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Executive. Summary 

This remedial investigation (RI) report is submitted to Department of the Navy, Engineering 
Field Activity, Chesapeake (EFA CHES), Naval Facilities Engineering Command (NAVFAC) 
under the Atlantic Division (LANTDIV) Comprehensive Long-Term Action Navy (CLEAN) 
II Program, Contract No. N62470-95-D-6007. The RI was conducted at Site 49, located at the 
former INaval Surface Warfare Center White Oak (NSWC-White Oak) in Silver Spring, 
Maryland. 

The RI was conducted in response to the closure of NSWC-White Oak under the Base 
Realignment and Closure (BRAC) program. The investigation was implemented in 
accordance with the process outlined in the Navy’s Installation Restoration (IR) Program 
which is consistent with the National Contingency Plan (NCP) and Section 120 of the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) as 
amended by the Superfund Amendments and Reauthorization Act (SARA). The regulatory 
basis for the process is described further in the latest version of the BRAC Cleanup Plan 
(BCP) for NSWC-White Oak (Department of the Navy, 1999). 

Site 49 is considered the area of groundwater contamination with TCE that originates in the 
vicinity of Building 427 at the eastern end of the Arnold Engineering Development Center 
(AEDC) in the north-central portion of the NSWC White Oak. The site is approximately 5 
acres in area. While it is not considered part of Site 49, the area of the investigation also 
included a 900-foot-long section of Paint Branch, from approximately 200 feet north of 
Perimeter Road Bridge to approximately 200 feet south of the Dahlgren Road bridge. 

This report presents the data collected during the RI and an interpretation and evaluation of 
the data relating to the nature and extent of contamination (i.e., contaminant types, 
concentrations, distribution, and migration pathways) for the affected media, including soil, 
groundwater, and surface water. In addition, the report presents an assessment of potential 
risks to human health associated with current site conditions. 

Objectives of the Remedial Investigation 
The RI was conducted in response to the closure of NSWC-White Oak under the BRAC 
program. The specific objectives of the RI were to: 

l Characterize the hydrogeologic framework and the nature and extent of groundwater 
contamination at Site 49. 

l Determine if there is a continuing source of groundwater contamination remaining in 
the unsaturated zone soil. 

* Identify and characterize the hydrogeologic factors affecting the transport of 
groundwater contamination in subsurface materials and subsequent discharge to Paint 
Branch. 
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l Determine the potential for, and quantify risks to, human health based on exposure to ;-. 
soil, groundwater, and/or surface water at Site 49; 

Physical Characteristics of Site 49 
Site 49 is located at the eastern edge of the AEDC. The topography in this portion of NWSC- 
White Oak contains considerable relief. The western portions of Site 49, associated with 
AEDC, including Building 427, are relatively flat. The central and eastern portions of Site 49 
include a steep-sided ravine formed by Paint Branch. The total elevation drop from west to 
east across Site 49 is approximately 100 feet. 

Site 49 is located near the Fall Line marking the western extent of the Atlantic Coastal Plain 
and the unconformable contact with the Piedmont Province bedrock units. The Atlantic 
Coastal plain is underlain by the metasedirnentary Wissahickon Schist formation. The 
Wissahickon bedrock has been heavily weathered to form a mantle of saprolite The Atlantic 
Coastal Plain deposits include several formations composed of unconsolidated, interbedded 
clays, silts, sands, and gravels. 

The hydrogeology of Site 49 is dominated by the saprolite-bedrock units. The Atlantic 
Coastal Main sediments are present as a relatively thin veneer that is either unsaturated or 
has only a small saturated thickness. Groundwater is present as an unconfined water table 
aquifer in which the water table is located in the bedrock in the western portion of the Site 
and in both the saprolite and bedrock in the eastern portion, approaching Paint Branch. 
Groundwater flows to the east in response to hydraulic gradients. In addition, there appears 
to be a strong downward component of flow in the west and central portion of the site and 
an upward component of flow in the east, indicating groundwater discharge to Paint 
Branch. 

“1 

Nature and Extent of Contamination 
The primary contaminants found in the environment at Site 49 are chlorinated solvents: 
trichloroethene (TCE) and its likely degradation products, cis-1,2-dichloroethene (cis-DCE) 
and vinyl chloride (VC) occurring in groundwater. Soil was investigated in order to 
determine if a source of the TCE .in groundwater could be identified, and not because of a 
known release to the soil. Investigation of soil conditions and potential sourrze areas found 
no significant sources for the TCE remaining in soil. 

Soil Data Summary 
l Tetrachloroethene (PCE) was detected at very low concentrations in seven samples from 

three boring locations. Other volatile organic compounds (VOCs) were detected 
sporadically throughout the site and at very low concentrations. 

l Semivolatile organic compounds (SVOCs) were detected throughout the site at low 
concentrations. One boring, 459SB201, contained the greatest number of individual 
SVOCs and most of the maximum detected concentrations. 

l Metals were detected in all soil samples. Each soil sample contained metals at ~,‘+-\ 
concentrations that exceeded the 95 percent upper confidence level (UCL) for 

IV WDCC4134WDi.ZIP/LLE 



EXECUTIVE SUMMARY 

background. However, the variability in concentrations detected in Site 49 samples 
appears to be consistent with variability expected in natural soils, based on the 
background data set and regional-scale reference data sets. 

l Two pesticides, 4,4’-DDT and dieldrin, were detected at low concentrations. 

l Explosives and PCBs were not detected in any soil samples. 

Groundwater Data Summary 
l TCE and its breakdown products were detected throughout Site 49. Concentrations 

generally increase with distance from the postulated source near Building 427 and with 
depth. Concentrations exhibit mixed behavior with time, as concentrations in some 
horizons increased while other decreased during subsequent sampling events. 

l SVOCs, pesticides, PCBs, explosives, and perchlorate were not detected at significant 
concentrations, nor with significant frequency. Accordingly, no anthropogenic influences 
from these chemicals appear to affect Site 49 groundwater quality. 

l Metals were detected in both filtered and unfiltered samples of groundwater. The metals 
detected were consistent with those detected in soil, surface water, and with the 
expected geochemical signatures for natural groundwater in this environment. The 
concentrations of detected metals did not exceed the USEPA MCLs. 

Surface Water Summary 
Surface water quality data from Paint Branch adjacent to Site 49 are consistent with the 
background data set discussed in the BIR and show no anthropogenic influences from 
Site 49. In addition, surface water geochemical data are similar to the inorganic 
geochemistry of groundwater at Site 49. The absence of detectable concentrations of the 
WCs ldetected in Site 49 groundwater indicate that any groundwater contamination 
discharged to Paint Branch is a transient phenomenon that has no adverse effect on surface 
water quality. 

Fate and Transport 
The following concl~ions regarding the fate and transport of contaminants at Site 49: 

l One general source area has been identified in the vicinity of Building 427, likely at the 
former leaching well. Data collected during this investigation identified TCE and its 
degradation products at concentrations in the thousands of micrograms per liter in 
groundwater. This information, along with water-level data, confirms that TCE 
contamination originating from the presumed source area is migrating easterly, towards 
Pa:mt Branch. 

0 It appears that a significant volume of mass has migrated from Building 427 to Paint 
Branch. The portion this volume represents relative to the total volume, is unknown 
because the initial mass is unknown. Further, the complexity of the flow system 
decreases the uniformity of the plume and limits the. characterization process. 
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l Natural attenuation likely is occurring at Site 49; however, it is not considered 
significant, given the TCE concentrations observed in samples collected from wells ,‘“T 
located near Paint Branch, the relatively low detected concentrations of its breakdown 

/ 

products, and the complexity of the flow system. 

Human Health Risk Assessment 
This baseline risk assessment was conducted to evaluate the potential human health risks 
associated with the site-related contamination for: 

l surface water in Paint Branch, and 
l bedrock groundwater. 

Soil was not evaluated in the risk assessment because Site 49 was initially identified as a 
groundwater contamination site and, during subsequent sampling, none of the 
contaminants of potential concern (COPC) in groundwater could be found in the soil. With 
the concurrence of the BEAC Cleanup Team (BCT) for NSWC White Oak, potential risks 
associated with soil were not quantified. Furthermore, no discemable area of waste disposal 
has been identified in the soil at the site (based on site data and historic records searches) 
that can be attributed as the source of the VOCs found in groundwater. 

Surface water data was screened against human health risk-based screening criteria. No 
COPCs were retained for Paint Branch surface water, and, therefore, no unacceptable risks 
are associated with this medium. ’ 

Potential risks associated with bedrock groundwater were calculated for the following 
populations: 

l future adult resident, 
l future child resident, 
l future lifetime resident, and 
l future construction worker. 

The risk assessment quantifies potential human health risks at Site 49 under current and 
future use scenarios assuming no remediation is implemented. 

The groundwater presents carcinogenic risks and non-carcinogenic hazards greater than the 
USEPA target levels. The following receptors have total reasonable maximum exposure 
(JXME) non-carcinogenic hazards or carcinogenic risks that exceeded USEPA’s target levels: 

l a future residential adult and child exposed to groundwater, 
l a future construction worker exposed to groundwater. 

The central tendency (CT) risks for the residential scenarios also exceeded USEPA target 
levels. \ 

The majority of the risk from the groundwater is associated with TCE, cis-DCE, 1,2- 
dibromoethane (which was detected in only 1 of 16 groundwater samples); IKE, and VC. 
Chromium, iron, manganese, and vanadium also contribute to the risks and hazards, but to 
a much lesser extent. 

,^__ 
\ 
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Ecological Risk Assessment 
Risks to ecological receptors were not evaluated as part of this RI. The media affected at Site 
49 is groundwater, for which there are no ecological receptors. The pathway for 
contaminant migration to the groundwater was, in all likelihood, through a leaching well or 
building sump, and therefore would not involve impacts to soil near the ground surface 
where risks to ecological receptors would be an issue. Ecological risks from the surface 
water and sediment in the section of Paint Branch potentially affected by Site 49 have 
already been evaluated in a separate base-wide Ecological Risk Assessment (ERA). The 
surface water data collected during the Site 49 RI were consistent with prior data collected at 
this sarne location and used in the base-wide ERA. No chlorinated VOCs or other site- 
related contaminants with the exception of iron, were detected in the surface water. 
However, iron as well as all of the non-site-related compounds (i.e.: metals) detected in the 
surface water were below the White Oak-specific ecological screening criteria established for 
Paint Branch in the base-wide ERA. 
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SECTION 1 

Introduction 

This remedial investigation (RI) report is submitted to Department of the Navy, Engineering 
Field Activity, Chesapeake (EFA CHES), N aval Facilities Engineering Command (NAVFAC) 
under the Atlantic Division (LANTDIV) Comprehensive Long-Term Action Navy (CLEAN) 
II Programf Contract No. N62470-95-D-6007. The RI was conducted at Site 49, located at the 
former Naval Surface Warfare Center White Oak (NSWC-White Oak) in Silver Spring, 
Maryland (Figure l-1). 

The RI was conducted in response to the closure of NSWC-White Oak under the Base 
Realignment and Closure (BRAC) program. The investigation was implemented in 
accordance with the process outlined in the Navy’s Installation Restoration (IR) Program 
which :is‘ consistent with the National Contingency Plan (NCP) and Section 120 of the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) as 
amended by the Superfund Amendments and Reauthorization Act (SARA). The regulatory 
basis for the process is described further in the latest version of the BRAC Cleanup Plan 
(BCP) for NSWC-White Oak (Department of the Navy, 1999). 

Site 49 is considered the area of groundwater contamination with TCE that originates in the 
vicinity of Building 427 at the eastern end of the Arnold Engineering Development Center 
(AEDC) in the north-central portion of the NSWC White Oak (Figure l-2). The site is 
approximately 5 acres in area. While it is not considered part of Site 49, the area of the 
investigation also included a 900-foot segment of Paint Branch from approximately 200 feet 
north of Perimeter Road Bridge to approximately 200 feet south of the Dahlgren Road 
bridge (Figure l-3). 

1.1 Objectives of the Remedial Investigation 
The RI conducted at Site 49 was intended to address the nature and extent of groundwater 
contamination beneath the site. The investigation was initiated based on data generated by 
the Washington Suburban Sanitation Commission (WSSC) sanitary sewer lines investigation 
(CH2M HILL, 2001), which identified contamination by volatile organic compounds (VOCs) 
in the groundwater adjacent to a sanitary sewer line. Surface water was evaluated to 
determine the effect(s), if any, contaminated groundwater originating from Site 49 may have 
on Paint Branch, the dominant groundwater discharge feature in the vicinity of the site. Soil 
at Site 49 was also evaluated in an attempt to identify potential source areas. The specific 
objectives of the RI were to: 

l Characterize the hydrogeologic framework and the nature and extent of groundwater 
contamination at Site 49. 

/ 

l Determine if there is a continuing source of groundwater contamination remaining in 
the unsaturated zone soil. 
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l Identify and characterize the hydrogeologic factors affecting the transport of 
groundwater contamination in subsurface materials and subsequent discharge to Paint 
Branch. 

l Determine the potential for risks to human health, based onexposure to groundwater, 
and/or surface water at Site 49 

Risks to ecological receptors were not evaluated as part of this RI. The media affected at Site 
49 is groundwater, for which there are no ecological receptors. The pathway for 
contaminant (chlorinated solvents) migration to the groundwater was, in all likelihood, 
through a leaching well or building sump, and therefore would not involve impacts to soil 
near the ground surface where risks to ecological receptors would be an issue. Ecological 
risks from the surface water and sediment in the section of Paint Branch downgradient of 
Site 49 have already been evaluated in a separate base-wide Ecological Risk Assessment 
(ERA). The surface water data collected during the Site 49 RI were consistent with prior data 
used in the base-wide ERA. No chlorinated solvents or other site-related contaminants, with 
the exception of iron, were detected in the surface water. Iron, as well as all of the non-site- 
related compounds (Le.: metals) detected in the surface water were below the White Oak- 
specific ecological screening criteria established for Paint Branch in the base-wide ERA. 

1.2 Purpose of the Remedial Investigation Report 
This report presents the data collected during the RI and an interpretation and evaluation of 
the data relating to the nature and extent of contamination (i.e., contaminant types, 
concentrations, distribution, and migration pathways) for the affected media, including soil, 
groundwater, and surface water. In addition, the report presents an assessment of potential 
risks to human health associated with current site conditions. 

1.3 Organization of the Remedial Investigation Report 
Chapter 1 is the introduction to the main body of the RI report. Chapter 2 provides 
descriptions of the various RI field activities conducted at Site 49. Chapter 3 provides 
detailed information on the natural environment including physiography, topography, 
climate, surface water, geology, and hydrogeology. Chapter 4 presents data pertaining to 
types, concentrations, and distribution of contaminants for affected media at Site 49. 
Chapter 5 provides an analysis of transport, fate, and migration pathways for the identified 
contaminants. Chapter 6 presents the baseline human-health risk assessment. Chapter 7 
summarizes the ecological risks related to the site. Chapter 8 provides a summary of the 
report and presents conclusions and recommendations for future action at Site 49. Chapter 9 
provides a list of the references cited throughout this report. Supporting information is 
provided in the Appendices. An Executive Summary is presented at the beginning of this 
report. 
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1.4 Site Description, Site History, and Results of Previous 
lnvestigat ions 

Details of the administrative history of the NSWC-White Oak are provided in the Master 
Work Plans (Brown and Root Environmental, 1998) and are not repeated here. The Navy 
facility officially closed in mid-1997 following the 1995 BRAC Commission closure 
decisions. The majority of the former Navy facility was transferred to, and is currently 
managed by, the General Services Administration (GSA), in preparation for eventual reuse 
by other government agencies. A portion of the original Navy facility, including part of 
Site 49, currently is occupied by AEDC, which leases the property from GSA. 

Contamination at Site 49 initially was identified during the sanitary sewer investigation 
noted above. Trichloroethene (TCE) was detected in groundwater samples collected using 
direct-push technology (DPT) on two occasions from one location (Manhole 32142; see 
Figure l-4) within the backfill of WSSC sewers that run along Paint Branch hydraulically 
downgradient of AEDC. Groundwater samples collected from sewer bedding up- .and 
down-pipe of AEDC did not contain TCE. A subsequent investigation using four temporary 
monitoring wells indicated that TCE was present in shallow groundwater at concentrations 
as great as 1,000 micrograms per liter @g/L). The locations of the water samples and the 
samples collected from temporary monitoring wells are shown in Figure l-4. Following a 
review of the temporary monitoring well data, this area was designated as Site 49. 
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SECTION 2 

Remedial Investigation Activities 

This chapter presents a summary of investigation and related activities conducted for the 
Site 49 RI. The investigation activities comprised sampling soil, groundwater, and surface 
water to characterize the sources, nature, and extent of contamination, both horizontally and 
vertically. Related activities included a visual inspection of Building 427 at Site 49 and its 
former leaching well. 

All field activities were conducted in accordance with Standard Operating Procedures 
(SOPS) loutlined in the Master Project PZuns (MPPs; Brown and Root, 1998) and Project PIWZS, 
RCRA Facility Investigation of Site 49 (PPs; CH2M HILL, 2002). Sampling locations are 
presented in Figure 2-l. Packer test intervals for groundwater sampling at selected locations 
for vertical delineation of contamination are presented in Figure 2-2. Analytical parameters 
for samples are presented in Table 2-l. 

2.1 Leaching Well Excavation 
The location of the former leaching well, also referred to on architectural drawings as a 
limestone pit, is shown in Figure 2-l. The leaching well was excavated on Tune 17,2002 by 
Shaw E&I, Inc. (Shaw) as a housekeeping measure and a presumptive remedy. A 
photoionization detector (PID) was used during excavation for air monitoring and to 
perform a qualitative headspace scan of the excavated soil for ionizable VOCs. Two soil 
samples were collected for laboratory analyses during excavation. The first sample was 
collected at 9 feet below ground surface (bgs), equivalent to a location immediately below 
the base of the former leaching well. The second sample was collected 2 feet below the first. 
Both samples were collected using Encore@ samplers and submitted to the analytical 
laboratory for VOC analysis. 

Following removal of the leaching well, the excavation zone was backfilled and the area was 
seeded and covered with hay. The leaching well, which appeared to be constructed with an 
up-ended concrete sewer pipe with a diameter of 4 feet and a height of 5 feet, was disposed 
of as construction debris. Photographs taken during the excavation are presented in 
Appen.dix A. 

2.2 Building 427 Visual Inspection 
Building 427 is a seven-story hydrostatic testing facility that includes a large, deep interior 
water tank. This tank is fed by the exterior aboveground storage tank located immediately 
southeast of Building 427 (Figure 2-l). Much of Building 427 is below ground. Building 427 
was used by the Navy up until the mid 1990s. The tank and building were used for 
hydrostatic testing of underwater weapons. Discussions with personnel who worked in or 
had knowledge of the activities that took place in Building 427 indicated that there was no 
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known use of TCE in the building. Building 427 has not been used by the Air Force AEDC 
for any of their activities. The building has since been abandoned and is inactive. f----Y, 

On January 2,2002, CH2M HILL and EFACHES conducted an interview with personnel 
who had previously worked in Building 427 when it was active, and current staff at AEDC 
that have knowledge of historical activities conducted in nearby buildings operated by 
AEDC (such as Building 405) that may have impacted the area. The AEDC staff interviewed 
included Mr. Bob Voisinet and Mr. Jeff Waldo. Former Navy employees interviewed were 
Mr. Howie Steves (former supervisor of Building 427 activities) and Mr. Doug NeweII 
(former Building 427 worker}. 

None of the people interviewed could recall any activities within Building 427 or the east 
end of Building 405 that would involve parts cIeaning/degreasing where TCE might have 
been used, except that small bottles of TCE were sometimes used for cleaning typewriters. 
The interviewees noted that the “limestone pit” or leaching weII shown on the construction 
drawings was never used for its designed purpose (disposing of acidic waste water from the 
water treatment system used to pre-treat water before filling the 7-story testing tank. The 
wastewater Iines leading to the leaching weII were reportedly connected to sinks in rooms 
that were initiaIIy designed to be laboratories but were in actuality used as offices. 

It was noted that torpedoes were sometimes cleaned on the loading dock area on the north 
side of Building 427. It was also noted that a small area outside the back (east) gate along the 
perimeter road was used for debris disposal and may conceivably been used for 
unauthorized dumping of wastes because it is relatively remote and hidden from view. This 
area is designated as the Debris Disposal Area on Figure 2-l. 

’ ---y 

On October 8,2002, CH2M HILL visually inspected the interior of Building 427 for the 
presence of potential soume materials, processes, or physical features that may have served 
as sources of or pathways for groundwater contamination. CH2M HILL was accompanied 
by Robert Voisenet of AEDC. The inspection consisted of walking through all sections of the 
building, noting and photographing conditions observed. Water samples were collected 
from two sumps identified in the building. During the BuiIding 427 inspection, a 5-gallon 
drum labeled “Dry cleaning fluid” was observed in one of the storage rooms in the 
abandoned building. 

Water sample 49SMPL was collected from a sump located in the subbasement (i.e., the 
lowest elevation point in the building}. Water sample 49SMPU was collected from a process 
sump identified on the loo-level of the building. These samples were submitted for VOC 
analysis. Photographs taken during the inspection are presented in Appendix B. Selected 
architectural drawings of Building 427 provided by the Navy are presented in Appendix C. 

2.3 Building 427 Sump Perimeter DrainlManhole Sampling 
According to architectural drawings of Building 427 (Appendix C), a subsurface foundation 
drain runs along the perimeter of the building about 17 to 27 feet below the ground surface 
(see Figures 2-1 and 2-2). The drain consists of a perforated clay pipe sloping to two 
manholes, one at the northwest corner of the building and one at the southeast corner of the 
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building. The northwest manhole is a sump that collects and pumps water to the southeast 
manhole. The southeast manhole also receives water from two interior basement sumps (via 
a force main). A grab water sample was collected from each of the two perimeter drain 
manholes, and from each of the two interior building basement sumps that discharge to the 
perimeter drain system. Each sample was analyzed for VOCs (Table 2-l). 

.2.4 Soil Sampfing 
Seven soil samples (excluding the two associated with the Leaching Well as noted in Section 
2.1) were coIIected from an area where debris was reportedly dumped (Debris Disposal 
Area; Figure 2-1) in accordance with the MPPs and PPs. Three soil borings were installed 
using hlollow-stem auger (HSA) driIIing methods, as discussed below. Soil borings were 
terminated a depths ranging from 8 feet bgs to 14 feet bgs. Three samples were collected 
from each of borings 49SB202 (6,10, and 12 ft bgs) and 49SB203 (4,6, and 10 ft bgs); and only 
one sample was collected from boring 49SB201(6 ft bgs) due to poor sample recovery in 
split spoons. A PID was used to screen each sample prior to submission to the lab. The 
samples were analyzed for VOCs, semivolatile organic carbons (SVOCs), poIycycIic 
aromatic hydrocarbons (PAHs), pesticides, polychlorinated biphenyls (PCBs), metals, 
cyanide, total organic carbon (TOC), pH, and explosives (Table 2-l). Three of the samples, 
however, could not be analyzed for PCBs or pesticides to due low sample volume (i.e., poor 
recovery). These analyte groups were ehrninated as less likely to have been present and 
because of their large sample volume requirements. 

Soil boring logs are presented in Appendix D. These logs contain Iithologic descriptions of 
soil encountered, sample recovery, Standard Penetration Test (SPT) results, and PID 
screening results. 

2.5 In Sifu Groundwater Sampling 
In general, the in situ groundwater sampling program comprised three types: (1) DP “grab” 
water samples collected from the backfill of the WSSC sewer lines, (2) groundwater samples 
collected from temporary monitoring wells, and (3) Dl? groundwater samples collected 
along the shoreline of Paint Branch to assess groundwater quality immediately below Paint 
Bran&. The collection of “grab” water samples is presented in the WSSC sanitary sewer Iine 
investigation (CH2M HILL, 2001) and is not repeated here. 

Temporary monitoring wells were installed in accordance with MPPs and PI% at nine 
locations, including the four discussed in Section 1.4 (Figure 2-l) using HSA and percussion 
driIIing methods. In most cases, driIIing was terminated at the water table; however, owing 
to poor water yields (i.e., the water table was not discernable during drilling), drilling 
continued past the water table in some instances. Temporary monitoring wells consisting of 
2-inch inner diameter (ID), Schedule 40, polyvinyl chloride (PVC) screens and risers were 
installed in the boreholes. Sand and bentonite were installed in manner the same as that for 
permanent monitoring wells described in Section 2.6. The remainder of the annulus was left 
open, pending the results of sampling. Samples were collected using dedicated, disposable 
Teflon@ bailers and submitted for VOC analysis (Table 2-l). 
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Eight groundwater samples were collected along the shore Iine of Paint Branch using direct- 
push methods to collect samples of groundwater below Paint Branch. At each location, a 
2-inch ID stainIess-steel drive point was installed using a sledge hammer. The samples were 
collected using disposable TefIon@ bailers and submitted to the analytical laboratory for 
VOC analysis (Table 2-l). Between locations, the drive point was decontaminated.using a 
tap water wash, followed by a Liquinox and tap water rinse, followed by a second tap water 
rinse, and finally by a deionized water rinse. 

2.6 Permanent Monitoring Well Installation 
Twelve permanent groundwater monitoring we& were installed at various locations within 
Site 49 (Figure 2-l), using a combination of the HSA and percussion (air hammer) methods. 
HSA drilling methods were used for instalhng the shallow soil borings and the 
unconsolidated portion of monitoring weII boreholes. Soil borings were advanced using 
4.25~inch ID HSA. Monitoring wells that penetrated bedrock, but did not require a steel 
outer casing, were in&Bed using 6.25~inch ID HSA to refusal, followed by percussion 
drilling using a nominal 6-inch air hammer to the final depth. Monitoring welIs requiring 
surface casings were installed in a similar manner, although the dinch diameter air hammer 
was used to reach the total depth of the steel casing rather than the total depth of the well. 
Upon reaching the desired depth of the casing, a kin&-ID steel casing was installed and 
grouted in place with a 2O:l Portland cement-bentonite grout. The grout was allowed to set 
overnight. Following casing installation, a nominal 4inch-diameter air hammer was used to 
driII the remainder of the borehole. Groundwater samples were collected using packer tests 
at discrete lO-foot vertical intervals during the borehole advancement for bedrock 
monitoring wells 49GW2OlDD and 49GW206D, as discussed in Section 2.7. 

Two-foot split-spoon samples were collected every 5 feet during drilling in unconsolidated 
materials. Rock cuttings during air hammer drilling were also examined for Iithologic 
classification, and a continuous rock core was coIIected during the installation of monitoring 
weIl49GW201DD, using NX-wirehne coring. Boring logs are presented in Appendix D. 

Wells were constructed with 2-inch ID, Schedule 40 PVC screens and risers, in accordance 
with MPPs and PPs. No. 2 filter pack sand was installed from the base of the screen to a 
point 2 feet above the screen. An annular seal consisting of 2 feet of bentonite chips was 
instaIled and hydrated above the filter pack. A 2O:l cement-bentonite grout was used to 
complete the remainder of the annular space. With the exception of 49GW202S, aI.l 
monitoring wells were completed with stick-up covers with protective bollards. Monitoring 
well 49GW202S was completed using a flush-mount cover installed in a 2-foot-square 
concrete base. Wells were developed following completion, in accordance with MPPs and 
FPs. Construction details are summarized in Table 2-2; weII completion diagrams are 
provided in Appendix E. 

2.7 Packer Testing and Sampling 
As noted above, groundwater samples were collected using dual packers during the 
borehole advancement for bedrock monitoring wells 49GW201DD and 49GW206D. These 
tests were completed by placing and inflating a straddle packer 10 feet above the bottom of 
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the open, urtcased borehole, followed by purging and collecting groundwater from that 
discrete interval. This effort provided vertical delineation of groundwater contamination 
and assisted in the design of surface casings. In weII 49GW201DD, the intervals sampled 
included 48-60,65-80, and 90-99 feet bgs (Figure 2-2). In weII 49GW206D, the intervals 
sampled included 70-80,90-lOO, llO-120,130-140,150-160, and 160-190 feet bgs (Figure 2- 
2). Samples were analyzed on a 12-hour turnaround for VOCs using method OLMO4V 
(standard DL) or OLMO3V (low-concentration DL), depending on the anticipated 
concentrations (Table 2-l). 

2.8 Monitoring Well Sampling 
Monitoring weIIs were sampled in accordance with MPPs and PPs to characterize the nature 
and extent of groundwater contamination at the site and to provide data for the human 
health risk assessment. Four monitoring weII sampling events were conducted in June, 
August, and October 2002 and February 2003 as a consequence of the phased nature of the 
monitoring weII installation. Selected data from earlier reports are incorporated in this 
report. 

Depth to water and total weII depth were recorded for all site wells prior to the 
conunencement of Sampling. Sampling was typically performed using a submersible 2-inch 
diameter pump placed with the pump intake located at the mid-point of the screened 
interval.’ The wells were purged and sampled using a low-flow method (i.e., flow rates less 
than 1 liter per minute). During purging, in situ parameters including dissolved oxygen, pH, 
oxidation-reduction potential, temperature, and conductivity were monitored and recorded. 
Final field data collected during the purge process are tabulated in Appendix F. Analytical 
parameters for each of the samples collected are presented in Table 2-l. 

Decontamination of equipment, quality assurance, and quality control were carried out as 
specified in the Sa&$ng and Analysis Plan (CH2M HILL, 2001) and Quality Assurance 
Project Plan (CH2M HILL, 2001). 

2.9 Surface Water Sampling 
On August 2,2002, surface water samples were collected from three locations along Paint 
Branch, shown on Figure 2-1. A fourth sample was collected at location PBSW213 in October 
2002. These samples were collected to determine if the VOCs present in groundwater at Site 
49 were detectable in Paint BracI-t surface water, and to evaluate potential human health risk 
from exposure to any contaminants that may be present in surface water. Due to low-flow 
conditions in Paint Branch, “grab” surface water samples were collected directly from the 
stream into sample bottles. The first three surface water samples were analyzed for the 
presence of VOCs, SVOCs, TAL Metals, total cyanide, explosives, perchlorate, and hardness 
(Table 2-l). The fourth sample was analyzed for VOCs onIy. , 

1 Certain wefls with particularly poor yield, like 49GW206D. were sampled using dedicated, disposable Teflon bailers because 
yield and head pressures did not support the use of submersible pumps. 
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2.10 Surveying ,‘--Y, 
\ 

A licensed surveyor measured the ground surface and top-of-casing elevations of all 
monitoring wells and two surface water benchmarks to the nearest 0.01 foot, relative to the 
National Geodetic Vertical Datum of 1929 (NGVD-29). Horizontal locations for sampling 
locations were surveyed using a portable backpack Global Positioning System (GE’S). Survey 
reports are provided in Appendix G. 

,--\ 
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Packer Test 

11/2MOw 49TW2OlDD 049PT2OlDD4860 X 
llRI/2002 4STW201DD 049PT20IDD6760 X 
11/24/2002 49TW2OlDD 04QPT20lDD8099 X 
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Permanent Wells 

06foz2w2 49GW200 O49GW2OOOMll X X X X X X X X X 
10/1012002 49GW200 0496w2000002 X 
O$Kw2~2 49GW201S 049GW201S001 X X X X X X X X X 
1w10/2002 49GW20lS 049GW2OlSOO2 X 
10/10/2002 49GW201 S M96w20159902 * X 
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08101/20@ 049GW202S 049GW2020001 X X X X X X X X 
06fOI/2Ow 049GW202S 049GW2029901 * X X X X X X X :: X 
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Soil Samples 
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Sumps and Manholes 
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I I 
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Direct Push Groundwater Samples from Stream Bed 
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Surface Water Samples 
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06!w2002 PBSW21 I PBSW2119901 * X X X X X X 
0w02/20@2 PBSW212 PBSW2120001 X X X X X X 
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SECTION3 

Physical Characteristics of Site 49 

Chapter 3 describes the physical characteristics of NSWC-White Oak and Site 49. Section 3.1 
describes physiography, topography, and climate; Section 3.2 describes surface water 
hydrology; and Section 3.3 describes soil and sediment. The geology and hydrogeology, 
both regional and site-specific, are discussed in Section 3.4 and Section 3.5, respectively. 
Section 3.6 presents a conceptual model of groundwater flow that discusses groundwater- 
surface water interactions involving Paint Branch and the various lines of hydrogeologic 
evidence demonstrating that groundwater at Site 49 discharges to this bounding stream. 

3.1 Physiography, Topography, and Climate 
NSWC+Vhite Oak, located 4 miles northeast of Washington, DC, is situated along the Fall 
Line, which marks the surficial expression of the contact between the Piedmont and Atlantic 
Coastal Plain physiographic provinces. The terrain in the vicinity of Site 49 consists of 
locally steep hills, particularly in areas dissected by stream channels. The drainage pattern 
at Site 49 is dominated by Paint Branch. Land cover at Site 49 varies between woodland, 
grassland, paved areas, and buildings. 

Elevations at Site 49 range from approximately 275 feet above mean sea level (msl) around 
Building 427 to approximately 180 feet above msl, at Paint Branch (Figure 3-l). 

Average monthly wind speeds vary from 8 miles per hour (mph) in August to 11 mph in 
March. The prevailing wind is mainly from the south, with winter northwesterlies in 
December, January, and February (Brown & Root, 1998). 

Average annual precipitation is about 42 inches with little seasonal variation, based on data 
available from 1961 through 1990. Fluctuation is gradual, with a minimum of 2.6 inches in 
February and a maximum of 4.3 inches in May. Massive snowfall is not common, but 
occasionally occurs. Greatest snowfalls are usually seen in January and February (Brown d-c 
Root, 1998). 

3.2 Hydrology 
The only surface water body in the vicinity of Site 49 is Paint Branch, which forms its eastern 
boundary. Paint Branch flows generally southeast from headwaters north of NSWC-White 
Oak to its discharge into the upper reaches of the Anacostia River approximately 5 miles 
downstream of NSWC-White Oak, draining an area of 17.5 square miles. In the immediate 
vicinity of Site 49, Paint Branch flows south. The Paint Branch channel likely is fracture- 
controlled and its channel is incised into bedrock throughout much of its channel in the 
vicinity of NSWC-White Oak. 
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3.3 Soil 
Soil consists of weathered rock and organic material that has been broken down organically 
by physical processes, bacteria, and other small biota (e.g., plants, fungi, and small animals). 
The two main classes of soils on and near the facility are: 

l The GleneIg-Manor-Chester (GMC) association, which was developed from materials 
weathered from the Piedmont metamorphic rocks. It is present in the stream valleys of 
West Farm Branch, Paint Branch, and smaller streams present on the facility. These soils 
are silty, micaceous, and more homogeneous than the local Atlantic Coastal Plain soils 
(USDA, 1961). 

0 The Chilhrm-Belt&Be-Croom (CBC) association, which was developed from the 
Atlantic Coastal Plain deposits. Found across the site, these soils often contain varying 
amounts of gravel, sand, silt, and clay. A sub-cemented subsoil layer of considerably 
lower permeability than the surface, known as a fragipan, commonly exists a few feet 
below the surface. The soil horizons in this association have a greater range in 
permeability due to the larger variability in grain size distribution (USDA, 1961). 

Specific soil types at Site 49 include the Manor silty-loam (MdB2 and MdE2; USDA, 1961), 
located in the topographically upgradient portion of the site and the hill slopes down to the 
Paint Branch channel. The Manor silty loam soils generally are derived from parent bedrock 
materials, moderately to excessively-drained, strongly- to very strongly-acid, with weakly 
developed subsoil profiles. These soils are present only as a thin veneer at Site 49. Soil in the 
Paint Branch channel at Site 49 is of the Chewacla silt loam type (CkAz USDA, 1961), which 
is moderately well-drained, relatively fine-grained, and strongly- to very strongly acid. This 
soil type is derived principally from other soil types and transported by erosive processes. 
Soils in wooded areas may have a pH as low as 4 due to the relatively higher source of 
organic plant material. Grassland areas are expected to be slightly less acidic and have a pH 
closer to 6 (USDA, 1961). 

3.4 Geology 
The geologic characteristics of Site 49 and the surrounding region are discussed in this 
section. This discussion focuses on the geologic units encountered at the site and their 
hydrogeologic features. Table 3-l summarizes the geological material encountered at the site 
in the context of various characterization systems (i.e., physiographic, chronostratigraphic, 
lithostratigraphic, and hydrostratigraphic units).* I 

* Chronostratigraphic units are generally formal, named geologic units based on temporal associations, as described in 
scientific literature; Lithostratigraphic units are informally named, generally site-specific geologic units that are organized on the 
basis of lithology (i.e., geologic materials having similar physical characteristics}. These units may be the same as, subdivisions 
of, or different from chronostratigraphic units; Hydrostratigraphic units are informally named geologic units, generally site- 
specific, that are organized on the basis of hydrogeologic similarities and connections (i.e., geologic materials through which 
groundwater moves in a consistent manner). These units may be the same as, subdivisions of, or different from 
chronostratigraphic or lithostratigraphic units. 

f-=-l 

r-=-Y 
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3.4.1 Regional Geology 
The regional geology is discussed in detail in the Master Project PZunsfor theformer NSWC- 
white CZ’ak (Brown and Root Environmental, 1998). In sumrnary, the facility is located about 
1 mile east of the boundary between the Piedmont and Atlantic Coastal Plain physiographic 
provinces, also known as the Fall Line. This boundary runs southwest to northeast and is 
generally parallel to the Montgomery - Prince George’s County line in the White Oak area 
(shown in Figure l-l). Geologically, the Fall Line represents the unconformable contact 
where older Precambrian to Cambrian3 Piedmont bedrock, exposed to the northwest, dips 
beneath the unconsolidated, Cretaceous-age Potomac Group deposits, which increase in 
thickness to the southeast, and recent surficial deposits. 

The Atlantic Coastal Plain in the region comprises unconsolidated fluvial sedintents of the 
Potomac Group (Cloos, 1964). These sediments consist of micaceous quartz, quartz 
sandstone, and quartzite grains ranging in size from sands to cobbles, in close association 
with clays and silts. The gravels at the base of the formation may be cemented with iron 
oxide (‘Volkes and Edwards, 1974). These sediments form a wedge that pinches out at the 
Fall Line and thickens in a southeasterly direction. Underlying the Atlantic Coastal Plain 
sediments is the crystalline Piedmont bedrock. 

The Piedmont bedrock in this region is generally characterized by sequences of 
metamorphic rocks such as gneiss and schist of Precambrian to Cambrian age. The upper 
portion of the bedrock has weathered to a saprolite, which has been removed in many 
stream valleys (including that of Paint Branch) by erosion. 

Cloos (1964) reports fractures and foliation in the Piedmont rocks. Specifically, Froelich 
(1975) reported foliations with a northeast-southwest strike, dipping southeast and joints 
with a north-south or northeast-southwest strike and a vertical orientation at outcrops in 
Paint Branch. 

3.4.2 Site 49 Geology 
There are two primary lithostratigraphic units underlying Site 49: Piedmont bedrock and 
derived saprolite. Potomac Group deposits and recent sediments are not present at Site 49. 
Figure 3-2 shows the location of a geologic cross-section (Figure 3-3) generated from Site 49- 
specific information to illustrate schematically the geology of the site. 

3.4.2.1 Saprolite 

The term saprolite describes a rock that has been subjected to in situ chemical weathering, 
resulting in the breakdown of the parent material by dissolution of the more labile 
constituent minerals, often preserving the structural elements of the parent rock. In the 
context of this report, the term saprolite also is used as the name of the layer of generally 
unconsolidated materials immediately above the bedrock. At Site 49, the saprolite is 
composed of the same materials as the underlying schist bedrock (i.e., no diagenetic or 
metasomatic alteration during weathering). The saprolite is strongly foliated, preserving the 
structures of the parent schist. Its thickness ranges from about 5 feet in the north and west to 
about 25 feet to the south and east. Although the upper part of the saprolite is heavily 

3 More recent research indicates that the Wissahickon may be late-Cambrian to early-Ordovician in age (MGS, 2003). 
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weathered, soft, and friable, lower portions are less weathered, more consolidated, and /----. 
harder to penetrate (split-spoon samplers could not penetrate to depths greater than auger 
refusal). The boundary between saprolite and bedrock is gradational. 

3.4.2.2 Bedrock 

Underlying the saprolite is a crystalline bedrock likely belonging to the Wissahickon 
Formation of the Glenarm Series (Volkes and Edwards, 1974; Froelich, 1975). The 
Wissahickon is a metasedimentary rock of late Precambrian to Cambrian age. 

The top of bedrock appears generally to conform to topography. A continuous rock core 
was collected during the installation of bedrock monitoring well 49GWZOlDD. In the 
remaining ten (of eleven) wells advanced into bedrock, cuttings were observed as they were 
brought to the surface during drilling. Garnet-bearing schist was the primary rock 
encountered in the collected core; however, quart&e or psammitic granulite was observed 
near the surface. These components are consistent with descriptions of the Wissahickon in 
published literature. Fractures were numerous in the shallower portion of the core and 
decreased with depth. Many of the fractures contained iron and manganese staining, likely 
present due to fluid flow, with some exhibiting evidence of secondary mineralization. One 
outcrop of the Wissahickon is exposed along the side of Dahlgren Road southeast of Site 49. 

3.5 Hydrogeology 

3.5.1 Regional Hydrogeology 
As mentioned earlier, NSWC-White Oak is located near the Fall Line. The primary 
hydrostratigrapltic units in the region are the unconsolidated Potomac Groups deposits and 
the Wissahickon bedrock. Recent surficial deposits generally are not large enough to 
provide a significant reservoir of groundwater. In the region around NSWC-White Oak, the 
Potomac Group deposits constitute a relatively shallow, unconsolidated aquifer, containing 
varying sequences of clays, silts, sands, and gravels, from which the few groundwater 
supply wells in the area extract water. The Potomac Group aquifers become significant 
hydrostratigraphic units well outside the NSWC-White Oak region, to the east. 

The saprolite present at the gradational contact between overburden and the Wissahickon 
bedrock does contain significant amounts of water under unconfined conditions. Saprolite 
often exhibits secondary porosity induced by relict structures. Groundwater flow in the 
saprolite often is affected by these relict structures as well as by interstitial pore spaces. 

The Wissahickon bedrock, however, primarily contains water in fractures within the rock. 
However, these fractures generally are not productive sources of water in the NSWC-White 
Oak region. As public water supplies are available from WSSC and the bedrock aquifer does 
not yield significant amounts of water, few water supply wells are known to exist in the 
NSWC-White Oak region. 

3.52 Site 49 Hydrogeology 
There are two primary hydrostratigraphic units at the Site 49 area within NWSC-White Oak 
(Table 3-l), the saprolite and the bedrock. Monitoring wells at Site 49 are screened in these 
units. The Potomac Group and Recent surficial deposits, present only as a thin veneer, are 

,“-L., \ 
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unsaturated and are not therefore transmissive enough to exert a significant influence on 
Site 49 hydrogeology. 

The water table occurs in the bedrock in the western portions of Site 49 and in the saprolite 
in the eastern portions. Groundwater flows from west to east and discharges to Paint Branch 
(Figure 3-4). The hydraulic gradient of the water table, represented graphically on the cross 
section in Figure 3-3, varies, depending upon location and generally follows the topographic 
gradient. 

No hydraulic testing of Site 49 was included in the scope of this RI. However, Site 49 is 
similar to, and in close proximity to, Operable Unit 1 (OU-1), located to the east across Paint 
Branch, at NSWC-White Oak. Because of their proximity, it is assumed that the hydraulic 
conductivity of the saprolite and rock at Site 49 is similar to that found in these same units at 
OU-1. The hydraulic conductivity of the saprolite rmit was estimated to be in the range of 
6.9 xl04 and 1.0 x 10-a feet per minute (ft/min). The hydraulic conductivity of the bedrock 
units was estimated to be in the range of 2.3 x10-6 and 2.8 x 10-6 ft/min. The basis for these 
values is provided in the Final Remedial Investigation of Operable Unit 1, NSWC-White Oak 
(CH2M HILL, 2002) 

At Site 49, groundwater has a downward component of flow, based on the water levels in 
monitoring wells 49GW206S, M, and D. The water elevation measured in the deep well is 
approximately 150 feet lower than that measured in the shallow well. This indicates a strong 
downvvard gradient and that water bearing fractures sampled during the packer testing 
program have been dewatered and are recovering at extremely slow rates. Further east 
(downgradient), vertical gradients in the monitoring well cluster 49GW201, between the 
shallow, intermediate, and deep wells, are lower than those in the 49GW206 cluster. The 
gradient from the intermediate monitoring well to the shallow monitoring well is upward, 
and from the intermediate to the deep well is downward, indicating a potential divergence of 
flow. Im the 49GW202 monitoring well cluster, located hydraulically cross-gradient, the 
vertical gradient is downward. 

3.6 Conceptual Model of Groundwater Flow and Groundwater- 
Surface Water Interactions 

Groundwater at Site 49 originates as recharge during and following precipitation events. 
Precipitation at the Site frequently exceeds the infiltration rate, producing overland flow 
and directed stormwater discharge to Paint Branch. Some portion of the precipitation 
infiltrates into the saprolite and moves in a primarily vertical direction until it reaches the 
water table to become part of the groundwater flow system. Groundwater originating in the 
area surrounding Building 427 travels east-northeast towards and discharges to Paint 
Branch, based on the hydraulic gradients that follow the steep topography, as well as the 
perennial nature of Paint Branch. Saturated flow occurs exclusively in bedrock fractures at 
higher elevations (in the upgradient-most portions of the phune) and in both the bedrock 
and saprolite (through interstitial pore spaces) at lower elevations near Paint Branch. 
Although Paint Branch may not capture all groundwater flow in the vicinity of Site 49, 
similar gradients on the east side of Paint Branch preclude groundwater flow past Paint 
Branch. The vertical gradients and Paint Branch stage indicate that all contaminated 
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groundwater is captured by Paint Branch. The water level elevation in all three of the 
49GW201 cluster are greater than the water level in Paint Branch, indicating upward flow to 
the stream. The separation point for flow lines below which groundwater flow likely 
refracts to the south appears to occur well below the maximum depth of contamination. 
These flow patterns are illustrated on Figure 3-5, 
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Table 3-1 
Summary of Geologic Units 

Site 49, NSWC White Oak 
Silver Spring, Maryland 

Physiographic Chronostratigraphic Lithostratigraphic 
Provinces 

I Hydrostratigraphic 
Units Subunits Age 

Units 
Lithoiogy 

Units 

NA Recent’ NA Overburden soil g$$ NS 
Glen&Manor- 
Chester 
Chillurn-Beltsville- 
Groom 

Atlantic Coastal Plain Potomac Group’82 Patapsco Fm.2 Cretaceous Potomac Group’ Unconsolidated NS 
fluvial clay, 
silt, sand, gravel 

Arundel Fm? 
Patuxent Fm.’ 

Piedmont Province Wissahickon Late- Saprolite Saprolite derived Saprolite 

Formation” 
Precambrian from underlying 

Glen Arm Series 
to Early. bedrock 
Cambrian4 

Bedrock Crystalline schist, Bedrock 
quart&e 

Notes: 
-Units presented In order encountered with increasing depth from ground surface 
-Chronostratigraphic units are generally formal, named geologic units based on temporal associations, as described in scientifio literature. 
-Lithostratigraphic units are informally named, generally site-specific geologic units that are organized on the basis of iithoiogy (i.e.,‘geologic 
materials having similar physical characteristics). These units may be the same as, subdivisions of, or different from chronostratigraphio units. 
-Hydrostratlgraphic units are informally named geologic units, generally site-specific, that are organized on the basis of hydrogeoiogic similarities 
and 
connections (Le., geologic materials through which groundwater moves in a consistent manner). These units may be the same as, subdivisions of, 
NA-Not applicable 
NS-Not significant at Site; may be significant at regional- and larger-scales 
1. Unconformable contact with lower unit 
2. Undifferentiated at site, not all named members may be present or differentiable 
3. The Wlssahickon has been differentiated by some authors into several components, with the consensus that “Wissahickon” is an obsolete term 
(MGS, 2003). In the vicinity of NSWC White Oak, the most likely Wissahickon component is the Lower Pelltic Schist, formerly mapped as the 
Wissahickon, Eastern Sequence or the Wissahickon-oligoclase facies (MGS, 2003; Southwick and Fisher, 1967). The designation Wissahickon will 
be used in this report for consistency with earlier reports. 
4. More recent research indicates that the Wissahickon may be late-Cambrian to early-Ordovician in age (MGS, 2003). 
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SECTION 4 

Nature and Extent of Contamination 

This chapter focuses on the nature and extent of contamination found in groundwater at Site 
49. However, the results of surface and subsurface soil sampling, surface water sampling, 
and subsurface drain manhole sampling are presented as well. The discussion is divided 
into five parts. Section 4.1 discusses how the data are presented and evaluated. Sections 4.2 
through 4.4 discuss the results of the sampling activities for each media. Within Sections 4.2 
through 4.4, contaminant detections, concentrations, locations, and trends are discussed. 

4.1 Data Presentation and Evaluation 

4.1 .I Data Presentation 
Tables 41 through 46 present analytical results for all detected chemicals and constituents 
from all samples analyzed. Compounds not detected in any sample for a given media are 
not shown in these tables. Complete analytical results for all media are presented in 
Appendix I. Results from field parameter analyses are presented in Appendix F. 

The data are summarized in the context of the environmental and related media sampled 
,(groundwater, surface water, soil, as well as water from sumps and drain manholes). For 
each medium, tables are presented listing detected concentrations for each parameter for 
each group of samples. 

4.1.2 Data Evaluation 
This chapter presents a discussion of contaminant nature and extent, including an 
evaluation of temporal and spatial trends, of selected contaminants and uses them to 
validate or revise the conceptual site model.. The discussion focuses on those site-related 
contaminants that are most prevalent and are believed to pose unacceptable risks. 
Regulatory and human health-based criteria were not used to select contaminants for 
discussion in this chapter. 

, / 

The focus on this “short list” of contaminants is not meant to serve as a formal screening out 
of ot?mr contaminan ts, but simply a way to focus the discussion. The baseline human health 
risk assessment presented in Chapter 6 of this report formally screens and evaluates all 
chemicals detected in groundwater at Site 49 in accordance with established USEPA 

. Region III guidance. 

In order to identify metals that may be of potential concern at Site 49, the data for inorganic 
analytes were compared to data presented in the Background Invesfigation Report (SIR) 
prepared by TtlVUS (December 1998). The BIR was conducted to establish a base-wide 
background database for the property to be used for current and future investigations. 
Samples were collected for the various media from areas outside the sites known to be 
affected by facility operations. Soil sample results were also compared to USEPA Region III 
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risk-based criteria (RBC) for residential areas as a means to identify potential impacts to the 
soil that might warrant further discussion. 

4.2 ’ Perimeter Drain Samples 
Water samples were collected from various components of the Building 427 perimeter drain 
system. Two samples were collected from sumps inside Building 427 (samples 
049SMPL1002 and 049SMPUlOO2). Two samples were collected from manholes outside the 
building on the northwest and southeast corners of the building (samples 049MHSWNW 
and 049MHSWSE, respectively). Sample locations are shown in Figure 2-l. All four samples 
were analyzed for VOCs. Only the manhole sample from the northwest corner of the 
building (049MHSWNW) contained any detectable concentrations of VOCs: TCE was 
detected at a concentration of 0.33 pg/L, as well as ethylbenzene, toluene, and total xylenes 
at concentrations of 0.27,10.38, and 0.91 pg/L, respectively. All these detected concentrations 
are estimated, below the laboratory reporting limits. 

4.3 Soil 
The potential source areas for TCE groundwater contamination at Site 49 included the 
Building 427 leaching well and the Debris Disposal Area (Figure l-3). Soil samples collected 
during the leaching well excavation were analyzed for only VOCa Soil samples from the 
Debris Disposal Area were analyzed for a wider range of compounds and were found to 
contain no significant amounts of anthropogenic chemicals in soil. Figure 2-l presents the 
sampling locations, and Table 42 summarizes detections of chemicals and metals in soil 
samples collected at Site 49. The table also presents EPA Region 3 RBCs for residential soil 
as a comparison criteria. 

4.3.1 Volatile Organic Compounds 
Relatively few VOCs were detected in soil at Site 49. PCE was ubiquitous throughout the 
Debris Disposal Area, detected in all seven soil samples collected from this area at low 
(estimated) concentrations ranging from 1.5 to 3.0 ,!.cg/kg. Chloromethane was detected less 
frequently (in five of nine samples), at similarly low concentrations. Bromomethane and 
carbon disulfide (common laboratory contaminants) were detected in one sample each at 
concentrations of 1.4 and 1.7 pg/kg, respectively. None of these concentrations exceed EPA 
Region 3 RBCs for residential soil. 

4.3.2 Explosives 
No explosives-related compounds were detected in soil samples. 

4.3.3 Pesticides and PCBs 
Two pesticides, 4,4’-DDT and dieldrin‘ were detected in one soil sample from boring 
49SB201 at estimated4 concentrations of 2.4 and 6.6 pg/kg, respectively. None of these 
concentrations exceed EPA Region 3 RBCs for residential soil. No other pesticides were 
detected in soil. 

,“a\ 

---x 

4 Estimated concentration because detected concentration was below laboratory reporting limit. 
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PCBs were not detected in any samples. 

4.3.4 Semivolatile Organic Compounds 
Semivolatile organic compounds were detected in samples from all seven samples 
associated with the Debris Disposal Area. Sixteen individual SVOCs were detected at least 
once. One SVOC, bis(2-ethylhexl)phthalate [BEHP], was detected in all seven samples, at 
concentrations ranging from 2304 to 2,200 p&/kg. BEHI? is a very commonly used chemical 
in plasticizers and is often detected as a laboratory or sampling equipment artifact; its 
detections in these samples may not represent site conditions. 

Samples from boring 49SB201 contained the greatest number of individual SVOCs and the 
greatest concentrations. The sample from this boring contained the following SVOCs at 
concentrations ranging from 724 to 1,500 lg/kg: 

Acenaphthene Anthracene 

Chrysene Pyrene 

Benzo(a)anthracene 

Di-n-butylphthalate 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Huoranihene 

Naphthalene 

Fluorene 

Phenanthrene 

Benzo(k)fluoranthene Benzo(g,Iz,i)peryLene 

BEHI? Jndeno(l,2,3-c,d)pyrenepyrene 

None of these compounds were detected at concentrations that exceed EPA Region 3 RBCs 
for residential soil with the exception that benzo(a)pyrene was detected in one 6-foot-deep 
sample at a concentration above this comparison criteria (see Table 42). 

4.3.5 Metals 
Metals, which are common mineral constituents of soil, were detected in all of the seven soil 
samples which were analyzed for metals. Detected metals included: 

Ahuninum Arsenic Barium Beryllium 

Cadmium Calcium chromium Cobalt 

Copper 

Manganese 

Iron 

Nickel 

Lead 

Potassium 

Magnesium 

Sodium 

Vanadium Zinc 

Concentrations at which these metals were detected ranged from trace levels (part-per- 
million; ppm) to percent levels (i.e., 104 ppm) for common soil mineral constituents. The 
only metals that were detected in one or more samples at concentrations above EPA Region 
3 residential soil RBCs, are arsenic, iron, and manganese. 

The results of soil sampling were also compared to background data reported in the 
background investigation report (TTNUS, December 1998). The data also were compared to 
the following reference documents for background concentrations of metals: 
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l Shacklette, H.T. and J.G. Boemgen, 1984. ElementaI Concentrafions in Soil and Other r;91 

Surfcial MateriaEs of the Conterminous United States. US Geological Survey Professional ‘\ i 
Paper 1270. 

l Dragun, J., 1991. Elements in North American So& HMCRI, Greenbelt, Maryland. 

Table 4.2a summarizes minimum and maxiinum detected concentrations, 95% UCLs for 
background data, frequency of detection, and the frequency at which the detected 
concentrations exceed the 95% UCL for background. 

The maximum detected concentration of arsenic at Site 49 was below the 95% UCLs for 
background at White Oak. The maximum detected concentration of iron and manganese, 
exceeded the calculated 95% UCLs for background for these metals. The maximum detected 
concentration of manganese was also greater than the maximum detected background 
concentration. It is unlikely, however, that these iron and manganese results indicate 
anthropogenic soil contamination. The metal concentrations observed in subsurface 
materials are highly variable, but consistent with the regional-scale ranges (i.e., for 
Maryland or eastern United States; Dragurt, 1991) for background concentrations as noted in 
the reference documents. 

In addition to the inter-boring variability, intra-boring variability (i.e., variations and lack of 
associations between individual metals and/or different soil horizons) suggest that the 
exceedances of background concentrations are due to natural variability rather than 
anthropogenic influences. For example, the sample from boring 49SB201 contained the 
maximum concentration for six metals and the minimum concentrations for eight metals. 

4.3.6 Soil Data Summary 

. 

TCE was not detected in any of nine soil samples. 

PCE was detected at very low concentrations in seven samples from three boring 
locations in the Debris Disposal Area. Other VOCs were detected sporadically 
throughout the site and at very low concentrations. 

SVOCs were detected throughout the site at low concentrations. One boring, 459SB201, 
contained the greatest number of individual SVOCs and most of the maximum detected 
concentrations. 

Metals were detected in all soil samples. Each soil sample contained metals at 
concentrations that exceeded the 95~percent UCL for background. However, the 
variability in concentrations detected in Site 49 samples appears to be consistent with 
variability expected in natural soils, based on the background data set and regional-scale 
reference data sets. 

Two pesticides, 4,4’-DDT and dieldrin, were detected at low concentrations. 

Explosives and PCBs were not detected in any soil samples. 

Total organic carbon present in soil samples ranged between 840 and 15,000 mg/kg. 

Because it was evident that the soil in these areas was not an ongoing source of the TCE 
contamination in the groundwater and because the concentrations found in the soil were 
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either below RBCs for residential soil or, in the case of some metals, were consistent with 
variability expected in natural soils, risks from exposure to soil is not considered m the 
HHRA. 

4.4 Groundwater 
The investigation of groundwater quality at Site 49 included Dl? sampling, temporary 
monitoring wells, the installation and sampling of permanent monitoring wells, and 
sampling discrete vertical intervals of open deep boreholes using packer test methods. 

As noted in Section 3, a phased approach was employed to investigate Site 49. Initial 
groundwater samples collected in the backfill of sanitary sewer lines as part of an unrelated 
investigation contained TCE, suggesting that VOCs (specifically the chlorinated solvent TCE 
and its degradation products) were originating from the area surrounding Building 427. 
This first phase of the site 49 RI included collecting screening samples from nine temporary 
monitoring wells and eight drive points. This groundwater screening investigation occurred 
in phases, with four temporary wells installed in 2001, five in June and July 2002, and the 
eight drive points in November 2002. The November 2002 drive points were installed 
through the bed of Paint Branch, with the earlier temporary wells placed in the immediate 
vicinity and downgradient of Building 427. Permanent monitoring wells were installed 
between August 2002 and February 2003 in six locations throughout Site 49. Three of these 
locations included nested wells designed to provide vertical delineation of contamination. 
The locations of all permanent and temporary sampling points are shown on Figure 2-l. To 
refine the vertical delineation, packer test samples were collected on 10 foot intervals (Figure 
2-2) from the open boreholes of two deep monitoring wells prior to completion. The 
permanent monitoring wells were sampled in phases as they were installed and in 
subsequent partially synoptic sampling events. Concentrations of all analytes detected in 
groundwater are summarized in Tables 4-3 through 45. 

A ‘composite picture’ of groundwater impacts can be generated from the various samples 
collected at Site 49. The following discussion utilizes all the data to generate this picture; 
however, only data from perrnanent monitoring wells, are used in the subsequent HHRA. 

4.4.1 Volatile Organic Compounds (VOCs) 
The primary VOCs detected in groundwater samples were TCE and its degradation 
products (cis-DCE, and VC). A discussion of each is presented below. The discussion of TCE 
degradation and its products is present in Section 5.0, Fate and Transport. Concentrations of 
these VOCs are tabulated in Tables 43 through 4-5 and are shown in Figures 41 through 
4-5 (only TCE concentrations are show on the figures). 

As noted above, the following discussion will treat TCE as the parent product and cis-DCE 
and VC as its breakdown products (discussed further in Section 5.0). TCE is a widely-used 
industrial solvent, whereas cis-DCE and VC are less common as industrial or commercial 
chemicals and are known degradation products of TCE. 

TCE was detected in shallow groundwater during all three sampling events (June, August, 
and October 2002; summarized on Figures 4-l through 4-3). TCE concentrations in shallow 
groundwater generally increase with distance from Building 427 towards Paint Branch 
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REMEDIAL INVESTIGATION REPORT SITE 49 

(Figure 44). Durin g th e most recent sampling event, TCE was detected in well 49GW203 
(near the Leaching Well) at 120 pg/L and in wel149GW2OlS (near Paint Branch} at 380 pg/L. 
TCE was not detected in the drive point samples collected from the bedding of Paint Branch, 
however. 

.--=., 

TCE concentrations have typically decreased with time between August and October 2002. 
TCE in well 49GW203 decreased from 140 pg/‘L in August 2002 to 120 pg/L in October 
2002. TCE concentrations in well 49GW201S, decreased from 730 pg/L in August 2002 to 380 
pg/L in October 2002, Concentrations in monitoring well 49GW202S increased from 44 &L 
in June 2002 and at 60 pg/L in October 2002. 

The vertical delineation programt s ummarized on Figure 45, consisting of permanent well 
clusters supplemented by data from open-borehole tests, indicated that TCE concentrations 
increase with depth near the source area and decrease with depth away from the source. 
This may be due to the complex vertical gradients and groundwater flow patterns near 
Paint Branch. TCE concentrations in borehole/well49GW206D increased from 54 pg/L at 
approximately 175 feet MSL to 1,900 pg/L at 100 feet MSL. The permanent screen was 
installed in this borehole at approximately 85 feet MSL (screen midpoint elevations); TCE 
was detected in this horizon at 1,600 pg/L. However, this concentration declined to 140 pg/L 
in a subsequent sampling event from the completed wells. This may indicate a true decrease 
in concentrations, though the samples were collected with different methods (i.e., open 
borehole packer test versus low-flow sampling from the permanent well). Further 
downgradient, in the well 49GW201 cluster, TCE was detected in shallow groundwater (185 
feet MSL) at 380 pg/L and 4,400 pg/L at 155 feet msl (at the greatest concentration detected 
at Site 49), then declined to 4.3 pg/L at approximately 100 feet MSL. Detected concentrations 
in the deepest horizon at 49GW201 remained relatively constant at low concentrations 
during the subsequent sampling event. 

.i --\ 

Generally, all samples contained cis-DCE and VC at concentrations ranging from a factor of 
four to several orders of magnitude less than respective TCE concentrations. The samples 
collected from 49GW201S and 49GW201D contained concentrations of VC two orders of 
magnitude lower than their respective cis-DCE concentrations. 

The three monitoring wells installed cross-gradient of 49GW200,49GW206S, 49GW206M, 
and 49GW206D, each contained TCE and cis-DCE. Concentrations of TCE decrease 
somewhat with depth, ranging from 560 pg/L in 49GW206S to 140 pg/L in 49GW206D. 
Concentrations of c&+DCE fluctuate with depth, decreasing from 150 I.tg/L in 49GW206S to 
64 cL&/L in 49GW206M, then increase to 90 yg/L in 49GW206D. The chlorinated solvents 
plume extends to the northern boundary of NSWC%hite Oak, with TCE concentrations of 
780 and 380 pug/L in the northernmost wells. The plume is more well defined to the south, 
with the detected concentration 60 pg/L in the sample from 49GW2025. The westernmost 
well sample contained TCE at a concentration of 120 pg/L. The plume is bounded to the 
east by Paint Branch, discussed in Section 4.5 

4.4.2 SVOCs, Pesticides, and PCBs 
Three SVOCs (acenaphthene, dirnethylphthalate, and phenanthrene) were detected at very 
low concentrations in groundwater: 2.8,7.1, and 1.3 pg/L, respectively. Each was detected 
in a single groundwater sample. No PCBs or pesticides were detected in Site 49 groundwater. 

/---. 
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4-NATURE AND EXTENT OF CONTAMfNATION 

4.4.3 Metals 
Metals were detected in both filtered (using 0+45-pm filters) and unfiltered samples from the 
permanent monitoring wells. The metals detected were generally consistent with those 
detected in soil, surface water, and with the expected geochemical signatures for natural 
groundwater in this environment. 

Aluminum was detected in both the filtered (3 of 11) and unfiltered (8 of 11) samples. 
Maximum detected concentrations were 6,800 pg/L and 35,600 pg/L in the filtered and 
unfiltered samples, respectively. Concentrations in filtered samples were generally 
much less than those in the corresponding unfiltered samples. 
Arsenic was detected in 3 of 11 unfiltered samples, at concentrations as great as 8.7 
yg/L. Arsenic was not detected in any of the 11 filtered samples. 
Barium was detected in ah 11 filtered and all 11 unfiltered samples, at maximum 
concentrations of 101 and 225 ,ug/L, respectively. Filtered sample concentrations 
generally approximated the unfiltered sample concentrations closely. One exception to 
this was the sample from well 49GW202S, in which the filtered sample barium 
concentrations was much less than that in the unfiltered sample. 
Beryllium was detected in 5 of 11 unfiltered samples (at concentrations as great as 1.9 
pg/L) and in 1 of 11 filtered samples (at an estimated concentration of 0.12 pg/L). 
Cadmium was detected in both the filtered (3 of 11) and unfiltered (2 of 11) samples. 
Maximum detected concentrations were 0.35 pg/L and 0.46 pg/L in the filtered and 
unfiltered samples, respectively. Concentrations in filtered samples generally were very 
similar to those in the corresponding unfiltered samples. 
Calcium was detected in all 11 filtered and all 11 unfiltered samples, at maximum 
concentrations of 54,000 and 54,700 fig/L, respectively. Filtered sample concentrations 
generally approximated the unfiltered sample concentrations. 
Chromium was detected in 3 of 11 filtered samples and 8 of 11 unfiltered samples. 
Maximum detected concentrations were 75.5 and 910 pg/L, respectively. In general, 
chromium concentrations in filtered samples were much less than those detected in the 
unfiltered samples. 
Cobalt was detected in 6 of 11 filtered samples and 9 of 11 unfiltered samples. Maximum 
detected concentrations were 10.6 and 42.5 pg/L, respectively. Concentrations detected 
in filtered samples compared to those detected in the unfiltered samples exhibited 
mixed behavior. Filtered-sample concentrations of cobalt were much less than the 
corresponding unfiltered samples from some wells, while at other wells, the filtered- 
and unfiltered samples were similar. 
Copper was detected in 2 of 11 filtered samples and 4 of 11 unfiltered samples. 
Maximum detected concentrations were 28.6 and 166 pg/L, respectively. In general, 
copper concentrations in filtered samples were much less than those detected in the 
unfiltered samples. 

Seventeen metals were detected in the filtered samples, including barium, calcium, 
chromium, iron, magnesium, manganese, potassium, and sodium. These metals 
predominated in terms of frequency of detected and magnitude of detected concentrations. 
Metals detected less frequently included beryllium, cadmium, copper, lead, nickel, 
selenium, vanadium, and zinc. The same 17 metals were detected in the unfiltered samples, 
with the addition of arsenic, which was not detected in the corresponding filtered samples. 

0 

WDC041340001 .ZIP/LLE 4-7 



REMEDIAL INVESTIGATION REPORT SITE 49 

Iron was detected in 9 of 11 samples for bot the filtered and unfiltered sets of samples, 
with maximum detected concentrations of 14,100 and 72,400 pg/L, respectively. Iron 
concentrations in the filtered samples were generally much less than those in the 
corresponding unfiltered samples. Results are presented in Figure 4-6. 
Lead was detected in 4 of 11 filtered samples and 5 of 11 unfiltered samples. The 
maximum detected lead concentration in the filtered samples was 13.9 yg/L and 20.3 in 
the unfiltered sample, with filtered samples concentrations generally less than those in 
unfiltered samples. 
Magnesium was detected in all 11 filtered and all 11 unfiltered samples. The maximum 
detected filtered sample concentration was 13,800 pg/L; the maximum detected 
unfiltered concentration was 19,600 fig/L. Concentrations in filtered samples generally 
were very similar to those in the corresponding unfiltered samples. 
Manganese was also detected in all 11 filtered samples and all 11 unfiltered samples, 
with maxima of 2,290 and 2,250 pg/L, respectively. Filtered sample concentrations 
generally approximated those in the unfiltered samples. 
Nickel was detected in 10 of 11 filtered samples and 10 of 11 unfiltered samples. 
Maximum detected concentrations were 81 and 625 pg/L, respectively. Concentrations 
detected in filtered samples compared to those detected in the unfiltered samples 
exhibited mixed behavior. Filtered-sample concentrations of nickel were much less than 
the corresponding unfiltered samples from some wells, while at other wells, the filtered- 
and unfiltered samples were similar. 
Potassium was detected in all 11 filtered and all 11 unfiltered samples. The maximum 
detected filtered sample concentration was 11,300 ,ug/L; the maximum detected 
unfiltered concentration was 21,900 ,ug/L. Concentrations in filtered samples generally 
were very similar to those in the corresponding unfiltered samples. 
Selenium was detected in a single filtered sample and a single unfiltered sample, out of 
11 each collected; detected concentrations were 5.3 yg/L in the filtered sample and 4.8 
pg/L in the unfiltered sample. 
Sodium was detected in all 11 filtered and all 11 unfiltered samples. The maximum 
detected filtered sample concentration was 132,000 pg/L; the maximum detected 
unfiltered concentration was 136,000 pg/L. Concentrations in filtered samples generally 
were very similar to those in the corresponding unfiltered samples. 
Vanadium was detected in both the filtered (2 of 11) and unfiltered (8 of 11) samples. 
Maximum detected concentrations were 20.6 pg/L and 62.5 pg/L in the filtered and 
unfiltered samples, respectively. Concentrations in filtered samples generally 
approximated those in the corresponding unfiltered samples. 
Zinc was detected in 6 of 11 filtered samples and 9 of 11 unfiltered samples. Maximum 
detected concentrations were 47.5 and 185 pg/L, respectively. Concentrations detected 
in filtered samples compared to those detected in the unfiltered samples exhibited 
mixed behavior. Filtered-sample concentrations of zinc were much less than the 
corresponding unfiltered samples from some wells, while at other wells, the filtered- 
and unfiltered samples were similar. 

r----x 

4.4.4 Explosives and Perchlorate 
No explosives-related compounds or perchlorate were detected in Site 49 groundwater, /- \ 
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4-NATURE AND EXTENT OF CONTAMINATION 

4.4.5 Groundwater Summary 
l TCE and its breakdown products were detected in groundwater samples collected 

throughout Site 49. Concentrations generally increase with distance from the postulated 
source near Building 427 and with depth. Concentrations exhibit mixed behavior with 
time, as concentrations in some horizons increased while other decreased during 
subsequent sampling events. 

l SVOCs, pesticides, PCBs, explosives, and perchlorate were not detected at significant 
concentrations, nor with significant frequency. Accordingly, no anthropogenic 
influences from these chemicals appear to affect Site 49 groundwater quality. 

l The plume is bounded to the east by Paint Branch and its extent is undefined to the 
north at the NSWC property boundary. The plume is defined to the west near the 
postuIated sources and the south, by patterns of decreasing concentrations. 

l The plume’s boundary to the north has not been defined, as the navy had not received 
access rights to the Maryland National Capital Park and Planning Commission 
(MNCPPC) property at the time of the RI. Permission has since been granted to install a 
well on this property, which will take place concurrent with the remedial design 
process. 

4.5 Surface Water 
Surface water samples were collected from three locations along Paint Branch (Figure 2-l). 
These samples were analyzed for VOCs, SVOCs, total and dissolved metals, and hardness. 
Table 4-6 summarizes detections of chemicals and metals in surface water. 

4‘5.1 Volatile Organic Compounds 
No VOCs were detected in surface water samples. 

4.5.2 Semivolatile Organic Compounds 
Two SVOCs, 4chloro-3-methylphenol and bis(2-ethylhexyl)phthalate were detected in the 
surface water samples at low concentrations, ranging from 1.4 to 3.9 yg/L. 

4.5.3 Metals 
Paint Rranch surface water appears to be of the general Ca-Na-Mg-K association, which is 
consistent with the background data set discussed in the BIR. Other detected metals 
included barium, iron, manganese, nickel, and vanadium. The minor constituent metals 
were detected at concentrations ranging from 1 to 511 pg/L. All detected concentrations 
were less than the corresponding 95% UCLs for background surface water quality. 

Dissolved metals concentration patterns generally parallel the total metals concentrations. In 
addition, surface water quality data generally are consistent with the patterns of metals 
detected in groundwater. 

WDCWI 3406Ol.ZIP/LLE 4-9 



REMEDIAL INVESTIGATION REPORT SITE 49 

4.5.4 Surface Water Summary 
Surface water quality data from Paint Branch adjacent to Site 49 are consistent with the 
background data set discussed in the BIR and show no anthropogenic influences from 
Site 49. In addition, surface water data are similar to the inorganic geochemistry of 
groundwater at Site 49. The absence of detectable concentrations of the VOCs detected in 
Site 49 groundwater indicates that any groundwater contamination discharged to Paint 
Branch has no adverse effect on surface water quality. 
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NA - Not analyzed 
B - Blank contamination 
L - Biased low 
R - Unusable 
U - Undetected 

Table 4-1 
Detections In Sump and Manhole Water Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

UL - Undetected, limit biased low 

Page 1 of 1 



Table 4-2 
Detections In Soil Samples 

Site 49 Al Report 
NSWC - White Oak, Silver Spring, Maryland 

IStation ID 

Benzo(g,h,i)peiylene 

Benzo(k)fluoranthene 
II II NAI 1 NAI 

8,700j NAI 1 NAI 

Indeno(l,2,3cd)pyrene Ii 8701 NAI 1 NAI 

.rRIII I R.dU I 3.ElU I 3.7lU I 3.&J I 
,.,f 
I>’ 3.&J I 3.&J I 3.7lu /----Gm 

Fluoranthene 

Fluorene 

Pyrene 

bis(2-Ethylhexyl)phthalate 

Pesticlde/Polychlorinated Biphenyls (UG/KG) -ljj 
Explosives (UGIKG) 

No Detections 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K - Biased high 

L - Biased low 
R - Unusable 

U - Undetected 
UL - Undetected, limit biased low 

* PestlPCB analysis not available due to low sample volume Page 1 of 2 



Table 4-2 
Detections In Soil Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

Sample ID 

%ample Date 
11 Re?ddid;tiai 0495u2031001 1 ;/ 049Suwo~ l i 049Suof~ * I 049fIJ~~IJ6oi I 04Q~g%2c$oI I 049g!o2IocH I 049~~o2I2oI I 049~~sJo24oI I a495u2030601 I 

1 07/09/02 1 07/09/02 

Sodium 

Vanadium 

L - Biased low 
R - Unusable 

U - Undetected 
UL - Undetectr “mit biased low 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K _ Biased high 

l Pest/PC ?A not available due to low sample volume geZof2 



TABLE 4-2A 
Soil minimum and maximum Detected Concentrations, 95% UCLs for Background Data, Frequency of Detection, and the Frequency at 
Which the Detected Concentrations Exceed the 95% tJCL for Background 

Minimum Frequency Residential 
Concentration Maximum 95% UCL for of Risk-Based 

Frequency of Detected Concentration Background Exceedance Concentrations 
Metal Detection @WW Detected (mg/kg) @@kg) of 95% UCL OWW 

Aluminum 7 of 7 16,500 38,000 20,961 5 of 7 

Arsenic 7 of 7 0.75* 6.7 12.15 0 of 7 

Barium 7 of 7 69.8 174 40.09 7 of 7 

Berylfium 7 of 7 0.69 3.4 2.37 1 of7 

Cadmium 6 of 7 0.2* 0.41* 0.18 6 of 6 

Calcium 7 of 7 133” 3,000 247 4 of 7 

Chromium 7 of 7 21.11 32.1 41.05 0 of 7 

Cobalt 7 of 7 4.11 24.91 16.6 1 of7 

copper 7of7 16.1 47.1 21.62 5 of 7 

Iron 7 of 7 22,500 37,400 26.681 6of7 

Lead 7 of 7 8.42 20.52 21.23 0 of 7 

Magnesium 7 of 7 1,230 8,900 2,987 5 of 7 

Manganese 7 of 7 176 2,090 503 3 of 7 

Mercury 4 of 7 0.021 0.05 0.05 0 of 4 

Nickel 7 of 7 7.2* 34.72 13.84 6 of 7 

Potassium 7of7 891 7,510 2,792 5 of 7 

Sodium 1 of7 93.91 93.91 69.4 1 of1 

Vanadium 7 of 7 30.6 46.4 44.31 2 of 7 

Zinc 7 of 7 31.22 99 84.2 2 of 7 

78,000 

0.43 

5,500 

162 

- 

230 (as 
hex) 

1,600 

3,100 

23,000 

1,600 

7.8 (methyl} 

1,600 

550 

23,000 

*Estimated concentration because detected concentration was below laboratory reporting limit. 



Table 4-3 
Detections In Groundwater Samples from Drive Points along Point Branch Bed 

Site 49 RI Report 
NSWC I White Oak, Silver Spring, Maryland 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
UJ - Undetected, estimated limit 
U - Undetected Page 1 of 1 



Table 4-3A 
Detections In Groundwater Samples from Temporary Wells 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
UJ - Undetected, estimated limit 
U - Undetected Page 1 of 1 



Table 4-4 
Detections In Monitoring Well Samples 

Site 49 RI Report 
NSWC -White Oak, Silver Sorina, Matvland . _- . 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K - Biased high 
L - Biased low 

R - Unusable 
U - Undetected 

UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

Page 1 of 9 



Table 4-4 
Detections In Monitoring Well Samples 

Site 49 RI Reoort 
NSWC -V.‘. 

- -.. ‘- . 
Vhite Uak, Sitver Spring, Maryland 

Sample ID 11 049GW2000001 1 049GW2000002 049GW201DOOl 049GW201D002 1 049GW201DDOOl 049GW201SOOl 049GW201SOO2 1 049GW20159902 

Sample Date 11 08/02/02 1 1 O/l o/o2 08/02/02 1 O/i o/o2 02/l o/o3 08/02/02 1 O/l o/o2 1 O/l o/o2 

IFiltered Metals HJGIU 

NA _ Not analyzed R ” Unusable 
B - Blank contamination U - Undetected 
J - Estimated UJ - Undetected, estimated limit 
K - Biased high UL - Undetected. limit biased low 
L - Biasf \ 



ktation ID 

Table 4-4 
Detections In Monitoring Well Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

(Sample ID 
ISample Date 

11 049GW2000001 1 049G 

11 08/02/02 1 Il.. .“I”_ ““.“_“_ .“, .“. _- I 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K - Biased high 
L - Biased low 

R - Unusable 
U - Undetected 

UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 
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Table 4-4 
Detections In Monitoring Well Samples 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

NA - Not analyzed R _ Unusable 
B - Blank contamination U - Undetected 
J _ Estimated UJ - Undetected, estimated limit 
M - Siasefl ‘-?h UL - Undetected limit biased low 
L - Bias’ ‘” 4 of 9 
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Table 4-4 
Detections In Monitoring Well Samples 

Site 43 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

Nickel 

Potassium 

Vanadium 

Zinc 

Filtered Metals (UGIL) 

Aluminum 

Barium 

Beryllium 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K - Biased high 
L - Biased low 

R - Unusable 
U - Undetected 

UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

Page 5 of 9 



Table 4-4 
Detections In Monitoring Well Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K - Biasec’ hiqh 
L - Bias 

R - Unusable 
U - Undetected 

UJ - Undetected, estimated limit 
UL - Undetected limit biased low 

e6of9 



Table 4-4 
Detections In Monitoring Well Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

R - Unusable 
U - Undetected 

UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K - Biased high 
L I Biased low Page 7 of 9 



NA - Not analyzed 
B - Slank contamination 
J - Estimated 
K _ Biased hfqh 
L I Biasr 

Table 4-4 
Detections In Monitoring Well Samples 

Site 49 RI Resort 
NSWC -White Oak, Silver’Spring, Maryland 

Sample ID 1 049GW206D9901 1 049GW206ROOl 049GW206MOOl 1 049GW206SOOOl 
Sample Date 02/l 2/03 02/l 3103 02/l 2lo3 02/l 1103 

ICobalt I 2.51t 

ISelenium 

R - Unusable 
U T Undetected 

UJ - Undetected, estimated limit 
UL _ Undetected. limit biased low 

’ ye 8 of 9 



NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K - Biased high 
L - Biased low 

Table 4-4 
Detections In Monitoring Well Samples 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

Fi - Unusable 
U - Undetected 

UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

Page 9 of 3 



Table 4-5 
Detections In Sorehole Water Samples During Packer Test 

Site 43 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
U - Undetected Page 1 of 2 



Table 4-5 
Detections In Borehole Water Samples During Packer Test 

Site 43 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

NA I Not analyzed 
8 - Blank contamination 
J - Estim-’ -I \ 
U-Und j 7e 2 of 2 



lable 4-6 
Detections In Paint Branch Surface Water Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

lFiltered Metals (UG/L) 

Manganese 

Vanadium 

NA - Not analyzed 
S - Blank contamination 
J - Estimated 
K - Biased high 
R - Unusable 

U - Undetected 
UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

Page 1 of 1 
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SECTION 5 

Fate and Transport 

This section provides a general discussion of the environmental fate and transport of the 
contaminants detected in groundwater at Site 49. This discussion is placed in the context of 
sources, release mechanisms, and environmental media affected by releases. Given these 
considerations, this section discuses the environmental processes that cause these 
contaminants to be transported in environmental media and that govern the fate of the 
contaminants. 

This discussion includes the potential pathways to, and interactions with, surface water in 
Paint Branch. The fate and transport analyses are described herein to support the human- 
health risk assessment (presented in Chapter 6) and to aid in defining and evaluating 
remedial alternatives. 

The fate and transport of contaminants in soil and surface water are not included in this 
section because of the paucity of detected chemicals, which results in minimal risks to 
human health [Section 6.0). 

5.1 Site Contaminants and Their Properties 
Many organic and inorganic constituents were detected in environmental media at Site 49. 
However, as discussed in Section 4, the only anthropogenic chemicals detected in 
groundwater at concentrations likely to impair groundwater quality are TCE, cis-DCE, and 
VC. Of these, TCE likely is the primary contaminant released. TCE was and continues to be 
a commonly used industrial cleaning and degreasing solvent, used for a wide variety of 
military and non-military purposes. TCE is a component of many proprietary product 
formulations. Cis-DCE and VC, while sometimes used as primary products, are much less 
commonly used in cleaning/degreasing applications. Accordingly, this section assumes that 
these chemicals were not released directly into the environment, but produced from TCE as 
a consequence of natural degradation processes discussed later in this section. This 
assumption is consistent with conceptual models of other sites at NSWC-White Oak and is 
supported by the ratios of contaminants detected in groundwater. 

There appears to be one general source area at Site 49: Building 427. This is the only feature 
at Site 49 at which chemicals were likely to have been used. Releases from research, 
deveIopment, and testing operations and waste management practices at and around 
Building 427 are assumed to be the source of TCE. The topography of Site 49 away from 
Building 427 likely inhibited other operations. Because the specific purpose(s) for which 
TCE may have been used are unknown, the point(s) and mechanism(s) of release are not 
known. However, Building 427 and the adjacent leaching well and Debris Disposal Areas 
have been identified as potential source areas. It is unclear, however, based on soil 
sampling, the leaching well excavation, and the building inspection, where the actual 
release or releases have occurred. Likely scenarios for release include TCE disposal in the i 
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leaching well, discharging TCE directly to the subsurface, from which it subsequently 
migrated to the water table. 

TCE may have been released as a separate phase liquid or as an aqueous (dissolved or 
emulsion) phase from cleaning operations in and around Building 427 or disposal of TCE- 
contaminated material in the Debris Disposal Area. For the purpose of the fate and transport 
discussion, TCE releases are assumed to have been to the shallow subsurface soil (i.e., the 
unsaturated or vadose zone). 

The occurrence, behavior, and fate of contaminants in the subsurface are often discussed in 
terms of partitioning, which is the ability of a contaminant to exist in and exchange between 
various environmental media. Depending on the physical and chemical characteristics of the 
chemical and the environmental media, a contaminant can exist: 

l in a gas phase (soil gas), 

l in an aqueous phase dissolved into water (pore water and groundwater), 

l in a solid phase in which the contaminant sorbed or bound to the physical media by 
chemical forces (sorbed phase), and 

l in a pure, separate, organic liquid phase (i.e., a non-aqueous phase liquid; NAPL). 

A contaminant can move between these phases in response to various physical laws and 
concentration gradients. The sections 5.2 and 5.3 discuss, in both general and contaminant- 
specific terms, the behavior, transport, and fate of chemicals likely to have been released at 
Site 49. Theoretically, it is possible to predict the mass distribution and mass in each phase 
through calculations of fugacity; however, many assumptions must be made where data 
gaps exist, underminin g the validity and reliability of any findings that result. 

, 

5.1.1 Physical-chemical Properties of TCE 
The physical and chemical properties of TCE and other site-related chemicals are presented 
in Table 5-1. The dominant process for removing TCE from shallow soil and surface water is 
volatilization into the atmosphere, indicated by TCE’s relatively high vapor pressure and 
Kh. Once in the atmosphere, TCE is degraded through reaction with hydroxyl radicals. TCE 
infrequently occurs in surface soil. 

The I6, value indicates that TCE has medium to high mobility through soil and will not 
partition significantly from water to soil. As it has been found to be highly mobile in soil, 
leaching from soil to groundwater is likely. As a result, it also is rarely found in subsurface 
soil. 

TCE degrades most effectively under anaerobic conditions. Anaerobic degradation of the 
chlorinated aliphatics proceeds along a reductive dehalogenation pathway as presented in 
Figure 5-l. 

The common degradation products of TCE behave somewhat differently from TCE because 
of lower &, and I6, and higher voIatility. Several of these degradation products were 
detected at the Site 49 sites, suggesting that processes are active that are reducing TCE 
concentrations. 

,f--“-- 
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TCE is a dense non-aqueous phase liquid (DNAPL) when present in undissolved form. 
Concentrations in groundwater over about 11 to 55 mg/L (1 to 5 percent of solubility) 
would suggest the presence of DNAPL in the subsurface. 

The relatively low l& value indicates that TCE tends to remain in the aqueous phase and is 
not readily bioaccumulated. 

5.1.2 Biodegradation of Chlorinated Hydrocarbons. 
The biodegradation process uses soil organisms to degrade contaminants to innocuous 
byproducts such as carbon dioxide and water. Not all contaminants are biodegradable, and 
chlorinated solvents, such as those found within Site 49, are only completely degraded 
under special conditions. If these conditions are not met, or if one of the necessary 
requirements are limiting, the contaminant will not completely degrade. 

Microorganisms exist in two states: dormant and active. In order to degrade contaminants 
the organisms need to be in the active state. For this to occur, there are four requirements: 
nutrients, moisture, an electron donor, and a terminal electron acceptor. Moisture and 
nutrients are generally readily available in the subsurface. Therefore, availability of eleckon 
donors or terminal electron acceptors are generally the limiting factors in biodegradation. 

Three processes govern the biodegradation of chlorinated hydrocarbons. Theytare reductive 
dechlorination, oxidation, and co-metabolism. In general a chlorinated hydrocarbon 
contaminant must first be dechlorinated before complete degradation can occur. This 
process is called reductive dechlorination, where the contaminant acts as the terminal 
eleckon acceptor and hydrogen is the electron donor (Wiedemeier et al, 1999). The reduction 
of TCE and its daughter products to carbon dioxide, water, and chloride ions, the redox 
conditions necessary, and the relative speed of the reactions are shown in Figure 5-l. 

Reductive dechlorination is the process where chlorine atoms are replaced by hydrogen 
atoms. This only occurs in anaerobic (dissolved oxygen concentrations less than 1 mg/L) 
conditions, and as each chlorine atom is removed, it becomes increasingly difficult to 
remove the next one. This is because TCE is more electronegative than cis-1,2-DCE (because 
it has more negatively charged chlorine atoms attached) and thus the process of reducing 
TCE tea ethene slows down with each removal of a chlorine atom. Under anaerobic 
conditions, complete degradation of chlorinated compounds can only occur after all the 
chlorine atoms have been removed. Frequently only the first, or the first and second 
chlorine atoms are removed, resulting in the accumulation of daughter products, 
cis-1,2-DCE and vinyl chloride. The accumulation of vinyl chloride is of great concern to 
regulators as it is a known human carcinogen, is highly toxic even at low concentrations, 
and is more mobile than TCE and cis-1,2-DCE. 

Reductive dechlorination, otherwise &nown as halorespiration, is performed by a group of 
organisms known as halorespirators. These organisms utilize hydrogen as the electron 
donor,. the availability of which is frequently the limiting factor, and the chlorinated 
compound as the terminal electron acceptor. Halorespirators are the only organisms which 
conduct reductive dechlorination, but they are not the only organisms which utilize 
hydrogen. Halorespirators are most competitive for hydrogen when the redox conditions 
are low (between -150 and -320 millivolts; mV). 
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The following kends occur in environments undergoing reductive dechlorination through 
biodegradation and can be monitored to determine if natural attenuation is occurring: 

l Reduction in parent concentrations (TCE) 
0 Increase in daughter product concentrations (TCE, DCE, vinyl chloride) 
l Increase in ethene and ethane concentrations 
l Elevated chloride concentrations 
l Methane production 
l Low redox conditions 
l Production of iron (II) 

Oxidation is the process where the contaminant is used as a carbon source and is broken 
down directly into carbon dioxide and water. TCE is not degradable via this process. There 
is limited evidence that cis-1,2-DCE is degradable, but vinyl chloride is rapidly degraded in 
circumstances where oxygen is available as the terrninal electron acceptor. 

Co-metabolism occurs under aerobic conditions (dissolved oxygen concentrations greater 
than 1 mg/L). The microorganisms utilize a carbon source other than the contaminant and 
as a byproduct of respiration the contaminant is fortuitously degraded. This occurs because 
cells are ‘leaky’, meaning that during the growth process some cellular components and 
products are released into the environment. For example, during the degradation of ’ 
methane, an enzyme called methane monooxygenase (MMO) is produced. This enzyme 
adds an oxygen molecule to the methane. As the cell grows and divides, this enzyme is 
released into the environment, and will add an oxygen molecule to TCE, making it more 
amenable to degradation by other organisms. In the environment, co-metabolism will only 
occur when there is oxygen and another carbon source, such as petroleum hydrocarbons or 

‘methane, available. When either the oxygen or the carbon source is depleted, co-metabolism 
will cease (usually oxygen is depleted first). In engineered conditions, co-metabolism can be 
achieved by the addition of oxygen and a carbon source such as methane, ethane, propane, 
butane, toluene, or phenol. The addition of oxygen and ammonium (NE&+) has also been 
documented to support this process (Wiedemeier et al, 1999). 

/‘-- 

In summary there are three sets of conditions that may achieve the degradation of TCE to 
carbon dioxide, water, and chloride ions: 

l Anaerobic conditions where the requirements for reductive dechlorination are met, 
followed by anaerobic degradation of vinyl chloride and ethene 

l Anaerobic conditions where the requirements for reductive dechlorination are met, 
followed by aerobic conditions. 

l Aerobic degradation via co-metabolism, which may require the addition of oxygen and 
a carbon source such as methane. 

5.2 Contaminant IVligration and Fate in the Vadose Zone 
Once released into the vadose zone, TCE in a NAPL or aqueous phase will migrate 
downward in response to gravity. The rate and depth of penetration are a function of the 
volume of TCE released, the phase in which it was released, and the hydrogeologic 
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properties of the soil. If TCE was released as a NAPL, its density, viscosity, and interfacial 
tension cause it to penetrate more rapidly than would an equivalent volume of pure water. 
In addition, these properties allow the TCE to penetrate smaller pore spaces preferentially, 
compared to water. 

TCE was not detected in any of the soil borings at significant concentrations, nor with 
significant frequency. Accordingly, a contemporary vadose zone source for the TCE 
contamination encountered in groundwater was not identified. However, the patterns of 
TCE detections in the Site 49 groundwater monitoring wells and groundwater flows paths 
indicate that the historic source(s) likely were in the area of Building 427. The construction 
of Building 427, with its extensive subsurface development and its perimeter drain/sump 
system (Which presumably would have lowered the water table to the level of the surnp 
invert in the immediate vicinity of the building), suggests the possibility of releases near the 
bottom of the vadose zone and/or the top of the saturated zone. 

While in the vadose zone, a portion of the TCE will become immobilized by capillary 
pressure, kapping a small fraction in the pore spaces of the soil matrix (residual NAPL). If a 
sufficient volume of TCE is released to continuously saturate the pore spaces throughout the 
vadose zone soil cohunn, the NAPL may reach the water table. After the release has ceased, 
NAPL will continue to drain out of the vadose zone towards the groundwater surface under 
the influence of gravity until residual saturation due to capillary forces occurs. In addition, a 
portion of the NAPL will become adsorbed to organic carbon and immobilized. TCE has a 
moderately strong tendency to sorb to organic carbon. 

Other processes attenuate the mass of NAPL in the vadose zone. Infiltrating pore water 
from precipitation recharge will dissolve a portion into the aqueous phase. This dissolution 
will act on all phases of the NAPL present in the vadose zone, including the residual NAPL 
and sorbed phases. Compared to other organic chemicals, TCE has a moderate solubility in 
water. TCE is a volatile organic chemical with a strong tendency to partition into the gas 
phase from all other phases. The mass transfer from the NAPL phase into the gas phase is 
governed by its vapor pressure, and from the dissolved to the gas phase by its Henry’s Law 
Constant (HLC). TCE’s moderately high vapor pressure and HLC indicate that TCE will 
partition into the gas phase readily. Table 5-l summarizes these parameters and properties. 

In surnmary, TCE released to the vadose zone will migrate downward to the groundwater 
surface, either in NAPL form (given sufficient volume) or in dissolved form. A portion will 
remain in the vadose zone trapped by capillary pressure and sorption to organic material, 
acting as a continuing source of dissolved phase contamination. Volatilization will reduce 
the amount in the residual and dissolved phases by mass transfer to soil gas. 

5.3 Contaminant Migration and Fate in the Saturated Zone 
Contaminants reach the saturated zone after having migrated through the vadose zone, 
unless the source of the release was below the groundwater surface. Given the extensive 
subsurface construction of Building 427 and the presence of the Leaching Well and interior 
sumps and drams, with inverts below the water table, a release below the water table is 
plausible. 
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At Site 49, the saturated zone is primarily the fractured bedrock hydrostratigraphic unit. 
Groundwater flow and contaminant transport in bedrock is controlled by the number, size 
(aperture), density, and “connectedness” of the fractures. These factors create a complex 
flow system that is simplified by treatment as an equivalent porous medium, i.e., that the 
fractures are sufficiently numerous and connected so that poundwater moves through the 
hydrostratigrpahic unit in the same manner as an unconsolidated, granular medium. 
Contaminants like TCE will flow with groundwater and will be affected by the same sets of 
physical and chemical processes, regardless of the medium, whether fractured bedrock, 
represented as an equivalent porous medium, or as a true porous medium. The rates at 
which these processes occur can differ, as can certain intrinsic characteristics of the medium, 
such as the presence of organic matter, which is expected to be considerably less in a 
bedrock environment compared to an unconsolidated unit. Bedrock aquifers also introduce 
new phenomena such as interactions with mineral surfaces, though these are not expected 
to be significant with organic chemicals like TCE. 

,-- 1 

Contaminant distribution, transport, and fate in the saturated zone are affected by the same 
general processes as in the vadose zone, as well as several others. If the NAPL reaches the 
groundwater surf&e as a separate phase liquid, its density determines where the immiscible 
liquid will pool: on top of the water table (i.e., a light NAPL; LNAPL) or penetrate below 
(i-e., a dense NAPL; DNAPL). The density of TCE is greater than that of water, so it will 
behave as a DNAPL when released as such and can penetrate below the groundwater 
surface. To do so, it must displace the groundwater occupying the pore spaces. TCE’s low 
viscosity, interfacial tension, and tendency to be the wetting phase allow it to penetrate 
through the aquifer more rapidly than groundwater, to infiltrate into smaller pore spaces, 
and to displace pore water readily. The DNAPL TCE will migrate downward through the 
saturated water column until residual saturation is reached or a lower permeability medium 
is encountered that retards or slows downward movement. TCE’s lower viscosity, however, 
will allow it to enter and penetrate lower permeability units more readily than groundwater. 
A relatively small fraction will also sorb to organic material in the saturated zone. These 
residual and sorbed phases will act as a continuing source of dissolved phase contamination. 

The presence of DNAPL is a key factor in assessing remedial options for TCE-contaminated 
groundwater. While the presence of true DNAPL (i.e., a separate-phase liquid) or residua1 
saturation (immobile DNAPL) can be detected with certain field techniques such as 
hydrophobic, reactive dye tests or ultraviolet fluorescence, one must locate DNAPL first, 
making these technique more of a confirmatory process rather than a primary investigative 
tool. The presence of DNAPL is more commonly inferred by comparing dissolved phase 
concentrations to effective solubility limits or by comparing soil concentrations to saturation 
values (C,,,; i.e., all environmental media - soil gas, water, and organic carbon -- are 
saturated with the chemical in accordance with its partitioning laws and constants). TCE 
was not detected in soil at concentrations greater than laboratory reporting limits; PCE was 
detected at part-per-billion (ppb) concentrations, well below any saturation values5 based 
on the TOC concentrations between 840 and 15,000 mg/kg. Accordingly, there is no 
analytical evidence to indicate the potential presence of DNAPL. A commonly-accepted 
“rule-of-thumb” indicating that DNAPL may be present is dissolved concentrations greater 

5 Saturation values are calculated soit concentrations that, based on partitioning theory, indicate that all environmental media 
in which the chemical can reside (Le., groundwater, sorbed, and gaseous phases) are saturated to their respective capacities. 
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than 1 to 5 percents of the solubility limit (USEPA, 1994). Since no other organic constituents 
phases other than TCE are present, the effective solubility should approximate the solubility 
of TCE in pure water - which is approximately 1,100 mg/L at environmental temperatures. 
Therefore, TCE concentrations in groundwater greater than 11,000 yg/L could indicate the 
presence of DNAPL. The maximum concentrations detected was 4,400 pg/L, or 0.4 percent 
of the pure solubihty. Therefore, soil and groundwater quality data suggest that DNAPL is 
not present in significant quantities, if at all. 

Dissolution will transfer TCE mass from the mobile and residually saturated DNAPL phases 
to the aqueous dissolved phase, contaminating groundwater. Dissolution is also affected by 
the presence of multiple chemicals (exhibiting phenomena such as cosolvency and effective 
solubility)? though this appears to be insignificant at Site 49. 

The aqueous-phase contaminants will move by advective transport with groundwater, in 
which the plume of contaminated groundwater moves in response to hydraulic gradients. 
The rate of groundwater movement is governed by Darcy’s Law and is proportional to the 
hydraulic gradient and conductivity and inversely proportional to the effective porosity of 
the medium through which it is moving. Contaminant plume migration will be retarded by 
the presence or organic carbon in the saturated zone, slowing the plume movement relative 
to uncontaminated groundwater movement. At Site 49, the geologic media of the bedrock 
and saprolite contain little organic carbon, so retardation is considered negligible at this site. 

Advective transport is supplemented by dispersive and diffusive processes. Dispersion is a 
hydrodynamic process in which individual molecules of contaminated groundwater 
become deflected in three dimensions from the main axis of flow as they encounter tortuous 
flow paths through individual pores in the aquifer. The net effect is that the plume front 
expands to a certain degree relative to the original plume front as it disperses through the 
aquifer. This phenomenon is aquifer-specific and results in net reductions in concentration 
due to dilution. Diffusion occurs as individual molecules of the contaminant migrate from 
areas of high concentrations to areas of low concentrations in response to concentration 
gradients. This phenomenon is negligible compared to the scale of advective and dispersive 
processes, however, except in aquifers that have low permeability and/or slow rates of 
movement (i.e., very low hydraulic gradients}. Groundwater movement can also be affected 
by density-driven convection, although this is negligible with plumes of organic chemicals 
given their relatively low solubihties. 

Contaminant mass in the dissolved phase can also be affected by abiotic and biological 
degradation processes. These processes destroy the contaminant (as opposed to mass 
transfer like volatilization, dissolution, or sorption) and produce reaction products, which 
themselves can be contaminants or innocuous products. Figure 5-l summarizes the abiotic 
and biological degradation pathways and reaction products associated with the chlorinated 
ethylenes detected at Site 49. Abiotic processes (generally elimination/substitution reactions 
that include hydrolysis, hydrogenolysis, dihaloelimination, and dehydrohalogenation) are 
inapplicable to or are very slow for TCE and its degradation products, and thus are not 
significant environmental processes. 

6 Some practitioners use a value of IO percent of the solubility limit. USEPA guidance recommends the more conservative 
1 percent as a screening level. 
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Biodegradation, however, can occur rapidly (i.e., at environmentally significant rates) in the 
aqueous phase, producing degradation products. Each chemical biodegrades under 
different environmental conditions, in part because the chemical reactions that destroy the 
individual chemicals have different free energies and in part because each reaction has 
different geochemical requirements in the subsurface. Biodegradation is built on a pyramid 
of requirements that include: a suitable microbial consortium, an energy source (electron 
donor), an electron acceptor, appropriate levels of moisture, appropriate pH and 
temperature, nutrients, an absence of toxicity, an ability to remove metabolites, and the 
absence of significant competition. Biodegradation occurs by three chemical pathways: 

-1 

l Contaminant as electron acceptor; 
l Contaminant as electron donor; and 
l Cometabolism. 

The pathway in which the chemical serves as the electron acceptor in a redox reaction is 
generally the most effective (i.e., most common and fastest} degradation mechanism for 
chlorinated solvents, at least in natural (i.e., non-engineered) scenarios. This pathway is 
often referred as reductive dechlorination and occurs under anaerobic, reducing conditions. 
The second pathway, in which the chemical serves as the electronic donor, occurs under 
aerobic, oxidizing conditions. These first and second pathways are chemical reactions that 
involve life functions for microorganisms and are often referred as cellular respiration or as 
metabolism. The third pathway, cometabolism, is a fortuitous reaction in which the 
microbial population does not directly utilize the chemicals, but secretes enzymes that react 
with and degrade the chemicals. 

Reductive dechlorination occurs when an electron is transferred from an electron donor to 
the chemical. Reductive dechlorination proceeds in a step-wise series of reactions, in which 
each step involves the transfer of one electron from donor to acceptor, and the substitution 
of a hydrogen atom for a chlorine atom on the chemical. Thus, a 3-chlorine compound such 
as TCE becomes a 2-chlorine compound such as DCE, and so on to complete elimination of 
chlorine from the chemical. In general, the more highly oxidized chemicals (e.g., PCE, TCE) 
are the most amenable to reductive dechlorination. For example, TCE is degraded 
exclusively under anaerobic, reducing conditions, through the reductive dechlorination 
process. Ground water conditions are considered anaerobic and reducing when dissolved 
oxygen (DO) concentrations are below approximately 0.5 mg/L; reducing conditions are 
present when the oxidation-reduction potential (ORP or, alternatively, Eh) is less than 50 
millivolts (mV). Strongly reducing conditions occu at -100 mV and below. TCE 
biodegrades through reductive dechlorination to DCE. There are three possible isomers for 
DCE (cis-1,2-DCE, trans-1,2-DCE, and l,l-DCE); however; biologically-mediated reductive 
dechlorination of TCE generally produces ck-1,2-DCE. Ratios of cis-DCE to trans-DCE 
resulting from TCE reduction in groundwater are reported to be 251 to 30~1; ratios of trans- 
DCE to l,l-DCE are approximately 4:l (i.e., approximately 95 percent of DCE produced by 
degradation of TCE is of the cis isomer). Some biodegradation of TCE through cometabolism 
via epoxidation fan aerobic pathway) has been reported, but requires geochemical 
conditions not encountered at Site 49. 

Us-DCE biodegrades under aerobic and anaerobic conditions, through the reductive and 
oxidative pathways, to VC. In addition, cis-DCE can also abiotically degrade to chloroethane. 
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It should also be noted that cis-DCE is more easily biodegraded than frans-DCE, because the 
trans isomer degradation is inhibited by stearic hindrance, because the Cl- atoms are located 
on diametrically opposite sides of the double bond, it is “harder” for the microorganisms 
and enzymes to get full contact. 

VC biodegrades to ethylene under reducing conditions, but at a relatively slow rate. 
Because, under reducing conditions, the rate of VC degradation is less than that of the more 
highly #orinated ethylenes, VC may appear to accumulate in groundwater. VC is directly 
oxidized to carbon dioxide fairly rapidly, however, under aerobic conditions. VC is 
degraded most effectively under conditions in which the VC serves as the electron donor, 
which is an oxidation pathway (second pathway). Since this is an oxidation reaction, only 
the least oxidized chemicals like VC undergo degradation through this pathway. More 
highly oxidized (i.e., more chlorinated) chemicals can be degraded under generally aerobic 
conditions, but this has been attributed to anaerobic micro-environments within the aerobic 
area that cause locally reducing conditions. 

In electron-donating biodegradation, the chemicals are destroyed (mineralized) through 
oxidation, forming C02, formate, and other chemicals. 

Cometabolism occurs when microorganisms use compounds other than contaminants in 
their metabolic redox reactions. In the course of these reactions, enzymes are secreted that 
chemically oxidize chemicals. For example, some microorganisms secrete methane-, 
toluene-, or ammonia- monooxygenase (MO) during metabolism. MM0 is an enzyme that 
reacts with TCE to form an epoxide, which is relatively unstable and readily degrades to 
chloracetates and chloraldehydes. Cometabolism occurs under aerobic conditions, but also 
produces toxic metabolites that can be harmful to the microorganism, creating a potentially 
self-limiting process. As noted above, cometabolism has the potential to degrade the TCE, 
but the conditions required are not likely to exist at Site 49. 

Volatilization also attenuates TCE, cis-DCE, and VC concentrations through mass transfer to 
soil gas phase in accordance with each contaminant’s HLC. Cis-DCE and VC also partition 
to organic carbon in the aquifer, and travel by the same advective, dispersive, and diffusive 
processes discussed above. However, these chemicals are assumed to be degradation 
products of aqueous phase TCE and, if so, cannot exist in the NAPL phase. Their dissolved- 
phase concentrations are useful in understanding past TCE concentrations, since the 
degradation product concentrations are directly related to TCE concentrations by molar 
ratios. It should be noted that as TCE degrades biologically, the loss of the chlorine atom 
causes equivalent molar values to have lower mass/volume concentrations. Based on molar 
ratios, the complete degradation of TCE at 100 pg/L produces 74 hg/L of cis-DCE, which in 
turn produces 47 pg/L of VC. 

The physical/chemical parameters specific to TCE, cis-DCE, VC, and various inorganic 
contaminants detected at Site 49 are tabulated in Table 5-l. 

5.4 Conceptual Model of Contaminant Transport 
Chapter 3 described the model of groundwater flow at the site. In summary, groundwater 
originating in the area surrounding Building 427, travels east-northeast towards and 
discharges to Paint Branch. Flow occurs exclusively in the bedrock at higher elevations (in 
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the upgradient-most portions of the plume) and in both the bedrock and saprolite at lower 
elevations near Paint Branch. Groundwater flows toward Paint Branch, contributing to base 
flow, based on the hydraulic gradients that follow the steep topography, as well as the 
perennial nature of Paint Branch. Although Paint Branch may not capture all groundwater 
flow, the similar gradients on the east side of Paint Branch preclude groundwater flow past 
Paint Branch. Groundwater flow in deeper horizons may refract south, as indicated by the 
hydraulic head data and detected TCE concentrations in well 49GW202D. 

Monitoring well 49GW204, located south of Building 427, is the background monitoring 
well at Site 49. The well is located approximately 150 feet east (cross-gradient) of the former 
leaching well. The samples collected from 49GW204 during initial round of groundwater 
sample did not contain detectable concentrations of VOCs, SVOCs, or explosives. 

One presumed source of VOCs (the leaching well) has been removed and, as discussed 
above, a remaining soil source is not likely. Adverse effects to groundwater remain evident 
near Building 427; however, the highest concentrations are observed near Paint Branch 
(49GW2OX.3 and 49GW201D). This suggests that although contaminant mass is distributed 
areally throughout Site 49 and vertically in the bedrock, much of the mass has migrated 
towards Paint Branch. Further, although an estimate of the initial mass is not possible, it is 
likely that much has already discharged to the stream, where the turbulent nature and 
ambient conditions cause the VOCs to volatilize. No impairment of water quality in Paint 
Branch has been obsenred, indicating that the mass loading to Paint Branch from Site 49 
groundwater is small relative to the overall water balance and attenuates rapidly. 

5.5 Summary of Fate and Transport Conclusions 
The following conclusions regarding the fate and transport of contaminants at Site 49: 

l Several potential source areas have been identified in the vicinity of Building 427, 
including the former leaching well, the Debris Disposal area, and the perimeter drain 
system. Data collected during this investigation identified TCE and its degradation 
products at concentrations in the thousands of micrograms per liter in groundwater. 
This information, along with water-level data, confirms that TCE contamination 
originating from the presumed source area is migrating easterly, towards and 
discharging to Paint Branch. 

l It appears that a significant volume of contaminant mass has migrated from Building 
427 to Paint Branch. The portion this volume represents relative to the total volume, is 
unknown because the initial mass is unknown. Further, the complexity of the flow 
system decreases the uniformity of the plume and limits the characterization process. 

l Natural attenuation likely is occurring at Site 49 based on the presence of degradation 
products; however, the lines of evidence needed to justify that natural attenuation is 
occurring at a rate that will result in the ultimate remediation of the site have not been 
observed. 
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TABLE 5-l 
Physical, Chemical, and Half-Life Data of Representative Chemicals 

Site 49 RI Report 
NSWC-White Oak 

Silver Spring, Maryland 

Notes Data sources: 

K, = Organic carbon partition coefficient Montgomery and Welkom, 1989, Groundwater Chemicals L&k Reference, Volume 1 
fm = fraction organic carbon in soil (1.21 x IO’) U.S. Department of Heatth and Human Services (ATSOFt). 1993, ToxWogfcaf Profile for fi’DX(Draff) 
p = 1.85 g/om’(bulk density of soil) U.S. EPA Office of Drinking Water, 1939, Trnkrofoluene Heakb Advisory 

n. = 0.26 (bulk porosity of soil) Half-lives from Howard, Ph. H. et al, 1991, Handbook of Environmental Degradation Rates and from ATSDR, 1893 
G = & * f= (water - soil partition coefficient, for orga Dragun, James. The Soil Chemistry of /-/azardous Materfafs 
R = 1 + p’ K&I. (retardation coefficient for groundwater transport) 

NA = Not available 

NR = Not relevant for the indicated organic 

NU = Not Known; form of inorganic is not identified 
Specific gravity, solubility, andvapor pressure are at ZO’C, if available, or nearest temperature 

’ Mean Kd values from Dragun, J. 
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SECTION 6 

Baseline Human-Health Risk Assessment 

6.1 Introduction 
This section presents the results of an assessment of potential human health risks associated 
with the presence of site-related groundwater and surface water contaminants at Site 49. 

Soil was not evaluated in the risk assessment because Site 49 was initially identified as a 
groundwater contamination site (i.e. not as a disposal site related to known practices) and 
during subsequent sampling as part of this RI, none of the contaminants of potential 
concern (COPC) in groundwater could be found in the soil and no discemable area of waste 
disposal has been identified in the soil at the site (based on site data and historic records 
searches) that can be attributed as the soume of the VOCs found in groundwater. With the 
concurrence of the BRAC Cleanup Team (BCT) for NSWC White Oak, potential risks 
associated with naturally occurring and anthropogenic compounds (metals and trace 
organic compounds) found in the soil samples that were collected were not quantified. 

This baseline risk assessment was conducted to assess the potential human health affects 
from groundwater and surface water at the site under current conditions, as well as to 
determine if any further actions are needed at the site to be sufficiently protective of human 
health. This risk assessment has been prepared using conservative assumptions. All feasible 
exposure pathways for groundwater and surface water have been considered based on 
current site conditions and potential future site usage. The risk assessment incorporates the 
general methodology described in Risk Assessment Guidance@ Superfund (RAGS), Volume 2, 
Human He&z Evaluation Manual, Part A (USEPA, December 1989), Risk Assessment Guidance 
for Superfind, Volume 1, Human Health Evaluation Manual, Part D (USEPA, December 2001), 
and USEPA Region III Technical Guidance Manuals for Risk Assessment. 

The results of the Site 49 baseline human health risk assessment will be used to document 
the potential for endangerment to human health and to provide a basis on which to select 
action levels, as necessary. 

The human health risk assessment for Site 49 comprises the following components: 

l Identification of Chemicals of Potential Concern (COPCs) - identifies and 
characterizes the distribution of COPCs found on the site. Chemicals identified in this 
screening are the focus of the subsequent evaluation in the risk assessment. 

l Exposure Assessment - identifies potential pathways by which exposure could occur, 
characterizes the potentially exposed populations (e.g., industrial workers) and 
estimates the magnitude, frequency, and duration of exposures. 

l Toxicity Assessment - identifies the types of adverse health effects associated with 
exposure to COPCs and lists available toxicity factors (e.g., cancer slope factors and 
reference dose values) for the COPCs. 
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l Risk Characterization - integrates the results of the exposure assessment and toxicity 
assessment to estimate the potential risks to human health. 

l Umertainty Assessment - identifies sources of uncertainty associated with the data, 
methodology, and the values used in the risk assessment estimation. 

These components are described briefly in the following sections. Spreadsheets prepared in 
accordance with USEPA RAGS Part D (USEPA, December 2001) were used to screen for 
COPCs, and to calculate estimated exposures and health risks associated with the COPCs. 
These spreadsheets are presented in Appendix H. 

6.2 fdentification of Chemicals of Potential Concern 
The identification of COPCs includes data collection, data evaluation, and data screening 
steps. The data collection and evaluation steps involve gathering and reviewing the 
available site data and identifying a set of data that is of acceptable quality for the risk 
assessment. This data set is then further screened against concentrations that are protective 
of human health to reduce ihe data set to those chemicals and media of potential concern. 
The data used for the quantitative risk analysis met the Data Quality Objectives (DQOs). 

62.1 Data Evaluation and Selection 
Field investigations conducted at Site 49 were intended to address the nature and extent of 
groundwater contamination beneath the site. Surface water was evaluated to quantify the 
affects, if any, contaminated groundwater originating from Site 49 may have on Paint 
Branch. Detailed results of the Site 49 groundwater and surface water sampling are 
presented in Section 4. Table 6-1 summarizes the samples that were used to estimate 
potential exposures and risks associated with groundwater and surface water at Site 49. 

A review of the data and discussions with USEPA, MDE, and the Navy identified the 
foollowing criteria for data usability: 

l 

E&mated values flagged with a J qualifier were treated as unqualified detected 
concentrations. 

Data qualified with an R (rejected) were not used in the risk assessment and were not 
included in the total count of samples analyzed for a constituent. 

Data qualified with a B (blank contamination) were used in the risk assessment as if they 
were non-detects, with the blank-related concentrations of each constituent used as the 
sample quantitation limit. One-half of the blank-related concentrations were used to 
calculate exposure point concentrations in the risk assessment. 

One-half of the sample quantitation limit (SQL) or sample detection limit (DL) were 
used in the risk assessment for cases where no detectable contaminant quantities were 
found in that sample, but the contaminant was detected in that medium at the site. 

For duplicate samples, the higher of the two concentrations was used as the sample 
concentration. 

/--- 
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6.2.2 Data Summary 
Data collected during the RI from August 2002 through February 2003 were used in the risk 
assessment. All of the data used in the risk assessment have been fully validated and are 
assumed to represent current conditions. For both media (groundwater and surface water), 
chemical-specific summary statistics are presented in Appendix H for the data sets used for 
risk cakulations. 

6.2.2.1 Groundwater 

Groundwater data used in the risk assessment were collected by CH2M HILL from August 
2002 through February 2003. The sampling locations are shown in Figure 2-1. The samples 
collected in August 2002 were analyzed for TCL VOCs, SVOCs, explosives, and TAL total 
and dissolved metals. Samples collected in October 2002 were analyzed for TCL VOCs only, 
and samples collected in February 2003 were analyzed for TCL VOCs and TAL total and 
dissolved metals. The groundwater sampling results are discussed in Section 4. Table 6-1 
lists the groundwater samples included in the risk assessment. A statistical summary of 
constituents detected in the groundwater is presented in Appendix II. 

6.2.2.2 Surface Water 

Three surface water samples were collected in August 2002 from Paint Branch. These 
samples were analyzed for TCL VOCs, SVOCs, explosives, and TAL total and dissolved 
metals An additional surface water sample was collected in October 2002 and analyzed for 
TCL VOCs only. The results of the sampling activities are discussed in Section 4. Table 6-l 
lists the surface water samples evaluated in the risk assessment. A statistical summary of 
constituents detected in the surface water is presented in Appendix H. 

6.2.3 Selection of Chemicals of Potential Concern (COPCs) 
All of the detected chemicals were screened in accordance with USEPA Region III 
guidelines (USEPA, January 1993), using the steps described below. The COPC selection 
process was conservative to ensure selection of the constituents presenting the majority of 
potential risk associated with the site. The maximum detected concentration of each 
constituent in each medium was compared to a screening value (the USEPA Region III Risk- 
Based Concentration [RBC], for the majority of the constituents) to select the COPCs for the 
media.. USEPA Region III RBCs (USEPA, April 2004) based on non-carcinogenic effects were 
divided by ten to account for exposure to multiple constituents. RBCs based on carcinogenic 
effects were used as presented in the RBC Table (USEPA, April 2004). If the maximum 
concentration of a constituent exceeded the screening value, the constituent was selected as 
a COPC and retained for the risk evaluation. 

l Comparison with Health-based Criteria for Groundwater: The maximum detected 
chemical concentrations in groundwater were compared with USEPA Region III tap 
water RBCs (USEPA, April 2004). Constituents with maximum detected concentrations 
below the RBC were not retained as COPCs. Lead concentrations in groundwater were 
compared with the Safe Drinking Water Act action level of 15 ppb. 

* Comparison with Health-based Criteria for Surface Water: The maximum detected 
chemical concentrations in surface water were compared with ten times the USEPA 
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Region III tap water RBCs (USEPA, April 2004). Constituents with maximum detected 
concentrations below the RBC were not retained as COPCs. Lead concentrations in 
surface water were compared with the Safe Drinking Water Act action level of 15 ppb- 

:/1 

l Comparison with Recommended Dietary Allowances (RDAs): Chemicals that are 
human nutrients, present at low concentrations (i.e., only slightly greater than naturally 
occurring levels), and toxic only at very high doses were eliminated from the 
quantitative risk analysis. These constituents are calcium, magnesium, potassium, and 
sodium. Tablle 6-2 shows the comparison of the human nutrients to the RDAs. 

6.2.4 Chemicals of Potential Concern 
Table 6-3 identifies the chemicals that were selected as COPCs based on the above screening 
methodology for groundwater and surface water. There were no constituents retained as 
COPCs for surface water. For bedrock groundwater, a number of VOCs and metals were 
retained as COPCs for quantitative risk analysis. A summary of the COPC screening for 
each media is shown in Appendix H, Tables 2.1 through 2.3. 

6.3 Exposure Assessment 
Exposure refers to the potential contact of an individual with a chemical. The exposure 
assessment identifies pathways and routes by which an individual may be exposed to the 
COPCs and estimates the magnitude, frequency, and duration of potential exposure. 
Contaminant fate and transport is evaluated in Section 5. A conceptual exposure model 
showing potential exposure scenarios identified under current and potential future 
conditions is presented in Figure 6-l. The following subsections discuss the three 
components of exposure assessment: 

,-. 1 

l Characterization of exposure setting 
l Identification of exposure pathways 
l Quantification of exposure 

6.3.1 Characterization of Exposure Setting 
Characterizing an exposure setting consists of two parts: (1) identifying the physical 
characteristics of the site as they relate to exposure, and (2) characterizing human 
populations on or near the site (the potentially exposed populations). 

Basic site characteristics such as physical setting, climate, groundwater hydrology, and the 
presence and location of surface water were summarized in the Section 3. 

Potentially exposed populations are identified based on their locations relative to the site, 
their activity patterns, and the presence of potentially sensitive subpopulations. Table 6-4 
summarizes the potentially exposed populations evaluated in this risk assessment. 

The investigation of NSWC-White Oak in general, and Site 49 in particular, is being 
conducted in response to the closure of NSWC-White Oak under the BRAC program. The 
installation officially closed in mid-1997 following the 1995 BRAC Commission closure 
decisions. The majority of the former Navy facility was transferred to and is currently 
managed by the GSA, in preparation for eventual transfer to other government agencies. A 

,--*, 
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portion of the original Navy facility, including part of Site 49, is currently occupied by 
AEDC, which leases the property from GSA. 

6.3.1 .l Current Land Use 

Groundwater is not currently used as a potable water supply on government property at the 
site. Three private residential supply wells had operated in the downgradient of 
government property, approximately 1.2 miles downstream of Site 49 along Paint Branch. 
Two of these wells were closed and the residents were hooked up to the public water 
supply for reasons unrelated to the groundwater contamination found at Site 49. The third 
well is still active and it is located well outside the area impacted by Site 49,1.2 miles from 
the site. Risk assessments have been performed on these residential wells for current 
conditions by EPA Region III using well-specific data. These EPA risk assessments should 
be deferred to in determinin g risks related to the use of the residential wells. 

There were no COPCs retained for surface water; therefore, exposure to surface water is not 
a concern under current land uses. 

6.3.1.2 Potential Future Uses 

Groundwater generally occurs below the unconsolidated sediments, in the bedrock at 
Site 49. Future potable use of groundwater from the bedrock aquifer within government 
property is unlikely given the generally poor yield of the bedrock aquifer and because a 
public supply is readily available in the area whose use is required by local law for all new 
needs. The water in the bedrock aquifer that may be affected by the site discharges to 
surface water within and bordering Site 49, and therefore, any potential users of 
groundwater outside the boundaries of Site 49 would not be affected now or in the future. 

Exposure to groundwater by future residents located on the site is conservatively evaluated 
in this risk assessment. A construction worker may also be exposed to the shallow aquifer 
groundwater during excavation/construction activities. The construction worker exposure 
to the groundwater scenario is conservative, because, under typical excavation activities, the 
water table likely would be lowered to reduce groundwater infiltration into the excavation. 
This would reduce the potential for contact with the groundwater. However, the potential 
exposure by the construction worker to groundwater was included to provide a 
conservative evaluation of site risk. 

As mentioned above, there were no COPCs retained for surface water, therefore, exposure 
to surface water is not a concern under future land uses. 

6.3.2 fdentification of Exposure Pathways 
An exposure pathway can be described as a route through which a COPC moves from its 
source to an exposed population or individual, referred to as a receptor. An exposure 
pathway must be complete for exposure to occur. A complete exposure pathway has five 
elements: 

l A source (e.g., chemical residues in soil) 
* A mechanism for release and migration of chemical (e.g., runoff) 
l An environmental transport medium (e.g., surface water) 
l A point or site of potential human contact (exposure point, e.g., contact with groundwater) 

WDC04134@XG!IP/LLE 6-5 



REMEDIAL INVESTIGATION REPORT SITE 49 

l A route of intake (e.g., ingestion of groundwater) 

All five elements must be present for a pathway to be considered complete. If one or more 
elements are not present, then the pathway is incomplete and there is no possibility of 
exposure. The following subsections discuss the elements as they pertain to the site. 

6.3.2.1 Contaminant Sources 

Groundwater contamination at Site 49 consists of chlorinated solvents, specifically TCE, cis- 
1,2-DCE and vinyl chloride. TCE appears to have been released to the environment in the 
vicinity of Building 427, presumably through a former leaching well that had been 
connected to several sink drains in the building. 

6.3.2.2 Release and Transport Mechanisms 

Identified media at Site 49 include contaminated groundwater. The constituents detected in 
groundwater were primarily VOCs although some metals have been detected. 
Concentrations of TCE in groundwater were highest in the downgradient monitoring wells, 
indicating downgradient transport of VOCs in the groundwater. Because groundwater 
discharges to Paint Branch, it is possible that groundwater contamination may migrate into 
Paint Branch. However, none of the COPCs present in groundwater were detected in Paint 
Branch surface water. Absent detectable concentrations of COPCs, the surface water 
pathway is incomplete. None of the VOC COPCs detected in groundwater were detected in 
soil samples collected at Site 49 so soil was not included in the risk assessment process. 

6.3.2.3 Potential Exposure Points and Exposure Routes 

Exposure points are locations where humans could come in contact with contamination. On- 
site exposure points include grotmdwater and Paint Branch surface water. 

Potential exposure routes for groundwater and surface water are evaluated for potential 
current and future site use. Existing and potential exposure pathways are illustrated in the 
conceptual exposure model (Figure 6-l). Exposure scenarios and potentially complete 
pathways of exposure evaluated in this risk assessment are presented in Table 6-4. 

6.3.2.4 Current Exposure Routes 

The only currently accessible media evaluated in the risk assessment is surface water. There 
were no COPCs retained for the surface water, and no current use of or potential exposure 
to groundwater. Therefore, there are no current receptors for contaminated Site 49 media. 

6.3.2.5 Future Exposure Routes 

The property currently is owned by the government and the proposed future use of the site 
is expected to remain industrial. Therefore, the most likely future receptors for the media 
evaluated in the human health risk assessment would be construction workers. A future 
residential scenario is also included conservatively in this evaluation. The construction 
worker may be exposed to the groundwater during excavation activities. It was 
conservatively assumed that groundwater at the site may be used as a potable water supply 
in the future. Table 6-4 lists the potential future exposure routes for each of these receptors. 
Air quality inside Building 427 is not identified as a concern in table 6-4 because the 
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building abandoned and is slated for demolition. No other building are located above the 
Site 49 groundwater plume. 

The exposure pathways discussed above and identified in Table 6-4 were selected in . 
consultation with USEPA Region III, MDE, and the Navy, and were presented in the Project 
Plans, Remedial Investigation of Site 49 (CH2M HILL, March 2002). These pathways were 
quantified for potential exposure. 

6.3.3 Quantification of Exposure 
Exposure is quantified by estimating the exposure point concentrations and chemical intake 
by the receptors’ for both the reasonable maximum exposure @ME) and central tendency 
(CT1 scenarios. 

6.3.3.1 Exposure Point Concentrations 

Exposure point concentrations are estimated chemical concentrations that a receptor may 
contact and are specific to each exposure medium. Exposure point concentrations may be 
directly monitored or estimated using environmental fate and transport models. For this 
assessment, fate and transport modeling was used to estimate constituent concentrations in 
vapors from groundwater while showering, and in vapors volatilized from groundwater 
from an open excavation. Volatilization while showering with groundwater was estimated 
using the Foster and Chrostowski shower model (Foster and Chrostowski, 1987), 
Concentrations of VOCs in air resulting from volatilization from groundwater in an open 
excavation were calculated using a two-film volatilization model. The model calculations 
are shown in Tables 7.1.RME Supplement B and 7.4.RME Supplement B in Appendix H. 

The RME exposure point concentrations were calculated as the 95 percent upper confidence 
limit (95% UCL), the 97.5% UCL, or the 99% UCL of the arithmetic mean concentration. The 
maximum detected concentration was used in place of the appropriate UCL as the exposure 
point concentration when the calculated UCL was greater than the maximum detected value 
or when less than ten samples were available for the data grouping. 

ProUCL, Version 2.1 (USEPA, April 2002), was used to calculate the UCLs and determine 
the distribution the data fit. The ProUCL program uses the Shapiro-Wilk W-test to 
determine if the data fit a lognormal or normal distribution for data sets with less than 
50 samples. The distribution that the data fit is then used to chose the method that ProUCL 
uses to calculate the UCL. For data that were determined to fit a normal distribution, the 
student’s t-statistic was used to calculate the 95% UCL. For data determined to fit a 
lognormal distribution, either Land’s H-statistic was used to calculate the 95% UCL, or the 
Chebyshev Theorem using the MVUE of the parameters was used to calculate the 95% UCL 
or 99% UCL, depending on the standard deviation of the data set. For data that fit neither a 
lognormal or normal distribution, the Chebyshev Theorem using the sample arithmetic 
mean and standard deviation was used to calculate the 95% UCL, 97.5% UCL, or 99% UCL, 
depending on the standard deviation of the data set. The recommendations outlined in the 
ProUCL model documentation were used to select the appropriate UCL. For data sets that 
fit both a lognormal and normal distribution, the distribution with the higher W-value was 
used to calculate the UCL. 
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The CT exposure point concentrations were calculated as the mean value. If the data fit a 
lognormal distribution, the mean was calculated based on a lognormal distribution. If the 
data fit a normal distribution the mean was calculated based on a normal distribution. For 
data sets that fit either both a lognormal and normal distribution, or neither a lognormal or 
normal distribution, the distribution with the higher W-value was used to calculate the 
mean concentration. 

The exposure point concentrations are included in Appendix H, Tables 3.1.RME, 3.2.RME, 
3.1.CT, and 3.2CT. 

Both unfiltered and filtered groundwater samples were collected and analyzed for metals. 
The filtered groundwater data were used to evaluate the residential scenario because the 
difference in the aluminum, iron, and manganese concentrations between the unfiltered and 
filtered samples were, in most cases, an order of magnitude (USEPA, August 1992). 
Additionally, groundwater is assumed to be filtered through a well-developed well prior to 
use as a potable supply. However, the unfiltered groundwater results were used for 
evaluating potential exposures to the construction worker because the construction worker 
would be directly exposed to the groundwater in the excavation. 

6.3.3.2 Estimation of Chemical Intakes for Individual Pathways 

Chemical intake is the amount of ihe chemical contaminant entering the receptor’s body. 
Chemical intakes are generally expressed as follows: 

I=CxCRxEFxED 
= (mgkg/day) -. 

BWxAT 
Where: 

I= intake (mg/kg-day) 

C= chemical concentration at exposure point (mg/L, mg/kg, mg/m3) 

CR= contact rate, or amount of contaminated medium contacted per unit 
time or event (L/day, mg/event, ms/day) 

EF= exposure frequency (days/year) 

ED= exposure duration (years) 

BW= body weight of exposed individual (kg) 

AT= averaging time, or period over which exposure is averaged (days) 

The intake equation requires specific exposure parameters for each exposure pathway. 
Appendix H, Tables 4.1.RME, 4.2.Rh4E, 4.l.CT, and 4.2.CT present the exposure factors used 
for different scenarios at the site. Both Rh&E and CT intakes were included in this 
evaluation. CT intakes were calculated for exposure scenarios with RME cumuIative cancer 
risks greater than 1x10-4 or cumulative non-carcinogenic hazard indices greater than 1. 

The methods presented in USEPA RAGS, Volume 1, Part E, Supplemental Guidance for 
Derrnal Risk Assessment (USEPA, September 2001) were used to evaluate dermal exposure 
to groundwater. The non-steady state mode1 or pseudo steady-state model was used to 
estimate the dermally absorbed dose per event for organic constituents (USEPA, September 
2001), depending on exposure time. If the exposure time (or event time, teyMt) was shorter 

\ 
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than the time to reach steady-state (t”), the non-steady state model was used. If Lent was 
greater than t*, the pseudo-steady state model was used. For inorganics, the absorbed dose 
was calculated using a steady-state approach. These models are shown in Tables 4.1.RME, 
4.2.RME, 4.1, CT, and 4.2.CT in Appendix H. The chemical-specific skin permeability 
constants, along with the additional chemical specific parameters needed for the derrnal 
exposure calculations, are included in Table 6-5. 

For residential exposure to groundwater, lifetime age-adjusted intakes were calculated for 
carcinogenic constituents. Age-adjusted exposure factors were calculated using the 
equations presented in the USEPA Region III RBC table (USEPA, April 2003). 

6.4 Toxicity Assessment 
The toxicity assessment defines the relationship between the magnitude of exposure and 
possible severity of adverse effects, and weighs the quality of available toxicological 
evidence. Toxicity assessment generally consists of two steps: hazard identification and 
dose-response assessment. Hazard identification is the process of determining the potential 
adverse effects from exposure to the chemical along with the type of health effect involved. 
Dose-response assessment is the process of quantitatively evaluating the toxicity 
information and characterizing the relationship between the dose of the contaminant 
administered or received and the incidence of adverse health effects in the exposed 
population. Toxicity criteria (e.g., reference doses and slope factors) are derived from the 
dose-response relationship. 

USEPA has performed the toxicity assessment step for many chemicals and has published 
the results in the Integrated Risk Information System (IRIS) and Health Effects Assessment 
Summary Tables (HEAST) databases. The IRIS database is the USEPA’s preferred source of 
toxicity information and only includes reference doses (RfDs) and cancer slope factors 
(CSFs) that have been verified by USEPA work-groups. The HEAST were consulted when 
data were not available in IRIS. If data were not available from either of these sources, 
toxicity values provided in USEPA’s RBC table (April 2004) were used. If no toxicity values 
were available, the chemical was evaluated qualitatively. 

Health effects are divided into two broad groups: non-carcinogenic and carcinogenic. This 
division is based on the different mechanisms of action currently associated with each 
category. Chemicals causing non-carcinogenic health effects are evaluated independently 
from those having carcinogenic effects. Some chemicals may produce both non-carcinogenic 
and carcinogenic effects, and are therefore evaluated in both groups. This section discusses 
non-carcinogenic and carcinogenic effects separately. 

Per USEPA guidance, oral toxicity values (RfDs and CSFs) were adjusted from 
administered doses to absorbed doses for evaluating derrnal toxicity. The RfDs and CSFs 
were adjusted using oral to derrnal adjustment factors from USEPA (September 2001). If a 
chemical-specific adjustment factor was not available, a default value of 100 percent was 
used. The adjusted dermal RfDs and CSFs are summarized in Appendix H, Tables 5.1 and 
6.1, respectively. 
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6.4.1 Toxicity Information for Non-carcinogenic Effects 
Non-carcinogenic health effects include a variety of toxic effects on body systems, such as 
renal toxicity (toxicity to the kidneys) and central nervous system disorders. Non- 
carcinogenic health effects can be grouped into two basic categories: acute toxicity and 
chronic toxicity. Acute toxicity can occur after a single exposure (usually at high doses), and 
the effect is most often seen immediately. Chronic toxicity generally occurs after repeated 
exposure (usually at low doses) and is seen months or years after the initial exposure. The 
toxicity of a chemical is assessed through a review of toxic effects noted in short-term (acute) 
animal studies, long-term (chronic) animal studies, and epidemiological investigations of 
exposed human populations, typically in the workplace. 

USEPA (December 1989) defines the chronic RFD as a dose that is likely to be without 
appreciable risk of deleterious effects during a lifetime of exposure. Chronic RfDs are 
specifically developed to be protective for long-term exposure to a chemical (for example, 
7 years to a lifetime), and consider uncertainty in the toxicological data base and sensitive 
receptors. Chronic RfDs may be overly protective if used to evaluate the potential for 
adverse health effects resulting from short-term exposure. USEPA’s National Center for 
Environmental Assessment (NCEA) develops subchronic RfDs for short-term exposure 
(2 weeks to 7 years). Subchronic RfDs were used for the construction worker scenario 
because the exposure duration is assumed to be 1 year. 

USEPA-derived oral and inhalation RfDs and associated uncertainty factor OJF) and 
modifying factor (MF) values for the COP&. at Site 49 are listed in Tables 5.1 and 5.2 in 
Appendix H. 

,f--. 

6.4.2 Toxicity Information for Carcinogenic Effects 
Potential carcinogenic effects from human exposure to chemicals are estimated 
quantitatively using oral and inhalation CSFs. CSFs may be derived from the results of 
chronic animal bioassays, human epidemiological studies, or both. Animal bioassays are 
usually conducted at dose levels that are much higher than levels likely to be produced by 
human exposure to environmental media. This design detects possible adverse effects in the 
relatively small test populations used in the studies. These high dose levels must be 
extrapolated to lower doses. A number of mathematical models and procedures have been 
developed to extrapolate from the high doses used in the studies to the low doses typically 
associated with environmental exposures. 

The USEPA-preferred linearized multistage model is usually used to estimate the largest 
linear slope (within the upper 95 percent UCL) at low extrapolated doses that is consistent 
with the data. The 95 percent UCL slope of the dose-response curve is subjected to various 
adjustments, including an inter-species scaling factor, to derive a CSF. It is assumed that if a 
cancer response occurs at the dose level in the study, there is some probability that a 
response will occur at all lower exposure levels (i.e., a dose-response relationship with no 
threshold is assumed). Dose-response data derived from human epidemiological studies are 
fitted to dose-time-response curves on an ad hoc basis. In both types of analyses, 
conservative (e.g., health protective) assumptions are applied and the models are believed 
to provide rough estimates of the upper limits on potential lifetime risk. / --L-\ 

6-10 WDC041340001..2IP/LLE 



GBASELINE HUMAN-HEALTH RLSK ASSESSMENT 

In addition to deriving a quantitative estimate of cancer potency, USEPA also assigns 
weight-of-evidence classifications to potential carcinogens. Chemicals are classified as 
Group A, Group Bl, Group B2, Group C, Group D, or Group E carcinogens. 

l Group A chemicals (known human carcinogens) are agents for which there is sufficient 
evidence to support the causal association between exposure to the agents in humans 
and cancer. 

* Group Bl chemicals (probable human carcinogens) are agents for which there is limited 
evidence of possible carcinogenicity in humans with sufficient evidence of 
carcinogenicity in laboratory animals. 

l Group BZ chemicals (probable human carcinogens) are agents for which there is 
sufficient evidence of carcinogenicity in animals but inadequate evidence in humans. 

l Group C chemicals (possible human carcinogens) are agents for which there is limited 
evidence of carcinogenicity in animals and inadequate or a lack of human data. 

l Group D chemicals (not classifiable as to human carcinogenicity) are agents with 
inadequate human and animal evidence of carcinogenicity or for which no data are 
available. 

l Group E chemicals (evidence of non-carcinogen%+ in humans) are agents for which 
there is no evidence of carcinogenicity from human or animal studies, or both. 

USEPA-derived oral and inhalatiou CSFs are listed in Tables 6.1 and 6.2, respectively, in 
Appendix H. 

6.4.3 Chemicals for Which no USEPA Toxicity Values Are Available 
Most of the chemicals detected at Site 49 have toxicity factors. Lead, which was detected in 
surface water and groundwater, does not have available published toxicity factors. Lead is 
regulated by USEPA based on blood-lead uptake using a physiologically-based 
pharmakokinetic model referred to as the IEUBK model. As a screening tool, lead is 
screened against the Safe Drinking Water Act action level of 15 pg/l in surface water and 
groundwater. Additionally, 4-chloro-3-methylphenol and phenanthrene do not have 
published toxicity factors. The RBC for 2-chlorophenol was used as a surrogate for hchloro- 
3-methylphenol and the RBC for pyrene was used as a surrogate for screening 
phenanthrene during the COPC screening process, based on previous recommendations by 
USEPA Region III. 

6.4.4 Toxicity Profiles of Selected Chemicals 
Detailed toxicity information for the COPCs can be found in USEPA’s IRIS database, 
Agency for Toxic Substances and Disease Registry (ATSDR) toxicological profiles, and other 
published literature. 

6.5 Risk Characterization 
Risk characterization is the process of integrating the previous elements of the risk 
assessment into quantitative and semi-quantitative expressions of risk. The quantification of 
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risk is then used as an integral component in remedial decision-making and selection of 
potential remedies or actions, as necessary. 

6.51 Non-carcinogenic and Carcinogenic Risk Estimation Methods 
Potential human health risks are discussed independently for carcinogenic and non- 
carcinogenic contaminants because of the different toxicological endpoints, relevant 
exposure duration, and methods used to characterize risk. The non-carcinogenic health 
impacts from carcinogens are also assessed. 

6.5.1 .I Non-carcinogenic Risk Estimation 

Non-carcinogenic health risks are estimated by comparing actual or expected exposure 
levels to threshold concentrations (or RfDs). The expected intake divided by the RfD is equal 
to the hazard quotient (HQ; unitless): 

Hazard Quotient @IQ) = Intake / RfD 

The intake and RfD are expressed in the same units and represent the same exposure period 
(i.e., chronic or subchronic). The intake and RfD also represent the same exposure route, 
(i.e., oral intakes are divided by the oral RfD). When HQ exceeds unity (i.e., exposure 
exceeds the RtD), a certain degree of health risk is indicated. To assess the potential for non- 
carcinogenic health effects posed by exposure to multiple chemicals, a “hazard index” 
approach is used (USEPA, December 1989). This approach assumes that non-carcinogenic 
hazards associated with exposure to more than one chemical are additive. Synergistic or 
antagonistic interactions between chemicals are not accounted for. The hazard index (HI) 
may exceed unity even if all of the individual HQs are less than one. The chemicals may 
then be segregated by similar mechanisms of toxicity and toxicological effects, and separate 
HIS derived based on mechanism and target organs affected. 

6.5.1.2 Carcinogenic Risk Estimation 

The potential for carcinogenic effects due to exposure to site-related contamination is 
evaluated by estimating excess lifetime cancer risk. Excess lifetime carcinogenic risk is the 
incremental increase in the probability of developing cancer during one’s lifetime in 
addition to the background probability of developing cancer. For example, the background 
incidence of cancer in the U.S. population is approximately 30 percent (including both lethal 
and non-lethal forms). Therefore, a 2x10-6 excess lifetime carcinogenic risk means that an 
individual’s probability of developing cancer in his or her lifetime changes from 
approximately 0.300000 to 0.300002. Or, expressed another way, for every 1 million people 
exposed to the carcinogen throughout their lifetime, the incidence of cancer may increase by 
two cases. 

Risk is calculated by multiplying the intake by the CSF. 

Risk = Intake x CSF 
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The linear equation for calculating risks is only valid at low risk levels. For risks at high 
levels (above O.Ol), the one-hit equation, which is consistent with the linear low-dose model, 
is used. The one-hit equation is calculated as follows: 

Risk = 1 - exp(-Intake x CSF) 

The combined risk from exposure to multiple chemicals at a site was evaluated by adding 
the risks from individual chemicals. Risks were also added across the pathways, if an 
individual could be exposed through multiple pathways. For example, a person contacting 
the groundwater on-site could be exposed by both the oral and dermal pathways. 

When a cumulative carcinogenic risk to an individual receptor under the assumed RME 
exposure conditions at the site exceeds 100 in a million (10-4 excess cancer risk), CERCLA 
generally requires remedial action to reduce the potential risks at the site (USEPA, March 
1991). If the cumulative risk is less than 10-4, action generally is not required, but may be 
warranted if a risk-based chemical-specific standard (e.g., an maximum contaminant level; 
MCL), is exceeded. Cumulative risks less than 1W are generally considered acceptable, and 
no further action may be warranted. A risk-based remedial decision could be superseded by 
the presence of non-carcinogenic impact or environmental impact requiring action at the 
site. 

6.5.2 Risk Assessment Results 
The results of the risk characterization are presented below for each potential receptor. A 
summary of the results is shown in Table 6-6 for the RMEs and Table 6-7 for the CTs. CT risks 
were calculated only when the RME hazards exceeded 1 or the cancer risks exceeded 10-4. 

The non-carcinogenic hazards and carcinogenic risks are calculated in Appendix H, Tables 
7.1. RME through 7.4.RME, and 7.1.CT through 7.4.CT. Tables 9.1.RME through 9.4.RME, 
and 9.1.CT through 9.4.CT in Appendix H summarize the RME and CT total potential risks 
to each receptor. Tables lO.l.RME through 10.4.RME, and lO.l.CT in Appendix H 
summarize only the chemicals that contribute to a total HI greater than 1.0 or total 
carcinogenic risks greater than 10-4. Each potentially exposed population is discussed below, 
in the context of non-carcinogenic and carcinogenic risks. 

Current/Future Adult and Adolescent Recreational Person 
The risk assessment assumed that current/future recreational adults and adolescents could 
be exposed to surface water along the reach of Paint Branch adjacent to Site 49. Since no 
COPCs were retained for surface water, this pathway was not quantified. There are no 
unacceptable risks to potential recreational receptors exposed to Paint Branch surface water. 

Future Resident 
For the purpose of risk estimation, it was assumed that groundwater from beneath the site 
would be used as a future residential potable water supply. Therefore, the child and adult 
resident were evaluated for potential exposure to groundwater through potable use. 
Carcinogenic risks were calculated for a lifetime resident instead of for the individual child 
and adult resident, as directed by USEPA Region III risk assessment guidance. Tables 
9.1.RME, 9.2.RME, 9.3.RME, 9.1.CT, 9.2.CT, and 9.3.CT in Appendix H, summarize the 
hazards and risks to the future adult, child, and lifetime residents. 
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The non-carcinogenic hazard associated with exposure to groundwater by an adult resident 
is 34, which is greater than USEPA’s target hazard index of 1.0. The non-carcinogenic 
hazard associated with exposure to groundwater by a child resident is 79, which is also 
greater than the USEPA’s target hazard index. The hazards to both receptors occur through 
the ingestion and dermal contact exposure routes. 

f--.. / 

TCE constitutes the majority of the hazard (55 for the child). Cis-DCE, chromium, iron, 
manganese, and vanadium also contribute HQs above 1.0. The maximurn detected 
concentrations of each of these constituents (except for vanadium) were used as the EPC 
since the calculated 95%UCLs were greater than the maximum detected concentrations. The 
CT non-carcinogenic hazards for an adult resident and a child resident are 0.79 and 2.5, 
respectively. The CT non-carcinogenic hazard to the child resident is greater than the 
USEPA target hazard index of 1 .O. The hazard is associated with ingestion and dermal 
contact with TCE. 

The RME carcinogenic risk associated with exposure to groundwater by the resident 
exposed over his or her lifetime is 1.3x10-1, which exceeds USEPA’s potentially acceptable 
risk range of 1x10-6 to 1x10-J. 1,2-Dibromoethane, with a smaller contribution from TCE, 
vinyl chloride, and PCE, are the main carcinogenic risk drivers, through the ingestion and 
dermal contact exposure routes. The maximum detected concentrations of TCE, PCE, and 
vinyl chloride were used as the EPC for the RME risk calculations. 1,2-Drbromoethane was 
only detected in one of the 16 groundwater samples. The CT carcinogenic risk is 1.3x10-3, 
which also exceeds USEPA’s acceptable risk range. 

Future Construction Worker 
The risk assessment assumed that a future construction worker could be exposed to 
groundwater in an open excavation during any construction or excavation activities at the 
site. Tables 9.4.M and 9.4.CT in Appendix H smnmarize the hazards and risks to the 
construction worker. 

The non-carcinogenic hazard index associated with exposure groundwater by a construction 
worker (3.7) is above USEPA’s target hazard index of 1.0. TCE is the only constituent that 
contributes an individual HQ above 1.0. The carcinogenic risk associated with exposure to 
the groundwater by a construction worker is 9.7x10-5, which is within the USEPA’s target 
risk range of 1x10-6 to 1x10-4. The CT non-carcinogenic hazard due to exposure to 
groundwater (0.11) is below the USEPA target hazard index. The CT carcinogenic risk 
(2.7x10-6)is within the range generally considered acceptable by USEPA. 

6.6 Uncertainty Associated with Human Health Assessment 
The risk measures used in site risk assessments are not fully probabilistic estimates of risk 
but are conditional estimates given that a set of assumptions about exposure and toxicity are 
realized. Thus it is important to specify fully the assumptions and uncertainties inherent in 
the risk assessment to place the risk estimates in proper perspective. 

A qualitative/semi-quantitative analysis of each of the risk assessment components is 
sufficient for most of the sites. A site-specific discussion on the individual components of 
the risk assessment is presented in the following subsections. 
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6.6.1 Generat Uncertainty in COPC Selection 
The uncertainty in sampling and possibility of missing a contaminated location is expected 
to be minimal at this site because of the amount of sampling data available for the site. The 
quantitative uncertainty associated with the other factors is also minimal as the data have 
been fully validated prior to use in the risk assessment. The general assumptions used in the 
COPCs selection are conservative to ensure the estimation of highest possible risk. For 
example, chromium was selected as a COPC under the assumption that all chromium 
detected was present in its more toxic hexavalent state. 

A background comparison was not included in the COPC selection process. Therefore, some 
of the constituents that were retained as COPCs may be associated with background site 
conditions. However, the main risk drivers for the groundwater were VOCs, which would 
not be associated with background conditions at the site. Section 6.6.5 includes a 
comparison of the inorganic risk drivers in groundwater to background concentrations. 

6.6.2 Uncertainty Associated with Exposure Assessment 
Most of the exposure pathways analyzed are assumed, and exposure factors used for 
quantitation of exposure are conservative and reflect worst-case or upper-bound 
assumptions on the exposure. 

It was assumed that the site may be used for residential purposes in the future, however 
potable use of groundwater at Site 49 or NSWC-White Oak is unrealistic. 

The model used to evaluate the dermal absorption of constituents in groundwater during 
bathing or while in an open excavation result in a large degree of uncertainty. The many 
parameters needed for this evaluation all have a large degree of uncertainty and are 
calculated based on chemical properties, and do not take into account the specific properties 
of the groundwater. 

Exposure to soil was not evaluated in this risk assessment. If site-related constituents are 
detected in the soil, exclusion of this pathway in the risk assessment may result in an 
underestimation of risk associated with current and potential future site use. 

The maximum detected concentrations of many of the groundwater COPCs were used as 
the EPC for the RME risk calculations. 

6.6.3 Uncertainty Associated with Toxicity Assessment 
Uncertainty associated with the non-carcinogenic toxicity factors are included in Tables 5.1 
and 5.2 in Appendix H. Several UFs may be applied to account for uncertainty in the RfDs. 
UFs account for uncertain data quality, extrapolation of data from animal studies to human 
exposures, or the use of subchronic studies to develop chronic criteria. These UFs range 
between 10 to 10,000 and reflect the varying degrees of uncertainty in the toxicity criteria. 

The uncertainty associated with CSFs is mostly associated with low dose. extrapolation where 
carcinogenicity at low doses is assumed to be a straight line response. This assumption is 
conservative, which introduces greater uncertainty into slope factors extrapolated from this 
area of the dose-response curve. In addition, most of the experimental studies indicate the 
existence of a threshold for carcinogenicity, while the extrapolation process assumes no 
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threshold. Additional uncertainty exists in the prediction of relative sensitivities of different 
species of animals and the applicability of animal data to humans. 

Therefore, the CSFs developed by the USEPA represent upper-bound estimates. Any 
carcinogenic risks generated in this assessment also should be regarded as upper-bound 
estimates on the potential carcinogenic risks rather than an accurate representation of actual 
carcinogenic risk. The true carcinogenic risk is likely to be less than the predicted value. 

Following U.S. Navy Policy, the TCE toxicity values presented in the USEPA’s 2001 External 
Review Draft, Trichloroethylene Health Risk Assessment: Synthesis and Characterization were not 
used in this risk assessment. In December 2001, the Air Force Institute for Environment, 
Safety, and Occupational Health Risk Analysis (AFIERA) prepared a Critique ofthe U.S. 
Environmental Protection Agency’s Draft Trichloroethylene Health Risk Assessment (EPA/ciOO/p- 
02/002A) on behalf of DOD. The DOD critique cited numerous shortcomings of the EPA’s 
2001 TCE health assessment and concluded that the 2001 draft health assessment is not i 
based on sound scientific evidence. Based on this conclusion, as stated by DOD, other 
branches of the military have not used the toxicity values in the 2001 draft TCE health 
assessment to make final remediation decisions at their bases. The provisional TCE toxicity 
values developed by NCEA in 1992 and 1997 were used in this risk assessment. 

6.6.4 Uncertainty in Risk Characterization 
The uncertainties identified in each component of risk assessment ultimately contribute to 
uncertainty in risk characterization. The summation of risks and His across pathways and 
chemicals contributes to uncertainty based on the interaction of chemicals such as 
additivity, synergism, potentiation, susceptibility of exposed receptors, etc. 

- 

In general, assessment of uncertainty is very important for sites with contaminant 
concentrations presenting a risk close to the acceptable limit level, with questionable 
exceedances (for example, slightly greater than the upper-bound.risk ranges of 1 in 10,000 
for carcinogenic risk or non-carcinogenic HI of 1.0). 

6.6.5 Comparison of COPCs to Background Concentrations 
Groundwater samples collected from background monitoring wells BGGW16, BGGW40, 
BGWlOO/BG, BGWlOl/BG, and BGW102/BG in July and October 1999 were compared to 
the data for the Site 49 risk drivers. The maximum detected site concentrations were 
compared to the 95% upper tolerance &nits (UTLs) calculated for the background data 
(Tables 11.1 and 11.4 of Appendix H). In addition, a population-to-population comparison 
was conducted (background groundwater concentrations to site groundwater concentrations; 
Tables 11.1,11.2, and 11.3 of Appendix J). For the population-to-population comparison, the 
Student t-test was used since both the background and the site data fit lognormal 
distributions. This analysis was supplemented with the non-parametric Mann-Whitney 
U test. 

The filtered bedrock aquifer site data were compared to the filtered shallow aquifer 
background data. There were no unacceptable risks associated with exposure to unfiltered 
groundwater, and therefore, unfiltered ‘site groundwater data were not compared to the 
unfiltered background groundwater data. 
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None of the organic COPC risk drivers were detected in the background samples, and, 
therefore, a background comparisons was not performed for these constituents. Chromium 
and vanadium were not detected in the background data set, and are also therefore 
assumed to be present in site groundwater at concentrations above background levels. The 
maximum detected concentrations of iron and manganese, the other two risk drivers, in the 
filtered site groundwater samples are all greater than the UTLs for the filtered shallow 
aquifer background samples. The Student t-test showed that both iron and manganese are 
present in the site groundwater at concentrations statistically greater than the background 
groundwater. Based on the Mann-Whitney U test, manganese is present in site filtered 
groundwater at statistically similar concentrations to filtered shallow background 
groundwater, however, iron is present at concentrations statistically greater than the 
background concentrations. 

Therefore, based on a statistical analysis, aloof the COPC risk drivers detected in Site 49 
groundwater occur at concentrations statistically greater than White Oak background 
concentrations. 

6.7 Summary 
This baseline risk assessment was conducted to evaluate the potential human health risks 
associated with the site-related activities for: 

l surface water in Paint Branch, and 
l bedrock groundwater. 

Soil was not evaluated in the risk assessment because Site 49 was initially identified as a 
groundwater contamination site and during subsequent sampling, none of the COPCs in 
groundwater could be found in the soil and no discernable area of waste disposal has been 
identified in the soil at the site (based on site data and historic records searches) that can be 
attributed as the source of the VOCs found in groundwater. 

Surface water data was screened against human health risk screening criteria, however no 
COPCs were retained for Paint Branch surface water, and, therefore, no unacceptable risks 
are associated with this medium. 

Potential risks associated with bedrock groundwater were calculated for the following 
populations: 

* future adult resident, 
l future child resident, 
l future lifetime resident, and 
l future construction worker. 

This risk assessment quantifies potential human health risks at Site 49 under future use 
scenarios, if no remediation is implemented. 

The groundwater has carcinogenic risks and non-carcinogenic hazards greater than the 
USEPA target levels. Tables 6-6 and 6-7 summarize the risks and hazards for the RME and 
CT scenarios, respectively. The following receptors have total RME non-carcinogenic 
hazards or carcinogenic risks that exceeded USEPA’s target levels: 

WDC041340001.2IP/LLE 6-17 



REMEDIAL INVESTIGATION REPORT SITE 49 

l a future residential adult and child exposed to groundwater, 
l a future construction worker exposed to groundwater. 

The CT risks for the residential scenarios also exceeded USEPA target levels. 

The majority of the risk from the groundwater is associated with TCE, cis-$2~DCE, 1,2- 
dibromoethane, PCE, and vinyl chloride. Chromium, iron, manganese, and vanadium also 
contribute to the risks and hazards, but to a much lesser extent. 

The maximum detected concentrations of TCE, cis-1,2-DCE, vinyl chloride, chromium, iron, 
and manganese were used to calculate the RME risks and hazards. The maximum 
concentrations of TCE detected during each groundwater sampling event were detected in 
the same monitoring well (049GW201D). These concentrations were an order of magnitude 
greater than concentrations in surrounding monitoring wells. Monitoring well 049GW201D 
is located at the downgradient edge of Site 49.1,2-Dibromoethane was only detected in one 
(049GW200) out of 16 groundwater samples. This detection was used as the EPC for the 
RME risk calculations. The maximum detected concentrations of the inorganic constituents 
occurred in monitoring wells 049GW206M and 049GW203. 
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Table 6-l 
Samples Evaluated in Human Health Risk Assessment 

Site 49 RI Report 
NSWC -White Oak 

Silver Spring, Maryiand 

Surface Water 
PBSW2100001 

PBSW2110001 
PBSW2119901’ 
PBSW2120001 
PBSW2130001 

’ duplicate of PBSW2110001 

* duplicate of 049GW2020001 

3 duplicate of 049GW201 SO01 

4 duplicate of 049GW206DOOl 

Groundwater 
049GW2020001 

049GW2029901 2 

049GW2030001 
049GW 2000001 
049GW201 SO01 
049GW201 DO01 
049GW2030002 
049GW2020002 
049GW201 SO02 

049GW201 S99023 
049GW2000002 
049GW201 DO02 
049GW202DOOl 
049GW206DOOl 

049GW206D99014 
049GW206MOOl 
049GW206SOOOl 
049GW201 DDOOl 

3 



Table 6-2 
Comparison of Intakes of Human Nutrients to Recommended Daily Abvancee 

Site 49 RI Report 
NSWC -White Oak 

Silver Spring, Maryland 

Media 
Surface Water 

Groundwater - Bedrock Aquifer 
(Filtered) 

Groundwater - Bedrock Aquifer 
(Unfiltered) 

Maximum Adult Calculated Child Calculated 
Adult RDA Child RDA Detected Dally Intake Daily Intake Calculated Intake 

Constituent OwVdwf O’WW Concentration Units (mglday) (mglday) less than RDA? 

Calcium 8.OE+02 8.OE+02 15E+04 UdL 1.5E-01 1.5E-01 Yea 

Magnesium 2.8E+O2 1,2E+02 4.1 E+03 ug/L 4.1 E-02 4.1 E-02 Yes 

Potassium 2.OE+03 1.4E+03 3.1 E+03 ugJL 3.1 E-02 3.1 E-02 Yes 

Sodium 5.OE+O2 3.OE+O2 1,3E+04 ug/L 1.3E-01 1.3E-01 Yes 

Calcium 8.OE+02 8.OE+02 5.4E+04 ug/L l.lE+O2 54E+Ol Yes 

Magnesium 2.8E+O2 1.2E+02 1.4E+04 ug/L 2.8E+Ol 1.4E+01 Yes 

Potassium 2.OE+03 1.4E+03 l.lE+04 ug/L 2.3E+Ol l.lE+Ol Yes 

Sodium 5.OE+O2 3.OE+O2 1.3E+05 ug/L 2.6E+O2 1.3E+02 Yes 

Calcium 8.OE+02 8.OE+02 5.5E+O4 l&f/L l.lE+O2 5.5E+Ol Yes 

Magnesium 2,8E+02 1.2Ea02 2,OE+04 ug/L 3.9E+Ol 2.OE+Ol Yes 

Potassium 2.OE+03 1.4E+O3 2.2E+04 ug/L 4.4E+Ol 2.2E+Ol Yes 

Sodium 5.OEi.02 3.OE+02 I.4605 ug/L 2.7E+02 1.4E+02 Yes 

Calculated Daily Intakes 

Surface Water 
Daily Intake I C x IR x l/1000 mglug 

C = Groundwater concentration (ug/L) 
IR = Ingestion Rate (0.01 L/day) 

Groundwater 
Daily Intake = C x IR x l/1000 mg/ug 

C = Groundwater concentration (ug/L) 
IR = Ingestion Rate (adult. 2 L/day, child - 1 L/day) 

- 



Table 6-3 
Chemicals of Potential Concern 

Site 49 RI Report 
NSWC - White Oak 

Silver Spring, Maryland 

Groundwater - 
Groundwater - Bedrock Bedrock Aquifer 

Surface Water Aquifer (Filtered) (Unfiltered) 

one f ,a-Dibromoethane 

Chloroform 
Tetrachloroethene 
Trichloroethene 

Vinyl chloride 
cis-1,2-Dichloroethene 

trans-1,2-Dichloroethene 

Aluminum 
Chromium 

Iron 
Manganese 

Nickel 

I 
I 

I ,PDibromoethane 

Chloroform 
Tetrachloroethene 

Trichloroethene 

Vinyl chloride 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 

Aluminum 
Arsenic 
Chromium 

Wwer 
iron 
Manganese 

Nickei 
Vanadium 



Table 6-4 
Summary of Exposure Pathways to be Evaluated During the Risk Assessment 

Site 49 RI Report 

NSWC -White Oak 

Silver Spring, Maryland 

Media Exposure 
Route 

.irface Water 
Ingestion 
Dermal 
Inhalation 

roundwater 
ingestion 
Dermal 
Inhalation 

n, Inn+i+e+i.,- .-..m~, ,.+i- 

Current/Future 
Recreational 

Adult Adolescent 

X* X* 
X* X* 

Adult 

X* 
X* 

X 
X 
X 

Future 
Resident Construction 

Child Child/Adult Worker 

X* X” 
X* X* 

X X 
X X X 

X 

X* Not quantified, no COPCs retained for surface water. 



Chemical of 

Potential Concern 

Media 

1,ZDibromoethane 

Chloroform 

Tetrachloroethylene 

Trichloroethene 

Vinyl Chloride 

cis-I ,2Diohloroethene 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

Groundwater 

lpanganese proundwater 

Table 6-5 

Dermal Worksheet 

Intermediate Variables for Calculating DA(event) 

Site 49 RI Report 

NSWC -White Oak 

Silver Spring, Maryland 

1 3.3E-02 cm/hr construction worker - 6.0 hour 9.lE-01 hour 2.2E+OO hour 1.6E-01 
adult - 0.56 child - 1 .O 

1 1.2E-02 cm/hr construction worker - 8.0 hour 5.6E-01 hour 1.4E+OO hour 5.3E-02 
adult - 0.56 child - 1 .O 

1 5.6E-03 cm/hr construction worker - 6.0 hour 2.4E-01 hour 5.7E-01 hour 1.7E-02 
adult - 0.56 child - I .O 

1 7.7E-03 crn/hr construction worker - 6.0 hour 3.7E-01 hour 6.9~.01 hour 2.9502 
adult - 0.56 child - 1 ,O 

1 7.7E-03 crn/hr construction worker - 6.0 hour 3.7E-01 hour 6.9E-01 hour 2.9E-02 
adult - 0.56 child - 1 .O 

NA 

NA 

NA 

NA 

l.OE-03 cm/hr 

1 .oE-03 cm/hr 

2.OE-03 cn-&r 

1 .OE-03 cmlhr 

construction worker - 6.0 hour 

construction worker - 6.0 hour 
adult - 0.58 child - 1 .O 
construction worker - 6.0 hour 

construction worker - 6.0 hour 
adult - 0.56 child - 1 .O 

NA hour 

NA hour 

NA hour 

NA hour 

NA hour 

NA hour 

NA hour 

NA hour 

NA 

NA 

NA 

NA 

NA 1 .OE-03 cmlhr construction worker - 6.0 hour NA hour NA hour NA 
adult - 0.56 child - 1 .O 

NA 1 .OE-03 crn/hr construction worker - 6.0 hour NA hour NA hour NA 
adult - 0.56 child - 1 .O 

NA 2.OE04 cm/hr construction worker - 6.0 hour NA hour NA hour NA 

NA 1 .OE-03 ctn’hr construction worker - 6.0 hour NA hour NA hour NA 

I I I I I I I I I I 

FA = Fraction Absorbed Water T(event) = Event Duration (RME) T* = Time to Reach Steady-State 

Kp = Dermal Permeability Coefficient of Tau = Lag Time B = Dimensionless Ratio of the Permeability Coefficient of a Compound Through the 

Compound in Water Stratum Corneum Relative to its Permeability Coefficient Across the Viable Epidermis 



Table 6-6 
Summary of RME Cancer Risks and Hazard Indices 

Site 49 RI Report 
NSWC -White Oak 

Silver Spring, Maryland 

Chemicals with 

Cancer Cancer Risks >lr’ Chemicals with Cancer Hazard 

ieceptor Media Exposure Route Risk Chemicals with Cancer Risks ~-10~~ and ~10~ Risks slO* and <1V5 Index Chemicals with Hlzl 
Trichloroethene, cis-1,2- 

rdult Resident Groundwater Ingestion NA 410 Dichloroethene. Iron, Manganese 

Dermal Contact NA 71 Trichloroethene 

Inhalation NA 0.04 
Trichloroethene, cis-1,2- 

Total NA 481 Dichloroethene, iron, Manganese 
Trichloroethene, cis-1,2- 
Diohloroethene, Chromium, Iron, 

:hild Resident Groundwater ingestion NA 957 Manganese 

Dermal Contact NA 160 Trichloroethene, Manganese 
Trichloroethene, cis-1,2- 
Dichloroethene, Chromium, Iron, 

Total NA 1,117 Manganese 

l,2-Dibromoethane, Trichloroethene, 
ife-Time Resident Groundwater Ingestion 6.gE-02 Vinyl chloride NA 

Tetraohloroethene, 
Dermal Contact 3.4E-01 1,2-Dibromoethane, Trichloroethene Vinyl chloride NA 

Inhalation 3.1 E-05 Trichloroethene NA 
1 ,2-Dibromoethane, Trlchloroethene, 

Total 4.1 E-01 Vinyl chloride Tetrachloroethene NA 

\dult Construction 
Vorker Groundwater Dermal Contact 2,4E-04 1,2-Dibromoethane Trichloroethene 1.8 

Inhalation 2.2E-05 Trichloroethene 0.44 
Trichloroethene 2.3 

JA - Not applicable in accordance with USEPA Region III Risk Assessment Guidance 
All chromium assumed to be in hexavalent form 



Hazard Indices 

Chemicals with Cancer Cancer Risks ~10” Chemicals with Cancer 
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SECTION 7 

Ecological Risk Assessment 

Risks to ecological receptors were not evaluated as part of this RI. The media affected at Site 
49 is groundwater, for which there are no ecological receptors. The pathway for 
contaminant (chlorinated VOC) migration to the groundwater was, in all likelihood, 
through a leaching well or building sump, and therefore would not involve impacts to soil 
near the ground surface where risks to ecological receptors would be an issue. Ecological 
risks from the surface water and sediment in the section of Paint Branch potentially affected 
by Site 49 have already been evaluated in a separate base-wide Ecological Risk Assessment 
(ERA). The surface water data collected during the Site 49 Rz. were consistent with prior data 
collected at this same location and used in the base-wide ERA. No chlorinated VOCs or 
other site-related contaminants, with the exception of iron, were detected in the surface 
water. 

All of the compounds that were detected in the four samples, and one duplicate, collected 
from the surface water in Paint Branch as part of the Site 49 RI are presented in Table 7-l. As 
shown on this table, the only compound that exceeds the conservative ecological-risk-based 
screening criteria used during Base-wide Screening Level Ecological Risk Assessment 
(TTNUS, October 1999) is iron. Iron concentrations in unfiltered water samples ranged from 
255 pg/L to 511 pg/L compared to the screening criteria of 320 pg/L. However none of the 
concentrations of iron found in the surface water at Site 49 exceed the refined screening 
criteria of 1,000 pg/L that was subsequently used in Step 3A of the ecological risk 
assessment (TTNUS, July 2000) to determine chemicals of potential concern in Paint Branch 
surface water. The 1,000 pg/L criteria is based on the federal Clean Water Act water ,quality 
criteria (WQC) for aquatic life. 
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Table 7-1 
Detections In Paint Branch Surface Water Samples and Exceedances of Ecological Risk Screening Criteria 

site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

B - Blank contamination 
J - Estimated 
K - Biased high 
R - Unusable 

U - Undetected 
UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

Page 1 of 1 



SECTION 8 

Summary and Conclusions 

Site 49 is that portion of NSWC-White Oak located at the eastern end of AEDC in the north- 
central portion of the facility. The site consists of the soil and groundwater in the vicinity 
and downgradient of Building 427. The site also inchrdes Paint Branch from approximately 
200 feet north of Perimeter Road Bridge to approximately 200 feet south of the Dahlgren 
Road bridge. 

8.1 Objectives of the Remedial lnvestigation 
The RI was conducted in response to the closure of NSWC-White Oak under the BRAC 
program. Specific objectives of the RI included: 

l Characterize the nature and extent of groundwater contamination beneath Site 49; 

0 Evaluate whether the source of the Site 49 groundwater contamination originates 
upgradient of or from within the site; 

l Evaluate the potential for Site 49 groundwater flow below Paint Branch; 

l Identify and characterize the hydrogeologic factors affecting the transport of 
groundwater contamination in subsurface materials; 

l Determine the potential for and quantify risks to human health based on exposure to 
soil, groundwater, and/or surface water at Site 49; 

8.2 Physical Characteristics of Site 49 
Site 49 is located at the eastern edge of the AEDC. The topography in this portion of NWSC- 
White Oak contains considerable relief. The western portions of Site 49, associated with 
AEDC, including Building 427, are relatively flat. The central and eastern portions of Site 49 
in&de a steep-sided ravine formed by Paint Branch. The total elevation drop from west to 
east across Site 49 is approximately 100 feet. 

Site 49 is located in the Atlantic Coastal Plain, near the Fall Line marking the western extent 
of the Atlantic Coastal Plain and the unconformable contact withthe Piedmont Province 
bedrock units. The Atlantic Coastal plain is underlain by the metasedimentary Wissahickon 
Schist formation. The Wissahickon bedrock has been heavily weathered to forma mantle of 
saprohte The Atlantic Coastal Plain deposits include several formations composed of 
unconsolidated, interbedded clays, silts, sands, and gravels. 

The hydrogeology of Site 49 is dominated by the saprolite-bedrock units. The Atlantic 
Coastal Plain sediments are present as a relatively thin veneer that is either unsaturated or 
has only a small saturated thickness. Groundwater is present as an unconfined water table 
aquifer in which the water table is located in the bedrock in the western portion of the Site 
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REMEDIAL INVESTIGATION REPORT SITE 49 

and in the saprolite in the eastern portion, approaching Paint Branch. Groundwater flows to 
the east in response to hydraulic gradients. In addition, there appears to be a string 
downward component of flow in the west and central portion of the site and an upward 
component of flow in the east, which likely supplies baseflow to Paint Branch. 

8.3 Nature and Extent of Contamination 
The primary contaminants found in the environment at Site 49 are chlorinated solvents 
(TCE and its likely degradation products, cis-1,2-DCE and VC) occurring in groundwater. 
Investigation of soil conditions and potential source areas found no significant sources for 
the TCE. 

8.3.1 Soil Data Summary 
l PCE was detected at very low concentrations in seven samples from three boring 

locations. Other VOCs were detected sporadically throughout the site and at very low 
concentrations. 

l SVOCs were detected throughout the site at low concentrations. One boring, 459SB201, 
contained the greatest number of individual SVOCs and most of the maximum detected 
concentrations. 

l Metals were detected in all soil samples. Each soil sample contained metals at 
concentrations that exceeded the 95 percent UCL for background. However, the 
variability in concentrations detected in Site 49 samples appears to be consistent with 

,“--Y 

variability expected in natural soils, based on the background data set and regional-scale 
reference data sets. 

l Two pesticides, 4,4’-DDT and dieldrin, were detected at low concentrations. 

l Explosives and PCBs were not detected in any soil samples. 

8.3.2 Groundwater Data Summary 
l TCE and its breakdown products were detected throughout Site 49. Concentrations 

generally increase with distance from the postulated source near Building 427 and with 
depth. Concentrations exhibit mixed behavior with time, as concentrations in some 
horizons increased while other decreased during subsequent sampling events. 

l SVOCs, pesticides, PCBs, explosives, and perchlorate were not detected at significant 
concentrations, nor with significant frequency. Accordingly, no anthropogenic 
influences from these chemicals appear to affect Site 49 groundwater quality. 

l Metals were detected in both filtered and unfiltered samples of groundwater. The metals 
detected were consistent with those detected in soil, surface water, and with the 
expected geochemical signatures for natural groundwater in this environment. The 
concentrations of detected metals did not exceed the USEPA MCLs. 

l The plume’s boundary to the north has not been defined, as the navy had not received 
access rights to the Maryland National Capital Park and Planning Commission ;/--l 

(MNCPPC) property at the time of the RI. Permission has since been granted to install a 
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well on this property, which will take place concurrent with the remedial design 
process. 

8.3.3 Surface Water Summary 
Surface water quality data from Paint Branch adjacent to Site 49 are consistent with the 
background data set discussed in the BIR and show no anthropogenic influences from Site 
49. In addition, surface water geochemical data are similar to the inorganic geochemistry of 
groundwater at Site 49. The absence of detectable concentrations of the VOCs detected in 
Site 49 groundwater indicate that any groundwater contamination discharged to Paint 
Branch is a transient phenomenon that has no adverse effect on surface water quality. 

8.4 Fate and Transport 
The following conclusions regarding the fate and transport of contaminants at Site 49: 

One general source area has been identified in the vicinity of Building 427, likely at the 
former leaching well. Data collected during this investigation identified TCE and its 
degradation products at concentrations in the thousands of micrograms per liter in 
groundwater. This information, along with water-level data, confirms that TCE 
contamination originating from the presumed source area is migrating easterly, towards 
Paint Branch. 

It appears that a significant volume of mass has migrated from Building 427 to Paint 
Branch. The portion this volume represents relative to the total volume, is unknown 
because the initial mass is unknown. Further, the complexity of the flow system 
decreases the uniformity of the plume and limits the characterization process. 

Natural attenuation likely is occurring at Site 49; however, it is not considered 
significant, given the TCE concentrations observed in samples collected from wells 
located near Paint Branch, the relatively low detected concentrations of its breakdown 
products, and the complexity of the flow system. 

8.5 Human Health Risk Assessment 
This baseline risk assessment was conducted to evaluate the potential human health risks 
associated with the site-related activities for: 

e surface water in Paint Branch, and 
l bedrock groundwater. 

Soil was not evaluated in the risk assessment because Site 49 was initially identified as a 
groundwater contamination site and during subsequent sampling, none of the COPCs in 
groundwater could be found in the soil. With the concurrence of the BCT for NSWC White 
Oak, potential risks associated with soil were not quantified. Furthermore, no discernable 
area of waste disposal has been identified in the soil at the site (based on site data and 
historic records searches) that can be attributed as the source of the VOCs found in 
groundwater. 
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Surface water data was screened against human health risk screening criteria, however no 
COPCs were retained for Paint Branch surface water, and, therefore, no unacceptable risks 
are associated with this medium. 

,-x 

Potential risks associated with bedrock groundwater were calculated for the following 
populations: 

l future adult resident, 
l future child resident, 
0 future lifetime resident? and 
l future construction worker. 

The risk assessment quantifies potential human health risks at Site 49 under current and 
future use scenarios assuming no remediation is implemented. 

&o COPCs were retained for Paint Branch surface water, and, therefore, no unacceptable 
risks are associated with this medium. The groundwater has carcinogenic risks and non- 
carcinogenic hazards greater than the USEPA target levels. The following receptors have 
total RME non-carcinogenic hazards or carcinogenic risks that exceeded USEPA’s target 

’ levels: 

l a future residential adult and child exposed to groundwater, 
l a future construction worker exposed to groundwater. 

The CT risks for the residential scenarios also exceeded USEPA target levels. 

The majority of the risk from the groundwater is associated with TCE, c&1,2- 
dichloroethylene, 1,2dibromoethane (which was detected in only 1 of 16 groundwater 
samples), and vinyl chloride. PCE, chromium, iron, and manganese also contribute to the 
risks and hazards, but to a much lesser extent. 

8.6 Ecological Risks 
Risks to ecological receptors were not evaluated as part of this RI. The media affected at Site 
49 is groundwater, for which there are no ecological receptors. The pathway for 
contaminant (chlorinated VOC) migration to the groundwater was, in all likelihood, 
through a leaching well or building sump, and therefore would not involve impacts to soil 
near the ground surface where risks to ecological receptors would be an issue. Ecological 
risks from the surface water and sediment in the section of Paint Branch potentially affected 
by Site 49 have already been evaluated in a separate base-wide Ecological Risk Assessment 
(ERA). The surface water data collected during the Site 49 l$I were consistent with prior data 
collected at this same location and used in the base-wide ERA. No chlorinated VOCs or 
other site-related contaminants, with the exception of iron, were detected in the surface 
water, and iron as well as all of the non-site-related compounds detected in the surface 
water (other metals) were below either the White Oak-specific ecological screening criteria 
established for Paint Branch in the base-wide ERA. 
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Appendix A 
Leaching Well Excavation Photographs 



APPENDIX A 

Leachilly Well Excavation Photographs 

Site preparation (Building 427 in the backmxxmd) 



Leaching well (note: there was no cover) 



The leaching well fully excavated 

A-3 



Uack filling (note plastic installed to define the extent of excavation) 

Backfilling (note plastic casing for well installation) 

A-4 



Leaching well 

Compacting the backfill 



Regrading the site 

Seeding and haying 



Washing the road 

. . . 

_ r- 

--- 

Post excavation 



Appendix 6 
Building 427 Photographs 



APPENDIX B 

Building 427 Photographs 

The sump located in the subbasement 

B-l 



Sealed floor in subbasement (note space between sections of floor) 

I \ 
L. ._ 

Floor-wall contact in subbasement (note water at conact) 

B-2 



Oil staining on wall and floor in subbasement 

B-3 



llull staining on wall in subbasement 

B-4 



Discharge line from tank on the 000 level 

1 

B-5 



B-6 



Second pump room on 000 level 



Floor drain on 000 level 

Sump on 100 level (note sump is full) 



al - - 

Process machinery cm 100 level 

. 

Large tanks and piping used in building procfsscs on 100 level 

B-9 



B-10 



- 

Chemical cabinet on 100 level 

B-11 



Half full used oil drum on 100 level 

:c 

-v-,. . 

B-12 



Tanks on 100 level (likely hydraulic oil) 

Chemical cabinet on 100 level 
(note 2 5-gallon containers with material noted as ‘dry-cleaning solvent’ 

B-13 



-- 

Room on 100 level with placards 

B-14 



Abandoned lathe on 100 level 

B-15 



Appendix C 
Building 427 Architectural and 

Construction Drawings 
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Appendix D 
Boring Logs 



PROJECT NUMBER 

149208 

BORING NUMBER 

49GW201 DD 

SOIL BORING LOG 

tOJECT : White Oak 

E 
LOCATION : Silver Spring, Maryland 

EVA - 
3ILLI 

ATe 

ZiT 

6 

10 - 

15 _ 

20 - 

25 

NG 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

IN : 
, METHOD AND EQUlPMENT USED : HOI 

EVELS : START 
LOW SURFACE (F-t-) 
NTERVE 

16 

19.5 

24.5 

ECOVE 

36 

60 

60 

LENGIl+ 

RECOVERY % 
RESULTS 

f&f&% 

P) 

*3-3-85 
46 

5-5-100 
82 

5-5-100 
60 

RILLING CONTRACTOR : Parratt Wolff 
r Stem Auger & may also be mud rotary, air rotary, or con 

11/19/2002- END : 1 l/23/02 

SOIL DESCRIPTION 

flbinatic 

G 

SOIL NAME, USCS GROUP SYtvtBOL. COLOR, MOISTURE 
GONTENT. RELATIVE DENSITY, OR CONSISTENCY 

SOIL STRUCTURE, MINERALOGY 

luartzite; lite olive gray with mica; 
6.0-16.5’ abundant k-feldspar and plagioctase and about 
I.5 -?” quart&e fine-medium grained; slight to moderate 
teathering; hard to very hard; avg. joint spacing, close; massive; 
ad Fe staining in fractures. 

;amet schist; dark olive gray’ abundant mica (bioiite ant 
thtogotite), quartz, some garnet; fine-medieum grained; slightI& 
feathered; medium hardness. 

;ame as above, about 28.5 - 29.5 bgs moderate to highly wealhe 
‘one (micas weathering to clay. deep orange staining 
hroughout core, some black staining, fracture surfaces highly 
weathered); average joint spacing close (1.4 fractur&ft) 

EPTH OF CASING, DRILUNG RATE, 
RlLLiNG FLUID LOSS, 

ESTS, AND INSTRUMENTATION. 
IM (ppm): Breathing Zone Above Hole 

.ill rate: 4 minffoot 

riil rate: 3 minlfoot 

fill rate: 3 mitifoot 
ritler reports loss of about 350 gallons of 
ater from about 16.0 - 29.5‘ bgs. 

3n 
EOLOGIST : G. Haupfleisch 

COMMENTS 

- 

- 

- 

- 

- 

- 

- 

- 

- 
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PROJECT NUMBER 

49GW201 DD 

SOIL BORING LOG 

IOJECT : White Oak LOCATION : Silver Spring, Maryland 

EVATfON : DRlLLtNG CONTRACTOR : Parratt Wolff 

%LlNG METHOD AND EQUfPMENT’ USED : Hottow Stem Auger & may also be mud rotary, air rotary, or combinati 
ATER LEVELS : START : 1 Ill 912002 END : I l/23/02 G 

iPTH BELOW SURFACE (FT) 

on 
IEOLOGIST : C. Haupfleiech 

I INTERVAL (F 

RE 

r 

30 _ 29.5 

- 

35 _ 34.5 

- 

40 _ 39.5 

- 

45 -446 

- 

50 _ 49.5 

- 

55 _ 54.5 

49GW201DDxls Page 2 of 4 

L 
ZOVE 

60 4 

60 

60 

80 

60 

60 

LENGTH/ 

?ECOVERY % 
RESULTS 

ft-ft-% 

W) 

5-5-l 00 
86 

5-5-I 00 kme as type #2 above (0.8 joints/foot), slight increase in 
91 met abundance. 

5-5-l 00 
86 

sme as above 

5-5-100 
83 

me as above, more coarse garnets (larger), hcreased 
:histosity (alignment), some pyright on fracture surfaces. 
.O joint/foot) 

5-6-100 
86 

5-5-100 

OIL NAME, USCS GROUP SYMBOL, COLOR, MOfSNRE 
OkTENT, RELATIVE DENSITY, OR CONSi3TENCY 

OIL STFIUCTURE, MINERALOGY 

ime as type #4 above 29.5-m’ bgs. Moderately weathered 
ne (some micas weathered zone weathering to clay, stain 
netrates most of core reddiih orang? staining (Fe) along 
ctures. Fracture surfa~s highly weathered) sliihtly increased 
met abundance. Average joint spacing moderately close 
6) idnwfoot). 

ame as type #2 above, slightly weathered fracture surfaces 
1.8 Fractures/foot). 

IEPTH OF CASING, DRLLING RATE, 
tRILLING FLUID LOSS, 

‘ESTS. AND INSTRUMENTATION. 
IM (ppm): Breathing Zone Above Hate 

511 rate: 3 minIfoot 

rill rate: 3 mitifoot 

rill rate: 3 min/foot 

riil rate: 3 tin/foot 

trilf rate: 3 minIfoot 

ame as above, slightly weathered fractures, trace pyrite on lritl rate: 3 mihlfoot 



BORING NUMBER 

149208 49GW201 DD 

SOIL BORING LOG 

ROJECT 

LEV 
sii 

izi 

EPTl 

66 _ 5! 

- 

65 - 61 

- 

70 __ 6! 

75 

60 

- 71 

_ 7! 

- 

-@ 

t 

I 85 
I I 

/ I 

,tNG 

33 LE 

-1BEti 

IN 

- 

N: 
iz?il 
?/EL5 

ow 

EiG 

3.5 

1.5 

8.5 

1.5 

3.5 

1.3 

so 

60 

$i 
TYPE 

LENGTH/ 

RECOVERY % 
RESULTS 

%I+% 

W) 
100 

5-5-l 00 
03 

5-5-100 
so 

60 

60 

60 

5-5-100 
91 

ame as above, 0.4 fractures per foot. widely spaced fractures. 

5-5-100 ame as above, 0.2 fractures/foot. Pyrite formation and 
98 eathering on fracture s&ace. 

4.3-4.2-98 ame as above, Slickenslidas on vertical fracture (83.9’ bgs) 
80 .6 fractureslfoot 

60 15 5-5-100 
66 

SOIL NAME, USCS GROUP SYMBOL, COLOR. MOISTURE 
:ONFENT, RELATIVE DENSITY. OR CONSISTENCY 

;OlL STRUCTURE, MHERALOGY 

ache surface, widely spaced fractures (0.4 fractures/foot}. 

sme as type #7 above. Increased schistosity at 60-61’ bgs 
Id 61 Z-62.6 bgs. Evidence of slickensides on some of the 
xtures at 61-62’bgs. 
1.8 fraclures per foot) ’ 

ame as type #2 above, 0.6 fractures per foot till rate: 2.5 mitifoot 

ame as above, slickenslides on vertical fractures at 86.3-86.7 
3s.. closely spaced fractures (1.6 fractures /foot) 

IEPTH OF CASING. DRILLING RATE, 
)RILLING FLUID LOSS, 

lESTS, AND INS-IBUMENTATION. 
VM (ppm): Breathing Zone Above Hole 
ollect 49PT201 DD4860 
acker test sample at 46-60’ bgs. 

,firill rate: 2.5 mitifoot 

- 
,rill rate: 2.5 min/foot 
ollect 49PT201 DD8780 
acker test sample at 67-8O’bgs 

lrill rate: 3 mitioot 

Irift rate: 3 min/foot 

rill rate: 3 min/foot 

i0l-l 

;EOLOGtST : C. Haupfleisch 

COMMENTS 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

49GW201DD.xls Page 3 of 4 



100 

PRQJECT : White Oak LOCATiON : Silver Spring, Maryland 

ELEVATION : DRtLLtNG CONTRACTOR : Parratt Wolff 

DRILLING METHOD AND EQUiPMENT USED : Hollow Stem Auger & may also be mud rotary, air rotary, or comhfnal 

WATER LEVELS : START : 1111912002 END : 1 l/23/02 ( 

DEPTH BELOW SURF ;PCE (FT) J CORERUN/ 1 SOIL DESCRlPTtON 

!zL LENGTH/ 

ECOVE RECOVERY % SOIL NAME, USCS GROUP SYMBOL, COLOR, MOISTURE I 

RESULTS CONTENT, RELATIVE DENSITY. OR CONSISTENCY I 

ft-ff-% SOIL STRUCTURE, MINERALOGY 

PO c 

lion 

5EOLOGiST : C. Haupfleisch 

COMMENTS 

DEPTH OF CASING, DRILLING RATE, DEPTH OF CASING, DRILLING RATE, 
DRtLLING FLUID LOSS, DRtLLING FLUID LOSS, 

TESTS, AND INSTRUMENTATION. 
IVM (ppm): Breathing Zone Above Hole 

60 16 

- 
60 c 

- - 
,I - - 99.3 

5-5-100 

I 

Same as above. Mica cane at 95.8’ bgs. Fractures trace 
93 pyrite and clay coating along fracture surface at 89.7’ bgs. 

End of boring at 99.3’ bgs 

PROJECT NUMBER BORiNG NUMBER 

CHZMHILL 149209 49GW201 DD 

SOIL BORlNG LOG 

rrfff rate: 3 min/foot rrfff rate: 3 min/foot 
- 5-5-100 Same as above, No slickenslide formations, fractures widefj 

I 
c 

66 spaced, 0.6 fracfure&oof 

- 

)rill rate: 3 min/foot )rill rate: 3 min/foot 

49GWXJlDD.xls Page 4 of 4 



PROJECT NUMBER BORING NUMBER 

HlU t49208 49SS200 SHEET 1 OF 1 

SOIL BORING LOG 

IINTERVAL ( 

R 

r 

0 - 

2 
- 

-4 
5- 

- 
6 

8 

10 - 
10 

12 
- 

14 
15 - 

- 

- 

- 

20 - 

EL- 
ECOVE 

18 

22 

14 

24 6 

l!!!L 
TYPE 

LENGTH/ 

RECOVERY % I SOIL NAME, USCS GROUP SYMBOL, COLOR, MOISTURE 
CONTENT, RELATtVE DENStN, OR CONSISTENCY 

SOIL STRUCTURE, MINERALOGY 

I 4-8-l 1-l 1 Light brown sand with cobbles. Some clay and silt, loose, db 
19 

4-5 feet is same as above (may be slough). 56 feat saprolite. 
Brown silty clay with micas. Stiff, moist. 

Saprolite, same as above. Becomes light gray at 8 feel 

Saprolite is light gray, same as above. 

Same as above. Becomes very stiff at bottom. 

12-12.5feet is light gray saprotite with orange iron stainiig 
12.5-13 feet is very light gray saprottte, less micas, some quartz 
gravels. may be gneissic. 18-13.5 feet is orange saprolite 
with black nodules. 13.5-14 feet is gneiestc saprottte. 

End of boring. 

t 

E 

1 

0’ 

-0 

-0 

-0 

-0 

- 

-0 

- 

-0 

- 

- 

1 

IEF’TH OF CASING, DRILLING RATE, 
)RtLLING FLUID LOSS, 

TESTS, AND INSTRUMENTATION. 
VM (ppm): Breathing Zone Above Hole 

ml >2ooD 

VM=350 

#VM = 145 

lVM=l 

bVM=O 

lVM=O 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 



PROJECT NUMBER BORING NUMBER 

c WILL 
149208 SHEET I OF 1 

SOIL BORING LOG 
t 

PROJECT : White Oak LOCATION : Silver Spring, Maryland 

ELEVATION : DRILLING CONTRACTOR : Parratt Woltf 
DRILLING METHOD AND EQUIPMENT USED : Hollow Stem Auger & may also be mud rotary, air rotary, or combination 

WATER LEVELS : START : 07/09/2002 END : 07lO9tOZ GEOLOGIST : D. Steckler 

DEPTH EELOW SURFACE (FT) CORE RUN/ SOIL DESCRIPTION I COMMENTS 

INTER’41 FT) LENGTH/ 

ECOVI m RECOVERY % SOIL NAME, USGS GROUP SYMBOL, COLOR, MOISTURE IEPTH OF CASING, DRILUNG RATE, 
TYPE RESULTS , CONTENT, RELATIVE DENSITY, OR CONSISTENCY rRILLING FLUtD LOSS, 

Mb% SOtt STRUCTURE. MINERALOGY ‘ESTS, AND INSTRUMENTATION. 

09 IM (ppm}: Breathing Zone Above Hole 
0 - 

- - 

-2 
- 

3 - 10-20-31-50 F ill: Concrete with looss brown sand. VM = 140 
51 

-4 
5- 3 B ,rown silty clay with some micas VM > 2000 - 

- - 
6 

3 S - 3 ,lough VM > 2000 

- 

10 - - 

- 

- 

15 - - 

- 

- 

- 

20 - - 



PROJECT NUMBER 

149208 

BORING NUMBER 

49ss202 SHEET 1 OF 1 I 

SOIL BORING LOG 

ROJECT : White Oak 

LEVATION : 
RILLING METHOD AND EQUIPMENT USED : Hall 

IATER LEVELS : START 

EFTH BELOW SURFACE rm 

3 

4 

5 

LENGTH/ 

RECOVERY % 
RESULTS 

fl-ft-% 

M 

9-11-11-12 
22 

5-6-10-10 
16 

8-f l-9-8 
20 

5-8-l 6-20 
24 

1550 
6 

-ii 2 
ow - 

LOCATION : Silver Spring, Maryland 

RfLLlNG CONTRACTOR : Parratt Wolff 
linat - Stem Auger & may also be mud rotary, air rotary, or comb 

>~flOf2002 END : 07H 0102 

SOIL D-ESCRIPTION 

SOIt NAME, USCS GROUP SYMBOL, COLOR, MOISTURE 
:ONTENT, RELATlVE DENSITY, OR CONSISTENCY 

jOtL STRUCTURE, MINERALOGY 

‘own silty sand with micas, stiff, damp. 

5.5 feet b same as above. 
5-6 feet is “salt and pepper” saprolite gneissfc 

sme as above, increased micas. Some garnets - schisotsx 

range (iron stained) saprolite, stii, damp. 

ame as above, very stiff. 

nd of boring 

)EPTH OF CASING, DRILLING RATE, 
IRILLING FLUID LOSS, 

TESTS, AND INSTRUMENTATION. 
VM (ppm): Breathing Zone Above Hole 

YM = 300 

VM = 25 

lVM=O 

YM=O 

49SS202.xls 



Appendix E 
Well Completion Diagrams 



PROJECT NUMBER WELL NUMBER 

149208 49GW208D SHEET 1 

H&L ’ 
WELL COMPLETION DIAGRAM 

OF f 

PROJECT : NSWC-White Oak 
LOCATION : Silver Spring, Maryland 
DRILLING METHOD AND EQUJPMENT USED : HSA and Percussion 
DRILLING CONTRACTOR : Parratt Wolff START : 12/l 8/2002 END : 12/18/2002 GEOLOGIST : D. Steckler 

1 - Ground elevation at well 

2- Top of casing elevation 

3- Wellhead protection cover type Sick-up 
a) DiaAtype of outer surface casing 
b) concrete pad dimensions 2% x 2’ 

4” Steel 

4- Dia./type of inner well casing 

5 Type/slot size of screen 

6- Type screen filter #2 Sand 

2” I.D. Sch 40 PVC 

2” PVC Screen (010 mm) 

7- Type of seal Bentonite seal, #1 Sand 
a) Quantity used 

8- Grout 
a) Grout mix used 1 bag Portland + 5 Ibs bentonite per 8 gal water 

b) Method of placement Tremmie pipe 



PROJECT NUMBER 

149208 
?,----“Y 

StiEET 1 OF1 I 

CHZNIHILP ‘. 
WELL COMPLETION DIAGRAM 

l- Ground elevation at we8 

2- Top of casing elevation 

3- Welfhead protection cover type 2’ Stickup 

a) Dia./type of tier surface casing NA 

b) concrete pad dimensions 2x2 

4- Dia./type of inner weI1 casing T f.D. Sch 40 PVC 

5% Typelslot size of screen 2’ PVC Screerl (.Ov3 mm) 

.6- Type screen filter #ZSand 
1 
A 

i’- Type of seat Bentontte seal. C 1 Sand 

a) Quantity used 

S- Grout 

a) Grout mix used 
b) Method of placement 

2 bag Portland + 20 tbs bentonite powder 
Tremmie pipe 

OJECT : White Oak 

CATION : Sffver Spring, Maryland 
tLLING METHOD AND EQUIPMENT USED : HSA 

liLLlNG CONTRACTOR : Parratt Wolff START : 1 l/25/02 END : 1 l/25/02 GEOLOGIST : C. Hauptffafsch 



PROJECT NUMBER 

149208 SHEET 1 OF 1 

HILL 
WELL COMPLETION DIAGRAM 

LOCATION : Silver Spring. Maryland 
DRILLING METHOD AND EQUIPMENT USED: HSA 
DRfLLlNG CONTRACTOR : Parr&t Wolff START : 12/02/02 END: 12iO2K)2 GEOLOGIST : R. Peirpont 

3 

‘\ 

l- Ground elevation at well 

A I 
t t t 

2-\,Top of casing elevation 

3- Weflhead protection cover type 2 Stickup 

a) Dia./type of outer surface casing NA 

b) concrete pad dimensions 3x3~6 

4- DiaJtype of inner well casing 2’ I.D. Sch 40 PVC 

5- Type/stat size of screen T PVC Screen (.010 mm) 

6- Type screen filter XZSand 

7- Type of seal Bentonits seaI, # 1 Sand 

a) Quantity used 

PROJECT : White Oak 

8- Grout 

a) Grout mix used 
b) Method of placement 

2 bag Portland + 20 Ibs bentonfte powder 

Tremmie pipe 

L 



PROJECT NUMBER WELi NUMBER f---Y 

SHEET 1 OF 1 

WELL, COMPLETION DIAGRAM 

l- Ground elevation al well 

2- Top of casing eievation 

3- Wellhead pmtedion CQVCU type 

a) Dia./type of outer surface casing 

b) coocrete pad dimensions 

4- Dfa./iype of inner well casing 

2 stickup 

NA 

3x3~6 

2’ t.0. Sch 40 PVC 

5- Type&A3 size of screen 2. PVC Screen (.OlO mm) 

6- Type screen filter 

7- Type of seal 

’ a)Ouantityused 

#2Sand 

Benlonite seal, # 1 Sand 

8- Grout 

a) Grwt mix used 

b) Method of placement 

2 bag Po&nd + 20 IbS bentonite powder 

Tremmfe pipe 



PROJECT NUMBER 

149208 SHEET 1 OF 1 

HILL 
WELL COMPLETION DIAGRAM 

c 
7 

I- Ground elevation at well 

2- Top of casing elevatiw, 

3- Wellhead protection cover type 2 Stickup 

a) Dia./type of outer surface Casing NA 

b) cormete pad dimensions 3x3x6 

4- DiMtype of innsr well casing 2’ I.D. 6ch 40 PVC 

5- Type/slot size of screen 2’ PVC Screen (.OiO mm) 

6- Type screen I&S #PSand 

7- Type of seal 

a) Quantity used 

Bentonlte seal, # 1 Sand 

8- Grout 
a) Grout mix used 

b) Method of placement 

2 bag Portland + 20 Ibs bentonite powder 

Tremmie pipe 

OJECT : White Oak 

CATION : Silver Spring, Maryland 
ILLING METHOD AND EQUIPMENT USED : HSA 

,lUlNG CONTRACSOR : Parratt Wolff START : 6/29/02 END : 6/29/02 GEOLOGIST : D. Clayton 



PROJECT NUMBER WELL NUMBER I”“\> 
149208 49GW201 DD SHEET 1 OF 1 

c WiLL ’ 
WELL COMPLETION DIAGRAM ~ 

PROJECT : NSWC-White Oak 
LOCATION : Silver Spring, Maryland 
DRILLING METHOD AND EQUIPMENT USED : HSA and Percussion 

Ground elevation : well 

2- Top of casing elevation 

3- Wellhead protection cover type Sk%-UP 
a) Dia./type of outer surface casing 
b) concrete pad dimensions 2’xZ 

4” Steel 

4- Dia./type of inner well casing 2” I.D. Sch 40 PVC 

5 Type/slot size of screen 2” PVC Screen (.OlO mm) 

8- Type screen filter #2 Sand 

7- Type of seal Bentonite seal, #i Sand 
a) Quantity used 

8- Grout 
a) Grout mix used 1 bag Portland + 5 Ibs bentonite per 8 gal water 

b) Method of placement Tremmie pipe 



PROJECT NUMBER 

SHEET 1 OF 1 

~~2~HlLL 
WELL COMPLETION DIAGRAM 

OJECT : While Oak 

CATION : Silver Spring, Maryland 
ILLING METHOD AND EQUIPMENT USED : HSA 

tLUNG CONTRACTOR : Parr&t Wolff START : 7/l l/02 END : 7ll1102 GEOLOGIST: E. Carpenetti 

1- Ground elevation at wall 

2- Top of casing elevation 

3- W&head protection cover type 2’ Stickup 

a) DiaAype of outer surface casing NA 

b) concrete pad dimensions 3x3~6 

4- Dia.&pa of inner well casing 2” 1.0. Bch 40 PVC 

C Type&lot size of screen 2’ PVC Screen (.OlO mm) 

6 Type screen filter #2Sand 

?- Type of seal 

a) Quantity used 

Bentonite saaf, I 1 Sand 

8- Grout- 

a) Grout mix used 
b) Method of placement 

2 bag Portland f 20 Ibs bentonite powder 

Tremmie pipe 



PROJECT NUMBER WEU NUMBER 

149208 SHEET 1 OF 1 

WELL COMPLETION DIAGRAM 

IOJECT : White Oak 

CATION : Silver Spring, Maryland 
ttLLtNG METHOD AND EQULPMENT USED : HSA 

IlLLtNG CONTRACTOR : Panatt Wolft START : 1119IO3 END : 1119103 GEOLOGIST : E. Careneni 
1 

7 

l- Ground elevation at well 

2- Top of casing eievation 

5 Wetthead protaction cover type 
a) Dia./type of outer surface casing 

b) concrete pad dimensions 

4- Dia./lype of inner well casing 

!5- Type/slot size of screen 

2’ Stickup 

NA 

3~3x6 

T I.D. S&h 49 PVC 

2’ PVC Screen (.OlO mm) 

6- Type screen fitter #23and 

7- Type of seal 

a) Quantity used 

Bentonits seat, # 1 Sand 

8- Grout 

a) Grout mix used 

b) Method of placement 

2 bag Portland + 20 Ibs bentonite powder 

Tremmie pipe 



PROJECT NUMBER 

149206 SHEET 1 OF 1 

c HILL 

WELL COMPLETION DIAGRAM 

PRC 

LMI 
DRll - 
DRtt 

- 

MECT : White Oak 

:ATtON : Silver Spring. Maryland 
-LtNG METHOD AND EQUIPMENT USED : HSA 
IING CONTRACTOR : Parratt Wotff START : 7/02/02 END : 7/02102 GEOLOGtST : D. Clayton 

I- Ground elevation al well 

2- Top of casing elevation 

3- W&head protection cover type 
a) Dia./type of outer surface casing 

b) cwcrete pad dimensions 

4- Dia./type of inner welt casing 

5- Type/slot size of screen 

S- Type screen filter 

7- Type of seat 

a) Quantity used 

2’ Stickup 

NA 
3X3X6 

2’ I.D. Sch 40 PVC 

2’ PVC Screen E.010 mm) 

#PSand 

Bentcmite seal, # 1 Sand 

8- Grout 
a) Grout mix used 

b) Method of placement 

2 bag Portland + PO Ibs bentonite powder 

Tremmie pipe 



3- W&head profsction cover type 2’ Stickup 
a) Diallype of outer surface casing NA 
b) concrete pad dimensions 3x3x6 

4- Dta./fype of inner well casing 2’ I.D. Sch 40 PVC 

1 5- Type/slot size of screen T PVC Screen (.OiO mm) 

6- Type screen filter #2Sand 

+ E 3 
7- Type of seal Bentonite seat, # 1 Sand 

a) Quantify used 

t- Ground elevation at welt 

2- Top of casing elevafion 

PROJECTNUMBER WELL NUMBER 

149208 SHEET 1 OF 1 

WELL COMPLETION DIAGRAM 

PROJECT : White Oak 

LOCATION : Silver Spring, Maryland 
DRILUNG METHOD AND EQUIPMENT USED : HSA 

8- Grout 

a) Grout mix used 

b) Method of placement 



l~f=to.tECT NUMBER IWELL NUMBER I 

I’ \ 149208 49GW206S SHEET 1 OF 1 

6 

WELL COMPLETION DIAGRAM 

,OJECT : White Oak 

CATiON : Silver Spring, Maryland 
IlLLlNG METHOD AND EQUIPMENT USED : HSA 

IILLING CONTRACTOR : Parr&t Wolff START : I Z/02/02 END: 12/02/oE! GEOLOGIST : R. Peirpent 

i- Ground elevation at well 

2- Top of casing elevation 

3- Wellhead protection cover type 2’ Stickup 

a) Dia./type of outer surface casing Nh 

b) concrete pad dimensions 3x3~6 

4- Dia./type of inner well casing 2’ LD. Sch 40 PVC 

5- Type/slot size of screen Z PVC Screen (.OlO mm) 

6- Type screen filter #ZSand 

7- Type of seal 

a) Quantity used 

Bet-&mite seal, # 1 Sand 

8- Grout 
a) Grout mix used 

b) Method of placement 

2 bag Portland + 20 Ibs bentonite powder 

Tremmie pipe 



Appendix F 
Field Data 



Table F-l 
Field Measurements 

Site 49, NSWC White Oak 
8ilver Iipring, Maryland 

Turb. DO 

02/2003 NR 

Notes: 
NR-Not recorded due to slow recharge in wells 
SC-Specific conductivity 
DO-Dissolved oxygen 
OPR-Oxidation-reduction potential 
Turb-Turbiditv 



Table F-2 
Groundwater and Surface Water Elevation Data 

Site 49, NSWC White Oak 
Silver Spring, Maryland 

1 Reference 1 Water Elevation I 
Well Elevation 08/01/2002 02110/2003 0312512003 0810112002 02/10/2003 03/25/2003 
49GW200 258.96 54.71 58.00 54.88 204.25 200.96 204.08 
49GW201 S 197.47 14.60 3.73 11.95 182.87 193.74 185.52 
49GW201 D 197.81 14.91 13.38 10.34 182.90 7 84.43 187.47 
49GW201 DD 196.58 NR 22.57 13.70 NR 174.01 182.88 
49GW202S 210.72 21.91 20.41 18.74 188.81 190.31 191.98 
49GW202D 212.92 NR 23.85 22.05 NR 189.07 190.87 

32.66 31.44 241.96 245.44 ’ 49GW203 278.10 36.14 246.66 
49GW204 277.52 NR 29.07 28.33 NR 248.45 249.19 
49GW206S 253.80 NR 22.21 20.45 NR 231.59 233.35 
49GW206M 253.34 NR 60.08 47.09 NR 193.26 206.25 
49GW206D 252.58 NR 161.77 179.05 NR 90.81 73.53 

Nates: 
DTW-Depth to Water from top of casing 

. 



Appendix G 
Survey Report 



Monitoring Well Construction Details 
Site 49 

NSWC White Oak 
Silver Spring, Maryland 

Top of Casing Top off Riser Ground Surface Bottom of Screen Top of Screen 

Elevation 
(ft bgs) 

NR 

Elevation 
(ft msl) 
258.96 

Well 
49GW200 

Elevation 
(ft bgs) 
256.73 

Depth Elevation Depth Elevatior 

(ft bgs) (ft msl) (ft bgs} (ft msl) 
82.0 174.73 72 184.73 

49GW201S 
49GW201 D 
49GW201 DD 
49GW202S 
49GW202D 
49GW203 
49GW204 
49GW206S 
49GW206M 
49GW206D 

NR 197.47 191.27 10.0 181.27 20 171.27 
NR 197.81 195 49.0 146.00 39 156.00 

196.86 196.58 195.31 99.0 96.31 89 106.31 
NR 210.72 213.01 33.0 178.01 23 188.01 

212.78 212.92 209.8 40.0 169.80 30 179.80 
277.9 278.1 276 40.0 236.00 25 251.00 

277.81 277.52 277.8 40.0 237.80 25 252.80 
253.79 253.86 250.9 40.0 210.90 25 225.90 
253.23 253.34 250.4 6-l .O 189.40 51 199.40 
252.39 252.58 249.2 180.0 69.20 160 89.20 

Notes: 
Well 49GW205 is planned for the portion of Site 49 located north of the NSWC-White Oak boundary 
Vertical elevations relative to NGVD-1929 
ft bgs = feet below ground surface 
ft msl = feet above mean sea level 
NR = Not recorded 
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Appendix H 
Human HAealth Risk Assessment Tables 



TABLE 1 

SELECTION OF EXPOSURE PATHWAYS 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

Rationale for Selection or Exclusion 

of Exposure Pathway 

05/13/2004 



Table 2.1 

OCCURRENCE, DlSTRlBUliON AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 
Site 49 RFI Report 
NSWC -White Oak 

Silver Spring, Maryland 

II Exposure 1 CAS Chemical 

7440-23-5 Sodium 

Paint Branch 59.50-7 4*Chloro-3.methylphenol 
117-81-7 bis(2-Ethylhexyl)phthalate 
7440.39-3 Barium 
7440-70-Z Calcium 
7439-69-6 Iron 

7439-92-l Lead 
7439-95.4 Magnesium 

7439-96-5 Manganese 
7440-02-O Nickel 
7440-09-7 Potassium 

VI 
I21 
[31 

Minimum/Maximum detected concentrations. SQL = Sample Quantifioation Limit 

Maximum conoentration Is used for screening. COPC = Chemical of Potential Concern 

Background values not available. ARARR’BC = Applioable or Relevant and Appropriate RequirementI 

L. - 

Minimum [1] 

Concentration 
Qualifier 

3.9 K 
1.4 J 

28.6 J 
14,300 

245 
1.6 J 

4,020 J 
25.4 J 
4.1 J 

2.930 J 
12,400 J 

Maximum 111 
Concentration 

Qualifier 

3.9 K 

2.5 J 
30 J 

14,800 J 
511 J 

I,6 J 
4,090 J 

76.9 J 

4.1 J 
3,100 J 

12,900 J 

Unite 

UG/L 
uot1 
UGit 
UGtL 
UGtL 

VGA 
UGtL 

UGR 
UGR 

UGtt 
& 

Location 

of Maximum 
Cancentration 

PBSW2100001 

PSsw2119901 
PBSW2110001 

PSsw2110001 
PBsw2110001 
P6sw2119901~ 
PBSW2110001 
PBsw2110001 

PBSW2119901 
PBSW2110001 
Pssw2110001 

Detection 
rrequenc! 

l/3 

213 

313 
313 

313 
113 

313 
3i3 

113 
313 
313 

Range of 

Limits 

~ Concentratton [Z 
Used for 

Screening 

sackground [3 

Value 

Potential 

\RARiTBC 
Source 

:opt 
Fla6 

NO 

NO 
NO 

NO 
NO 

NO 
NO 
NO 

NO 
NO 
NO 

tatlonale for [5 

:ontaminant 
Deletion 

I Salectlon 

BSL 
SSL 
BSL 
NUT 

BSL 
BSL 

NUT 
BSL 
BSL 
NUT 
NUT 

I41 

151 

Risk-Based Concentration Table, April 14 2004, U.S. EPA Region 111 Tap Water, adjusted x 10. 
Lead screening toxicity value is 15 pggll, the EPA Safe Drinking Water Action Level for lead. 

RBC value for manganese-nonfood used as surrogate for manganese. 
2Chlorophenol used as surrogate for 4.chloro-3.methylphenol 
Rationale Codes 

Selection Reason: Above Screening Levels (ASL) 

Deletion Reason: No Toxicity Information (NTX) 

Essential Nutrient (NUT) 
Below Screening Level @St.) 

To Be Considered 

J = Estimated Value 
K = Biased Hlgh 
L = Biased Low 
C I Carcinogenic 

N = Noncarcinogenic 

05/13/2004 
826 Page 1 of 1 

Appendix Table 2~x1s 
TABLE 2.1 



Table 2.2 

OCCURRENCE, DlSTRlSUTlON AND SELECTtON OF CHEMICALS OF POTENTIAL CONCERN 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring. Maryland 

71 

Exposure Medium: Groundwater 

l,l,l-Trlohloroethane 

1.1.Dlchlomathane 

l.l.Diohlomethens 

(,2-Dibromosthene 

04QGW202D001 

049GWZOlD002 

049GW201DOOZ 

0490W2000001 

049GW2028801 

049GW2029901 

049GW201DOO2 

ala-1,2.Dichloroeulene 

trans.1.2.Diohloroethene 

049GW2020001 

049GW2060001 

0490W2000001 

048GW206S0001 

049GW201DD001 

04QGWZOlDOO2 

049GWZOlDOO2 

049QW201D002 

0490W201D002 

049GW2030001 

048Gw2oOOoo1 

04QGW2030001 

049GW206M001 

049GW2000001 

049GW2000001 

04QGWZO6MO01 

049’3W206MOOl 

05/13/2004 
a:28 

,B 



Tabte 2.2 

OCCURRENCE, DISTRIBUTION AND SELECTtON OF CHEMICALS OF POTENTIAL CONCERN 

site49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

ium: Groundwater 

of Maximum 

COllCWltRltiOil 

Bedrock Aquifer. Water 

in Exoavatiqn Pit 

1,l.I.Trtohloroethane 

I.l-Dichloroethane 

1,stlibmmoethane 

049GW202DOOI 

049GW2010002 

049GW2010002 

049GW2000001 

049GW2029901 

049GW2029901 

049GW201D002 

Tetraqhlqroethene 

ds-1,2-Diohloroethene 

trans.1,2.Diohlomethene 

0490W2020001 

049GW20tYJ001 

049GW2000001 

049GW206S0001 

049GW20IDD001 

049GW2OlDOO2 

049GW2OltJOOZ 

049@&‘201D002 

04QGW2010002 

048GW2030001 

0490W2000001 

049GW2030001 

05/l 3/2004 
cl:29 



Table 2.2 

OCCURRENCE. DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

Site 49 RFI Report 

NSWC . White Oak 

Stlve,Sp,l”g. Maryland 

A review of the filtered and unfiltered data determined there was a notable disparity, therefore, the filtered resulte we,8 used for the tap water exposure. 
Total metels used for water 1” the excayatton pit because the Construction Worker would not be expwed to water that wee filtered. 

MinimumlMaximum detected conoentraticns. 

M&mom Concwdratfon le wed forsweening. 

Background value8 not available. 

Risk-Bawd Concentration Table, April 14.2004, U.S. EPA Region III, Jennifer Hubbard. Tap Water RSC. 

RBC value for pyww used 8s surrogate for phenanthrene. 

RSC value for Chromium VI used for total ohmmlum. 

Lead screening toxicity veJue to 15 UgfL, th$ EPA tap water screening level for lead. 

REC value for manganesenonfood used as surrogate for manganese. 

RBC value for ChromlumVl used for t&al chromium. 

lead screening toxtcity wlus Is 400 me/kg, the EPA rseklmtial soil soreening level for lead. 

Rationale Codes 

Seleotion Reason: Above Screening Levela (ASL) 

Deletion Reason: No Toxlclty lnfonatto” (NTX) 

Essential Nutrient (NUT) 

SQL 3 Sample caimin0~ti0fl Limit 

COPC = Chemical of Potential Cowem 

AW\RITBC = Applicable or Relevant and Appropriate RequIrementI 

To BeConsidered 

J = Estimated Value 

K = Biased High 

L = Blased Low 

c = Caroinogenlo 

N = Nonoarolnogenio 

Below screening Level (BSL) 

/ 
Page - ei3 



Table 2.3 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

Slls 49 RFI Report 
NSWC -White Oak 

Sliver Spring, Maryland 

Bedrock Aquifer-Water 
Vapors at Showerhead 

l,l,l-Trichloroathane 
l,l-Dlohloroethane 
l,l-Dichlaroethene 
1,2-Dibromoethane 

049GW202DOOl 
0490W2010002 
049GW201D002 
049GW2000001 

049GW2029901 
04QGW2029901 

rt.butyl ether (MTBE) 

,2-Diohloroethene 

049GW2020001 
049GW206DOOl 
049GW2000001 

049GW206S0001 
049GW201DDOOl 

049GW201DOO2 
049GW2010002 
049GW2010002 

Vapors at Excavation l,l-DlchlwQsthane 

l,l-Dichlorosthena 
1.2.Dibromoethane 

049GW201D002 
0496W2010002 

049GW2000001 

0496\1\12029901 
049GW2029901 
049GW201D002 

,2-Dlchkiroethane 
rans-1,2-Dichloroethene 

049GW2020001 

049GW206DOOl 
049GW2000001 

049GW206S0001 
049GW201DD001 

049GW201D002 
049GW201 DO02 

049GWZOlROO2 
049GW2OlDOO2 

05/l 3/2004 
8:28 Page 1 of 2 



Table 2.3 
OCCURRENCE, DISTRIBUTION AND SELECTtON OF CHEMICALS OF POTENTIAL CONCERN 

Site 49 RFI Report 
NSWC - Whlte Oak 

Silver Spring, Maryland 

Medium: Groundwater 

Maximum concentration Is used fQr screening. 
Background values no! avallable. 
Risk-Based Concentration Table, April 252003. US. EPA Region II& Jennifer Hubbard. Tap Water RBC. 
R8C value for hexane used as surrogate for oyclohexane. 
RBC value for pyrene used as surrogate for phenanthrene. 

RBC value for Chromium VI used for total chromium. 
Lead screening toxicity value is 15 ug/L, the EPA tap water screening level for lead. 

REC value far manganese-nonfood used as surrogate for manganese. 
RBC value for Chromium VI used for total chromium. 
Lead soreenlng toxicity value Is 400 mglkg, the EPA resldentlal soil soreentng level for lead. 
Rationale Codes 

SelectIon Reason: Above Screening Levels (ASL) 

Geletlon Reason: No T~xlcTty Inform&on (NTX) 

Essential Nutrient (NUT) 

Below Screening Level (BSL) 

05/13/2004, 
8:28 

COPC = Chemical of Potential Concern 
ARAR/TSC = Applicable or Relevant and Appropriate ReQuirementl 

To Se Considered 

J = E&mated Value 
K = Biased Hlgh 

L = Biased Low 
C = Caroinogenlo 

N = NQncarolnOgenlC 



05/13/2004 
8:30 

Table 3.1.RME 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC - White Oak 

’ Silver Spring, Maryland 

II Scenario Tkneframe: Future 

Medium: Groundwater II 
Exposure Medium: Groundwater Jl 

Exposure Point 

1 ,LDibromoethane 

Tetraohloroethene 

Trichloroethene 

cis-1,2-Dichloroethene 

trans.1.2.Dichloroethene 

Page 1 of 2 



Table 3.1.RME 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RF1 Report 

NSWC - White Oak 

Silver Spring, Maryland 

Scenario Timeframe: Future 

Medium: Groundwater 
Exposure Medium: Groundwater 

Exposure Point 

Bedrock Aquifer-Water 

in Excavation Pit 

Chemical 

of 

Potential 

Concern 

1.2~Dibromoethane 

Tetrachloroethene 

Trlchloroethene 

Units Arithmetic 

Mean 

95% UCL Of 

(NiTlNP) 

Maximum 

Concentration 

(Cualifier) 

Value 

Exposure Paint Concentration 

Units Statistic Rationale 

cis-?,2-Dichloroethene 

trans.1.2.Dichloroethene 

For non-detects, 112 sample quantitation limitwas used as a proxy concentration; far duplicate sample results, the average of the two samples was used. 

ProUCL. Version 2.1 used to determine distribution of data using the Shapiro-Wilk W Test. ProllCL used to calculate RME EPC, following recommendations 

based on distribution and standard deviation in users guide. 

Statistics: Maximum Detected Value (Max): 95% UCL of Normal Data (95% UCL-N): 95% UCL of Log-transformed Data, H-Statistic (95% UCL-T): 

95% Chebyshev (MVUE) UCL (95% Cheb): 99% Chebyshev (MVUE) UCL (99% Cheb); 95% Chebyshev (meanstd) UCL (95% Cheb-m): 

97.5% Chebyshev (mean,std) UCL (97.5% Cheb-m): 99% Chebyshev (mean&d) UCL (99% Cheb-m). 

05/13/2004 
a:30 

(1) Shapiro-Wllk W Test indicates data are log-normally distributed. 

(2) Shapiro-Wilks W Test indicates data are normally distributed. 

(3) Shapiro-Wiiks W Test indicates data netther log-normally or normally distributed. Use non-parametrio RME EPC. 

(4) Shapiro-Wiiks W Test indicates data fit both log-normal and normal distribution. Select d’ ‘5 on with higher W Test result. 

(5) 95% UCL (or mean) exceeds maximum detected concentration. Therefore, maximum c i ation used for EPC. 

Page 2 of 2 

N = Normal 

I’ = Transformed 

NP = Non-parametric 

J = Estimated Value 



Table 3.2.RME 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 
NSWC - White Oak 

Silver Spring, Maryland 

Exposure Point Exposure Point Concentration 

cis-1.2Dlchloroethene 
trans-1,BDichioroethene 

I,8Dibromosthane 

Tetrachloroethene 

cis-l.P-Dichloroethene 

trans.-l ,2-Dlchiaroethsne 

For nondetects, 112 sample quantftatlon limit was used as a proxy concentration: for duplicate sample results, the average of the two samples was used. 

ProUCL. Version 2.1 used to determine distribution of data using the Shapiro-Wiik W Test. ProUCL used to calculate RME EPC. following recommendations 

based on distdbution and standard deviatlon In users guide. 

Statistics: Maximum Detected Value (Max); 05% UCL of Normal Data (05% UCL-N); 95% UCL of Log-transformed Rata, H-Statistic (05% UCL-T); 

06% Chebyshev (MVUE) UCL (05% Cheb); 09% Chebyshev (MVUE) UCL (99% Cheb); 05% Chebyshev (meanstd) UCL (05% Cheb-m); 

07.5% Chebyshev (meanstd) UCL (07.5% Cheb-m); 00% Chebyshev (maanstd) UCL (00% Cheb-m). 

(1) Shapiro-Wilk W Test indicates data are log-normally distributed. 

(2) Shapiro-Wilks W Test indicates data are normally distributed. 

(3) Shapiro-Wilks W Test indicates data neither log-normally or normally distributed. Use non-parametric RME EPC. 

(4) Shepiro-Wilks W Test indicates data fit both log-normal and normal distribution. Select distribution with higher W Test result. 

(5) 05% UCL (or mean) exceeds maximum detected concentration. Therefore, maximum concentration used for EPC. 

N = NQrmal 

T = Transformed 

NP ii Non-parametric 

J = Estimated Value 

05/13/2004 
&30 page1 of1 



Table 3.1.CT 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

CENTRALTENDENCY 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

Scenario Timeframe: Future 

Medium: Groundwater 

1 ,Z-Dibromoethane 33.2 NP 65.0 J 1.39 UGIL Mean-T (4) 

Chloroform UGlL 6.96 24.7 NP 37.0 1.79 UGN. Mean-T (4) 

Tetrachloroethene UGIL 4.73 17.5 NP 1.10 J 1.19 UGlL Mean-T (4) 

Trichloroethena UGlL 740 5,105 T 4,400 226 UryL Mean-T (1) 
Vinyl chloride UGIL 5.40 17.8 NP 6.70 K I,92 UGIL Mean-T (4) 

cis-1,2-Dlchloroethene UGlL 168 1,460 T 1,100 47.9 UGlL Mean-T (1) 

trans.1,2-Dichloroethene UGlL 10.4 31.7 NP 46.0 K 3.63 UG/L Mean-T (4) 

Aluminum UGlL 726 4,943 NP 6,800 47.5 UGIL Mean-T (4) 

Chromium UG/L 11 86.4 NP 75.5 1.43 UGlL Mean-T (4) 

Iron UGIL 2,927 50,765 T 14,100 361 UGIL Mean-T (1) 

Manganese UGlL 447 3,096 T 2,290 150 UGlL Mean-T (1) 

Nickel UG/L 20 57,6 T 81.0 9.58 UGR Mean-T (1) 

Vanadium UGIL 3.36 16.7 NP 20.6 J 0.76 UGIL Mean-T (4) 

4 
05/13/200r ’ 
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Table 3.1.CT 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

CENTRALTENDENCY 

Site 49 RFI Report 

NSWC -White Oak 

Silver Spring, Maryland 

II Scenario Timeframe: Future 

Medium: Groundwater 
1 Exposure Medium: Groundwater 

II 
II 

Exposure Point Exposure Point Concentration 

in Excavation Pit 1,2-Dibromoethane 

Tetrachloroethene 

Triohloroethene 

cls-1,BDichloroethene 

trans.1,2-Dichioroethene 

W -Test: Developed by Shapiro and Wiik, refer to Supplemental Guidance to RAGS: Calculating the Concentration Term, OSWER Directive 9285.7-081, May 1992. 

Options: Maximum Detected Value (Max); Mean of Log-transformed Data (Mean-T); Mean of Normal Data (Mean-N). 

(1) Shapiro-Wilk W Test indicates data are log-normally distributed. 

(2) Mean concentration exceeds maximum detected concentration. Therefore, maximum concentration used for EPC. 

(3) Shapiro-Wilks W Test indicates data are normally distributed. 

(4) Shapiro-Wiiks W Test inconclusive. Use of mean (normal or transformed) that best fits the data 

according to the results of the Shapiro-Wilks W Test for EPC. 

N = Normal 

T = Transformed 

NP = Non-parametric 

J = Estimated Value 

05/13/2004 
8:30 Page 2 of 2 



Table 3.2.CT 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

CENTRAL TENDENCY 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring. Maryland 

Scenario Timeframe: Future 

Medium: Groundwater 
Exposure Medium: Air c 

Exposure Point 

l,2-Dibromoethsne 

fetraohloroethene 

Triohloroethene 

cis-1.2.Dichloroethene 

trans.1,2-Dichloroethene 

Vapors at Excavation 1 ,Z-Dtbromoethane 

Tatrachloroethene 

Trichloroethene 

W - Test: Developed by Shapiroand WUk, refer to Supplemental Guidance to RAGS: Calculating the Concentration Term, OSWER Directive 9285.7-081, May 1992. 

Options: Maximum Detected Value (Max); Mean of Log-transformed Data (Mean-T): Mean of Normal Data (Mean-N). 

(1) Shapiro-Wilk W Test indicates data are log-normally distributed. 

(2) Mean concentration exceeds maximum detected concentration. Therefore, maximum concentration used for EPC. 

(3) Shapiro-Wilks W Test indicates data are normally distributed. 
(4) Shapiro-Wllks W Test inconclusive. Use of mean (normal or transformed) that best fits the data 

according to the results of the Shapiro-Wilks W Test for EPC. 

N = Normal 

T = Transformed 

NP = Non-parametrkz 

J = Estimated Value 

\ 
I 

05/13/2004 
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TABLE 4.l.RME 

‘VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC - While Oak 

Silver SprinQ, Maryfand 

Receptor Population Parameter Definition Intake Equation/ 
Model Name 

Chemical Conoentration in Water 

Ingestion Rats of Water 

Exposure Frequency 

Exposure Duration 

Conversion Factor 1 

S%e Table 3.1.RME 

CW x IFt-W x EF x ED x CFl x l/SW x l/AT 

Chemloal Concentration in Water 

hQ0SttOtl Rate Of Water 

Exposure Frequency 

Exposure Duration 

Conversion Factor 1 

See Table 3.1.AME 

CW x IR-W x EF x ED x CFl x l/SW x l/AT 

AVeraQinQ Tim% (Cancer) 

eraging Time (Non-Cancer) 

CW x tR-W-Ad1 x EF x CFl x l/AT 

IR-W-Adj (titer-yeadkd-day) = 
Exposure Frequency (ED-C x mw-c I SW-C) * 

Exposure Duration, Adult (ED-Ax IR.W-A I EW-A) 

Exposure Duration, Child 
Conversion Factor 1 

Body Weight, Adult 



TABLE 4.1.AME 

VALUES USED FOR DAILY INTAKEOALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

ium: Groundwater 

Dermal 

Receptor PQpulation 

Resident 

Receptor Age 

Adult 

Exposure Point 

fedrook Aqutfer -Tap Water 

bedrock Aquifer - Tap Water 

Parameter Definition 

Chemical Concentration in Water 

Fractton absorbed water 

Permeability Coeftlctent 

Skfn Surface Area Available for Contaat 

Exposure Frequency 

Averaging Time (Cancer) 

Averaging Tlme (Non-Cancer) 

Conversion Factor 1 

Gonversion Factor 2 

Fraction absorbed Water 

Permeability Coeffloient 

nme to Reach Steadystate 
Ratio Of Permeability of StratUm CorneUm t0 

Skin Surfaoe Area Available for Contact 

Bxposure Frequency 

AveraQinQ Time (OanOer) 

Aversgino Time (Non-Cancer) 

Conversion Factor 1 

Conversion Factor 2 

Value 

See Table B.l.RME 

oatcufated 

chemical specific 

chemical speciflo 

chemical speclllc 

ohemioal specific 

ohemtcat specific 

0.56 

16,000 

1 

350 

24 

70 

26.550 

6.760 

0,001 

0.001 

See Table B.l.RME 

oatculated 

ohemioat specific 

ohamioal apecillc 

chemioai spsoific 

ohemlcal speclfb 

chemical 8pacillc 

1.0 

6.600 

1 

350 

6 

15 
25,550 

2190 

0.001 

O.M)l 

- 

Units 

lrsn 

nsJoms-event 
dlmenslonless 

emlhr 

hrlevent 

hours 

dimensionless 

hrlevent 

Oil? 
evantslday 

NQF- 
years 

ko 

days 

dars 
mow 

Woms 

aelr 

mglcms-event 
dimensionless 

omhr 

hoevent 

hours 

dimensionless 

hrlevent 

cm* 
aventslday 

days/year 

plS 

ko 

days 

‘Jays 

m&o 
Voms 

tntake Equation) 
Model Name 

DAevent x SA x EV x EF x ED x 1iBW x l/AT 

lnorgantos: DAevent (ma/ems-event) = 
KpxCWxL,,xCFlxCF2 

&,,,ct’: DAevent (mglcms-event) = 

2 x FA x Kp x CW x (sqrt((6 x v x t&/n)) 

t,,,zt’: DAevent (mgIcm*-event) = 

FAxKpxCWx(~~,J(l+B)+2xrx 

((1 + 38 + 3B*)/(l+B)s)) x CFl x CF2 

QAevent x SA x EV x EF I ED x i/SW x l/AT 

Inorganics: DAevent (mglcms-event) = 

&&t*: DAevent (mgJoms-event) = 

2 x FA x Kp x OW x (sqrt((6 x s x&J/n)) 

&+-t*: DAevent (m@m*-event) = 
FAxKpxCWx(~~~(i+B)+Zx?x 

((1 + 36 + 3Bs)/(l+B)s)) x CFl x CFZ 



TABLE 4.I.RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC - Whlte Oak 

Silver Spring, Maryland 

Fractton absorbed water 

Permeability Coefficient 

Time to Reach Steady-state 
Ratio of Permeability of Stratum Oorneum to 

Skin Surface Area, Adult 

&In Surface Area. Child 

Exposure Frequenoy 

Exposure Duration, Adult 

Exposure Duration, Ohlld 

t3ody Weight, Adult 

Body Weight, Child 
Averaging Time (Canoer) 

Conversion Factor 1 

DA-Adj = (Daevent-A x SA-A x ED-Ax l&W-A) 

+ (&went-C x SAG x ED-C x lA3W.C) 

Inorganlcs: DAevent (me/cm’-event) = 
Kp x OW x &.a x CFl x CF2 

&,,,st”: DAevent (m!@ms-event) = 

2 x FA x Kp x OW x (sqrt((S x T x t&/a)) 

b&=t’: DAevent (mLtrom*-event) = 

FAxK~xCWX(&‘(~&~)+~~?X 

((1 + 38 + SSsV(l+B)s)) x CFl x CF2 



TABLE 4.1 RME 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 
NSWO -White Oak 

Sliver Spring. Maryfend 

Medium: Groundwater 

Fteoeptor Population Parameter Deffnltion Intake Equation/ 
Model Name 

fJermal (continued) Ohemicaf ConCsntratfon In Wster 

Fraction absorbed water 

Permeability Coefficient 

Time to Reach Steady-state 

see Table 3.l.AME 
DAevent x SA x EV x EF x ED x IIBW x l/AT 

Inorganic% DAevent (mgfcm2-event) = 
Kp x CW x t,.., x CFl x CF2 

tw&‘: DAevent (me/cm*-event) e 

Skin Surface Area Available for Contact 2 x FA x Kp x CW x (sqrt((6 x T x t&/n)) 

Exposure Frequency 

Averaging Time (Cancer) 

Averaging Tfrtte (Non0ancer) 

Conversion Factor 1 

&+t? DAevent (mgh;m*-svsnt) = 

FAxKpxOWx(~~,.,l’(l+~))+2xrx 

((1 I. 36 * 3Bp)/(1tB)k)) x CFI x CF2 

(1) Professional Judgement based on oonstruotlon activities that would occur 5 hrs per day for the RME. 

(2) Assumed duration of constructfon projeot may be 112 a year. 

(3) Skfn surface area In oontact with groundwater assumed to be 30 percent of total surfaoe area (hands, forearms, lower legs, and feet). 

Sources: 

EPA, 1989: Risk Assessment Guidance for Superfund. Vol.1: Human Health Evaluation Manual. Part A. OERR. EPff540/1-59xM2. 

EPA, 1991: Risk Assessment Guicfance for Superfund, Vof.1: Human Health Evafuatfon Manuaf - Supplemental Guidance, Standard Default Exposure Factors. tnterim Final. OSWER Directive 9285.5-03. 

EPA, 1997: Exposure Factors Handbook. fE+VE5GP~95A302Fa. 

EPA, 2001: Risk Assessment Guidance for Superfund. Vol.1: Human Heslth Evafuation Manuaf (Part E, Supplemental Guidance for Dermal Risk Assessment) Interim. EPA’54tVRfSS/OD5. 



TABLE 4.2.RME 

VALUES USED FOR DA&Y INTAKE CALCULATIONS 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC _ White Oak 

Silver Spring, Maryfand 

Medium: Groundwater 

Receptor Population Parameter Definition Intake Equation/ 
Model Name 

Chsmlcal Concentratlon In Water 

Exposure Frequency 

Averagtng Tfme (Cancer) 

See Table 3.2.RME See Table 3.2.FtME Chronio Daily Intake (CDI) (m@kg-day) = 
InhExp f EF x ED x l/AT 

Foster & Chroetowskl Shower Inhalation Model 

Construction Worker Chemfoaf Concentration In Water 

Chemical Concentration in Air 

See Table 3.2.RME See Table 3.2.RME Chronic Daily Intake (CDI) (m@kg-day) = 

CAxlNxSTrEFxEDx1/BWx1/AT 

Exposure Frequency 

Exposure Duration 

CA catoulated us&f two-film model 

Notes: 

(1) ProfessIonal Judgement based on oonstructton actlvltles that would occur 3 hrs per day for the RME. 

(2) Assumed duration of construotfon project may be 112 a year. 

Sources: 

EPA, 1989: Risk Assessment Gutdance for Superfund. V0l.t: Human Health Evatuatlon Manual, Part A. OERR. EPA1540/1-891002. 

EPA, 1991: Risk Assessment Guidance for Superfund. Vof.1: Human Health Evaluation Manual - Supplemental Guldanoe, Standard Default Exposure Factors. Interim Anal. OSWER Directive 9255.6-03. 

EPA, 1997: Exposure Factors Handbook. EPAI6W/P-SLVW2Fa. 

Page 1 of 1 



TABLE 41 .CT 

VALUES USED FOR DAILY INTAKE GALOULATIONS 

OENTRAlTENDANOY 

Site 43 RFI Report 

NSWO - White Oak 

Silver Spring. Marykod 

Ohembal Concenlration In Water 

lngeatbn Rate of Waler 

Sqmurs Frequenoy 

SeeTebleS.l.OT 

OWxlR-WxEFxEDxCF1xiBWrt/AT 

OonverebnFa9lor 1 

Averaging Time (Oanoer) 

SeeTable3.1.OT See Table 3.1 .QT 

OW~~R-W~EF~ED~OF~~~BWXI/AT 

Averaging Time (Canoer) 

chemical Canoentmlbn b Water SeeTabte3.1.OT 

OW x IR.W-Adj x SF x OF1 xl/AT 

IR-W-AdJ (titer.year/kd.day) = 

(ED.0 x IR-W-0 l6W.O) * 

(EDdxlR*W-A/BW.A) 

Averaging Time (Canoer) 

/’ 

Page 1 of 4 



TABLE4.1.C-f 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRAL TENDANCY 

SIN49 RFI Report 

NSWO - WhHe Oak 

Silver Sprina Maryland 

Soensrb TImeframe: 

Receptw Popuhttkn Parameter Deflnltbn Intake Equation! 
Model Name 

DAeventxSAx N xEFxED rl/BW x t/AT 

FA FwAkn absorbed water ohemkal speottk dknensbnless EP4 2001 

KP PermeabiltQOoeffkknt ohemkal speoilb Omihr EPA 2001 Inorganbs: DAwent (mgkm%wnt) = 

7 Lag Time chemkal speoifb h&vent EPA, 2001 Kpx0Wx~x0F1~0F2 

r Tims to Reach Steadygtate chemkal sps(iiiii hour3 EPA, 2001 
Ratk of Permaabiliiof Stratum Oorneum to chemkalsp&ii dimensknlw EPA 2001 Organks : 

+6w EventTIme 0.25 hrlevent EPA, ZW1 t+.,,ct’: DAevent (mg/cm*-event) = 

SA Skin Surfsoe Area Avallabls for Contaot 13,000 cm* EPA, 2001 2 x FA x Kp x GW x fwt((6 XT X L,w,wr)ln)j 

N Event Frequency 1 sventalday EPA, 2001 xOF1 xOF2 

EF Eiq~osure Frequency 234 d&year EPA, 1333 

ED b&wlre m!ratkn 8 years EPA 2001 b.,&t’: D&vent (mgbm*-event) - 

w !MJy Weight 70 k-a EPA, 1881 FAxKpxOWx(~/(l+S)+2X76 

AT-C Avemgbg Time (Csnoer) 25.550 days EPA lam ((I + 38 + 3BP)/(i+S)*)) x OF1 x OF2 

AT-N Averaging The (Non.Cancer) 3,235 days EPA, 1338 

OF1 Oonverakn Fackr 1 0.001 wka . . 

OF2 Converskn Factor 2 0.001 vcd . . 

Child Bedrook Aquifer- Tap Water CW Chemks, Ooncenbatbn In Watwr SW Table 3.1 .OT .J@ See Table 3.t.OT CC0 (wkg-day) = 

D&vent Dermally Absorbed Dose per Event calculated ms/cm*went GakUkl%d DAeventxSAxEVxEFxEDxlBWxl/AT 

FA Fraobn absorbed water chemical speoifk dtmensbnless EPA, 2301 

Kp PermeabiltQCoeffkknt chembal speolfk amihr EPA, 2001 tnorgsnbs: DAevent (mg/Gm*went) = 

% Lag Tim. chemkal speolfk hdwent EPA. 2031 KpxGWx&,,xCFlxOF2 

r Tkne to Reach Steady.~tate chemical spwHk hwra EPA, 2CUt 

B 
Ratb of Permeability of Stratum Cornsum to 
wdermk 

chemkal speoilk dlmensbnlw EPA, 2001 organka : 

bm Nsnt Tlrne 0.33 h&went &a’: DAevent (mplom%wnt) i 

SA Skin Surfwe Area Available for Contact 6,600 9m* EPA 2001 2 x FA x Kp x CW x (wt((3 x VX te.wM)/rr)) 

N liwtt FreqUen~?y 1 eve&/day EPA. 2001 xCF1 xCFZ 

EF EwJaure Frwuenoy 234 dayslyear EP4 1383 

ED Ewasure Duralkn s YWWI EPA. 2001 b,&t’: DAewnt (m~cm2-svw!t) P 

BW wweiant 15 ka EPA, IS31 FAxlyrxCWx(t+&(1+6)+3x~X 

AT.0 Avsragkg Time (Cancer) 25,530 days EPA, 1333 ((I + 38 + 3B*)/(ltB)*)) x OF1 x CF2 

AT-N Avemgbg ‘l?+ne (Non-Oanoert 2190 days EPA 1838 

OF1 Conversion Factor 1 0.001 mwd .* 

OF2 Oonvwbn Fackr 2 0.001 V9m’ .- 
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TABLE 4.1 .OT 

VALUES “SE0 FOR DAlLY INTAKE CALCULATIONS 

OENTRALTENDANOY 

Site 49 RFI Report 

NSWG . White Oak 

SUver Spring, Marytsnd 

odium: Cirwndwter 

Rsoeptar Populatkn Paremeter Definibn 

Oermal (wntbuod) 

malty Absorbed DOBB per Event, Adult 

matlyAb8orbed Owe per Event, Chttd 

mally Abwrbttd Dose, Agcadjuated 

atkn absorbed water 

GDt (mr&aday) = DA-Adi x EF x l/AT 

DA.Adj I (Daever,t.AxSA-Ax ED-Ax IIBW-A) 

+ (Oaevent-C x SA-C x ED.0 Y l/BW-C) 

Inorganic% DABvent (ma/Gm%wIt) = 

KpxOWx~~xOF1xOF2 

Utyof Stratutn Mrneumto 

&&I? DAwnI (m~cm*went) P 

2 x FAX Kp x GW x (sctrt((6 xrx+e,wJln)) 

DAevent (m(llcm%vent) = 

FAxKpxOWx(t&(l+S)+2x?x 

((1 +~S+~B~)I(I+B)~]XOFI xCF2 

i 
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TABLE 4.1 .GT 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

CENTRALTENDPNOY 

siie 48 RR Report 

NSWO - WhteOak 

Silver Spring. Maryland 

fleoeptor P&latbn 

Oonskuetbn Worker 

Receptor Age Ewosure Point 

%dmok Aqu”er - Tap Water 

Skin Surface Area Available for Contact 

Averaging Time (Cancer) 

Averaging Time (Non-Canoe11 

Conw8bn FNQIQI 1 

OF2 Omverabn Factor 2 
- 

See Table 3.4.CT 

0alcJated 

ohembalapecifb 

chemical ~pecifb 

ohembal apwifb 

ohs&al sp&lfff 

chembalrrpeCifc 
4 

6,000 

125 

' 
70 

25,550 

366 

0.w 

0.001 - 

(1) Profeeabnal fudgemew assuming l/2 RMEvalue torOT. 

(2) Auwtmd dwatbn of wnetfuatbn prolea\ maybe l/2 a year. 

(3) Skfn aurfaoe eraa fn contact with groundwater assumed b be 30peroentof total wfece area (hands. forearms, towel few, and feel). 

EPA lQ39: Risk Awsaament Gt!klance for Superfund, Vol.1: Human Health Evaluation Manual, Part A. OERR. EPAJS4O/l~ttB/002. 

EP4 last: fiiik Awwmenl Oukianee for Superfund. Vol.1: Human Health Ewluatbn t&must - Supplementat QukJanoe, StandardOefault Ewosure Factors. Interim Find. OSWER Dufathre 82858-03. 

EPA, 1893: Supertund’s Steadard Defeull E@owre Faotw for the Central Tendency and ReasonableMa~mum Ewsure, 

EP41887: Eqxaure Pactore Handbook. EP~!5GO/P.SYO%?Fa. 

BP4 2w: Aisk A8sewnent Quidance for Superfund. Vof.1: Human Neatth Bwdualbn Manual (Part E, Supplemental Qufdanoe for Dermal AY Assssrment) hteriw. EPA1540m/BB1005. 

RetbnaW 
Refwenoe 

See Table 3.4.FT 

caloulaled 

EPA 2001 

EPA. 2001 

EPA, 2001 

EPA, 2001 

EPA,2001 

(2) 

EPA, 1997, (3) 

EP4 2001 

(9 
EPA, 1801 

EPA, ,891 

EPA, ,938 

EPA, 1860 

._ 
-. 

Intake Equalbd 
Model Name 

Dl (@kg-day) - 

Aevent x SA x EV x EF x ED Y 1iBW x l/AT 

orgsnbs: OAevent (m&&wd) = 

KpxOWx~,,xCF1xOF2 

rganios : 

,&‘i DAevent (mplcm*.event) = 

xF4ri@xOWx(sqrt((Sx?~~~~)) 

xOFlXCF2 

&.t*: DAwwnt (mglom%vent) = 

FAxKpxGWx(~(l+B)c2xzx 

((1 +3B+3Sp)/(1+B)$ xCFI xCF2 
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TABLE 4.2.CT 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
CENTRALTENDANCY 

NSWC -White Oak 
Silver Sprint, Maryland 

Medium: Groundwater 

Receptor Population Parameter Deflnlllon Inlake EquatIonI 
Model Name 

ChemfcQl Concenlrtdion In Water 

Inhalation Exposure per Shower 

Exposure Frequency 

Averaging Time (Cancer) 

Averaging Time (Non-Ganoer) 

See Table 3.2.CT See Tabte 3.2.CT Chronic Dally Intake (CDI) (mg/kg-day) = 

InhExpxEFx EDu l/AT 

Foster & Chrostowskl Shower Inhalation Model 

Chembal Conoentratfon In Air 

Exposure Frequency 

CAxiNxFTxEFxEDxl/BWxllAT 

CA calculated using two-film model 

Notes: 

(1) Professionti Judgement assuming l/2 the RME value for the CT. 

(2) Assumed duration of construction project may ba 112 a year. 

SOUWW 
EPA, 1999: Risk Assessment Quidance for Superfund. Vof.1: Human Health Evaluation Manual, Part A, OEAR. EPA’54Wl-59IOO2. 

EPA, 1991: Risk Assessment Guidance for Suprfund. Vol.1: Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors. Interim Ffnal. OSWEA Directive 92(15.6-03. 

EPA, 1999: Superfund’s Standard Default Expixure Factors for theCentralTendenoyand Reasonable Maximum Exposure, 
EPA, 199’1: Exposure Factors Handbook. EPA@Xa’P-95/L?X3=~. 



Chemical 

of Potential 
Concern 

Aluminum 

Arsenic 

Arsenic 

Chloroform 

Chloroform 

Chromium (Vi) 

Chromium (VI) 

Copper 

Copper 

1,2-Dibromoethane 

Dichloroethylene-I,2 cis 

Dichloroethylene-I,2 cis 

Dichloroethylene-1,2 trans 

Dlchloroethylene-I,2 trans 

IIron 

Lead 

Manganese (non-food) 

Nickel. Soluble Salts 

Nickel, Soluble Salts 

Tetrachloroethylene 

Tetrachloroethylene 

Trichloroethylene 

Vanadium 

Vinyl chloride 

Chronic/ 

Subchronic 

Chronic 

Chronic 

Subchronic 

Chronic 

Subchronic 

Chronic 

Subchronic 

Chronic 

Subchronic 

NA 

Chronic 

Subchronic 

Chronic 

Subchronio 

Chronic 

NA 

Chronic 

Chronic 

Subohranic 

Chronic 

Subchronic 

Chronic 

Chronic 

Chronic 

Oral RfD 

Value 

1 .OE*OO 

3.OE-04 

3.OE-04 

1 .OE-02 

l.OE-02 

3.OE-03 

2.OE-02 

4.OE-02 

4.OE.02 

NA 

l.OE-02 

1 .OE-01 

2.OE-02 

2.OE-01 

3.OE-01 

NA 

Z.OE-02 

2.OE-02 

2.OE-02 

l*OE-02 

l.OE-01 

6.OE-03 

l.OE-03 

3.OE-63 

Units 

mglkg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mg/kg-day 

NA 

mglkg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

NA 

mglkg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

TABLE 5.1 
NON-CANCER TOXICITY DATA -- ORALIDERMAL 

Site 49 RFI Report 
NSWC White oak 

Silver Spring, Maryland 

Oral Absorption 

EffTclency for Derma 

(1) 

NA 

0.95 

0.95 

NA 

NA 

0.025 

0.025 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

0.04 

0.04 

0.04 

NA 

NA 

NA 

0.026 

NA 

Absorbed RfD for Dermal(2) 

Value 

1 .OE+OO 

3.OE-04 

3,OE-04 

l.OE-02 

1 .OE-02 

7.5E-05 

5.OE-04 

4.OE-02 

4.OE-02 

NA 

l.OE-02 

1 .OE-ol 

2.OE-02 

2.OE-01 

3.OE-01 

NA 

8.0E-04 

8.OE-04 

8.OE.04 

1 .OE-02 

1 .OE-01 

6.OE-03 

2.6E-05 

3.OE-03 

Units 

mg/kg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

NA 

mg/kg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

mglkg-day 

NA 

mg/kg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mg/kg-day 

mglkg-day 

mglkg-day 

mglkg-day 

Primary 

Target 
Organ(s) 

Combined 

Jncertalnty/Modifyinr 
Factors 

Central Nervous System 100 

Skin, Vascular 311 

Skin, Vascular 3 

Liver 1000 

Liver 1000 

NOAEL 30013 

NOAEL 100 

Gastrointestinal NA 

Gastrointestinal NA 

NA NA 

Blood 3000 

Blood 300 

Blood 1000 

Blood 100 

Gastrointestinal 1 

NA NA 

:entral Nervous System 1 

Decreased Weight 300/l 

Recreased Weight 300 

Liver, Weight Gain 1000/1 

Liver 100 

Liver, Kidney, Fetus 3000 

Kidney 100 

Liver 30/l 

RfD:Target Organ(s) 

Source(s) 

NCEA 

IRIS 

HEAST 

IRIS 

HEAST 

IRIS 

HEAST 

HEAST 

HEAST 

NA 

HEAST 

HEAST 

IRIS 

HEAST 

NCEA 

NA 

IRIS 

IRIS 

HEAST 

IRIS 

IRIS 

NCEA 

NCEA 

IRIS 

Date(s) 
(MM/DD/WYY) 

06/21/2001 

04/l l/2003 

07/01/1997 

04/l l/2003 

07/01/1997 

04/11/2003 

07/01/1997 

07/01/1997 

07/01/1997 

NA 

07/01/1997 

07/0111997 

04/l I /2003 

07/01/1997 

06/21/01 

NA 

04/l l/2003 

04/l l/2003 

07/01/1997 

04/l If2003 

04/l l/2003 

1997 

05/01/2000 

04/11/2003 



TABLE 5.1 
NON-CANCER TOXICITY DATA - ORALIDERMAL 

Site 49 RFI Report 
NSWC White oak 

Silver Spring, Maryland 

Chemical Chemical 

of Potential of Potential 
Concern Concern 

Footnote Instructions: Footnote Instructions: 

Chronic/ 

Subchronic 
I Oral RfD Primary Combined 

Target tJncertainty/Modifyir 

Organ(s) Factors 

(1) Source: Risk Assessment Guidance for Superfund. Volume 1: Human Health Definitions: NA = Not Available 

Evalution Manual (Part E, Supplemental Guidance for Dermal Risk Assessment (Interim). IRIS = Integrated Risk Information System 

Section 4.2 and Exhibit 4-I. USEPA recommends that the oral RfD should not be adjusted to HEAST = Health Effects Summary Tables 

estimate the absorbed dose for compounds when the absorption efficiency is greater than 50%. 

Constituents that do not have oral absorption efficiencies reported on this table 

were assumed to have an oral absorption efficiency of 100%. 

(2) See Risk Assessment text for the derivation of the “Absorbed RfD for Dermal” 

NCEA = National Center for Environmental Assessment 

RfD:Target Organ(s) 



Chemical 

of Potential 

Concern 

Aluminum 

Arsenic 

Chloroform 

Chromium (Vi) 

Copper 

l.P-Dibromoethane 

l,P-Dibromoethane 

Dichloroethylene-I,2 cis 

Dichloroethylene-I,2 trans 

Iron 

Manganese (non-food) 

Nickel 

Tetrachloroethylene 

Trichloroethylene 

Vanadium 

Vinyl chloride 

Chronic/ 

Subchronic 

Chronic 

NA 

Chronic 

Chronic 

NA 

Chronic 

Subchronic 

NA 

NA 

NA 

Chronic 

NA 

Chronic 

NA 

NA 

Chronic 

TABLE 5.2 

NON-CANCER TOXICITY DATA -. INHALATION 

Site 49 RFI Report 

NSWC White Oak 

Silver Spring, Maryland 

Inhalation RfC 

Value 

5.OE-63 

NA 

4.9E-02 

8.OE-06 

NA 

2,OOE-04 

2.00E-03 

NA 

NA 

NA 

5.OE-05 

NA 

4.9&01 

NA 

NA 

9.8602 

Units 

mglm3 

NA 

mglm3 

mglm3 

NA 

mglm3 

mglm3 

NA 

NA 

NA 

mgJm3 

NA 

mglm3 

NA 

NA 

mgtm3 

Extrapolated RfD (1) 

Value 

1.4E-03 

NA 

1.4E-02 

2.2E-06 

NA 

5.7E-05 

5.7E-04 

NA 

NA 

NA 

1.4E-05 

NA 

1.4E-01 

NA 

NA 

2.8E-02 

Units 

Primary 

Target 

Organ(s) 

mglkglday CNS 

NA NA 

mglkglday Liver, Kidney 

mglkglday Nasal 

NA NA 

mglkglday Sperm 

mglkglday Sperm 

NA NA 

NA NA 

NA NA 

mglkglday :entral Nervous System 

NA NA 

mglkglday Liver, Whole Body 

NA NA 

NA NA 

mglkglday Liver 

Combined 

Uncertainty/Modifying 

Factors 

300 

NA 

10 

300 

NA 

1 E+03 

1 E+02 

NA 

NA 

NA 

1000/1 

NA 

NA 

NA 

NA 

30/l 

RfC : Target Organ(s) 

NCEA 

NA 

NCEA 

IRIS 

NA 

HEAST 

HEAST 

NA 

NA 

NA 

IRIS 

NA 

NCEA 

NA 

NA 

IRIS 

(1) See Risk Assessment text for the derivation of the “Extrapolated WD”. Definitions: NA = Not Available 

IRIS = Integrated Risk Information System 

HEAST = Health Effects Summary Tables 

NCEA = National Center for Environmental Assessment 

Date(s) 

(MMIDDIYYYY) 

08113/l 999 

NA 

12/01/1997 

04/l II2003 

NA 

7/I 997 

7/l 997 

NA 

NA 

NA 

0411 l/2003 

NA 

1 O/l 999 

NA 

NA 

0411 II2063 
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Aluminum NA 

Arsenic 1.5E+OO 

Chloroform NA 

Chromium (VI) NA 

Copper NA 

1,2-Dibromoethane 8.5E+ol 

Dichloroethylene-I.2 cis NA 

Dichloroethylene-I,2 tran NA 

Iron NA 

Lead NA 

Manganese NA 

Nickel NA 

Tetrachloroethylene 5.4E-01 

Trlchloroethylene l.lE-02 

Vanadium NA 

Vinyl chloride (from birth) 1.4E*OO 

Vinyl chloride (adult) 7.2E-01 

Oral Cancer Slope Factor 

Value Units 

NA 

llmgtkg-day 

NA 

NA 

NA 

llmglkg-day 

NA 

NA 

NA 

NA 

NA 

NA 

l/mg/kg-day 

llmglkg-day 

NA 

llmglkg-day 

l/mg/kg-day 

- 

T 

TABLE 8.1 

CANCER TOXICITY DATA -- ORAUDERMAL 

Site 49 RFI Report 

NSWC White Oak 

Silver Spring, Maryland 

Oral Absorption 

Efficiency for Derma 

(1) 

NA 

0.95 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

T Absorbed Cancer Slope Facto 

for I 

Value 

NA 

1.5E*oo 

NA 

NA 

NA 

8.5E+Ol 

NA 

NA 

NA 

NA 

NA 

NA 

5.4E-01 

l.lE-02 

NA 

1.4E+OO 

7.2E.01 

mal 

Units 

NA 

l/mg/kg-day 

NA 

NA 

NA 

l/mg/kg-day 

NA 

NA 

NA 

NA 

NA 

NA 

l/mg/kg-day 

l/mg/kg-day 

NA 

llmglkg-day 

Ilmglkg-day 

- 

T r 1 A/eight of Evidence 

Cancer Guideline 
Description 

NA 

A 

NA 

D 

D 

82 

D 

D 

NA 

82 

D 

NA 

Bl 

NA 

A 

A 

Oral CSF 

Source(s) 

NA 

IRIS 

NA 

IRIS 

IRIS 

IRIS 

IRIS 

IRIS 

NA 

IRIS 

IRIS 

NA 

NCEA 

NCEA 

NA 

IRtS 

IRIS 

Date(s) 

(MM/DD/YYYY) 

NA 

04/l 4/2003 

NA 

04/l 4/2003 

04/l 4/2003 

04/I 412003 

04/l 4/2003 

04/14/2003 

NA 

04/14/2003 

04/14/2003 

NA 

1997 

NA 

04/l 412003 

(1) Source: Risk Assessment Guidance for Superfund. Volume 1: Human Health Definitions: 

Evalution Manual (Part E, Supplemental Guidance for Dermal Risk Assessment (Interim). 

Section 4.2 and Exhibit 4-l. USEPA recommends that the oral RfD should not be adjusted to 

estimate the absorbed dose for compounds when the absorption efficiency is greater than 50%. 

Constituents that do not have oral absorption efficiencies reported on this table 

NA = Not Available 

IRIS = Integrated Risk Information System 

HEAST = Heatth Effects Summary Tables 

NCEA = National Center for Environmental Assessment 



Chemical 

of Potential 

Concern 

Unit Risk 

Value 

Aluminum NA 

Arsenic 4.3803 

Chloroform 2.3E-05 

Chromium (VI) 1.2E-02 

Copper NA 

1,2-Dibromoethane 1.2E-02 

Dichloroethylene-I,2 cis NA 

Dichforoethylene-f ,2 trans NA 

Iron NA 

Lead NA 

Manganese NA 

Nickel, Refinery Dust 2.4E-04 

Tetrachloroethylene 5.7E-06 

Trichloroethylene 1.7E.06 

Vanadium NA 

Vinyl chloride (from birth) 8.8E-06 

Vinyl chloride (adult) 4.4E-06 

I : 

‘a ? 

TABLE 6.2 

CANCER TOXICITY DATA - INHALATION 

Site 49 RFI Report 

NSWC White oak 

Silver Spring, Maryland 

Units 

NA 

lluglm3 

lluglm3 

lluglm3 

NA 

IluglmJ 

NA 

NA 

NA 

NA 

NA 

lluglm3 

1 fug/m3 

l/ug/m3 

NA 

lluglm3 

I lug/m3 

Inhalation Cancer Slope Factor 

units Value 

NA 

15E*Ol 

8.1 E-02 

4.1E+Ol 

NA 

7.6E-01 

NA 

NA 

NA 

NA 

NA 

8.4E-01 

2.OE-02 

6.OE-03 

NA 

3.1E-02 

1,5E-02 

NA 

Ilmglkg-day 

llmglkg-day 

Ilmglkg-day 

NA 

llmglkg-day 

NA 

NA 

NA 

NA 

NA 

Ilmglkg-day 

l/mg/kg-day 

llmglkg-day 

NA 

1 Imglkg-day 

llmglkg-day 

Definitions: NA = Not Available 

Weight of Evidence/ 

Cancer Guideline 

Description 

NA 

A 

82 

A 

D 

82 

D 

NA 

NA 

82 

D 

A 

B1 

NA 

A 

A 

Unit Risk : Inhalation CSF 

Source(s) 

NA 

IRIS 

IRIS 

IRIS 

IRIS 

IRIS 

IRIS 

NA 

NA 

IRIS 

IRIS 

IRIS 

NCEA 

NCEA 

NA 

IRIS 

IRIS 

IRIS = Integrated Risk Information System 

HEAST = Health Effects Summary Tables 

NCEA = National Center for Environmental Assessment 

i 
ii 

/’ 

Date(s) 

(MMIDDIYYYY) 

NA 

04/14/2003 

04l14l2003 

04/14t2003 

04l14l2003 

04l14l2003 

04l14l2003 

NA 

NA 

04l14l2003 

04/14/2003 

04i1412003 

1997 

NA 

04/1412003 

04l14/2003 



TABLE 7.l.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

site 49 WI Report 

NSWC - White Oak 

Silver Spring, Maryland 

Scenario Timeframe: Future I 

Rewptor Population: Resident 

I,Rer eptor Aqe: Adult , 

- 

Value 

- 

3.3E+O 

2.5E+O 

l.lE+o( 

4.4EtO: 

5.7E*Ot 

l.lE+O: 

3.2E+Ol 

4.98+0: 

7Jxt01 

1.4E104 

2.3E+O: 

5.7EtOl 

1.7E+Ol 

- 

x%+01 

2.5E+Ol 

l.lE+OO 

4.4E+03 

5.7E+OO 

1.1Et03 

3.2E+Ol 

4.9E+O3 

7.Fz+01 

1.4E+04 

2.31+03 

5.7E+Ol 

1.7Etol 

- 
units 

- 

UQlL 

l&l/L 

l&l/L 

ug/L 

UQIL 

UQIL 

u9n. 

ug/L 

ugn. 

uofl 

ugn 

us& 
ug/L 

- 

- 

UglL 

&f/L 

uon. 

U9lL 

ugn. 

uen 

UglL 

ugn 

UglL 

UglL 

w/L 

@g/L 

U9IL - 

Medium Exposure Mediu” Exposure Point Chemical of 
Pcdentiaf concern 

1,2-Dibromoethane 

Chloroform 

Tetmohlomethene 

Trlphlomsthsne 

Vinyl chloride 

ois-1,2~Dichloroethe”e 

:re”s-1,20iohlcmethe”e 

Atumtnum 

Chromium 

IrOn 

Manganese 

Nlokel 

Vanadium 

1,2-Dibromoethane 

Chfomform 

Tetraohlomethene 

Trtqhlomethene 

Vinyl chloride 

ois-1.2.Diohlomethene 

‘ans-7.2~Dlchloroethene 

Aluminum 

Chromium 

Iron 

Manganese 

Nickel 

Vanadium 

CC! 

itake/Exoosure Conoentretl 

NA 

l.OE.02 

1 .OE-02 

6.OE-03 

3.0E.03 

1 .OE-02 

2.OG02 

1 .OE+OO 

3.OE.03 

3.OE.01 

Z.OE-02 

2.OE-02 

l.OE-03 

:ulations 
r 

Units 

NA 

mglkgldsy 

ma/kg/day 

mg/kg/day 

mg/kg/day 

mglkglday 

mglkgglday 

mglkglday 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Canoer Ris 

g.lE.04 

6.6E.04 

3.OE.05 

1.2E-01 

1.6E.04 

3.0E.02 

8.78-04 

1.4E-01 

2.1 E-03 

3.9E.01 

6.3E-02 

1.6E.03 

4.6E.04 

3.9&05 

6.2E.05 

1.68.05 

2.1E-02 

l AE-05 

2.78-03 

7.7E-05 

7.1 E-04 

2.2605 

2.OE.03 

3.3E-04 

1.6E.06 

tazard Ctuotts 

NA 

NA 

NA 

NA 

NA 

NA 

N A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Groundwater Bedrock Aquifer* Taf 
water Ingestion 

2~. Total Route 

DR”“El 

NA 

6.6&02 

3.OE.03 

2.OE+Ol 

5.28.02 

3.OE+OO 

4.38-02 

.1.4E.Ol 

6.9E-01 

1 .%+oo 

3.1E+OO 

7.9E.02 

4.6E.01 

=??%z= 
e&Kxa 

NA 

6.2&03 

1.8E.03 

3.5woo 

4.6E.03 

2.7h01 

3.9E.03 

7.lE-04 

2.9E-01 

6.TE-03 

4.1E.01 

2.lE.03 

9.2E-92 

=75E= 

3.4E+01 

34E+01 
- 

!Jg/L 

ug/L 

llg/L 

UQlL 

UglL 

ug/L 

ug/L 

U9lL 

W 

“9/L 

ug/L 

UglL 

UglL 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

A 
O.OE+OO 

NA 

NA 

NA 

N4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5437 

7kzz 

00E+00 
a?iwxxa 

--, 
malkaldav --. 
mg/kg/day 

mglkgldsy 

mglkglday 

ledrook Aquifer. Tap 
W&r 

Groundwtsr 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

uglL 

&t/L 

LlglL 

l&l/L 

UfJlL 

ug/L 

&f/L 

w/L 

U9lL 

ug/L 

l&l/L 

4911 

UdL 

NA 

l.OE-02 

1.0602 

B.OE-03 

3.0E-63 

1 .OE-02 

2.OE-02 

1 .os+oo 

7.5E.06 

3.0601 

8.OE.04 

8.OE-04 

2.6E.05 

NA 

mglkglday 

mglkglday 

“w/kg/day 

ma/kg/day 

mglkglday 

mglkglday 

mg/kg/day 

mg/kg/day 

mgfkglday 

mg/kg/dsy 

mg/kg/day 

m&g/day 



TABLE 7,l.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

REASONAQLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC - While Oak 

Silver Spring. Maryland 

Bedrock Aquifer - Water 
Vapw at Showshead 

Tetraohlomelhene 

Notes- 
DAevent for exposure to groundwater calculated on Table GJ.l.RME Supplement A. 
EPC for inhalation of volatiles from groundwater from shower calculated on Table G-7.1 .RME Supplement 6. 



?.2-Dibromoethane 

Chloroform 

Tetrachforoethylene 

Trichloroethytene 

Vinyl chloride 

cis-t,%Dic.hloroethene 

trans-?,2-Dichloroethene 

Aluminum 

Chromium 

iron 

Manganese 

Nickel 

Vanadium 

TabIe 7.?.RME Supplement A 

Calculation of DAevent 

Adult Resident, Bedrock Aquifer Groundwater 

site 49 RFI Report 

NSWC - White Oak \ 
Silver Spring, Maryland 

;roundwater 

Water 

:oncentratior 

Kw 
wm 

3.3E+Ol 

25E+Ol 

i.?E+OC 

4.4E+OZ 

5.7E+O( 

l.?E+O: 

3.2E+Ol 

4.9E+o: 

7.6E+Ol 

1.4E+Od 

2.3EiO: 

5.7E+01 

?.7E+Ol 

Permeability 

Coefficient 

(KP) 

(c&r) 

2.OE-03 

6.8E-03 

3.3E-02 

1.2E-02 

5.6E-03 

7.7E-03 

7.7E-03 

; 1.OE-03 

2.OE-03 

?.OE-O3 

Z.OE-03 

2.OE-04 

I .OE-03 

Inorganics: DAevent (mg/cm2-event) = 

Kp x CW x tevent x 0.001 mgiug x 0.001 t/cm3 (eq I) 

B 

?.?E-02 I .2E+OO 2.8E+OO 

2.9E-02 5.OE-01 ?.2!xKl 

1.6E-01 9.1E-01 2.2E+OO 

5.3E-02 5.8E-O? I .4E+OO 

1.7E-02 2.4E-01 5.7E-01 

2.9E-02 3.7E-01 8.9E-01 

2.9E-02 3.=-01 8.9E-01 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

NA NA NA 

Lag 
Time 

kVE3lJ 

(W 

t* 
(W 

Fraction 

Jxorbed Wate 

WI 
dimensionless] 

1 .OE+oO 

?.OE+OO 

?.OE+OO 

l.OE+OO 

l.oE+oo 

l.OE+OO 

I .OE+OO 

NA 

NA 

NA 

NA 

NA 

NA 

Duration 

of Event 

(tevent) 

W) - 
0.58 

0.58 

0.58 

0.58 

0.58 

0.58 

0.58 

0.58 

0.58 

0.58 

0.58 

0.58 

0.58 

- 

DAevent 
mg/cmz-event: 

I .6E-O7 

2.5E-07 

?.3E-08 

8.5E-05 

5.6E-0% 

l.?E-05 

3.1 E-07 

2.9E-06 

8.8E-08 

8.2E-06 

1.3E-06 

6.7E-09 

9.7E-09 

Organics: DAevent (mg/cmZ-event) = 

teventst”: DAevent (mg/cm2-event) = 

2 x FA x Kp x CW x (sqrt((6 x 7eMnt x tevent)/z)) x 0.001 mg/ug x 0.001 i/cm3 (eq 2) 

tevent>t*: DAevent (mg/cmZ-event) = 

FA x Kp x CW x ( tevent/(?+B) + 2 x z,, x ((1 + 3xB + 3xB’)/(l+Bp) x 0.001 mg/ug x 0.001 l/cm3 (eq 3) 

Notes: 

Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, 

Supplemental Guidance for Dermal Risk Assessment). EPA/540/R!99/005. 

NA - not applicable. 

Eq 
2 

2 

2 

2 

3 

2 

2 

1 

1 

1 

I 

1 

2 
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Table 7.I.RME Supplement B 
inhalation Exposure Concentrations from Foster and Chrostowski Shower Model 

Site 49 RFI Report 
NSWC - White-Oak 

Silver Spring, Maryland 
I I I I I I I I I 1 calculated 
Exposure Point Molecular Henry’s Law 
Concentration weight (HH) Constant (H) Kg (VOC) KI(VOC) Kal 

Chemical Cwo (mgll) (g/mole) (atm-m?mole) (cmlhr) (cmlhr) (c$v) (cmlhr) 
1 ,2-Dibromoethane 3.3B02 1 .QE+O2 3.20E.04 9.2E+02 9.6E+OO 5.4E+OO 7.3E*OO 

Chloroform 2.5E-02 1,2E+O2 2.87E-03 1.2E*03 1.2E*Ol l.lE+Ql 1 ,SE*Ol 

Tetrachloroethene I .I E-03 1,7E+02 2.59802 9.9E+02 1 .OE+Ol 1 .QE+Ol 1 .4E+Ql 

Trichlomethene 4.4!z+oo . 1.3E+02 1.03E-02 ’ l.lE+03 1.2E*01 l.lE*Ql l,SE*Oi 

Vinyl Chloride 6.7E-03 6.3E+Ol 8.19E-02 1.6E+03 1.7E+Ql- 1.7E+Ql 2.3E+Ol 

cis-1,2-Dichtoroethene 1.1!300 9.7E+ol 7.58E-03 1.3E+03 1*3E+ol 1.3E+OI l.BE+Ol 

trsns-1 ,P-Dichloroethene 3.2E-02 9.7E*Ol 6.56E-03 1.3bO3 1.3E+ol 1.3E+ol 1.8E+Ql 

Variables Units Exposure Assumptions 
Kg(VOC) = gas-film mass transfer COeffiCient cmlhr Solved by Eq 1 
KI(VOC) = IiquiMilm mass transfer COeffiCient cmlhr Solved by Eq 2 
KL = overall mass transfer coefficient cm/hr Solved by Eq 3 
Kal = adjusted overall mass transfer coeff. cmlhr Solved by Eq 4 
TI = Calibration temp. of Water K (ZOC +273) 293 
Ts = Shower water temperature k (4%) 318 

Us = water viscosity at Ts centipoise 0.596 
UI = water viscosity at TI CP 1.002 
Cwd = cont. leaving droplets after time sdt ugll Solved by Eq 5 
sdt = shower droplet drop time set 2 
d = shower droplet diameter mm 1 
FR = shower water flow rate llmin 20 

SV = shower room air volume m3 3 

S = Indoor VOC generation rate uglm3-min Solved by Eq 6 
VR = ventilation ;ate IImin 13.81 

Variables Units Exposure Assumptions. 

Inhalation 
Cwd S (mg/m3. Exposlrre (Einh] 

b-d) min) (mglkglshower) 
7.2E-03 4.8C02 9.88.07 
9.8E-03 ME-02 1.3508 
4.1E-04 2.7&03 5.SB08 
1.8E+OO 1,2E+Ql 2.4E-04 
3.OE-03 2.QE-02 4.1 E-07 
4.9E-01 3.3!z+oo 6.8E.05 
1.4E-02 B.3E-02 1 .SE-08 

BW = body weight kti 70 
Ds = duration of shower min 12 
Dt = total duration In shower room min 15 

R = air exchange rate min“ 0.0083 
Ca = indoor air concentration of VOCs uglm” Solved by Eq 7 
Einh = inhalation exposure per shower mglkglshower Solved by Eq 8 

Equation 1: Kg(VOC) = 3000 * (18 /. HH)“*b 

Equation 2: KI(VOC) = 20 * (44 I HH)a,5 

Equation 3: KL= ((I/ KI(VOC)) + (0.024 I (Kg (VOC) * H)))” 

Equation 4: Kal = (KL * (((Tl * Us) I (Ts * Ul))9.5)) 
Equation 5: Cwd= (Cwo * (I-EXP((-1 * Kal * sdt)/(60 * d)))) 
Equation 6: s= (Cwd * FR I SV) 
Equation 7: see time series example on Table I-GW-5 
Equation 8: Einh = If taps (((VR * S) I (BW * R * 1000000)) * 

((OS + (EXP(-R * Dt) / R)-(EXP(R * 

I (Ds - Dt))) I R))) 1 
Henry’s Law Constant from USEPA’s Superfond Public Health Evaluation Manual. USEPAl540/1-861080, October 1986. 

) 
Page I of I 



TABLE 7.2.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARWS 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

1.2.Dlbromoelhane 

Tetraohloroathene 

Tttohlomethene 

ois-1,2-Diohlomethene 

1,2-Wibromoethene 

TeIraohloroethene 

cis-1,2-Wlohlomethene 

trans-1,2-Wlchlomelhene 

Notes- 
DAevent for exposure to groundwater calculated on Table G-7.2.RME Supplement A. 



Table 7.2.RME Supplement A 

Calculation of DAevent 

Child Resident, Bedrock Aquifer Groundwafer 

Site 49 RFI Repoti 

l&WC-White Oak 

Silver Spring, Maryfand 

Groundwater t 

Chemical Water Permeability w4 Fraction Duration 

of Potential Concentration Coefficient Time Absorbed Water of Event 

Concern (CW (KP) B kWd t* FA) @event) DAevent 

wu (cm/hr) (dimensionless) fW tW (dimensionless) t W fmg!cm’-event) Eq 

,2Dibromoethane 3.3E+Ol Z.OE-03 l.lE-02 1.2E+OO 2.8E+OO 1 .OE+OO 1 2.OE-07 2 

:hloroform 2.5E+01 6.8E-03 2.9E-02 LOE-01 l.2E+OO t.OE+OO 1 3.3E-07 2 

‘etrachtomethytene $.lE+OO 3.3E-02 1.6E-01 9.1 E-02 2.2E+OO 1 .OE+OO I 9.6E-08 2 

nchloroethylene 4.4tz+O3 1.2E-02 5.3E-02 5.8E-01 1.4E+OO 1 .OE+OO 1 l.qE-04 2 

rnyl chloride 5.7E+OO 5.6E-03 2.7E-02 2.4E-01 5.7E-01 1 .OE+OO 1 9.6E-06 3 

is-1,2Dichloroethene t.tE+03 7.7E-03 2.9E-02 3.7E-01 8.9E-01 t.OE+OO I 1.4E-05 3 

ans-1,2-Dichtoroethene 3.2E+Ol 7.7E-03 2.9E-02 3.7E-01 8.9E-01 1,OE+OO t 4.1 E-07 3 

Juminum 4.9E+O3 1 .OE-03 NA NA NA NA 1 4.9E-06 1 

Zrmmium 7.6E+Ol 2OE-03 NA NA NA NA 1 I dE-07 1 

on 1.4E+O4 t.OE-03 NA NA NA NA 1 1.4E-05 5 

Ianganese 2.3E+O3 l.OE-03 NA NA NA NA 1 2.3E-08 1 

lickel 5.7E+Ol Z.OE-04 NA NA NA NA 1 l.lE-08 1 

ranadium 1.7E+Ot 1 .OE-03 NA NA NA NA 1 1.7E-08 1 

lnorganics: DAevent (mg/cmZ-event) = 

Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3 (eq 2) 

Organice: DAevent (mglcm2-event) = 

tevent<t”: DAevent (mg/cm2-event) = 

2xFAxKpxCWx(sqrt@6x~,, x tevent)/rt)) x 0.001 mg/ug x 0.001 l/cm3 (eq 2) 

tevent>t*: DAevent (mg/cm2-event) = 

FA x Kp x CW x f tevenff(l+B) + 2 x T- x ((7 + 3x6 + 3xB*)/(l+B)*) x 0.001 mg/ug x 0.001 l/cm3 (eq 3) 

Notes: 

Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, 

Suppiemental Guidance for Dermal Risk Assessment). EPA(540/R/991005. 

NA - not applicable. 



TABLE 7.3.RME 

CALCULATION OF CHEMICAL CANCER RISKS AN0 NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC - Whita Oak 

Silvsr Spring, Malyland 

- 
Unite 
- 

UglL 

ug/L 

US/l. 
w 

UglL 

ug/L 

UglL 

ugn. 

&l/L 

ug/c 

wn 

ug/L 

W. - 

- 

l&$L 

m. 

ugn. 

ugll 

ug/L 

W/L 

UQlL 

ugk 

l&l/L 

w 

l&l/L 

t&l/L 

w - 

Medium Exposure Medium Exposure Point Chembalbf 
Potential Concern 

CW 

onoentratk 

Units 

ugll 

ug/L 

ugn. 

ugfL 

UglL 

UglL 

u&!/L 

UglL 

ug/L 

lag/L 

w/L 

lig/L 

ug/L 

ug/L 

LlglL 

ug/L 

uglL 

UQ/L 

ugll 

ug/L 

ug/L 

IIglL 

UglL 

lig/L 

u&!/L 

llg/L 

Non-Cancer Hazard ( 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

llmglkglda 

NA 

l/mg/kglda 

l/mglkg/da 

itakelExposu 

hkte 

5.OE.04 

3.78-04 

1 .LiE-05 

6.6f-02 

4.61.04 

1.6E-02 

4.7E.04 

7.4E-02 

l.lE.03 

Z.lE-01 

3.4E.02 

6.6C04 

2.51-04 

Itake/Exposr 

Value 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Cancer Risl 

8.5ROl 

NA 

5.4E-01 

l.lE-02 

7.2E-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

- 

&SE+01 

NA 

5.4E-01 

1.1602 

Y.ZE-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3edmok Aquifer - Taf 
Water 

Groundwate< 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

N4 

NA 

NA 

NA 

NA 

Groundwater 

Groundwater 

Ingestion 

Ixp. 

Dermal 

3.3E+Ol 

2.5E+Oi 

1 .lE+OO 

4.4E+O3 

S.‘IE+OO 

1.vz+03 

3.2E+Ol 

4.98+03 

7.6E+Ol 

1.4a04 

2.3E+03 

5.7E+Ol 

1.7E+Ol 

l.P-Olbromoethane 

Chloroform 

Tetreohloroethene 

Tdohloroethene 

Vinyl chloride 

cis.l,2-Dlohloroethene 

trans-1.2.Riohlaroethene 

Aluminum 

Chromium 

Iran 

Manganese 

Nickel 

Vanadium 

4.2602 

NA 

6.9E.06 

7.2E.04 

3.3E.04 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
- 

4.3E.02 

7.9P02 

NA 

2.4E.04 

5.6E-03 

3,6E-05 

NA 

NA 

NA 

NA 

N4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

- 
O.OEtOO 

NA 

N4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Groundwater 
NA 

NA 

NA 

N4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

jedmck Aquifer - Tap 
water 1,2-Dibmmoethane 9.7E-04 

1.6E-03 

4.5d04 

5.3E.01 

5.1E.05 

6.7E-02 

l.QE-03 

1.6E.02 

5.51.04 

5.1 E-02 

8.3E.03 

4.2E.05 

6,OE-05 

llmglkglda: 

NA 

llmglkglda: 

I/mg/kg/da! 

I/mg/kg/da) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3.3E+Ol 

2.5E+Ol 

l.lE+OO 

4.4E+O3 

5.7E+oo 

1.1w03 

3.2EtOl 

4.9E+03 

7.6E+Ol 

l.$E+04 

2.3Et03 

5.7E+Ol 

1.7EtOl 

NA 

NA 

NA 

NA 

NA 

N4 

NA 

NA 

NA 

NA 

NA 

NA 

Chloroform 

Tetrachloroethene 

Tdohlomethene 

Vinyt ohlorlde 

ais-1.2-Otohloroe~~n~ 

trans.1,2-Dlohloroethene 

Aluminum 

Chramium 

IrOll 

Manganese 

Nickel 

Vanadium 

ixposure Point Total 



TABLE 7.3.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RR Repod 

NSWC - White Oak 

Sliver Spring, Marytand 

Scenario TImeframe: Future 1 
Receptor Population: Resident 

eoeptor Age: Child/Adult 

> 
Non-Cancer Hazard ‘&ICI ;er Risk Caloulatic 

CSFPJni 

Value 

P 

7.6E-01 

8.1E.02 

Z.OE-02 

6.OE.03 

l.SE-02 

NA 

NA 

ulatlone 

i- 

Erporure Point Expaaure Route Chemical of 
Potential Conwm 

Exposure Medium Medium 

Groundwater 
NA 

N4 

NA 

NA 

NA 

NA 

-NA 

N4 

NA 

NA 

NA 

NA 

NA 

NA 

edrook Aquifer-Water 
kwom at Showerhead 

I 
lnhalatlon 

I I,2-Wibmmoethane 9.3E-07 mghn3 

1.3s06 mgld 

6.5E.06 mglm’ 

2,4E-04 mglm3 

4.1E-07 mglm” 

N4 

NA 

NA 

NA 

NA 

NA 

NA 

NA NA 

NA NA 

NA NA 

NA N4 

NA NA 

NA N4 

i/mglkg/day 

l/mglkg/day 

l/mgtkgldey 

Ihglkglday 

lhnglkglday 

NA 

2X-07 

3..5%*08 

3.6~.10 

4.7E-07 

2.0809 

NA 

Chloroform 

Tetraohiomethene 

Tdohloroethene 

Vinyl chloride 

ois-1,2.Dlohlomethene 
NA 1 NA 

Notes- 
DAevent for exposure to groundwater calculatad on Table G-7.2.RME Supplement A. 



TABLE 7.4.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

Scsnado Timeframe: Future 

Receptor Population: Construction Wa,ker 

Tetreohlomethene 

Tdohlomethene 

ofe-1.2-Diohlorpeihene 

1,2-Dibmmoethane 

Tetraohlomethene 

Notes- 
DAevent for exposure to groundwater calculated on Table G-7.4.RME Supplement A. 
EPC for inhalation of volatiles from groundwater from shower calculated on Table G-7.4.RME Supplement S. 
Subchronic RfD values. Chronic used if Subchronic is NA. 



Table 7.4.RME Supplement A 

Calculation of DAevent 

Construction Worker, Bedrock Aquifer Groundwater 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring. Maryland 

l==izr 
/ 
1 ,Z-Dibromoethane 

Chloroform 

TetrachloroethyIene 

Trichloroethylene 

vinyl chloride 

cis-l,Z-Dichloroethene 

3.3E+Ol 3.3E03 

2.5E+Ol 6.8E-03 

l.lE+OO 3.3E-02 

4.4E+O3 I .2E-02 

&7E+OO 5.6E-03 

l.lE+O3 7.7E-03 

3.2E+Ol 7.7E-03 

3.6E+O4 1 .OE-03 

7.lE+OO 1 .OE-03 

9.1E+O2 2.OE-03 

2.OE+02 ‘l.OE-03 

7.2004 1 .OE-03 

2.3E+03 1 .OE-03 

6.3E+O2 2.OE-04 

5.6E+ol l.OE-03 

B 
dimensionles: 

l.lE-02 

2.9E-02 

1.6E-01 

5.3E-02 

1.7E-02 

2.9E-02 

2.9E-02 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

(W U-4 
1.2E+OO 2.8E+OO 

5.OE-01 1.2E+OO 

S.lE-01 2.2E+OO 

5.8E-01 1.4E+00 

2.4E-61 5.7E-01 

3.7E-01 8.9E-01 

3x-01 8.9E-01 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

.NA NA 

Fraction 

bsorbed Water 

F4 
%ensipnless] 

I .OE+OO 

1 .OE+OO 

1 .OE+OO 

1.0E+oo 

1 .OE+OO 

1 .OE+OO 

l.OE+OO 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Duration 

of Event 

(tevent) 

00 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

Inorganics: DAevent (mglcm2-event) = 

Kp x CW x tevent x 0.001 mg/ug x 0.001 l/cm3 (eq 1) 

Organics: DAevent (mglcm2-event) = 

teventct’: DAevent (mglcm2-event) = 

2 x FA x Kp x CW x (sqrl((6 x T- x teventY,)) x 0.001 mg/ug x 0.001 I/cm3 (eq 2) 

teventX*: DAevent (mg/cmZevent) = 

FA x Kp x CW x ( tevent/(?+B) + 2 x zevent x ((I+ 3xB + ~xB*)/(~+B)~} x 0.007 mg/ug x O.OO? l/cm3 (eq 3) 

Notes: 

Pemeability constants from EPA 2001. Risk Assessment Guidance for Superfund Volume 1: Human HeaIth Evaluation Manual (Part E, 

Supplemental Guidance for Detmal Risk Assessment). EPAJ54O/R!99/005. 

NA - not applicable. 

DAevent 
ng/cmz-event 

2.6E-06 

9.3E-07 

2.7E-07 

3.lE-04 

7.7E-07 

4.OE-05 

1.2E-06 

2.8E-04 

5.7E-08 

1.5E-05 

1.6E-06 

5.8E-04 

1.8E-05 

?.OE-06 

4.5E-07 

Es - 
3 

3 

3 

3 

3 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 



Table 7.4.RME Supplement B 
inhalation of Volatifes from Groundwater During Construction 

Inhalation Exposure Concentrations Catculated Using a Two-Film Volatilization Model 
Future Construction Worker Senario 

Site 49 RFf Report 
NSWC - White Oak 

Equations 
Equation I Kv= l/(1/k, + l/K,,*KJ 

Equation 2 k, = 7oql6/Mw)% 

Equation 3 k, = (32/MW)‘“Ka’ 

Equation 4 ER = Kv * Cw * LPI000 cm3 l mg/lOOO pg 
Equation 5 ERa = ER * g/l000 mg * hr/6O min * min/60 set + l/A 

Variables Units 
Cw = groundwater concentration 

Exposure Assumptions 
WLf them-specific 

MW = molecular weight (mot/gram) themspecific 
KH r Henry’s Law Constant (unitless) them-specific 
Kv = volatilization rate (cm/hr) Solved by Eq 1 
k, = gas phase transfer coefficient (cm/hr) Solved by Eq 2 
k, = liquid phase transfer coefficient (cm&) Solved by Eq 3 
V = wind speed (m/s) 4.4 
Ka’ = aeration rate (cmlhr) 0.0633 
ER = emission rate OwW Solved by Eq 4 
A = area of excavation (utility ditch) On*) 2,700 
Era = area emission rate (gisec-m*) Solved by Eq 5 
Ca = air concentration (ms/m31 Solved using SCREEN3 model 
Note: aeration rate based on aeration rate for small pond (&l/day) multiplied by depth of water 



TABLE 7.1.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRAL TENDENCY 

Site 49 RFI Report 

NSWC -White Oak 

Sliver Spring. Maryland 

e 
Exposure Medium 

Groundwater 

ExpDsureRoutl - 

Unitr 

- 

ug/L 
UglL 

US/L 

ugn. 

w/L 

U!$L 

w/L 

UglL 

ugn. 

wn 

UQlL 

ug/L 

US/L 
- 

- 

US/L 

UglL 

w/L 

UglL 

ugn. 

ug/L 

UQlL 

UQ/L 

l&J/L 

uglL 

l&l/L 

w 
UQlL - 

4 
Exposure Point Chemioal of 

Potential Conoem 
Cl3 

:onsentratit 

Units 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Non-Canoer Hazard Call: 

take/Exposure Conoentrationl I 
V&t6 I I 

l.E-05 

2.3E-05 

1.5E.05 

2.98-03 

2.5&05 

6.1Em04 

4.7E.05 

6.1E-04 

1.6E.06 

4.6&03 

l.SE-03 

1.2E44 

9.6E46 

units 

U$JR 

ug/L 

UQlL 

ug/L 

U&!/L 

UQR 

ug/L 

UglL 

us/l 

UglL 

WL 

4gR 

llg/L 

- 

ug/L 

w- 

w- 

UglL 

ug/L 

w- 

us/L 

ugn, 

ugn. 

ug/L 

lag/L 

U&l/L 

m. 

NA 

l.QE.02 

l.OR02 

6.0803 

3.OE.03 

l.OE42 

Z.OE-02 

l.oE+oo 

3.OE-03 

3.OE.01 

2.OE.02 

2.0E.02 

1.OE43 

3.5E47 

2.OE-06 

6.5E.06 

4.7E.04 

1.3E.06 

5.1E.OS 

3.9846 

2.QE46 

l.ZE-07 

1.5E-05 

8.2E-06 

7.9E.08 

3.2848 

NA 

1 .OE42 

l.OE-02 

B.OE-03 

3.OE.03 

l.OE-02 

2.0&a2 

l.oE+oo 

7.5E-05 

3.OE”01 

6.OE44 

6.OE44 

2X-05 

wlations 

r 

Units 

NA 

mglkglday 

me/kg/day 

ma/kg/day 

mglkglday 

:anoer Rk azarti QuoNet take/Erposr 

Value 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Groundwater Bedrock Aquifer-Tap 
water 1.4R00 

1.6E+OO 

l.ZE*OO 

2.3E+02 

l.sE+oo 

4.6E+Ol 

3.6E+OO 

4.7E+01 

1.4EtOO 

3.‘dE+OZ 

1.5E+02 

S.BE+OO 

7.6E-01 

Ingestion 

Dermal 

y. Route ToteJ 

1,2-Dibmmoethane 

Chlomform 

Tetrachloroethene 

Trichlamethene 

Vinyl chloride 

ois-1.2.Oichloroethene 

trans.1,2-Diohloroethene 

Aluminum 

Chromium 

IrOn 

Manganese 

Nickel 

.Vanadium 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
- 
O.OE+OO 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

a.of+oo 

7zT? 

* 
G=cxz 

NA 

2.3E-03 

115E.03 

4.6E-01 

&2E-03 

6.1 E-02 

2.3E-03 

6.lE.04 

6.1E53 

1.5E.02 

em-02 
6.1E-03’ 

9.8&03 

&SE-01 

NA 

2.OE.04 

&SE.04 

7.6E.02 

4.4E-04 

S.lE-03 

1 .SE-04 

2.OE.00 

1.6E.03 

6.OE-05 

7.7E.03 

S.SE-05 

l.ZE-03 

YEW== 

* 

+?zF= 
- 

mglkglday 

mglkglday 

mglkgglday 

mglkgiday 

mglkddw 

tug/kg/day 

mglkglday 

i 

isdrock Aquifer. Tap 
Water 

Groundwater Groundwater 

v Medium Tota 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1,2-Dibmmoethane 1.4E+OO 

Chbroform 1,6E+oo 

Telraohlomethene 1.2Et00 

Triohlomelhene 2.3f+02 

Vinyl chloride 1 .QS+OR 

oln-1.2.Dlohlorosthene 4.cwOl 

rans-l.2.Dlchloroethene 3.6E+OO 

Aluminum 4.7E+ol 

Chromium 1.4E+OO 

Iron 3.68+02 

Msngansse l&E+02 

Nickel S.BE+OO 

NA 

me/kg/day 

mglkgglday 

mgllyllday 

mglkglday 

mglkglday 

mglkgelday 

mglkgldsy 

me/kg/day 

mglkglday 

mglkglday 

mglkglday 

me/kg/day 

ixposure Point Total 

Vanadium 7.6E.01 



TABLE 7.1.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON.CANCER HAZARDS 

CENTRALTENDENCY 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring. Maryland 

Potential Conoem 

Groundwater Air 
Bedrock Aquifer - Water 
Vapors et Showerhead Inhalation 1,2-Dibmmoethane 

Chlorofom, 

Tetraohlomethene 

Trkjhlorqeihene 

Vinyl chloride 

4.15oa 

9.6808 

S.QE-OfJ 

1 .ZE.O5 

1.4E.07 

mgim3 

mgld 

me/m’ 

ma/m3 

mglm3 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

2.BE-08 

6.2E-08 

3.8E.OS 

7.9E-06 

8.6E”o8 

mglkglday 

mglkgldey 

mglkgfday 

mglkQ/day 

mglkglday 

578.05 

1.4E.02 

1.4E+Il 

NA 

2.8502 

mglkgldey 

mglkgelday 

mglkglday 

NA 

WWdw 

4&E-04 

4.4EJJB 

2.7E-07 

NA 

3.1E.06 

Notes- 
DAavent for exposure to groundwater calculated on Table Gw7.1 CT Supplement A. 
EPC for inhalation of volatiles from groundwater from shower calculated on Table G-7.1 CT Supplement 8. 



Table 7.t.CT Supplement A 

Caicutation of DAevent 

Adult Resident, Bedrock Aquifer Groundwater 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

Concern 

is-1,2Dichloroethene 

ns-4.2~Diihloroethens 

%oundwater 

Water 

I 

Permeability 

:oncentration Coefficient 

(CW (KP) 
k!m 1 @mmf) 

1.4E+OiJ 2.OE-03 

1.8E+OO 6&E-03 

1.2E+OO 3.3E-02 

2.3E+OZ 1.2E-02 

?.9E+OO 5.6E-03 

4.8E+Ol 7.7E-03 

3.6E+oO 7.7E-03 

4.7E+OI l.OE-03 

1.4E+OO 2.OE-03 

3.6E+CQ t.OE-03 

15E+O2 l.OE-03 

9.6E+OO 2.OE-04 

7.6E-01 1 .OE-03 

B 

dimensionless 

l.lE-02 

29E-02 

1.6E-Of 

5.3E-02 

1.7E-02 

2.9E-02 

2.9E-02 

NA 

NA 

NA 

NA 

NA 

NA 

ml 
Tie 
tLEd 
Or) 

1.2E+OO 

5.OE-01 

9.1E-01 

5.8E-01 

2.4E-01 

3.7E-01 

3X-91 

NA 

NA 

NA 

NA 

NA 

NA 

t* 
(W - 

2.8E+OO 

1.2E+OO 

2.2E+OO 

1.4E+OO 

5.7E-01 

8.9E-01 

8.9E-01 

NA 

NA 

NA 

NA 

NA 

NA 

Fraction Duration 

,bsorbed Water of Event 

W (tevent) 
dimensionless] (W 

1 .OE+oO 0.26 

1 .OE+OO 0.25 

l.OE+OO 0.25 

1 .OE+OQ 0.25 

1 .OE+OO 0.25 

f.OE+OO 0.25 

I .oE+oo 0.25 

NA 0.25 

NA 0.25 

NA 0.25 

NA 0.25 

NA 0.25 

NA 0.25 

Inorganics: DAevent (mg/cm2-event) = 

Kp x CW x tevent x 0.001 mg/ug x 0.001 f/cm3 (eq 1) 

Organics: DAevent (mgkm2-event) = 

teventq*: DAevent (mg/cm2-event) = 

2 x FA x Kp x CW x (sqrt((6 x ‘Fan x tevent&t)) x 0.001 mg/ug x 0.001 l/cm3 (eq 2) 

tevent>t*: DAevent (mglcm2-event) = 

FAX Kp x CW x ( teventi(li6) f 2 x b x ((1 + 3x6 + 3xB2)/(l+B)2) x 0.002 mglug x 0.001 t/cm3 (eq 3) 

Notes: 

Permeability constants from EPA 2091, Risk Ass&srnent Guidance for Superfund Votume t Human Heakh Evaluation Manual (Part E, 

Supplemental Guidance for Dermal Risk Assessment). EPA&4O/R/99/005. 

NA - not applicable. 

DAevent 
nglcm’-event) 

Z.lE-09 

1.2E-06 

5.2E-08 

2.9E-06 

8.1 E-09 

3.1E-07 

2.4E-06 

1.2E-08 

7.2E-IO 

9.OE-08 

3.7E-08 

4.8E-IO 

1.9E-IO 

Es - 
2 
2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

I 

1 



;roundwater 

Water 

oncentratior 

fCW 
km 

f.4E+OC 

Tetrachloroethylene 

Trichloroethylene 

Vinyl chloride 

cis-l,Z-Dichloroethene 

tram-1,2Dtchloroethene 

Aluminum 

Chromium 

Iron 

Manganese 

Nickel 

Vanadium 

t 

1.8E+OC 

1.2tz+Oc 

2.3E+Oi 

1.9E+OC 

4.8E+Ol 

3.6E+OC 

4.7E+Ol 

1.4E+Of 

3.6E-r.02 

1.5E+Oi 

9.6E+OC 

7.6E-01 

6.8E03 

3.3E-02 

1.2E-02 

5.6E-03 

7.7E-03 

7.7E-03 

1 .OE-03 

2.OE-03 

1 .OE-03 

1 .OE-O3 

2.OE-04 

1 .OE-03 

Inorganics: DAevent (mglcm2-event) = 

Kp x CW x tevent x 0.001 mg/ug x 0.001 t/cm3 (eq 1) 

Permeability 

Coefftcient 

(KP) 

WW 

2.5E-03 

Lag 
lime 

6 hWd 
jimensionless: fhr) 

f.lE-02 ?.ZE+oo 

2.9E-02 5.OE-01 

1.6E-01 9.1E-01 

53E-02 5.8E-01 

1.7E-02 2.4E-02 

2.9E-02 3.7E-01 

2.9E-02 3.7E-01 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

Tabte 7.2.CT Supplement A 

Calculation of DAevent 

Child Resident, Bedrock Aquifer Groundwater 

Site 49 RFI Report 

NSWC - White Oak 
Silver Spring, Maryland 

t* 
0-d - 

2.8E+O@ 

1 .2E+OO 

2.2E+OO 

1.4E+OO 

5.7E-01 

8.9E-01 

8.9E-01 

NA 

NA 

NA 

NA 

NA 

NA 

Fraction 

absorbed Wak 

FA) 
dimensionles: 

l.OE+OO 

l.OE+OO 

1 .OE+oO 

1.OE+OO 

l.OE+oO 

l.OE+OO 

1.0&+00 

NA 

NA 

NA 

NA 

NA 

NA 

Duration 

of Event 

(tevent) 

(W 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

0.33 

a.33 

0.33 

0.33 

Organics: DAevent (mg/cm2-event) = 

teventq”: DAevent (mgIcm2event) = 

2 x FA x Kp x CW x (sqrt((6 x revenl x tevent)/rr)) x 0.001 mglug x 0.001 l/cm3 (eq 2) 

tevent>t*: DAevent (mg/cm2-event) = 

FA x Kp x CW x ( tevent/(l+B) f 2 x k x ((1 + 3xB + 3xB*)/(l+B)‘) x 0.001 mg/ug x 0.001 l/cm3 (eq 3) 

DAevenf 
mgfcm’event) 

2.8E-09 

1.4E-08 

5.9E-08 

3.3E-06 

l.lE-08 

3.6E-07 

2.7E-08 

1.6E-08 

9.5E-$0 

1.2E-07 

4.9E-08 

6.3E-IO 

2.5E-IO 

Es 
2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

I 

Notes: 

Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume k Human Heafth Evaluation Manual (Part E, 

Supplemental Guidance for Derrnal Risk Assessment). EPAAi40/W99/005. 

NA - not applicable. 



TABLE Y.Z.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRAL TENDENCY 

Site 49 RFI Rewlt 

NSWC -White Oak 

Silver Spring, Maryland 

~widfra,, Future 1 

Receptor Population’ Resident 

- 

Unls 

- 

ugA 
UQlL 
WJR 
l&l/L 

ttg/L 

ug/L 

ug/L 

w/L 

t&f/L 

ltg/L 

ugn. 

w/L 

ll&$L - 

- 

llg/L 

ug/L 

W/L 

WA 

ug/L 

us/L 

ugn. 

44~ 

llg/L 

tlg/L 

W. 

UQlL 

UQlL - 

NA 

I.0502 

1 .OE-02 

SOS-03 

3.OE.03 

l.OE92 

2.OE-02 

l.OE+OO 

3.OE-03 

3.OE01 

2.OE-02 

2.OE-02 

1 .OE.O3 

NA 

1 .OE-02 

1 .OE.OZ 

6.0503 

3.OE.63 

l.OE-02 

2.OG02 

l.OE+OO 

7.56-66 

3.OE-01 

B.OE-04 

t?.OE-04 

2.6E-05 

i 
Exposure Point Exposure Medium Chemical of 

Potenual concern 

1,Mibmmoethane 

Chlomfom, 

Telraohlorosthens 

Trtchlomethsne 

Vinyl chloride 

ois-1,2.Diohlomethene 

rane-1.2”Dichloroethene 

Aluminum 

Chromium 

Iron 

Manganese 

Nickel 

Vanadium 

I,2Dlbromoethane 

Chloroform 

Tetraohloroethene 

Trlohlomethene 

Vinyl ohtofide 

ekel,Z.Diohloroethene 

rans-1.2-Dlohfomethene 

Aluminum 

Chromium 

Iron 

Manganese 

Nlokel 

Vanadium 

NA 

mglkglday 

mgfkglday 

mglkglday 

mglkglday 

mglkglday 

mglkglday 

me/kg/day 

mglkglday 

mg/kg/day 

m&t/kg/day 

mglkglday 

wh#w 

NA 

mglkglday 

mg/kg/day 

mglkglday 

mglkg/day 

ma/kg/day 

mglkgiday 

t&l/kg/day 

mgfkglday 

mglkglday 

mglkgldsy 

ing/kg/day 

mglkgday 

NOW.3 

take/Exposure Conoentratic 

WI Risk Calculations 

lazard Puotle take/Exposu 

VSIU$ 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

c 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Groundwater Bedmok Aquifer - Tel: 
Water NA 

NA 

N4 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

- 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

N4 

NA 

NA 

NA 

NA 

lngeslion 

1edrock Aquifer-Tap 
Water 

zy7zz%% 
- 

Derllla1 

jiP. --Al f 
Exposure PointTotal 

1 .$E+OO 

t.BE+OO 

1.26+00 

2.31+02 

1.9E+OO 

4.&+01 

3.6BOO 

4.7E+Ol 

1.4E+OO 

3.EE*02 

1.5E+02 

9,6E+OO 

7.6E.01 

NA 

7.6E.03 

S.lE-03 

1 .BE*OO 

2.7502 

2.0601 

7.8E-03 

2.OE-03 

Z.OE-02 

6.1E.02 

3.2E.01 

2.OE.02 

3.3&02 

2.3E+OO 

NA 

3.8E-04 

1.7E-03 

1.5G01 

l.OE-03 

1 .OE-OZ 

3.6C04 

4,4E.O6 

3.68-03 

l.lE-04 

1.7E.02 

2.2E-04 

2.7503 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

A 
O.OE+OO 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

* 

7&z 

7YTZT 

O.OROO 
- 

O.OE+OO 

1.4E+oo 

1.6EtOO 

l.zE+oo 

2.3@+02 

1,9E+OO 

4.6E+Ol 

3.6E+OO 

4.7EtOl 

1.4E+OO 

3.68+02 

l.SE+02 

9.6E+OO 

7.6E.01 

Groundwater 

Notes- 
DAevent for exposure to groundwater calculated on Table G-7.2.CT Supplement A, 

- - 



TABLE 7.3.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON.CANCER HAZARDS 

CENTRAL TENDENCY 

Site 49 RFI Report 

NSWC. While Oak 

Silver Spring, Maryland 

ulation: Resident 

EFC 

QzjTE 

Cancer Risk Calou 

+ 

Units 

Medium Exposure Medium Exposure Point ,r llezerd Calculs6ons Chemloal of 

Potential concern 

f,bOlbmmqethane 

Chloroform 

Tetr,aohloroethene 

Tdchlomethene 

Vinyl qhlodde 

cis-1,2-Dlohlomethcme 

Irana-l,2.5iGhlQrOethene 

Aluminum 

Chromium 

IrOn 

Manganese 

i’#cket 

Vanadium 

1.2.Dibromoethane 

Chloroform 

Tetrachloroethehe 

Triohlowethene 

Vlnyt chloride 

oie-i.Z.~ichlomethene 

trana-1,2-Dichlomethsne 

Aluminum 

Chmmlum 

Iron 

Manganese 

Nickel 

Vanadium 

Nan41 

Ire conoentraua 

ms 

ZIG- 

unns 
- 

l/m&kg/da] 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

ake/Exposm 

Value 
-s 

7.4S-06 

8.5806 

6.3E-06 

1 .a-03 

1.4E.04 

2SE-04 

1.9&06 

2.58-04 

7.6E.06 

1 SE.03 

8.OE-04 

5.1&05 

4.1E-06 

:anoer Risl 

8.5E+01 

NA 

5.4801 

l.lE.02 

7.2E-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Uz$L 

“g/L 

l&J/L 

WA 

l&l/L 

l&i/L 

WA 

l&?/L 

UQlL 

WA 

l&l/L 

U@L 

Groundwater Groundwatsr Sedmak Aquifer - Tap 
water 1.4E+oO ugn. 

1.6E*OO ug/L 

l.zE+oo U/L 

2.3EtO2 “M- 
1 .SEtOO uglL 

4.awo1 UglL 

I 
3.6E*OO “QR. 
4.7E+Ol u&!/L 

1.4E+OO “IIlL 
3.6E+O2 w/L 

ISROZ w 

9.6E+ao u&M. 
7.6E.01 WA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

8.3E.94 

NA 

3.4E.06 

1.3E.05 

9.9E-05 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
- 

7.4E-04 

4.3E-04 

NA 

6.5E-05 

7.3E-05 

3.8E.06 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA \ 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
- 

o.oE+oo 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Iimglkgidfq 

Ilmglkglda~ 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

/mglkg/daj NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Groundwater Bedrook Aquifer - Tap 
Water S.OE-06 

2.8P05 

1,2EQ4 

6.7E-03 

&5E+Ot 

NA 

5.4E.01 

l.lE-02 

7.2E-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

Groundwater 

xpoeure Medium Tob 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

lmslka/dn _. 
/mg/kglda) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
NA 

5.3806 

7.3k04 

5.5C05 

2.6195 

1.7E.06 

2,X-64 

6.6b05 

l.lE-06 
4.6S-07 



TABLE 7.3.RME 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRAL TENDENCY 

Site 49 RFI &?pOti 

NSWC - White Oak 

Silver Spring, Matyland 

Tetraohloroethene 

Notes- 
DAevent for exposure to groundwater calculated on Tables G-7.1 .CT Supplemeni A and G-7.2.CT Supplement A. 



Table 7.l.CT Supplement 6 
inhalation Exposure Concentrations from Foster and Chrostowski Shower Model 

Site 49 RFI Report 
NSWC -White Oak 

Silver Spring, Maryland 

Exposure Point Molecular Henry’s Law I I I 
Galculateu 
inhalation 

Concentration weioht fHHI Constant 04 Kn NOCI KW 

, Y..” ,rv,yrr, , 
1 1.4E-03 1 I.[ 

cfw ,d-ucmoroernene 
Vans-l ,2-Dichloroethsn 

Kg(VOc) = gas-film mass transfer coefficient 
KI(VOC) = liquid-film mass transfer coefficient 
KL = overall mass transfer coefticient 
Kal = adjusted overall mass transfer CO&f. 
TI = Calibration temp. of water 
Ts = Shower water temperature 
Us = water viscosity at Ts 
UI = water viscosity at TI 

K (20C +273) 

Cwd * cont. leaving droplets after time sdt 
sdt = shower droplet drop time 
d = shower droplet diameter 
FR = shower water flow rate 

set 

1 Equation 1: 
Equation 2: 
Equation 3: 
Equation 4: 
Equation 5: 
Equation 6: 
Equation 7: 
Equation 8: 

Kg(VOC) = 3000 * (18 / HH)‘*’ 
KI(VOC) = 20 * (44 / HH)a,5 

KL= ((1 I KI(VOC)) + (0.024 I (Kg (VOC) * H)))-’ 
Kal = (Kl. * (((“II * Us) / (Ts ’ UI))-‘,$ 
Cwd = (Cwo * (I-EXP((-1 * Kal * sdt)@O * d)))) 
S= (Cwd * FR I SV) 
see.time series example on Table I-GW-5 
Einh = If t>cls (((VR * S) I (BW * R * 1000000)) * 

((Ds + (EXP(-R * Dt) I R)-(&XP(R * 
(Ds - Dt))) I R))) 

Henry’s Law Canstant from USEPA’s Superfund Public &WI Evaluation Manual. !JSEPA/540/1-861060, Octobe! ,1986. 

0511312004 
8:36 

I 

PP 1. 

f 



TABLE 7.4.CT 

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS 

CENTRAL TENDENCY 

Site49 RFI Report 

NSWC - White Oak 

Silvar Sprtng, Maryland 

$~~er;;fraa: Future 1 

Receptor Population: Construotlon Worker 

Medium Zxposure Route Chemical of 
Potential Conosm 

I 

Value 

wr Risk Caloulations wr Risk Caloulations Non.Canosr Hazard :UIBtlOlW 
tfc 

-LET- 
A 

NA 

mg/kg/dey 

mglkglday 

mglkglday 

mg/kg/day 

mgikglday 

mg/kg/day 

mgkglday 

m&Q/day 

mglkglday 

mglkglday 

mgfkglday 

mglkglday 

mglkglday 

mQlk#lday 

,take/Exposure Concentratk larard Quotier 

2.3&08 

ZOE-08 

8.6E-08 

4.81-06 

3.4E.06 

5.2E.O7 

3.9E-06 

l.lE-06 

3.4E.08 

S.OE-08 

l.OE-08 

3.3&06 

3.2E.07 

7.8E-09 

4.1E.09 

Units 

US/L 

ugll 

U#/L 

w/L 

U#lL 

U#lL 

LlglL 

U#/L 

UglL 

U&l/L 

llg/L 

U#lL 

U#/L 

ug/L 

U#/L 

Dermal 1.39 

1.79 

1.19 

226 

1.92 

47.9 

3.03 

652 

2.03 

14.9 

6.2 

1978 

192 

23.3 

2.44 

Groundwater 
Ewlmok Aquifer - Wate 

in Bxcavation 
Groundwater 

13~Dibmmoethane 

Chloroform 

Tetraohloroethsne 

Tdohloroethene 

Vinyl chloride 

ois-1,Z.Dtchlomethene 

trans-l ,Z.Diohlomethsns 

Aluminum 

Arsenic 

Chromium 

copper 

IrOn 

Manganese 

Nickel 

8.5E+ol 

NA 

5.4E.01 

l.lE.02 

7.2E.01 

NA 

NA 

NA 

1.3E+OO 

NA 

NA 

NA 

NA 

NA 

Z.OE.OB 

NA 

4.7E-08 

5.3608 

3X11.08 

NA 

NA 

NA 

5.1 E-09 

NA 

NA 

NA 

NA 

NA 

’ NA 

NA 

Ilmgfkgldsy 

l/mg/kg/day 

l/mg/kg/day 

NA 

NA 

NA 

l/mg/k#lday 

NA 

NA 

NA 

NA 

NA 

NA 

1.4E.04 

6.1E.04 

3.6E.02 

1.3E”O3 

3.6E.04 

1.4P05 

7.7Ew03 

6.OC04 

?.OE-03 

1.8E.O5 

7.7E.04 

2.8E.02 

6.9E.04 

l.lE-02 

l.lE-01 

==?YET 

l.lE-01 

l.lE-O3 

5.7E.05 

3.3E.06 

NA 

3.6G05 

NA 

=74%= 

=?zr= 

=7!z!r 

* 
- 

l.lE-01 ~ 

Vanadium 

Q.OE-09 mglkglday mg/kg/day 
Bedrock Aquifer . Water 
vapore at Exoavatlon PI 

Tetrachloroethene 

cls-l,2-Dlchlomethene 

wndwater - Bedrock Aquifer Total 

6.3E.O7 

8.OE.07 

4.9E.07 

Q.QE.03 

l.OE-06 

2.3E-05 

NA 7.6E-01 

NA 5.1 E-02 

NA l.OE-02 

NA 4.0E.01 

NA 1 .JE-02 

l/mg/kg/day 

l/me/kg/day 

l/mg/k#lday 

l/mg/kg/day 

B&E-09 

9.2E-I 0 

7.0~.I 1 

5.?E-07 

2.2~.10 

3.7E.04 

1.4E-02 

1.4E.01 

NA 

2.8E-O2 

NA 

NA 

l.lGOl3 

7.OE.09 

1.4E-06 

1X-08 

me/kg/day 

m#/k#/day 

NA 

mglkglday 

NA 

NA 

mglkglday 

mglkglday 

m#/kg/dw 

mg/kg/day 

m#/kg/day 

m#lkglday 

3.28.07 1 NA NA NA NA 

1.7E-O6 

Notes- 
DAevent for exposure to groundwater calculated on Table G-7.4.CT Supplement A. 
EPC for inhalation of volatlles from groundwater from shower calculated on Table G-7.4.CT Supplement 6. 
Subchronio RfD values. Chronic used if Subohronlc is NA, 



Table ?.lCT Supplement A 

Calculation of DAevent 

Construction Worker. Bedrock Aquifer Groundwater 

site 49 RFI Report 

NSWC -White Oak 

Silver Spring, Maryland 

1 OTZiE 

l,%Dibromoethane 

Chloroform 

etrachioroethylene 

richIoroethylene 

inyi chbride 

is-l .2-Dichloroethene 

rans-‘I&Dichtoroethene 

luminum 

rsenic 

Chromium 

Copper 
Iron 

Manganese 

Nickel 

Vanadium 

1.4E+OO 3.3E-03 

1.8E-M) 6.8E-03 

l.ZE+OO 3.3E-02 

23E+O2 1.2E-02 

1.9E+OO 5.6E-03 

4.8E+Ol 7.7E-03 

3.6E+OO 7.7E-03 

6.5E+O2 1 .OE-03 

2.OE+OO 1 .OE-03 

1.5E+Ol 2.OE-03 

6.2E+oo LOE-03 

2.OE+O3 ‘LOE-03 

1.9E+OZ 1 .OE-03 

2.3E+Ol 2.OE-04 

24E+OO I .OE-03 

B 

dimensiontesz 

I.lE-02 

2.9E-02 

1.6E-01 

5.3802 

1.7E-(12 

2.9E-02 

2.9E-02 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

WJ 

Tie 

@d 

W 

f.2E+OO 

5.OE-01 

9.1E-01 

5.8E-01 

2.4E-01 

3.7E-01 

3.7E-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

t* 
(W - 

28EMnI 

1.2500 

2.2E+OO 

1.4E+OO 

5.7E-01 

8.9E-01 

8.9E-01 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Fraction 

rbsorbed Wate 

FA) 
dimensionless’ 

l.OPOO 

1 .OE+OO 

l.OE+OO 

l.OE+OO 

l.oE+oo 

1.OR00 

1 .OE+OO 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

of Event 

(fevent) 

tW - 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

DAevent 
mg/cmz-event] 

5.5E-08 

4.7E-08 

2.1E-07 

LIE-05 

1.3E-07 

1.2E-06 

9.4E-08 

2.6E-06 

8.1E-09 

1.2E-07 

2.5E-08 

7.9E-06 

7.7E-07 

1.9E-08 

9.7E-09 

Inorganics: DAevent fmg/cm2-event) = 
Kp x CW x tevent x 0.001 ms/ug x 0.001 l/cm3 (eq 1) 

Organics: DAevent (mg/cm2-event) = 
fevenf<t*: DAevent (mg/cm2-event) = 

2xFAxKpxCWx(sqrt((6xT, x tevenf)/z)) x 0.001 mg/ug x 0.001 l/cm’ (eq 2) 

tevenfst’: DAevent (mg/cm2-event) = 

FA x Kp x CW x ( tevenff(l+B) + 2 x z- x ((I + 3x6 + 3xB*)/(t+B)2) x 0.001 mg/ug x 0.001 l/cm3 (eq 3) 

Notes: 

Permeability constants from EPA 2001, Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E. 

Supplemental Guidance for Uermal Risk Assessment). EPA/64OIFU99/005. 

NA - not appticable. 

Eq 
3 

3 

3 

3 

3 

3 

3 

1 

1 

1 

1 

1 

1 

1 

1 



Table 7.4.CT Supplement B -l 
lnhatation of Volatiles from Groundwater During Construction 

Inhalation Exposure Concentrations Calculated Using a Two-Film Vofatiliiation Model 
Future Construction Worker Senario 

Site 49 RFI Report Site 49 RFI Report 
NSWC -White Oak NSWC -White Oak 

Equations 
Equation -t 

Equation 2 

Equation 3 

Equation 4 
Equation 5 

Kv= l/(Zlk, + IIK,+*l$) 
k, = 700( 18/MW)“V 

k, = (32/MW)“4Ka’ 

ER= Kv’Cw*U1000cm3*mgl1000pg 
ERa = ER l g/1000 mg * hr/60 min * min/60 set l 1/A 

Variables 
Cw = groundwater concentration 
MW = molecular weight 
KH - Henry’s Law Constant 
Kv = volatilization rate 
k, = gas phase transfer coefficient 
k, = liquid phase transfer coefficient 
V = wind speed 
Ka’ = aeration rate 
ER = emission rate 
A = area of excavation (utility ditch) 
Era = area emission rate 

Units Exposure Assumptions 
b@-) &tern-specific 
(mol/gram) them-specific 
(unitfess) them-specific 
(~W Solved by Eq 1 
(cm/hr) Solved by Eq 2 
(cm/hr) Solved by Eq 3 
OW 4.4 
(cmlhr) 0.0633. 
O-WW Solvad by Eq 4 

On*) 2,700 
(g/set-m*) Sobad by Eq 5 

Ca = air concentration twfm3) Solved using SCREEN3 model 
Note: aeration rate based on aeration rate for small pond (O.l/day) multiplied by depth of water 



TABLE Q.l.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC -While Oak 

Silver Spring, Maryland 

Carcinogenic Risk NonGarclnogenio Hazard Quotient 

l,P-Dibromoethane 

TQlraChlOrOQlhQnQ 

Trichlomethene 

r&-l .Z-Oiohloroethene 

trans-1.2.Dichforoethene 

Liver, Kidney. Fetus 

1 ,Z-Dibromoethane 

Tetraohloroethene 

Trichloroethene 

Liver, Whole Body 

cis.l.2.Diohloroethene 

Vans-1,2-Dichloroethene 



TABLE Q.l.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FQR COPCs 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Reporl 

NSWC e While Oak 

Silver Spring, Maryland 

Total Liver HI Aoross All Media * 

Total Weight Gain HI Across All Media = 

Total Kidney HI Across All Media 5 

Total Blood HI Across All Media = 

Total CNS HI Across All Media = 

Total NOAEL HI Across All Media = 

Totat Gastrointestinal HI Aomss All Media * 

Total Decreased Weight HI Across All Media = 

Total Sperm HI Across All Media = 

Total Whole Body HI Across All Media = 

Total Endocdne System HI Across All Media = 



TABLE 92.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RF\ Report 

NSWC - White Oak 

Silver Spring, Maryland 

1,2Dibromoethane 

Tetrachloroethene 

Trtchloroethene 

cis-l,P-Dichloroethene 

trans-1,2Dtchloroethene 

Liver, Kidney, Fetus 

Decreased Weight 

Total Liver HI Across All Media = 

Total Weight Gain HI Across All Media = 

Total Kidney HI Across All Media = 

Total Blood HI Across All Media = 

Total CNS HI Across All Media = 

Total NOAEL HI Across All Media = 

Total Gastrointestinal HI Across Alt Media = 

Total Decreased Weight HI Across All Media = 



aaaaaaa 
zzzzztz 



TABLE 0.4.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURE 
Site 49 RFI Report 

NSWC - White Oak 

Silver Spring. Maryland 

Tetrachloroethane 

Tdchloroathene 

~i~1.2.Dlchlqr0ethene 

tmns-1,2.Diuhlow’+thens 

Liver, Kldney, Fetus 

Central Nervous System 

Gastrotntestinal 

Gastrointestinal 

Central Nervous System 

Bedrwk Aquiferm Water 
vapors at ExCawOn Pit 1,bDlbramoethane 

cis-1.2.Dichloroethene 

trans.i.2-Diohtoroethena 



TABLE 9.4.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COP& 

REASONABLE MAXIMUM EXPOSURE 
Sits 49 RFI Report 

NSWC - White Oak 

Silver Spring. Maryland 

Receptor Poputstton: ConstructIon Worker 

Hazard Quotient 

Total Llvar Hi Across All Media = 

Total Weight Gain HI Across All Madla F 

Total Kldnay HI Across All Media = 

Total Blood HI Across All Media = 

Total Sktn Ht Across All Media = 

Total Vascular HI Asross All Median 

Total CNS HI Across All Media * 

Total NOAEL HI Across All Media = 

Total Gastrointestinal HI Acruss All Media = 

Total Decreased Watght HI Across All Media = 

Total Span HI Across All Media a 

Total Whole Body HI Across All Media F 

Total Enddstine System HI Across All Media = 



TABLE 9.1.CT 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRAL TENDENCY 

Site 49 RFI Report 

NSWC -White Oak 

Silver Spring, Maryland 

Receptor Population: Resident 

Sedrock Aquifer - Tap 
1,2-Dibromoethane 

Tetrachloroethene 

Trichloroethene 

cis-1.2.Dichloroethene 

trans-13Diohloroethene 

Liver, Kidney, Fetus 

Decreased Weight 

1,2-Dibromoethane 

Tetrachloroethene 

Trichloroethsne 



TABLE 9.1.CT 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COP& 

CENTRAL TENDENCY 

Site 49 RFI Report 

NSWC -White Oak 

Silver Spring, Maryland 

eceptor PQpUlatiOn: Resident 

Total Liver 

Total Weight Gain 

Total Kidney 

Total Blood 

Total CNS 

Total NOAEL 

Total GaStrQintwtinal 

Total Decreased Weight 

Total Sperm 

Total Whole Body 

Total Endocrine System 

HI Across All Media = 

HI Across All Media 5 

HI Across All Media = 

HI Across All Media = 

HI Across All Media = 

HI Across All Media = 

HI Across All Media = 

HI Across All Media = 

HI Across All Media = 

’ HI Across All Media = 

HI Aaross AH Media = 



TABLE 9.2.CT 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COP@ 

CENTALTENDENCY 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

eceptor Population: Resident 

Tetrachloroethene Uver,Weight Gain 

Liver, Kidney, Fetus 

cis-1.2.Dlchloroethene 

trans.1,2-Dichloraethene 

Gastrointestinal 

Central Nervous System 

Decreased Weight 

Total Liver HI Across All Media = 1.8E+OO 

Total Weight Gain HI Across All Media = 6.7E-03 

Total Kidney Hi Across All Media = 1.8.E*50 

Total Blood HI Across All Media = 2.2E-01 

Total CNS HI Across All Media = 3.4E-91 

Total NOAEL HI Across All Media = 2.4E-02 

Total Gastrointestinal HI Across All Media = 5.2E-02 

Total Decreased Weight HI Across All Media = 2.1E-92 



TABLE 93.67 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRAL TENDENCY 
Site 49 RFI Report 

NSWC . White Oak 

Silver Spring, Maryland 

cenario Timeframe: Future 

Non-Caroinogenic Hazard Quotient 

1,2-Dibromoethane 

Tetraohloroethene 

Trichloroethene 

cis.1 ,Z-Dichloroethene 

trans.IX-tXchloroethene 

l.&Dlbromoethane 

TetraQhlQrQethene 

Tdohloroethena 

cis-1,2-Dichloroethene 

trsns-1 SDichlomethene 



]jRecaptor Population: Constrwtlon Worker 11 

TABL, ,.4.CT 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COP0 

CENTRAL TENDENCY 
Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

Carcinogenic Risk Non-Carcinogenic Hazard Quotient 

Bedrock Aquifer - Water 
In Exoavation Pit 1,2-Dlbromoethana 

Tetrachloroethene 

Tdchloroethene Liver, Kidney, Fetus 

cis-l,Z.Dichloroethene 

trawl ,ZJ3ohloroethene 

Central Nervous System 

Gastrointestinal 

Gastrolntestinai 

Central NBNOUS System 

Bedrock Aquifer. Water 
Vapors at Excavtlon Pit 1‘2.Dibromoathane 

Tetrachloroethens 

Trlchloroethene 

Liver, Whole Body 

cls~l.2~Dlchloroethene 

Vans-1,2-Dlohloroethene 



TABLE 9.4.CT 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

CENTRAL TENDENCY 
Site 49 RFt Report 

NSWC - Whlte Oak 

Silver Spring, Maryland 

Carolnogenic Risk Non-Carcinogenic Hazard Owllent 

Total Blood Ht Aoross All Media = 

Tatal Skin HI Across All Media * 

Total Vascular HI Across All Media = 

Total CNS HI Across All Media = 

Total NOAEI. HI Aorass All Media = 

Total Gastrointestinal HI Across All Media * 

Total Decreased Weight HI Across All Media 5 

Total Sperm HI Across All Media = 

Total Whole Body HI Across All Media * 

Total Endocrine System HI Across All Media 0 



TABLElO.l,RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC -White Oak 

Silver Spring, Maryland 

Medium 

l--l 
Groundwater I I 

Exposure 

Medium 

Expwre 

Point 

Groundwater Bedrock Aquifer - TaF 
Water 

Chemical 

of Potential 

Concern 

Trichloroethene 

cis-1,2-Dichloroathene 

Aluminum 

Chromium 

Iron 

Manganese 

Vanadium 

Carcinogenic Risk Non-Carcinaganlc Hazard Quotient 

Liver, Kidney, Fetus 

Central Nervous System 1.4&01 7.1 E-04 

NOAEL 6.9~~01 2,QE-Ol 

Gastrointestinal 1.3E+oo 6,7E-Q3 

Central Nervous System 3.1E*OO 4.1E-01 

Kidney 4&E-01 Q.ZC02 

Total G 

Exposure 

s 

2.4E+Ol 

3.3Etoo 

1.4E-01 

Q&S01 

1.3E+OO 

3.5E*OO 

5.5E-01 

Total Liver HI Across All Media = 

Total Kidney HI Across All Media = 

Total Fetus HI Across All Media = 

Total Blood HI AC& All Media = 

Total CNS HI Across Ali Media = 

Tote1 NOAEL HI Across, All Media = 

astrointestinal HI Across All Media = 

3E+OO 



TABLE 10.2.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 
Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

rwi;z;, Future 

Receptor Population Residant 

( 

Carcinogenic Risk Exposure 

Medium 

Exposure 

Point 

Chemical 

of Potential 

Concern 

Non-Carcinogenic Hazard Quotient 

Primary Inhalation Exposure 

Routes Total 

1.7E-01 

5SE*Ol 

1.4E-01 

7.6E+OO 

l.lE-01 

3.2E.01 

2.5E+OO 

3.OBOQ 

8SE+OO 

1.9E-01 

1.3&00 

Exposure 

Routes Total 
b 

Dermal 

- 

1.4&02 

7.8E+OO 

1.4E-02 

6.OE.01 

57E.03 

Z.lE-03 

6.5E”01 

2,OE.02 

1.2E+OO 

6.1 E-03 

2JE-01 

bedrock Aquifer - 
Water Groundwater Liver 

Liver, Kidney, Fetus 

Liver 

Slaod 

Blood 

:entral Nervous Systen 

NOAEL 

Gastreintastinal 

:entral Nervous Systen 

Decreased Weight 

Kidney 

Chloroform 

Trlchloroethena 

Vinyl chloride 

cis-1.2”Dichloroethene 

trans.1,2-Dlchloroethene 

Aluminum 

Chromium 

Iron 

Manganese 

Nickel 

Vanadium 

1.6E-01 

4.7!2+01 

1.2E01 

7.OE+OO 

1 .OE-01 

3.2E.01 

1.6E*OO 

3.OEtOO 

7,3E+OO 

1.8E-01 

l,lE+OO 

ledium Total 
Total Liver HI Across All Medla = 

Total Kidney HI Across All Media = 

Total Fetus HI Across Alt Media = 

Total Blood HI Across All Media = 

Total CNS HI Across All Media = 

Total NOAEL HI Across All Media = 

Total Gastrointestinal HI Across All Media = 

Total Decreased Weight HI ACFOSS All Media = 

eceptor Total 



TABLE lOB.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

1,2-Ribromoethane 

Tetrachloroethene 



Receptor Population: Construction Worker 

Exposure 

Medium 

Groundwater 

I--- Exposure I 

Exposure 

Point 

‘edrock Aquifer-Wats 
In Excavation Pit 

TASLE lOA.RME 

RISK SUMMARY 

REASONABLE MAXIMUM EXPOSURE 

Slte 49 RFI Report 

NSWC -White Oak 

Silver Spring, Maryland 

Chemical Carcinogenic Risk 

of Potentiat 

Concern Ingestion Inhalation 

1,2-Dibromoathane 

Trlchloroethene 

Vanadium 

Dermal 

9.4E-05 

1.5E-06 

NA 

NA 

NA 

Exposure 

Routes Total i 

9,4E-O5 

I < 

9.6E-05 
P- 
) 9.6805 c 

9.6805 

9.6E-05 

9.6E-05 

NA 

Liver, Kidney, Fetus 

NOAEL 

CNS 

Kidney 

Non-Carcinogenic Hazard Quotient 

Inhalation 

NA 

1 SE+00 

8.5E.01 

6,6E-01 

S.lE-01 

Exposure 

Total Routes 

1.5E+OO 

85E-01 

6.6E.01 

5.1601 

11 3.6E+OO 

Receptor HI Total 1 3.6E*OO 

Total CNS HI Across All Media = 

Total NOAEL HI Across All Media = 

Total Liver HI Across All Media = 

Total Kindey HI Across All Media = 

Total Fetus HI Across All Media = 



TABLE 10.1 .CT 

RISK SUMMARY 

CENTRAL TENDENCY 
Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

Trichloroethene 

cis-1,2Jlichloroethene 

Lluer, Kidney, Fetus 

scepter Total 

II , I_.“_.“” 

Receptor HI Total 1 23EtOO 

Total Liver HI Across All Media = 

Total Kidney HI Across All Media = 

Total Blood HI Acrass All Media - 

Total CNS HI Across All Media = 

Total Fetus HI Across All Media = 



Medium 1 Exposure 1 

Bedrock Actuifer -Tap 
I,&Dibromoethane 

Tetrachfomethene 

Trlchloroethene 

Groundwater 

r 

TABLE 10.2.CT 

RISK SUMMARY 

CENTRAL TENDENCY 

Site 49 RFI Report 

NSWC - White Oak 

Silver Spring, Maryland 

Carcinogenic Risk Non-Carcinogenic Hazard Quotient 





Table l-l 
Complete Data for Sump and Manhole Water 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, Man/land 

NA - Not analyzed 
6 - Blank contamination 
L - Biased low 
R - Unusable 
U - Undetected 

Sampte vatf 

Chemical Name 

ample ID 
. -_ 

e 
--_- 

I -- 

I-Methyl-2-pentanone 5 UL 

Acetone 

“11-I - -- - -- 

5R 51R 1 1.9jB 1 5/R 
Benzene 

Bromochl 

UL - Undetected, limit biased low 

Page 1 of 2 



table f-1 
Complete Data for Sump and Manhole Water 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

Dichlorodi _ . 

NA - Not analyzed 
S - Blank contamination 
L - Biased low 
W _ Unus-“‘* 
U - Unc’ 3 

Ut. - Undetected, limit biased low 

\ ‘Tge2of2 



Table l-2 
Complete Data for Soil Samples 

Site 49 RI Reaort 
NSWC -White Oak, Silver’Sprlng, Maryland 

I 
II Name 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
JB 
K - Biased high 

L - Biased low 
R - Unusable 

U - Undetected 
UL - Undetected, limit biased low 

Page 1 of 6 



Table l-2 
Complete Data for Soil Samples 

Site 49 RI Report 

I 

I 

I 
, 

1 

I 
I 

NA - Not analyzed L - Biased low 

I B ~ Blank contamination R - Unusable 
J - Estimated U - Undetected 

I JB UL ~ Undetected. limit biased low 

I 
K-Bias 1 qe 2 of 6 



Table l-2 
Complete Data for Soil Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

NA - Not analyzed L - Biased low 
B - Blank contamination R - Unusable 
J - Estimated 
JB 

U - Undetected 
UL - Undetected, limit biased low 

K - Biased high Page 3 of 6 



Table l-2 
Complete Data for Soil Samples 

Site 49 RI Report 

..- - I." " ..s - . . 

1 All1 I 1.6IlJ I 1.9/u I 1.81U 1 

NA - Not analyzed 
B _ Blank contamination 
J - Estimated 
JB 

L - Biased low 
R - Unusable 

U ~ Undetected 
UL s Undetected, limit biased low 

’ qe 4 of 6 



Table l-2 
Complete Data for Soil Samples 

Site 49 RI Report 
NSWC -White Oak, Silver’Spring, Maryland 

c 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
JB 
K - Biased high 

L - Biased low 
R - Unusable 

U - Undetected 
UL - Undetected, limit biased low 

Page 5 of 6 



Table l-2 
Complete Data for Soil Samples 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, fvlaryland 

NA - Not analyzed 
B r Blank contamination 
J - Estimated 
JB 
K - Bia? “2 

b _ Biased low 
R e Unusable 

U - Undetected 
Ub - Undetected. limit biased low 

‘\ ;le 6 of 6 



Table l-3 
Complete Data for Direct&&h Groundwater Samples 

Site 49 RI Retort 

NA- 

NSWC - White Oak, Silver’Spring, Maryland 

B - Blank contamination 
J - Estimated 
UJ - Undetected, estimated limit 
U - Undetected Page 1 of 2 



Table l-3 
Complete Data for Direct-Push Groundwater Samples 

Site 49 RI Report 
N$WC - White Oak, Silver.Sorino. Marvlanrl 

-r-. I, ..-. , !I” 

NA _ Not analyzed 
B s Blank contamination 
J - Estimated 
UJ - Und+-t$d, estimated limit 
U - Und 

? 
y,e 2 of 2 



Table l-4 
Complete Data for Groundwater Samples from Temporary Wella 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
UJ - Undetected, estimated limit 
U - Undetected Page 1 of 2 



Table l-4 
Complete Data for Groundwater Samples from Temporary Wells 

Site 49 RI Resort 
NSWC _ White Oak, Silver’Spring, Maryland 

NA - Not analyzed 
S - Blank contamination 
J - Estimated 
UJ - Undc’ -+ed, estimated limit 
U-Undo ) 

\ /’ 
‘3 2 of 2 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 

fluoroethane(Freon-113) 11 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloro-1,2,2-m 
1 ,l ,P-Trichloroethane 

1 ,l -Dlchloroethane 

1 ,I -Dichloroethene 

501UJ 1 0.5lu I 

1,2,3-Trichlorobenzene 

1,2,4-Trichlorobenzene 

1,2-Urcnlorobenzene II 5O)UJ 1 5O(UJ 1 0.5lU I 
1 ,PDichloroethane 501UJ 1 10 u 5OjUJ 1 5 UJ 

0.5/u 

0.5 u 0.5 u 

10 u 5 UJ 0.5 u 0.51u 0.5 u IO u 5 UJ 0.5 u 
0.5 u 

J 10 u 5 UJ 0.5 u 0.5 u 

fnzene 
tcromochloromethane 
- 

II 501 UJ 
501lJJ 

o&J 1 
0.5/u 1 

501lJJ 1 
5O)UJ .o& 

tlromomethane 

Carbon disulflde 

Carbon tetrachloride 
-.. 
Chlorobenzene 
^.. 
wloroetnane 
Chloroform 

Chloromethane 

50 UJ 0.5 u 0.51u I 
50 UJ 0.5 u 

50 UJ 0.28 0 5OjUJ 1 
Cumsne 
^ ., 

NA - Not analyzed 
B - Analyte not detected above associated blank .- 

R - Unreliable result 
U - Analyte not detected 

J - Hsponed Value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

UJ 
UL 

Page1 of 18 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Reoort 
NSWC - White Oak, Silver’Spring, Maryland 

NA * Not analyzed 
6 - Analyle not detected above associated blank 
J - Reported value is estimated 
K - ReportPA value may be biased high 
L - Repa )Iue may be biased low 

R - Unreliable result 
U - Analyte not detected 

UJ 
UL. 

\2of 18 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC -White Oak. Silver Swim. Marvland . . . , 

21 u NA NA 21 u NA NA 
5.3 u NA NA 5.3 u NA NA 

~,tl -uwrrorooenzolne 
n LI?L___-?I?- ~-l”nr”anllrne 

4,6-Dinitro-2-methylphenol 
,^ 

II 5.31u 1 
I I I , NA[ 1 NAI 1 5.3)u -1 NA( 1 NA 

II 21/u 1 NAI 1 211u 2llU 1 NAI 1 1 
2llU I 

NAI 1 
NAI 1 

NAI 1 211t.t 1 NAI --I NA 

II NAI 1 21/u NAI 1 NA 

4-oromopnenyl-pnenyietner 5.31l.i 1 I I NAI 1 5.3/u 1 1 ,.LI- ” -.~.I I I NAI 1 NA] 1 .- 5.3ju 
4-wwo-+mernyrpnenor 
4-Chloroaniline 

4-Chlorophenyl-phenylether 
,....,. 
4-tvrernyrpnenot 
4-Nitroaniline 
1 LIII___L-.--1 

NAI I NAI I 

Acenaphthene 
. 

II 5.31 u NA 5.3 u NA 

II 
21/u 

NA 5.3 u 
NA 21 u NA NA 21 u , NAI 1 

NA 21 u NA NA 21 u NA/ 1 

Acenapntnyiene 
A _-.- -I.. I II 

5.31u 1 
I I 5.3/u 1 NAI 1 5.3 u 

nceropnenone 

Anthracene 
Atrazine 

,-- 

D ---..I^ \__11_..--- o~-lI‘“(a,an,nracene 
Benzo(a)pyrene 
n-..--,l.\lt .* 

I 5qu 

, 
5.3lu 1 

I I 
NAI 1 5.31u 1 NAI 1 NAI 1 

-----II 5.3ju I 1 NAI 1 
I NAI 1 I I 5.3/u , 1 I 

NA/ 1 
NAI 1 

NAI 1 
NAI 1 

5.3lt.J 
5.3ju 1 

tsenzo(o)riuoranmene 
,3 ---..,.. L I\--.-.I-..- 

5.31u 1 NAI 1 5.3ju 1 
I I NAI I-- 5.3/u 

oal~~u(y,r~,r,peryrene 

Benzo(k)fluoranthene 

Bis(2-chlaro-1-methylethyl) ether 
_&,, ,... ,. auryraenzyrpnrnarare 
r.-_w_l__r_-_ I NAI f II 5.3/u 1 NAI 1 

NAI 1 
5.3/u 1 
5.3/u 1 

NAI 1 
NAI 1 

NAI 1 
NAI 1 

5.31u / 
5.3/u 1 

ulutir,r~a,rI,arilr,racene 

Dibenzofuran 

-II 5.3/u 1 I.. 
NAI I 

NA( 1 
5.3jt.J 
5.31u 

1 

I I 
1 NAI 1 

NAI I-- 
NAI 1 

5.3IlJ 
5.3/u 1 

NA - Not analyzed 
above associated blank 
--1-J 

S - Analyte not detected 
J - Reported value is estimatea 
K - Reported value may be biased high 
L - Reported value may be biased low 

R - Unreliable result 
U - Analyte not detected 

UJ 
UL 
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Complete Data of Monitoring Well Samples 
Sits 49 RI Report 

NSWC - White Oak, Silver Spring, Maryland 

NA - Not analyzed 
S - Analyte not detected above associated blank 
J - Reported value is estimated 
K s Report-- value may be biased high 
b - Repc ilue may be biased low 

R ” Unreliable result 
U - Analyte not detscted 

UJ 
111 

14 of I8 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Reoott 
NSWC -White Oak, Silver’Spring, Maryland 

iW201 DD 49GW20lS - 

I NAI 1 

3.9)u 1 

NA NA 
1.7 u 3.9 u 
2.3 U 2.8 U 

O.l(U 1 O.l)U 1 

NA ---I- NA 
I 3.51B 1 4.2/B 1 

1olu I IOIU I 
NA 

-t NA 

Potassium 
Selenium 

NA 3.1 u 

NA 1.8 B 
NA 4.4 B 

NA - Not analyzed 
8 - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

R - Unreliable result 
U - Analyte not detected 

UJ 
UL 

Page5of18 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC - White Oak, Silver-Spring, Maryland 

NA - Not analyzed 
i3 _ Anal@ not detected above associated blank 
J _ Reported value is estimated 
K _ Report--( value may be biased high 
L - Repc blue may be biased low 

R - Unreliable result 
U ~ Analyte not detested 

UJ 
I II. 

?6of 18 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

NA - Not analyzed 
S - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

R ” Unreliable result 
U - Analyte not detected 

UJ 
UL 

Page7of 18 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

NA - Not analyzed 
El - Analyte not detected above associated blank 
J ~ Reported value Is estimated 
K - Repot+-- value may be biased high 
L - Repc \lue may be biased low 

/ 

R = Unreliable result 
U - Analyte not detected 

UJ 
I ” 

\ ?8 of 18 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

Samp 
Chem.--. .______ - 
2Nitroaniline 

I , I 
NAI 1 221R 1 221R 1 NAI 1 211u 1 NAI 1 21/u I NA/ 

NA - Not analyzed 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

R - Unreliable result 
U - Analyte not detected 

UJ 
UL 

Page9oflS 



Table f-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC -White Oak. Silver Spring, Marvland 

49GW203 I 49GW204 

1001 1 049GW2030002 1 049GW2040001 1 049GW2040002 

adiene 

IHexachlorocyclopentadiene 

IPhenanthrene 5.618 1 

bis(2-Chloroethoxy)methane I NAI 1 NAI 1 5.: 

NA - Not analyzed 
6 - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Repor’ ’ yalue may be biased high 
L - Repr ilue may be biased low 

R q Unreliable result 
U - Anal@ not detected 

UJ 
I II 

IOof 18 
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Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC -White Oak, Silver.Spring, Maryland 

NA - Not analyzed 
6 - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

R - Unreliable result 
U - Analyte not detected 

UJ 
UL 

Page 11 of 18 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC - White Oak, Silver.Spring, Maryland 

Cobalt 

Magnesium 

Manganese 
Mercury 

Sodium I 

Zinc 
I 

Wet Chemistry (MO/L) 

Nitrogen O.lIUL 1 O.llU 1 

NA - Not analyzed 
B g Analyte not detected above associated blank 
J - Repotted value is estimated 
K - Repoltmd value may be biased high 
L - Repc “Blue may be biased low 

R - Unreliable result 
U - Analyte not detected 

UJ 
UL 

r ,I2 of 18 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

NA - Not ans ilyzed 
5 - Analyte n lot deB 
J - Reported value 
K - Reported value 
L - Reported value 

SC :ted above associated blank 
is estimated 
n lay be biased high 
rr lay ba biased low 

R - Unreliable result 
U - Analyte not detected 

UJ 
UL 
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Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 

NA - Not analyzed R - Unreliable result 

13 - Analyte not detected above associated blank U - Analyte not detected 

J _ Reported value is estimated 
UJ 

K - Reported value may be biased high 
UL P 

L - Rep0 \ ‘Iue may be biased low 
‘,p of 18 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Retort 
NSWC -White Oak, Silver’Spring, Maryland 

3-Nitroaniline 

4,6-Dinitro-2-methylphenol 

4-Bromophenyl-phenylether 

4-Chloro-3-methylphenol 

NAI 1 
NA( 1 NA( 1 

NAI 
NAI 1 NAI 

IAcetoohenone 

Anthracene 

Atrazine 

Benzaldehyde 

NAI 1 NAI 

NAI 

Benzo(a)anthraoene 

Benzo(a)pyrene 

Benzo(b)fluoranthene 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

Bis(2-chloro-I -methylethyl) ether 

Butylbenzylphthalate 

I NAI 1 
NA( 1 NAI 1 NAI 1 

NAI 

NAI 
NAI 1 NAI 1 

NA NA NA[ 1 NAI 
NA NA NAI 1 NA/ 
NA NA NA! 1 NAI 

1 NAI 1 NAI 1 

Caprolactam 
Chrysene 

Di-n-butylphthalate 

NA/ 1 
NAI 1 

NAI 1 NAI 1 
NAI 
NAI )ibenz(a,h)anthracene 

NA - Not analyzed 
B - Analyte not detected atiove associated blank 
J - Reported value is estimated 

R - Unreliable result 
U - Analyte not detected 

UJ 
K - Reported value may be biased high 
L - Reported value may be biased low 

UL 
Page15of 18 



Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

NA - Not analyzed 
S - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Report”” value may be biased high 
L _ Repc \jue may be biased low 

R _ Unreliable result 
U - Analfie not detected 

UJ 
UL 
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Table l-5 
Complete Data of Monitoring Well Samples 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

IStation ID ! 49GW206D - 
---~- 

1 49GW206M 1 49GW206S 

NA - Not analyzed 
6 - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Reported value may be biased high 
L - Reported value may be biased low 

R - Unreliable result 
U - Analyte not detected 

UJ 
UL 

Page 170f 18 



Table l-5 
Complete Rata of Monitoring Well Samples 

Site 49 RI Report 

Mercury 
Nickel 

Silver 

NA - Not analyzed 
B - Analyte not detected above associated blank 
J - Reported value is estimated 
K - Fiepo+ 
L - Rep1 

’ \ralue may be biased high 
llue may be biased low 

R - Unreliable result 
U - Analyte not detected 

UJ 
I II r 18of18 



Table l-6 
Complete Data for Borehole Water Samples During Packer Test 

Site 49 RI Report 
NSWC - White Oak, Silver’Spring, Maryland 

Sample 
Chemk. . __..._ II I I I I I I I I I 1 I I I 

c 

Volatile Organic Compounds (UGIL) 

1 ,l,l-Trichloroethane 

1 ,P-Dichlorobenzene 
1,2-Dichloroethane 

I 0.5(u 1 0.51u 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
U - Undetected Page 1 of 4 



Table l-6 
Complete Data for Borehole Water Samples Durlng Packer Test 

Site 49 RI Report 

NA - Not analyzed 
E3 - Blank contamination 
J _ Estimat-4 
U - Undr \‘! 

.i 



NA - Not analyzed 
B - Blank contamination 
J - Estimated 
U - Undetected 

Table l-6 
Complete Data for Borehole Water Samples During Packer Test 

Site 49 RI Report 
NSWC -White Oak, Silver Spring, Maryland 

Volatile Organic Compounds (UG/L) 

1 .I ,I -Tnchloroethane 
1 ,1,2,2-Tetrachloroethane 

1 ,l ,Z”Trichloro-1,2,2-trifluoroethane(Freon-113) 

1,4-Dichlorobenzene 

2-Butanone 

P-Hexanone 

4-Methyl-P-pentanone 

Page 3 of 4 



Table l-6 

NA - Not analyzed 
B - Blank contamination 
J - Estim+4 
U-Und ‘1 

Complete Data for Borehole Water Samples During Packer Test 
Site 49 RI Report 

NSWC -White Oak, Silver Spring, Maryland 

ae 4 of 4 



Table l-7 
Complete Data for Paint Branch Surface Water Samples 

Site 49 RI Reoort 
NSWC - White Oak, Silver’Spring, Maryland 

I,2-Oichlorobenzene II 1olu 1 lO(U 1 1olu 1 0.5 UJ 

1,2-Dichloroethane 10 u 1o)u 1 10/u 1 iolu 1 0.5 UJ 
0.5 UJ 1,2-Dichloropropane 

1,3-Dichlorobenzene 
1,4XIichlorobenzene 

II 

1oju 1 10/u 
1olu 1 

1 
IOlU 1 

IOlU 1 
10/u I 

1o)u 1 

10/u I 

2-Butanone 
I! 10/u 1 lOlLi 1 10/u I 1olu 1 0.5)UJ 

11 IOpJ 1 1olu 1 

Cumene 

Cyclohexane 
- 

II 
lO)J I 

1olu 1 

lO]U 1 

1olu 1 
lO]U 1 

~- 
lO[lJ 1 0.5 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K - Biased high 
A - Unusable 

U - Undetected 
UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

Page 1 of 6 



Table l-7 
Complete Data for Paint Branch Surface Water Samples 

Site 49 RI Report 

Vinvl chloride 

2,6-Dinitrotoluene 

n-Methylphenol 

J&Nitroaniline 

U ” Undetected 
NA s Not analyzed 
S ” Blank contamination 
J - Estimated 

UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

xqe 2 of 6 
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K - Biased high 
R -Urll ’ 

‘1 

J’ 



Table l-7 
Complete Data for Paint Branch Surface Water Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

NA - Not analyzed 
6 - Blank contaminatil 
J - Estimated 
K - Biased high 
R - Unusable 

3n 
U - Undetected 

UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

Page 3 of 6 
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Table l-7 
Complete Data for Paint Branch Surface Water Samples 

Site 49 RI Report 
NSWC - White Oak. Silver Sprina. Marvland -. . 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K - Biased high 
R - Unix 

;w216 1 PBSW211 

Dphenol II 26/U 1 25)U 1 26)U 1 
I 

NAJ 1 

1,3,5Trinitrobenzene 

2.Amino-4,6-dinitrotoluene 

itrotoluene 0.521 UL 0.52/U 1 

Nitrobenzene ~~ _~ 

U - Undetected 
UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

-e 4 of 6 
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Table l-7 
Complete Data for Paint Branch Surface Water Samples 

Site 49 RI Report 
NSWC - White Oak, Silver Spring, Maryland 

pnrmwal Name II I I I 

NA - Nat analyzed 
B - Blank contamination 
J - Estimated 
K - Biased high 
R - Unusable 

U - Undetected 
UJ - Undetected, estimated limit 

UL - Undetected, limit biased low 

Page 5 of 6 



Table l-7 
Complete Data for Paint Branch Surface Water Samples 

Site 49 RI Report 

NA - Not analyzed 
B - Blank contamination 
J - Estimated 
K - Biased h’qh 
R-Unu5 1 

U _ Undetected 
UJ - Undetected, estimated limit 
UL - Undetected, limit biased low 

/- 
96of6 
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