

$200 

$6&l 50 

Rakzr .4verage BOAS 25 samples, add 100% cost for quick turn analysis 

Includes Hnu rental, H&S equipment, snmplmg & decon expendables, ice & 

Engmeermg Estimate DI water 

Includes transportation & disposal costs, assume m bulk and hazardous; 

Engr Est vendor quote wume 200pcffor concrete/liner waste 

$10X,518 



TABLE C.3-2 (continued) 

SITE 22 COST ESTIMATE: RAA3 - EX-SITU PHYTOREMEDIATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

ite Restoration Sampimg 

Sk Restoratmn Sampling - Labor Hx 20 $40 $800 EngI Est. 2 days/event, I gee ieng sampler @ $4Oihr; 10 his/day 

Dewatering Axa Sampling SO 

Inorganics SZIlple 10 $350 $3,500 Baker Averagz B0As 10 samples, add 100% cost for quick turn analysis 

Erosional Area Sampling $0 

Inorganics SXl-Ipk 10 $350 $3,500 Baker Average BOAS 10 samples; add 100% cost for quick turn analysts 

Includes Hnu rental, II&S equipment, sampling & dscon expendables, ice & 
M~sctllanzous fixpenses Event I s200 $200 Enginzermg IGtlmatz DI water 

ite Restoration Sampling - Subtotal $8,000 

x-Situ Phytorcmediation Treatment 

Includes construction of 1 unpermeable surface for treatment; assume a 18 
inch deep, 40 foot by 40 foot biocell; constructed of 50 ft. by SO fi. 120 mil 
HDPE liner ($2.06/sfx 2 for small sizs ofproj.) and earthen berms (50 cy 

Engr Est ; Means Sltz Work, 1999, Al2 I-724-1100 Engr Est ; backfill compacted - $2 73/cy); clean backfill from biocell for berms, 1 cup. 
Construct Phytorcmediatlon Cell EA 1 $11,040 $11,040 Means Site Work, 1999, 022-706-0300 oper ($4O/hr) and 2 technicians ($lO/hr) for 10 hours each 

The vendor awunes that the soil will be properly characterized, excavated an 
placed on an impermeable surface and that site access, ngation-quality wate. 

Ex-Situ Phytorernediation 
and power will be readily available. Includes planting, huesting, biomass 

CY 930 us0 $139,500 Eng Est ; vendor quote samplmg B disposal 

Excavation CY 930 $1 71 $1,590 Engr Est; Means Site Work, 1999> 022-23x-0260 Assumes 1’ deep excavatmn of sol1 to be treated 

Confirmatory Samplmg - Labor HR 20 $40 $800 Engr Est 2 days/went, 1 gao./eng sampler @ NO/lx, 10 his/day 

AOC Confirmatory Samphng - Analysis Aswnzs at bottom and walls of excavation 

Exploswes Sample 5 $400 $2,000 Baker Average BOAS 5 samples; add 100% cost for quick turn analysis 

Inorganics Sample 15 $350 $5,250 Baker Awage BOAS 15 samples, add 100% cost for quick turn analysis 

Arfare, per dxm, rental car for 5 days for 1 person, includes time for RCRA 
Sampling - Travel/Per Diem LS 1 $2,000 $2,000 Eng~ Est samplmg and samplmg of erosmna dn dewatermg areas 

Includes Hnu rental, H&S equipment, sampling & dccon expendables, KZ B 

M~sccllancous Espcnszs Evznt 1 $200 $200 Eng~neermg Rsllmalt: DI water 

Transporr & Dx.posal ofUsed HDPE Phytoremediatmn Assumes the bmccll IS non-hazardous and will be disposed at an off-site non- 
Liner Ton IS $100 $150 Engr. Est hazardous landfill, assume 50 pcf 

Reporting E.4 1 %5,000 $5,000 

x-Situ Phytorzmediation - Subtotal $167,530 



i 
i 

TABLE C.3-2 (continued) 

SITE 22 COST ESTIMATE: RAA3 - EX-SITU PHYTOREMEDIATION 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

)TRECT CAPITAI. COSTS TOTAI. 1 I I I I e&l 472 I I 
_.--- _.-_._ - -__._ _____ 

‘KXRECT CAPITAL COSTS 

Engineering and Design LS 

Contmgency Allowance LS 

VDIRECT CAPITAL COSTS - TOTAL 

‘4PITAL COSTS (DlRECT AND INDWECT) 

NNK4L OPERATION AND MAINTENANCE COSTS 

ong-Term Maintenance 

InSpWtlOIl EVENT 

Ex-Situ Phytoremed&on CY 

Cotiirmatory Samplmg - Labor HR 

Confilmatory Snmphng - Analysis 

Explosives Sample 

Inorganics Sample 

Samplmg - Travel/Per Diem LS 

Miscellaneous Expenses Event 

Kaportmg EA 

zng-Term Mamtenance - Subtotal 

NNUAL O&M COSTS - 2 years of maintenance 

OTAL NET PRESENT WORTH: RAA 3 

1 $28,888 $28,888 

1 $12,221 $72,221 

2 $250 $500 

930 $150 $139,500 

20 MO $800 

20 $200 $4,000 

20 $175 $3,500 

2 $790 $1,580 

2 $200 $400 

1 $5,000 $5,000 

V1YI,TId 

Engr. Est 

Eng Est 

$101,109 

S582,583 

Eng Est. 

Eng F.st : vendor quote 

Engr Est 

Baker Average nOAs 

Baker Average 80.4s 

Engr Est. 

Engl”2”‘L”g Estimate 

$155,280 

$155,280 

5871,000 By. ELBINCC Chk. JWP/NCC 

Assume 6% of Total Direct Capital Costs 

Assume 15% ofTotal Direct Capital Costs 

Includes rzseedmg (~fnecessary), harvesting, biomass sampling & disposal 

1 day/event, 1 gzo./eng. sampler @ $4O/hr, 2 events/yr, 10 l&day 

Assumes at bottom and walls of excavation 

10 samples twce a year 

10 samples twce a year 

Airfare, per diem rental car for 1 day for 1 person 
Includes Hnu rental, H&S equipment, sampling Bc decon expendables, ice dlc 
DI water 

Date Completed. Febmay 18,200O 



TABLE C.3-3 

SITE 22 COST ESTIMATE: RAA 4 - OFF-SITE DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Cost component Unit QUatltlty Unit Cost Subtotal Cost Total Cost Source Br&/Commentc 

ILRECT CAPITAL COSTS 

herd 

Pre-comtmction Submittals LS I $7,500 $7,500 Eny Est Work, E&S, H&S, & QC Plans; Permits; Shop Drawings 

Mobilization/Demobilization LS 1 $10,000 $10,000 Eny Est. Includes mob/demob for excavation equipment 

Decontamination Pad LS I f10,OOO %10,000 Engr. Est Includes deconilaydown area 

Contract Administration LS I $20,000 f20.000 Engr Est Invoicing, project management, field superwion, H&S, etc. 

Post-Construction Submittals LS I $7,500 $7,500 Engr Est Record drawings, etc. 

;eneral _ Subtotal 555,000 

;ite Work 

Clearing and Grubbmg Acre 04 S5,650 $2,260 Eny. Est , Means Env. Rem., 1999,020-104-0260 Clear & grub deme brush and stumps 

Temporary Safety Fencing LF 1,300 $3.38 S4,394 Eng Est , Means Site Work, 1999, 028-320-5000 Assumes safety fencing along inside treeline ofsrte 

Temporary Silt Fencing LF 915 $0 56 $512 Eng Est ; Means Site Work, 1999, 022-703.IO00 Assumes salt fencing downgradient of excavated awas 

;ite Work. Subtotal $7,166 

lite Restoration 

Backfill of excavated AOC areas (including brow11 area); 4105 cy need to be 
brought from another source, 1655 cy ofclean sod from biocell will also be 

Backfill for AOCs CY 4105 $4 II $16,872 Eny Est. Means Site Work, 1999, A12 1-724-1400 used as backtill 

Backfill for Erosional Area CY 2850 $4 I1 611.714 Eny. Est , Means Site Work, 1999, Al2 l-724.1400 Bsck!ill ofarea oferosion; assume 5 ft deep, 15,400 sf area 

Backfill for Dewatering Area CY 3040 $4 II $12,494 Eny Est., Means Site Work, 1399, Al2 I-724-1400 Backfill for dew&ring area; assume 5 ft deep, 16,415 sfarea 

Assumes 6” of top soil over excavated and backfilled areas, cost includes 

Topsoil CY 1070 $17 20 % 18,404 Engr Est , Means Sate Work, 1999, 022-216-7000 mat’], hauling from stockpile 

Rough gadmg over erosional area, wheel mounted I -l/2 cy bucket front end 

Rough Gradrng (spreadrng) SY 1710 56 IO s IO.944 Eny. Est., Means Sate Work, 1999, 022.216.4OK loader 

Fine Grading/Seedmg (Revegetation) SY 6,415 52 28 $14.626 Eny. Est. Means Site Work, 1999, 022-286.IOOri Revegetatron over excavated, backtilled and cleared areas 

;ite Restoration - Subtotal %85,054 

KXA Closure of Biocell 

Demolition ofConcrete Wall CF 1500 621 11 $31,665 Eny. Est ; Means Site Work, 1999,020-704-1050 Assume concrete slab, bar reinforced 

Excavation of Liner CY 60 $1 71 $103 Eng Est., Means Site Work, 1999.022-238-0260 Excavatron ofsoil is addressed in “Off-Sate Drsposal” 

RCRA Sampling - Labor HR IO 541) $400 Eny Es1 I day/event, 1 geo./eng sampler @ S4Oihr. IO hrsiday 

RCRA Soil Sampling 

Explosives Sample 25 $400 $lO,OOO Baker .4verage BOAS 25 samples; add 100% cost for quick turn analysis 

Includes Hnu rental, H&S equipment, samphng & decon expendables, rce d 

Miscellaneous Expenses Event S2OO $0 Engineering Estimate DI water 

Includes transportation & disposal costs; assume rn bulk and hazardous; 

Off Site Transportation & Drsposal Ton 315 S210 %66, I50 Eny Est , vendor quote assume 200pcf for concrete/liner waste 

CR4 Closure of Biocell - Subtotal $108,318 



TABLE C.3-3 (continued) 

SITE 22 COST ESTIMATE: RAA 4 - OFF-SITE DISPOSAL 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

ite Restoration Sampling 

Site Restoration Samphng - Labor 

Dewatering Area Sampling 

Inorgamcs 

Erosional Am Sampling 

Inorganics 

Sampling - Travel/Per Diem 

Miscellaneous Expenses 

te Restoration Sampling - Subtot.$ 

ff Site Disposal (Hazardous) 

Soil Excavation 

Confirmatory Sampling - Labor 

ContirmatoIy Sampling _ Analysis 

Explosives 

lnorgmcs 

Samplmg - Travel/Per Diem 

Miscellaneous Expenses 

Off Site Transportation Bi Disposal 

f Site Disposal (Hazardous) - Subtotal 

HI? 20 

Sample 10 

Sample 10 

LS 1 

Event 1 

CY 930 

HR 20 

Sample 5 

Sample 15 

LS 1 

Event I 

Ton 1500 

$40 

s350 

$350 

$2,000 

$200 

$1.71 

$40 

$400 

$350 

$2,000 

$200 

$210 

$800 

$0 

$3,500 

$0 

$3,500 

$2,000 

$200 

$1,590 

$X00 

$2,000 

$5,250 

s2,ooo 

$200 

$315,000 

Eng. Est 2 days/event; I geo.ieng. sampler @ $4O/hr,lO h&day 

Baker Average BOAS 10 samples; add 100% cost for quick turn analysis 

Baker Average BOAS 10 samples; add 100% cost for quick turn analysis 

Airfare, per diem, rent?l car for 5 days for I person, includes time for RCRA 

Engr Est sampling and sampling of erosion and dew&ring areas 

Includes Hnu rental, H&S equipment, samplmg & decon expendables, ice & 
Engmeermg Estimate DI water 

%10,000 

Eng Esr ~Mcans Site Work, 1998, 022-242-2000 Assumes I’ deep excavation of solI to be disposed 

Eng Est 2 days/event; I geo./cng. sampler @ $IOihr,lO &/day 

Assumes at bottom and walls ofexcavatmn 

Unka Avernge BOAS 5 samples, add 100% cost for quick turn analysis 

Baker Average BOAS 15 samples; add 100% cost for quick turn analysts 

Airfare, per diem, rental car for 5 days for 1 person. mcludcs tnne for RCRA 
Eng Est sampling and samplmg of erosiona dn dcwatermg area 

Includes Hnu rental, H&S equipment. samphng % decon expendables, ice & 
En~meermg Earnate DI water 

Includes transportation, disposal costs, assumes I 2 bulkmg factor ot‘m place 
Engr Est VILrxh quotz cubic yards; aswmes hazardous, assumes 120 pc! 

$326,840 

RECT CAF’ITAL COSTS - TOTAL S592.378 

LNDIRECT CAPITAL COSTS 

Engineering and Design 

Contingency Allowance 

LS 

LS 

1 $35,543 $35,543 Engr Ert Assume 6% of Total Direct Capital Costs 

I S88.8.57 $88,857 Eny Est Assume 15% ofTotal Direct Capital Costs 

INDIRECT CAPITAL COSTS -TOTAL 

CAPITAL COSTS (DlRECT AND INDIRECT) 

TOTALNET PRESEM WORTH: RAA 4 

I 
$124,399 

$716,171 

%716,777 By ELR/NCC chk JvfPmcc Date Completed- February 18, 2000 



TABLE C.3-4 

SITE 22 COST ESTIMATE: RAA 5 - SOIL WASHING 
NAVAL WEAPONS STATlON YORKTOWN, YORKTOWN, VIRGINIA 

Cost component Unit Quantity Unit Cost Subtotal Cost Total Cost Source Basis/Comments 

RECT CAPITAL COSTS 

ncral 

Pre-construction Submlttals LS 1 $20,000 $20,000 Eng- Est Work, E&S, H&S, SC QC Plans; Permits; Shop Drawmgs 

Trealabii~ty Study LS 1 $20,000 $20,000 Engr Est. Bench-scale study 

Moblllzatlon~emobillzation LS 1 $75,000 $75,000 Eng. Est., vendor quote Includes mobzldemobe for soil washing subcontractor 

Decoutammation Pad LS 1 $1 0,OOO $10,000 Lingr rist Includes deconilaydown area 

StockpIle Arza LS 1 $10,000 s10,000 Eng. Est Stockpile area for treated soil 

Contract Admm:stration LS I $40,000 $40,000 Engr. Est Invmcing, projat management, field supzrvlsion, H&S, etc. 

Post-Constructran Submittals LS 1 $10,000 $10,000 Engr Est Record drawings, etc. 

ndral - Subtotal $185,000 

e Work 

Clearmg and Gmbbmg Acre 04 $5,650 $2,260 Eng Est ; Means Env Rem, 1999,020-104-0260 Clear s: grub dense brush and stumps 

Temporary Safity Fencing LF 1,300 $338 $4,394 Eng Est ; Means Site Work, 1999,028-320-5000 Assumes safety fencing along inslde txeline of site 

Temporary Silt Fencmg LF 915 $056 $512 Eng Est ; Means Site Work, 1999,022-704-l 000 Assumes slit faxmg downgradient of excavated areas 

e Work - Subtotal $7, I66 
Site Restoratmn, 

Backfill of excavated AOC area (mcludmg bmcell <area), 4105 cy need to be 
brought from another source, 1655 cy of clean soil from bmcell ~111 also be 

Bncklill for AOCs CY 4105 $411 $16,X72 Engr Est , Means Site Work, 1999, Al2 l-724-1400 used as backfill 

Backtill for Erosmnal Area CY 2850 $411 $11,714 Eng. Est.; Means Site Work, 1999, A12 i-724-1400 Backfill of area of erosion; assume S ft deep, 15,400 sf area 

BackJill for Dew&ring Area CY 30x, $411 $12,494 Engr Est , Means Site Work, 1999, Al2 l-724-1400 Backfill for dew&ring area; assume S fi deep, 16,415 sfarea 

Assumes 6” oftop soil over excavated and backfilled areas; cost includes 

Tops011 CY 1070 517.20 $18,403 Engr. Est., Means Site Work, 1999, 022-216-7000 mat’l, hauling from stockpile 

Rough grading over erosional area; wheel mounted l-112 cy bucket front end 
Rou& Gradmg (spreading) SY 1710 $640 $10,941 Engr. Est , Means Site Work, 1999,022-216-4060 loader 

Fme Gradmg’Seeding (Revegetation) SY 6,415 $2.28 $14,626 Engr Est , Means Site Work, 1999, 022-2X6-1000 R~vegetat~on over excavated, backfilled and cleared aras 

e Work - Subtotal $85,054 

!%A Closure ofBmczll 

Demolition ofConcrete Wall Eng~ Est ; Meaus Site Work, 1999, 020-701-1050 Assume concrete slab, bar remfbrced 

Excavation of Liner / ; / “i / “it:, s3;i::, /i, Esti Fngr Est Means Site Work, 1999,022-238-0260 Excavation of soil is addressed in “O&Site Disposal” 

RCR4 Samphng Labor 1 day/o/em, 1 gee /eng sampler @ $4O/hr, 10 h&day 

KCKA Soli Sarn~iq 

EXPiOSlV.3 Sample 25 NO0 SlO,OOO Baker Average Whs 25 samples. add 100% cost for quick turn analysis 

Includes Hnu rental, H&S equipment, samphng & decan expendnblcs, rce & 

iM~scdlan~ous Expenses Event I $200 $200 Eng'"22""g Estunate DI water 

Includes transportation & disposal costs, assume m bulk and hazardous, 

OffSlte Transpoilat~on 8r Disposal Ton 315 $210 566,150 Eng Est , vendor quotz assume 200pcffor concrete/liner w&z 

R4 Closure ofB~~el1 - Subtotal $108,518 



TABLE C.3-4 (continued) 

SITE 22 COST ESTIMATE: RAA 5 - SOIL WASHING 
NAVAL WEAPONS STATION YORKTOWN, YORKTOWN, VIRGINIA 

Vito Restoration Sampling 

Site Restoratmn Samplmg Labor HR 20 $40 $800 Engr Est 2 days/event, 1 geo./eng. sampler @ $4Oihr;lO hrsiday 

Dcwatermg Area Samplmg $0 

Inorganics Sample 10 $350 $3,500 Baker Average BOAS 10 samples, add 100% cost for quick turn analysis 

Erosional Area Samplmg SO 

Inorganics Sample 10 $350 $3,500 Baker Average BOAS 10 samples; add 100% cost for quick turn analysis 

Airfare, per dlan, rental car for 5 days for 1 person, mcludes time for RCRA 
Samplmg - Travel/Per Diem LS 1 $2,000 $2,000 Eng. Est sampling and sampling of erosion and dewatering areas 

Includes Hnu rental, H&S equipment, sampling & decon expendables, ice & 
Miscellaneous Expenses Event 1 $200 $200 Engmzermg Estimate DI water 

lite Restoration Sampling - Subtotal $10,000 

‘reatment - Soil Washing 

Excavation ofContammated Soil CY 930 $1.71 $1,590 Eng Est., Means Site Work, 1999, 022-238-0260 Assumes 1’ deep excavation 

Coniinnatory Sampling - Labor 1-R 20 $40 $800 Enng. Est. I day/event; I gea ieng sampler @ $4O/hr, 2 days/event 10 hrs/day 

Confirm&on Sampling - Analysis Assumes at bottom and walls of excavation 

Explosives Sample 5 $400 $2,000 Baker Average BOAS 5 samples, add 100% cost for quick turn analysis 

Inorganics Sample 15 $350 $5,250 Baker Average BOAS IS samples, add 100% cost for quick turn analysis 

Arfae, per diem, rental car for 5 days for 1 person, includes time for RCRA 
Sampling - Travel/Per Diem LS 1 $2,000 $2,000 Engr Ikt sampling and samplmg of erosiona dn dewatenng areas 

Includes Hnu rental, H&S equipment, samphng & decon expendabler, ice & 
Mwzellaneous Expenses Event I $200 $200 Engr Est DI water 

Reporting LS 1 $5,000 $5,000 Eng Est Letter report 

Loadmg mto Sol1 Washmg Umt CY 930 $6.40 $5,952 Eng. Est., Means Site Work, 1999, 022-216-4060 

Assumes 120 pcf, cost includes sampling analysis during treatment, disposal 
Soil Washing Operation TON 1500 $278 40 $417,600 Eng. Est ; vendor quote of process waters and filter cake 

‘reatmcnt - Soil Washing - Subtotal $440,392 

)IRBCT CAPITAL COSTS -TOTAL $836,130 

NDIRECT CAPITAL COSTS 

Engmeenng and Design LS 1 $50,168 $50,168 Eng. Est Assume 6% of Total Drect Capital Costs 

Contmgency Allowance Assume 15% ofTotal Direct Capital Costs 
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