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8.0 RCRA FACILITY INVESTIGATION OF SWMU 0 ,  
UNDERGROUND FUEL OIL SPILL 

8.1 S WMU 0 BACKGROUND AND NESTIGATION PROGRAM (Revised) 

This report is a revision of the Radford Army Ammunition Plant (RAAP) Resource 

Conservation and Recovery Act (RCRA) Facility Investigation (RFI) Section 8.0 whlch presented 

the results of the investigation of Solid Waste Management Unit (SWMU) 0 ,  Underground Fuel 

Oil Spill in the final draft RFI report dated October 29, 1992 (Dames & Moore, 1992a). The 

additional studies conducted by Dames & Moore at SWMU 0 in 1993 were authorized by the 

U.S. Army Environmental Center (AEC) under Contract No. DAA.415-90-D-0015, Task Order 

4 after the final draft RFI report was reviewed by AEC and comments on the report were 

provided by the U.S. Environmental Protection Agency (EPA) and the Virginia Department of 

Environmental Quality (VDEQ). 

The additional data have resulted in revised text in several subsections and these revised 

subsections have had (Revised) appended to the subsection title. Tables 8-3 and 8-5 have been 

added to this revised section report to present the groundwater and soil data collected in 1993. 

The other tables have been reproduced from the 1992 final draft RFI report but are renumbered 

as appropriate. Figure 8-1 has been revised to show the locations of the 10 soil borings and one 

monitoring well installed during the 1993 field program. Figure 8-7 is a new cross-section 

developed using 1993 soil boring data. Figures 8-6, 8-8 and 8- 10 are revised figures included 

in the 1992 final draft RFI report using the additional geologic data obtained during the 1993 

field program. This revised section report is not intended to be a stand alone document; all 

background information about RAAP and the overall RFI program is presented in the final draft 

RFI Report. Appendix A to this report presents RFI chemical data, Appendix B presents 

geotechnical data and Appendix C other presents supporting information from the 1992 final draft 

RFI report. 

8.1.1 S WMU History (Revised) 

This unit is located in the east section of the Main Manufacturing Area, southwest of the 

Inert Gas Plant. It consists of three 269,000-gallon aboveground storage tanks that are situated 



on a concrete base and surrounded by a concrete secondary containment system. Two of the 

tanks contain fuel oil; the southwesternmost tank contains alcohol. The tanks are located on the 

southeast side of a drainage valley that slopes gently to the northeast before dropping Z0 feet 

down a steep scarp on the north (Insert 6). At the base of the scarp is the site of the former 

Acidic Wastewater Lagoon (SWMU 4). SWMU 4 has been closed and new neutralization basins 

have being constructed at the same location (Figure 8-1). 

8.1.2 Previous Investigations 

In 1982, oil-contaminated water was encountered during the installation of one of the 

monitoring wells around SWMU 4. During subsequent field investigations at SWMU 4, up to 

6 inches of oil was measured floating on top of the groundwater in well W-1 (later renamed 

S4W-1). During development of well S4W-1, a large quantity of oil-contaminated water was 

flushed out of several springs that discharge along the steep scarp next to the well. A subsequent 

investigation concluded that an underground pipeline connecting a filling station to the tanks had 

leaked. The station was reportedly located in the office area southeast of the tanks. A pressure 

test on the line indicated leakage, and the line was replaced. An oil audit originally estimated 

the leakage quantity to be 80,000 gallons, but a revised audit placed the leakage at approximately 

3,000 gallons (BCM, 1984). 

During the March 1990 facility visit, plant personnel stated that the leaking fuel line was 

not a filling pipeline, as described in the 1982 investigation, but a discharge line that ran from 

the northeasternmost fuel tank to a pumping station located a short distance to the north (Insert 

6). This line was subsequently replaced with an aboveground line. 

In 1983, four monitoring wells were installed at SWMU 0 to characterize groundwater 

flow and quality at the site. These data assisted in determining the source, extent, and severity 

of oil contamination known to exist in the groundwater immediately downgradient of SWMU 0. 

One upgradient and three downgradient monitoring wells were installed. The upgradient well was 

designated P-1, and the downgradient wells were designated P-2, P-3, and P-4 (Figure 8-1). 

Additional downgradient wells have been installed as part of an investigation of SWMU 4 

northeast of SWMU 0 .  These wells have not been sampled for fuel-related contaminants. 
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Analytical results indicated high fuel content in well S4W-1 only, with the next highest 

concentration of fuel constituents in well W-2 (later renamed S4W-2). Because of the low levels 

in other wells, it was concluded that wells P-1, P-2, P-3, and P-4, and SWMU 4 wells W-3 

(S4W-3) and W-4 (S4W-4) were not located within the major contaminant plume. The 

explanation for low concentrations of oil between these locations was that the main oil plume 

probably passed through t h s  region via a narrow sandlgravel channel imbedded in low- 

permeability sediments, which would not easily permit a dispersed flow of oil through the soils 

and groundwater. If t h s  was the case, some oil residual would remain in the soils that the oil 

passed through and would be detectable at much higher concentrations than were obtained during 

the sampling. Therefore, monitoring wells P-2, P-3, and P-4 most probably were installed in 

locations outside of the oil-contaminated groundwater flow channel. 

The overall impact to the area was thought to be minimal because the oil quantities were 

so small in the surface outcropping area, the oil had dissipated over time, and subsurface recovery 

was not practical. Plant personnel stated that following periods of heavy rain, some oil is still 

observed seeping fiom the spring at the bottom of the scarp. 

In October 1985 a terrain conductivity survey was performed in the vicinity of SWMU 

4, for the purpose of delineating subsurface conductivity anomalies--which could indicate 

contaminant plumes. Due to the proximity of SWMU 0 to SWMU 4, information from t h s  

study was reviewed during the evaluation of SWMU 0. 

During the terrain conductivity survey, two anomalous areas were noted in the vicinity 

of SWMU 4. The first extends northeast fiom SWMU 4 and was thought to be related to 

SWMU 4 activities. Another anomalous area extends southeast fiom SWMU 4. T h s  anomaly 

was thought to be either associated with activities at SWMU 4, or a reflection of upgradient (to 

the south) activities. 

Wells WC1- 1 and WC 1-2 were installed in 1987 as part of a program that installed 19 

wells at S M s  4, 5, and 7 (F&R, 1987). No groundwater sampling was conducted for t h s  

program but aquifer tests were performed on the wells. 



8.1.3 RFI Program (Revised) 

There were four monitoring wells (P-1 through P-4) in the vicinity of SWMU 0 ,  with at 

least 15 other wells associated with SWMU 4 to the northeast installed prior to the RFI. Wells 

from both areas were used to assess SWMU 0 .  During the 1983 investigation (discussed in 

Section 8.1.2), significant fuel oil contamination was detected only in well S4W- 1. This well was 

one of five monitoring wells originally installed northeast (downgradient) of the fuel oil tanks as 

part of the initial groundwater monitoring network at the Acidic Wastewater Lagoon (SWMU 4). 

These five wells have been used for quarterly groundwater monitoring. With the exception of 

one sampling event in 1983, the wells have not been sampled for the petroleum compounds that 

are of interest at SWMU 0. SWMU 4 has been closed with new Neutralization Basins built at 

the same location as the former wastewater lagoon. 

Prior to the RFI, it was speculated that fuel oil may have been migrating from the spill 

site via shallow subsurface flow in gravel lenses and underground pipeline trenches, rather than 

via groundwater. As shown in Insert 6, numerous below-ground pipelines traverse the site at 

various depths between the reported fuel oil leak location and the observed seep at the bottom 

of the hill. Some of these trenches, especially near the roads, could have been deep enough to 

intersect migrating fuel oil. 

To provide information on the potential pathways carrying fuel oil from the leakage area, 

a soil gas survey consisting of 26 sampling points was conducted (Figure 8-2), with samples 

collected beginning at the seep (where fuel oil continues to be observed) and working in a 

southwesterly direction toward the fuel oil tanks. 

To define any remaining source of the fuel oil plume, seven soil borings (OSB1 through 

0SB6 and OSB10) were drilled around the tank farm dike and the former underground fuel line. 

The depth of each boring was between 12 feet and 35 feet. A maximum of two soil samples 

were collected from each boring. One sample was collected from the most heavily contaminated 

soil, based on visual inspection and photoionization detection meter (PID) readings; and one 

sample was collected from deeper, uncontaminated soil if uncontaminated soil was found. These 
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soil samples were analyzed for volatile organic compounds (VOCs) and semi-volatile organic 

compounds (SVOCs). 

Four soil borings were drilled along the pipelines (OSB7, OSB8, OSB9, and OSB 11) in 

areas where the interception of migrating fuel may be possible to determine whether the 

underground pipelines that traverse the site are serving as pathways for contaminant migration. 

The maximum depth of each boring was between 12 and 29 feet in depth. Based on visual 

inspection and PID readings, the most heavily contaminated soil from each boring was sampled. 

These four soil samples were analyzed for VOCs and SVOCs. A representative soil sample was 

collected from most of the borings and submitted for physical testing. 

Existing and newly installed monitoring wells were sampled to determine whether 

groundwater had been contaminated with fuel oil. The following eight existing wells were 

selected for sampling--P-1, P-2, P-3, P-4, WC1-1, S4W-1, S4W-4, and 8B. Well WC1-1 was 

dry during the sampling effort, well WC 1-2 was substituted with U.S. Army Toxic and Hazardous 

Materials Agency (USATHAMA, now known as AEC) approval. 

To supplement data from these eight existing wells, it was proposed that two additional 

monitoring wells be installed to provide additional downgradient sampling locations potentially 

impacted by the migrating fuel oil. The locations of these wells were to depend on results of the 

soil gas survey and soil boring sampling program. After the soil gas survey and soil boring 

sampling program were completed, it was decided to install only one additional well (OMW1). 

Samples collected from the wells were analyzed for VOCs, SVOCs, total organic carbon (TOC), 

total organic halogens (TOX) and pH. 

Surveying was conducted to determine location coordinates of the monitoring wells and 

the exact S WMU boundary. A topographic survey of the area encompassing the SWMU 0 area 

was conducted and is included as Insert 6. 

Based on the results of the 199 1 and 1992 field investigations, 10 additional exploratory 

soil borings (OSB12 through OSB21) were performed in August 1993 near monitoring well 

WCI-1 and in a line through monitoring well P-4 (Figure 8-1). One soil sample was collected 

from each boring (except OSB13) and analyzed for SVOCs. The sample selection was based 



upon visual inspection and PID readings. If contamination was not apparent, a sample was 

submitted from the water table or boring termination depth. 

One monitoring well (OMW2) was installed during the 1993 RFI program in the parking 

lot area located southwest of the tanks to provide an additional groundwater monitoring location 

in the tank area (Figure 8-1) and serve as a future dewatering well, if necessary. For the 1993 

RFI program, groundwater samples were collected from two existing site wells (OMW1 and 

S4W-1) and newly installed well 0MW2 and analyzed for SVOCs and total petroleum 

hydrocarbons (TPH) and several water quality parameters including TOC, TOX, sulfate, 

phosphate, chloride and nitritehitrate. 

Wells OMWl and 0MW2 were constructed of 4 inch diameter stainless steel to provide 

stability and durability if these wells are used for dewatering this area. After installation, the 

location of well 0MW2 was surveyed. The field locations of the 1993 soil borings were 

approximated from existing surveying data. The boring and well locations have been added to 

the revised base map included as Figure 8-1. 

8.2 ENVIRONMENTAL SETTING 

8.2.1 Topographv 

SWMU 0 (the Underground Fuel Oil Spill) is located in the east section of the Main 

Manufacturing Area, southwest of the Inert Gas Plant. SWMU 0 is present on the southeast side 

of a northeastward sloping drainage valley. Surface elevations at the valley range from 1,775 feet 

msl near well P-1 to 1,740 feet msl at the asphalt road northeast of the tanks. The southeast side 

of the valley remains relatively level up to about 300 feet from the tanks where a hillside has a 

30 foot drop over only 150 feet. At the base of the scarp is the site of the former Acidic 

Wastewater Lagoon (SWMU 4). The base of the tank containment structure has an elevation of 

1,771 feet mean sea level (rnsl). The land surface immediately to the southeast is 1,775 feet msl 

and the ground surface to the northwest near the road is 1,760 feet msl. 



8.2.2.1 Geologic Units (Revised) 

The geology of SWMU 0 area has been explored for the RFI through the drilling of 19 

exploratory soil borings and installation of two monitoring wells. These borings, ranging from 

10 to 38 feet in depth, allow for a general understanding of subsurface conditions. The well 

borings OMWl and 0MW2 fully penetrated the unconsolidated soil and were terminated in the 

top of bedrock. Data from the 1992 and 1993 RFI programs along with boring and well data 

from previous investigations were used to construct four cross-sections, one structure map of top 

of bedrock (revised), one groundwater elevation map, and one water table to bedrock relationship 

map (revised). As shown in Figure 8-3, the four cross-sections (A-A', B-B', C-C' and D-D') 

illustrate the subsurface conditions at SWMU 0 .  Cross-section D-D' was created and cross- 

section C-C' was revised using the 1993 RFI field data. The following subsections describe the 

unconsolidated soil and bedrock geology of SWMU 0 as revealed through the RFI boring 

program and previous studies performed at this site. The topography of SWMU 0 is illustrated 

on the Topographic Survey map included in the map pocket at the end of this report (Insert 6). 

8.2.2.1.1 Unconsolidated Soil (Revised) 

The site is underlain by 10 to 37 feet of unconsolidated soil deposits consisting principally 

of terrace alluvial deposits. The exploratory boring and well boring logs are presented in 

Appendix B. The primary unconsolidated soil deposits below SWMU 0 consist of a brown to 

yellowish-brown, fine-grained, plastic silt and clay. These deposits are highly interbedded in 

most locations below the site with occasional thin sand and gravel zones. Unconsolidated soil 

deposits were usually described as being stiff in consistency and moist. Where the silts and clays 

exhibited a higher plasticity (MH-CH) the soils were usually more soft and moist. Borings 

performed in the area of the aboveground storage tanks (OMWl, OSB4, OSB2, OSB10) 

encountered fill associated with the construction of the aboveground storage tanks and the parking 

lot bordering the site to the east. The deposits of river jack overlying bedrock which were 

encountered in boring S4W-1 during a previous investigation were noticeably absent from the 

exploratory borings performed for RFI (USAEHA, 1981). However, a three foot layer of gravel 
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and cobbles was encountered above bedrock in boring OSB 13 performed about 10 feet west of 

monitoring well P-4. Thin layers of river jack were encountered in borings OSB11 and OSB19 

(Figure 8-1). Minor amounts of gravel were encountered in other borings, therefore, it is likely 

that the thicker gravel deposits encountered in S4W-1 are localized along the steep slope in the 

vicinity of the scarp at the north end of the site. 

Underlying the terrace deposits in some areas of the site (noticeably in the area of OSB5 

and OSB8) are fine-grained residual soils weathered from the underlying 1imestone1dolostone 

bedrock. Residual soils usually consist of a yellowish-brown, silt (ML) which is stiff in 

consistency. The extent of residual deposits is apparently limited due to the erosion and 

deposition of alluvial deposits over bedrock in most areas below the site. 

Cross-section A-A' (Figure 8-4) generally trends southwest to northeast across the entire 

SWMU 0 area. Cross-section B-B' (Figure 8-5) trends generally northwest to southeast across 

the site just downgradient from the oil leak area. Cross-section C-C' (Figure 8-6) trends 

generally northwest to southeast across the site in the north-central portion of the site between 

the oil leak area and the springlseep area. Cross-section D-D' (Figure 8-7) trends generally 

northwest to southeast through wells P-3 and P-4. These cross-sections illustrate the variable 

depth of unconsolidated soil deposits over an irregular bedrock surface and also illustrate the 

disturbed-fill area encountered during the boring program in the vicinity of the aboveground 

storage tank area. 

Ten soil samples were submitted for grain size (sieve) analysis and Atterberg limits 

testing, and classification by the Unified Soils Classification System (USCS); (Table 3-4). These 

samples were collected from representative soil zones encountered in the boring program. 

Generally, the laboratory data reflected the highly interbedded nature of the soil deposits below 

SWMU 0 with soil samples classified as a silty clay (CL), highly plastic clay (CH) or a clayey 

sand (SC). The soil samples generally exhibited a moderate to high liquid limit (LL), plastic 

limit (PL), and plasticity index (PI). Based on the results of the Atterberg limits testing most of 

the fine-grained soils below SWMU 0 would exhibit a moderate shrink swell potential. The high 

plastic limit of these soils usually results in high natural moisture contents ranging from 18 to 57 

percent. 

8-1 1 
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Several samples (OSB2, OSB4, OSB5, OSB10) have natural moisture contents near the 

liquid limit of the soil which represents soils located in the saturated capillary fringe zone above 

the water table. The soil classifications and values obtained by physical testing were consistent 

with the soil characteristics observed while logging the soil borings during field activities. The 

laboratory data sheets are presented in Appendix A. 

8.2.2.1.2 Bedrock (Revised) 

Underlying the unconsolidated soils in SWMU 0 is the gray limestone/dolostone of the 

Elbrook Formation. Previous investigations at SWMU 0 penetrated from 7 to 25 feet of bedrock 

using NX rock coring. The limestone/dolostone below the site is finally laminated, argillaceous, 

with frequent breciatted, conglomeratic, and vuggy zones. The bedrock is highly weathered and 

fractured with small quartz and calcite veins (BCM 1984; USACE, 1988). The observation of 

bedrock outcropping at the western border of the site along a steep scarp confirms the above 

descriptions of bedrock below the site. The apparent dip of bedrock from this outcrop is 

approximately 30 degrees to the southeast with a strike trending northeast-southwest. Extensive 

exposures of bedrock were also observed in the excavation for the new neutralization basins in 

the SWMU 4 area. Bedrock was penetrated during the RFI to a depth of 3 feet during the 

installation of monitoring well OMW1. The bedrock was soft and highly weathered as indicated 

by the rapid penetration of the roller bit used during drilling. The boring and well logs from the 

RFI and previous investigations are included in Appendix B. 

The bedrock surface below SWMU 0 ,  as revealed by the RFI borings and previous 

investigations varies considerably, generally following the surface topography. A structure map 

showing the bedrock surface below the site is shown in Figure 8-8. This map has been revised 

using the boring data from the 1993 field program, which allowed for a better understanding of 

the site geology. The hydrogeologic cross-sections A-A', B-B', C-C', and D-D' also show the 

bedrock surface and surface topography relationship. Two apparent bedrock lows are present 

below SWMU 0 ;  the first near the southwestern end of the aboveground storage tanks, the 

second in the vicinity of borings OSB12 and OSB16 (Figure 8-8). The bedrock low below the 

aboveground storage tanks is also shown in Figure 8-4. Cross-section D-D' (Figure 8-7) shows 

the bedrock low discovered during the 1993 field program. The depth to bedrock in these areas 
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ranges from about 33 to 37 feet below ground surface, significantly greater than other areas at 

SWMU 0. 

8.2.2.2 Groundwater 

The hydrogeologic conditions within the unconsolidated soil and consolidated bedrock 

were investigated through field examination of soil and rock samples, physical tests of 10 soil 

samples consisting of grain size (sieve) analysis, determination of Atterberg limits, data from 

rising head slug tests on three monitoring wells and available information from previous 

investigations conducted at the site. Groundwater elevations measured from the wells in SWMU 

during the 1992 field program are presented in Table 2-4. 

8.2.2.2.1 Potentiometric Surface (Revised) 

A relatively shallow groundwater table is present below the site at a depth ranging from 

2 to 24 feet below the ground surface (Figure 8-9). Based on groundwater measurements 

obtained on March 13, 1992, the unconfined water table gradient slopes northeast at an average 

gradient of 5 percent in the southern half of the site, and an average gradient of 2 percent in the 

northern half of the site, except at the extreme northern border of the site where the gradient 

steepens to approximately 11 percent. Because of the low hydraulic gradient over most of the 

site and the considerable bedrock elevation differences below the site, water table conditions may 

be found in either unconsolidated-consolidated materials or only within consolidated bedrock. 

As shown in the hydrogeological cross-sections A-A', B-B', C-C', and D-D' (Figures 8-4, 8-5, 

8-6 and 8-7) groundwater flow occurs through bedrock only in the areas of highest bedrock 

elevation. The measured water table does not appear to be significantly affected by whether it 

is in soil or bedrock. 

8.2.2.2.2 Flow Patterns 

A local groundwater discharge zone for the site occurs along the steep scarp bordering the 

site on the north. Several seepsisprings discharge along nearly the entire length of this scarp. 

This seepispring has apparently been formed as the result of an outcropping of a gravel and 

cobble lens present between the clay soil and the bedrock. Based on information from previous 

investigations conducted at the site, this discharge zone (seepispring) was created when the scarp 
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hillside was excavated after the discovery of liquid hydrocarbons in monitoring well S4W-1. 

Apparently, the surging during development of this well flushed liquid hydrocarbons out of the 

seep and into the drainage ditch bordering SWMU 0 (BCM, 1984; USACE, 1988). Another 

possible groundwater discharge zone is located just west of the site across the asphalt road in the 

drainage ditch area. Wells located in this area have groundwater levels close to the ground 

surface with water frequently observed in this drainage ditch. 

Because groundwater is present within the unconsolidated deposits above bedrock at the 

suspected source area for liquid and dissolved phase petroleum hydrocarbon contamination at 

SWMU 0 ,  knowing the flow velocity for the saturated sediment layer and consolidated bedrock 

is important for evaluating potential contaminant pathways fiom the source area at SWMU 0 .  

The hydrological characteristics of each unit are different resulting in different 

groundwater flow regimes. Estimated hydraulic conductivity data for the unconfined aquifer were 

calculated from rising head slug tests conducted on monitoring wells OMW1, P- 1, and P-4 

installed at SWMU 0. These wells were not installed entirely into bedrock and a hydraulic 

conductivity test solely for this unit was not conducted. However, the potentiometric surface of 

well P-4 was within the bedrock and data from these wells could be considered applicable for the 

bedrock. Additional slug tests on various monitoring wells w i b  S WMU 0 were also performed 

during previous investigations of the SWMU 0 area (BCM, 1984; USACE, 1988). Section 

8.2.2.2.4 discusses aquifer characteristics. 

8.2.2.2.3 Recharge and Discharge 

Groundwater recharge in the SWMU 0 area is principally through two mechanisms; 

groundwater flow onto the site and infiltration through unsaturated sediments. As indicated in 

the previous section groundwater flows onto the site principally fiom the northwest through both 

unconsolidated and consolidated formations. To a lesser degree groundwater recharge would also 

occur through the infiltration of water through the unsaturated sediments above the water table. 

A local groundwater discharge zone for the site occurs along the steep scarp bordering the 

site on the north. Several seepslsprings discharge along nearly the entire length of this scarp. 

The majority of these seeps were apparently formed when the hillside was excavated after the 



discovery of liquid hydrocarbons in well S4W- I .  Once the gravel and cobble area 

less permeable sediments was exposed the discharge zone had a sustained flow ti 

year. 

Another possible groundwater discharge zone is located just west of the s 

asphalt road in the drainage ditch area where surface water is frequently observe( 

is located in a low area where local groundwater flow may be directed from the no. 

east. Additional evidence that this area may be a discharge zone is suggested by ti 

levels measured close to the ground surface at well P-2. The water table elevatic 

8-8 roughly coincide with the elevations in the ditch on the northwest side of the 

8.2.2.2.4 Aquifer Properties 

Three rising head slug tests were conducted on newly installed well OMWl 

wells P- 1 and P-4. Monitoring wells OMW 1 and P- 1 were selected because these I 

in locations which groundwater flow is through both unconsolidated soil deposits a 

broken-weathered bedrock zone. Monitoring well P-4 was selected because grour 

at this location is through bedrock only. Previous investigations at SWMU 0 ha\ 

rising head slug tests on wells P-I, P-2, P-3, P-4, and WC1-2. The results ( 

conductivity data for SWMU 0 are summarized in Table 8-1. 

The highest conductivity values calculated for the RFI program at SUTvII 

locations where groundwater flow is through unconsolidated soil deposits and the ul 

weathered bedrock zone. The calculated hydraulic conductivities for wells OM1 

which are representative of this groundwater flow regime, are 2.50 x c d s e c  an( 

cmkec respectively. The lowest hydraulic conductivity values calculated at SWh 

locations where groundwater flow is through bedrock only. The calculated hydraulic 

for well P-4, which is representative of this flow regime, is 2.20 x cdsec .  Co 

the hydraulic conductivity values calculated during the RFI program with hydraulic 

values calculated during previous investigations confirms that the highest hydraulic 

values at the site are found in areas where groundwater flow is through unconsolid: 

broken-fractured bedrock. As shown in Table 8-1 wells P-I, P-2, P-3, and OMU 
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installed within the unconsolidated soil and broken-fractured rock interval have hydraulic 

conductivities in the range of 1.62 x lo4 c d s e c  to 2.5 x 10" cdsec .  Wells P-4 and WC1-2 

which are installed within the bedrock have hydraulic conductivities in the range of 8.26 x 

c d s e c  to 2.2 x lo-' cdsec .  

Because the site hydrogeology was very irregular, using averages of values from the slug 

tests to estimate hydraulic conductivity was considered less appropriate than selecting results from 

wells representative of groundwater flow through the unconsolidated soil and broken-fractured 

rock zone and groundwater flow through consolidated bedrock only. 

The groundwater flow through the unconsolidated soil and broken-fractured rock deposits 

in the area of the aboveground storage tanks may be calculated by knowing the estimated 

hydraulic conductivity ( OMWl = 2.5 x 10" cdsec) ,  the hydraulic gradient (5 percent) as 

measured from Figure 8-8, and the estimated effective formation porosity (30 percent). The 

estimated porosity of 30 percent for silt, clay and sand mixtures is based on a range of porosities 

common for unconsolidated silt, clay, and sand mixtures (25-50 percent; Freeze and Cherry, 

1979). By using the Darcy equation for flow (V=lu/n) where V is velocity, k is the hydraulic 

conductivity, i is hydraulic gradient and n is effective porosity, the estimated horizontal 

groundwater flow velocity was calculated to be 4.17 x c d s e c  (43 1 feedyear). This velocity 

is probably more representative of flow conditions at the broken-fractured rock interface rather 

than the unconsolidated plastic silt and clay deposits. The effective porosity of plastic silt and 

clay typically ranges from 35 to 70 percent and permeability would be approximately 1 x 106 

c d s e c  (Freeze and Cherry, 1979). Therefore, an effective porosity of 50 percent yields an 

estimated groundwater flow velocity of only 1.0 x lo-' c d s e c  (0.1 feedyear) but secondary 

features such as cracks or root zones would allow for greater velocities. 

For comparison, the groundwater flow through the unconsolidated soil and broken- 

fractured bedrock zone downgradient of the aboveground storage tanks may be calculated by 

knowing the estimated hydraulic conductivity (P-3 = 1.62 x lo4 cdsec) ,  the hydraulic gradient 

(5 percent) as measured from Figure 8-9, and the estimated effective formation porosity for sand 

and gravel mixtures (30 percent). By using the Darcy equation for flow (V=ki/n) where V is 

velocity, k is the hydraulic conductivity, i is hydraulic gradient and n is effective porosity, the 



estimated horizontal groundwater flow velocity was calculated to be 2.7 x 10-' cmlsec (28 

feedyear). To estimate the groundwater flow velocity at the northern portion of the site through 

unconsolidated soil and broken-fractured bedrock zone a hydraulic gradient of 2 percent 

calculated from Figure 8-9 is substituted into the Darcy equation. The estimated groundwater 

flow velocity below the northern portion of the site would be 1.08 x cm/sec (1 1 feedyear). 

The groundwater flow through consolidated bedrock at SWMU 0 may be calculated by 

knowing the estimated hydraulic conductivity ( P-4 = 2.20 x cdsec),  the hydraulic gradient 

(2 percent) as measured from Figure 8-9, and the estimated effective formation porosity (10 

percent). The estimated porosity of 10 percent for consolidated bedrock is based on a range of 

porosities common for consolidated limestone/dolostone bedrock (0-20 percent; Freeze and 

Cherry, 1979). By using the Darcy equation for flow (V=ki/n) where V is velocity, k is- the 

hydraulic conductivity, i is hydraulic gradient and n is effective porosity, the estimated horizontal 

groundwater flow velocity was calculated to be 4.4 x c d s e c  (4.6 feedyear). This velocity 

is an estimate only since measurements of the bedrock conductivity will be variable due to 

irregular water bearing fractures and solution features. 

Additional aquifer data was accumulated during the development and sampling of 

monitoring wells at SWMU 0. The newly installed well OMWl and existing well P-1 which 

are installed through the unconsolidated soil deposits and broken-fractured rock exhibited high 

pumping rates on the order of 5 gallons/minute for a duration of 1 hour. The drawdown in both 

of these wells was in the range of 2 to 3 feet. The yields indicate that the transmissivity of the 

unconsolidated soil deposits and broken-rock are relatively high. Because the thickness of soft 

saturated sediments and broken rock is at least 20 feet in the area of OMW1, it would be 

expected that the yield from OMWl would be relatively high. 

8.2.2.2.5 Hvdro~eolonic Interrelationships (Revised) 

Determining the hydrogeologic relationships of the uppermost groundwater flow regimes 

below the site are important because the contaminants of concern are petroleum hydrocarbons 

which are less dense and immiscible in water. Several hydrogeologic factors present at the site 

are discussed below which will control the transport of multiphase liquids in the subsurface. 



The data collected during the 199 111992 and 1993 field programs at SWMU 0 allows for 

a better understanding of the groundwater flow regime below the site. When considering the 

potential migration route of liquid hydrocarbons and associated dissolved phase hydrocarbons it 

is important to determine the relationshp between groundwater flow direction, the bedrock 

surface gradient, and the permeability of the various saturated layers. As discussed previously 

there is a distinct relationship between the water table gradient, the bedrock surface gradient, and 

relative permeabilities of each saturated media. As shown in Figure 8-9 groundwater flow below 

the site (i.e at the source) is to the northeast at a gradient of approximately 5 percent. The 

bedrock surface in the area of the source is shown in Figure 8-8 and indicates that the bedrock 

surface in the area of the source dips to the northwest at a gradient of approximately 11 percent. 

When comparing the water table surface elevations to the bedrock surface below the site, the 

relationship illustrated in Figure 8-10 is apparent. Because liquid hydrocarbons are immiscible 

and less dense than water, the tendency will be for the liquid to migrate vertically from the 

source area until either reachng the capillary fringe zone above the water table or the 

bedrock surface if groundwater is not present. Hydrocarbons will then mound on the water table 

or bedrock surface eventually migrating along the groundwater or bedrock gradient. During 

multiphase flow the liquid hydrocarbons migrating on the water table surface will tend to be 

transported more readily through zones of hgher permeability rather than zones of lower 

permeability. 

Applying these properties of miscible liquids and multiphase flow to the specific 

hydrogeologic and subsurface conditions below SWMU 0 results in the following likely scenario. 

Because the water table below the source area at SWMU 0 is above the consolidated bedrock, 

it is suspected that liquid hydrocarbons migrated vertically through the unsaturated sediments to 

the capillary fringe zone above the water table. Liquid hydrocarbons would then mound on the 

water table surface eventually migrating along the water table surface downgradient to the 

northeast. It is likely that because the large size of the reported fuel leak that some of the 

mounded liquid may have also migrated along the water table-bedrock surface accumulating in 

the bedrock low shown in Figure 8-8. This is supported by the apparent liquid hydrocarbon 

encountered in OSB 10 in the bedrock low area. Eventually a significant portion of the mounded 
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liquid hydrocarbons would flow from the source area downgradient (northeast 

table surface within the saturated unconsolidated sediments. Downgradient n 

unconsolidated sediments would have continued until the liquid hydrocarbons re: 

high located a short distance downgradient of the tanks (Figure 8-8). Because 

is orientated nearly perpendicular to the groundwater flow direction and the ove 

of water table sediments in this area is relatively low, the lateral migration of l i q ~  

above the bedrock surface was probably limited. Therefore, the preferred pathu 

liquid hydrocarbon migration appears to have been through fractured bedroc 

bedrock, the liquid hydrocarbons would then be free to migrate rapidly throug 

it accumulated in gravelly sediments located along the hillside near well S4W- 

is supported by the results of the 199211993 RFI soil boring program, which i 

contamination was not present above bedrock further downgradient of the sourc 

the vicinity of a bedrock low (borings OSB 12 and OSB 15) which is located a10 

migration pathway. 

Therefore, based on the boring data, the preferred path of oil migration 

been northeastward (downgradient) along a narrow area running from the abc 

through the area of borings OSB 12 and OSB 15 toward the water table dischar 

near well S4W-1. This scenario is also supported by the monitoring well dat: 

reveal the presence of any liquid hydrocarbons west of this pathway. 

Transport of dissolved phase hydrocarbons in groundwater below the : 

migrated at a rate close to the calculated groundwater flow velocity for each t: 

media at the site. The dissolved contaminants would have been less restrictec 

bedrock irregularities and anisotropic unconsolidated deposits present below SW 

supported by the presence of detectable concentrations of dissolved phase conta 

of the wells at SWMU 0 .  The dissolved contaminant plume would migra 

advection in the direction of the water table gradient with some associated la 

perpendicular to groundwater and plume movement. 



8.2.3 Soils 

8.2.3.1 USDA Soil Classification 

The United States Department of Agriculture (USDA) has mapped Unison-Urban soils as 

underlying SWMU 0 with slope modifiers of two to seven percent at the tank area and 15 to 25 

percent under the hill and steep slope area to the northeast (SCS, 1985b). Unison soil makes up 

roughly half, Urban land a quarter, and other soils a quarter of the total unit. A typical profile 

of Unison soil has a surface layer of dark brown and brown loam about 15 inches thick, a 

yellowish-red sticky and plastic clay subsoil about 43 inches thick, and the substratus is red sandy 

clay loam below 58 inches. The surface soil layer is classified in the USCS as CL, ML, and CL- 

ML and in AASHTO as A-4 and A-6; the subsoil is CL and CH, and A-6 and A-7, respectively; 

and the substratum classifications are CL-ML, CL, ML and GM-GC (USCS), and A-1, A-3, A-6 

and A-7 (AASHTO). 

8.2.3.2 Physical and Chemical Properties 

The Unison soil physical and chemical properties for both slope modifiers for SWMU 0 

were listed under one grouping by the USDA (SCS, 1985b). The 15 inch surface soil layer 

generally has 10 to 25 percent clay, 1.35 to 1.65 g/cm3 moist bulk density, 0.6 to 6.0 incheshour 

permeability, 0.14 to 0.20 incheslinch available water capacity, pH of 4.5 to 6.0, low shrink-swell 

potential, and one to three percent organic matter. The subsoil layer from 15 to 58 inches has 

the following properties, respective to the above: 30 to 70 percent, 1.30 to 1.60 g/cm3, 0.6 to 2.0 

incheshour, 0.12 to 0.18 incheslinch, 4.5 to 6.0 pH, moderate, and one to three percent. The 

substratus has the same properties as the subsoil except for 30 to 50 percent clay, 0.6 to 6.0 

incheshour permeability and 0.08 to 0.16 incheslinch available water capacity. No properties are 

given for the Urban land included in this soil type. 

8.2.4 Surface Water and Sediment 

No surface water body is present on or near SWMU 0. Drainage ditches present along 

the asphalt roads receive all precipitation runoff with flow proceeding northeastward toward 

Stroubles Creek 1,500 feet away. A storm sewer line originates southwest of the site and passes 



beneath the T-intersection north of SWMU 0 .  This sewer does not have a catch basin at the site 

and apparently does not receive site runoff enroute to discharge into Stroubles Creek. 

8.3 CONTAMINATION CHARACTERIZATION (Revised) 

The 199 111 992 field program at SWMU 0 included the collection of nine groundwater 

samples, fourteen soil samples, two sediment samples, and one surface water sample. The 

samples were analyzed for VOCs and SVOCs. Groundwater samples were also analyzed for 

TOX, TOC and pH. The samples collected at SWMU 0 were not analyzed for explosives or 

metals because of the nature of the known contaminant (fuel). The results of the chemical 

analyses indicated that low concentrations of petroleum-related VOCs and SVOCs were detected 

in a limited number of groundwater, soil and surface water samples collected near the fuel 

seepage zone and fuel tank. However, concentrations of only three SVOCs in groundwater and 

one SVOC in surface water near the fuel seepage zone exceeded health based number (HBN) 

criteria and may be a concern at the site. 

The 1993 field program at SWMU 0 included the collection of three groundwater samples 

and eight soil samples. The soil samples were analyzed for SVOCs and the groundwater samples 

were analyzed for SVOCs, TPH, chloride, nitritehitrate, phosphate and sulfate. The results of 

the chemical analysis indicated that low concentrations of petroleum-related SVOCs were detected 

in two soil samples collected downgradient of the tank area. Low concentrations of SVOCs were 

also detected in the groundwater samples from the tank and seepage areas. Concentrations of one 

SVOC and nitritehitrate exceeded the HBN criteria in two of the groundwater samples and may 

be a concern at the site. Elevated concentrations of TPH were also reported in the groundwater 

sample collected near the fuel seepage zone. Generally, the sampling results from the 1993 field 

program confirm the 1991 results, which indicated generally low levels of fuel related 

contamination of soil and groundwater in both the tank and seepage areas of the site. 

8.3.1 Groundwater (Revised) 

No exceedances of HBNs for VOCs were detected in the 1992 groundwater samples 

(Table 8-2). Six TCL VOCs were detected in five of the nine groundwater samples collected for 

the RFI, but the most VOCs detected in any one sample were three (benzene, chloroform and 



Table 8-2 
Summary of Anatytical Data For Groundwater Samples Collected in 1992 At SWMU O 

Radford Army Amrmnitbn Plant, Virginia 

Volatiles 

BENZENE 
CARBON DlSULFlDE 
CHLOROFORM 
CEILOROMErI-IANE 
ETI IYLBENZENE 
TOLUENE 

Volatile TlCs 

2-METHYLNAPHTHALENE 
3-METifYLPENTANE 
[IEXANE 
METHYLCYCLOPENTANE 

TOI'AL. UNKNOWNTICs 

Serniwlatiles 

2-METHYLNAPWHALENE 
ACENAPHTHENE 

SITE ID 
FIELD ID 

S. DATE 
DEPTH (It) 

MATRIX PQLs 
UNKS UGL 

BIS(2-ETHYLHEXYL) PHTHALATE 
PLUORANTHENE 
FLUOIIENE 
N-NKROSODIPHENYLAMINE 
PtlENANTHRENE 
PYHENE 

TOI'AL UNKNOWNTICs 

Other 
1'OI'AL OIIGANIC CARBON 
TUI'AL ORGANIC HALOG ENS 

PH 

8B 
RDWC'47 
25-feb-92 
25.0 
CG W 
UGL 

LT 0.5 
4.76 

LT 0.5 
6.83 

LT 0.5 
1.T 0.5 

ND 
ND 
ND 
ND 

( 1)5 

LT 1.7 
LT 1.7 
LT 4.8 
LT 3.3 
LT 3.7 
1,T 3 
LT 0.5 
LT 2.8 

N D 
ND 

ND 

6570 
102 
7.67 L 

OMWl 
RDWC*51 
24-feb-92 
31.0 
CG W 
y& 

2.18 
LT 0.5 

0.697 
LT 3.2 

0.895 
LT 0.5 

ND 
N D 
N D 
ND 

( 6141 

LT 1.7 
LT 1.7 
LT 4.8 
LT 3.3 
LT 3.7 
LT 3 
LT 0.5 
LT 2.8 

ND 
5 S 

( 11)246 

7110 
36 
7.13 K 

P-1 
RDWCe43 
24-feb-92 
25.0 
CGW 
UGL 

LT 0.5 
LT 0.5 

2.67 
LT 3.2 
LT 0.5 

5.2 

ND 
8 S 
40 S 
10 S 

ND 

LT 1.7 
LT 1.7 
LT 4.8 
LT 3.3 
LT 3.7 
LT 3 
LT 0.5 
LT 2.8 

ND 
ND 

( 1 P  

6340 
41.2 
6.96 K 

P -2 
RDWC148 
20-feb-92 
11.0 
CG W 
UGL 

LT 0.5 
LT 0.5 
LT 0.5 B 
LT 3.2 
LT 0.5 
LT 0.5 

ND 
ND 
N D 
N D 

ND 

LT 1.7 
LT 1.7 
LT 4.8 
LT 3.3 
LT 3.7 
LT 3 
L'T 0.5 
LT 2.8 

ND 
ND 

( 3128 

1940 
58.8 
7.04 

HBN 
UGL 

5 
4000 
600 
30 
4000 
1 OOOO 

N SA 
N SA 
NSA 
N SA 

NSA 

N SA 
2100 
3 
200 
1400 
7 
2 
4000 

N SA 
N SA 

N SA 

NSA 
N SA 
N SA 



Table 8-2 (Cont'd) 

Volatiles 

BENZENE 
CARBON DISULFIDE 
CHLOROFORM 
CHLOROMETHANE 
ETHYLBENZENE 
TOLUENE 

Volatile TICS 

2-METIIYLNAPf Kf IALENE 
7 
W 

3-METHYLPENI'ANE 
+ HEXANE 

MEXHYLCY CLOPENTANE 

TOTAL UNKNOWNTlCs 

Semimlatiles 

2 - M m f  IYLNAPfflHALENE 
ACENAPHrHENE 

SITE ID 
FIELD ID 

S. DATE 
DEPTH (It) 

MATRIX PQLs 
UNKS(# )  

BIS(2 -ETH YLHEXY L) P t  lTf-I ALATE 
FLUORANI'HENE 
FLUOKENE 
N-Nrr ROSODIPHENYLAMlNE 
PHENANTHRENE 
PYRENE 

Semimlatile TICS 

2,6,10,14-TETRAMlTIIYLPENTADECANE 
CYCLOIIEXENE OXIDE 

Olher 

TUTAL ORGANIC CARBON 
TU1'AL OKGANIC HALOGENS 
PI I 

S4W-4 
RDWC146 
28-feb-92 
14.0 
CG W 
LJGL 

LT 0.5 
0.794 

LT 0.5 
LT 3.2 
LT 0.5 
LT 0.5 

6 S 
N D 
N D 
N D 

N D 

LT 1.7 
LT 1.7 
LT 4.8 
LT 3.3 
LT 3.7 
LT 3 
LT 0.5 
LT 2.8 

N D 
ND 

( 115 

14900 
75 
7.49 L 

HBN 

5 
4000 
600 
30 
4000 
10000 

NSA 
NSA 
NSA 
N SA 

N SA 

N SA 
2100 
3 
200 
1400 
7 
2 
4000 

N SA 
N SA 

N SA 

N SA 
NSA 
NSA 



Table 8-2 (Cont'd) 

Foo tno tes : 
B = Anatyte wasdetected in corresponding method blank; values are flagged if the sanpleconcenlration is less than 10 times the method blm k 

mncmtration for commn labralory mnstituents and 5 times for all other constituents 
CGW = Chemical groundwater. 
1111N = I leald~ based number a sde fmd  in the RCRApennit. HBNs not specifid in h e  permit were derived using standard exposure and intake 

assumptions consistent with EPAguLlelines ( 51 Federal Register 33992, 34006, 34014, and 34028). 
K = Indicates holding time for extraction and preparatnn was not met, but dataqualily isnot believed to be affected. 
L = Indicates holding time for analysis was missed, but data quality is not believed to be affected. 
LT = Concentratnn is reported as less than the certified reporting limit. 
NA = Not avdilable; PQLs arenol available for TICsdetected in the library scans. 
ND = Anatyte was not detected. 
NSA = No standard (HBN) available; health effects data were not available for the calculation of a HBN. HBNs w a e  not derived for TI&. 
W = Not tested; parameters were not tested (included) in the sample analyses. 
PQL = Practicalquantitation limit; the bwest mncentratnn that can be reliablydetected at adefined levelofprecision for a given analytical method. 
S = Results are based on an internal standad; flag is used for TICsdetectd in library scans. 
TICS ='Tentatively identified compounds that were detected m the GUMS library scans. 
UGL = Micrograms per liter. 
( ) = Parenthesis are used Lo indicate the number of unknoun TICs that were detected in either the wlatile o r  semivolatile GUMS library xans.The 

number beside the paren thesis is the total mncenlration of allTICsdetected in each respective scan. 
[ ] = Brackets indicate that the detected mncentratnn exceds the HBN. 



toluene) in the sample from well OMW1. Two TCL VOCs were identified in the samples from 

wells 8B (carbon disulfide and chloromethane) and P-1 (chloroform and toluene), one TCL VOC 

was detected in the samples from wells S4W-4 (carbon disulfide) and WC1-2 (chloromethane), 

and no TCL VOCs were detected in samples from wells P-2, P-3 and P-4. Three identified VOC 

tentatively identified compounds (TICs) were detected in the sample from P-1 (3-methylpentane, 

hexane and methylcyclopentane) and one from the sample from well S4W-4 (2- 

methylnaphthalene). Unknown VOC TICs were detected in samples from wells 8B, OMWl, 

S4W-1 and WC1-2. 

No VOC was detected more than twice and except for chloroform in samples from wells 

OMW 1 and P-1, no two adjacent wells had the same VOC. No pattern or plume to the detected 

VOCs are apparent except that wells OMWl and P- 1, present at the south end (upgradient of the 

fuel leak), of SWMU 0 ,  are near to each other and are most impacted. 

Health based numbers for three of the eight TCL SVOCs detected in the sample collected 

from well S4W-1 were exceeded. This sample was the only sample to have TCL SVOCs 

detected but at least one SVOC TIC was detected in every sample except for the well 8B sample. 

Concentrations of N-nitrosodiphenylamine and phenanthrene in the groundwater sample 

from well S4W-1 exceeded HBN criteria and may be a concern at the site. The concentration 

of B2EHP also exceeded the HBN criterion; however, B2EHP was determined to be a laboratory 

artifact because it was detected in method blanks and the detected concentration (4.45 ugll) was 

less than the method detection limit (4.8 ug/l). 

The two well samples to be most impacted by SVOC (both TCL and TICs) are S4W-1 

with 31 detections and OMWl with 12 detections; no other sample had more than three 

detections. No pattern or plume is apparent from the detections of SVOCs except that the 

originally impacted well (S4W-1) is still the most impacted well and well OMWl is the well 

most impacted by VOCs and SVOCs (except for S4W- 1). 

TOC concentrations range from less than 1,000 ug/l at well P-4 to 18,300 ug/l in the next 

downgradient well WC1-2. No plume or pattern in TOC concentrations are apparent at SWMU 

0. TOX concentrations range from 36 ugll at well OMWl to 134 ugll at well P-4. The only 



apparent pattern is that the two lowest TOX concentrations are in the two upgradient wells 

(OMW1 and P-1). Concentrations in downgradient wells show no pattern in TOX distribution. 

Another pattern is that the three wells with the greatest VOC and SVOC impacts (P-1, OMWl 

and S4W-1) also have the three lowest TOX concentrations. Well P-4 also has the lowest TOC 

concentration and the highest TOX concentration. Groundwater pH values have exhibited a trend 

where the groundwater becomes more basic (hgher pH values) in the downgradient direction. 

SVOCs were detected in the two of three 1993 groundwater samples (OMW1 and S4W-1; 

Table 8-3). Six SVOCs were detected in sample OMWl and three SVOCs were detected in 

sample S4W-1. One SVOC, phenanthrene exceeded its HBN criterion of 2 ugll in both samples. 

Three SVOC TICs (1 -Methylnapthalene, 2,6,10,14-Tetramethylpentadecane and Indan) were 

identified in sample OMWl and one SVOC TIC (Indan) was identified in sample S4W-1. 

Twenty unknown SVOC TICs were identified in sample OMWl (13 13 ugll), two SVOC TICs 

were identified in sample 0MW2 (15 ugll) and 22 SVOC TICs were identified in sample S4W-1 

(9690 ugll). The 1993 sample results (SVOCs, TICs and unknowns TICs) generally confirm the 

1992 results except for phenanthrene, which was not detected in 1992 but detected above the 

HBN in the 1993 OMW 1 sample and at 87 ugll in 1992 but only 3.4 ugll in the 1993 S W4-1 

sample. 

TOC was reported in 1993 samples OMWl (1760 ugll) and S4W-1 (2500 ugll) at 

concentrations about 4 times less than the results reported for the same samples collected in 1992. 

TOX was reported in all three 1993 samples at concentrations ranging from 150 ugll (S4W-1) 

to 232 ugll (OMW2), or about 3 to 4 times greater than the results reported for the same samples 

collected in 1992. TPH was also reported in samples OMWl (175 ugll) and S4W-1 (661 0 ugll). 

The elevated concentrations of TPH and TOC reported in downgradient sample S4W-1 indicate 

that petroleum hydrocarbons associated with the oil leak still remain in groundwater near the seep 

location. 

Nitritemitrate was reported at concentrations above its HBN (10,000 ugll) in 1993 

samples from wells OMWl (30,000 ugll) and S4W-1 (33,000 ugll). Nitritemitrate was reported 

at concentrations of about one order of magnitude less than the HBN criterion in sample OMW-2 

(1200 ugll), which is located further upgradient of the source area than OMW 1. Other water 



Table 8-3 
Summary of Analytical Data for Groundwater Samples Colleckxi in 1993 at SWMU 0 

SITE ID 
FIELD ID 

S. DATE 
DEPTH (It) 

MATRIX 
UNWS 

Semiwlatiles 
2-METIIYLNAPWIIALENE 
ACENAPHI'I IENE 
DIBENZOFURAN 
FLUORENE 
NAPHTHALENE 
PHENAWHRENE 

Semiwlatile TlCs 
1-METHYLNAPHTIIALENE 

7 2,6,10,14-TETRAMEI'HYLPENADECANE 
W 
VI 

INDAN 
TaTAL UNKNOWN TICS 

Other 
CI IL,OI<IIXZ 
NIrRII'E,NII'RATE 
PHOSPHATE 
SULFATE 
TClrAL ORGANIC CARBON 
TaTAL ORGANIC HALOGENS 
TaTAL PETROLEUM HYDROCARBONS 

Radford Army Amnunition Plant, Virginia 

PQLs 
UGL 

10 
10 
10 
10 
5 
7 

N A 
N A 
N A 
NA 

N A 
100 
NA 
N A 
1000 
1 
NA 

OMWl 
RDWX'46 
28-jul-93 
35.0 
CGW 
UGL 

4.0 
2.7 
3.8 
5.3 
6.6 

[ 3.1 I 

20 
10 
20 
(20)1313 

46000 
I 30000 I 
86 
16400 
1760 
176 
175 

OMW2 
RDWX'47 
29-jul-93 
25.0 
CG W 
UGL 

c1.7 
c1.7 
c1.7 
c3.7 
c0.50 
c0.50 

ND 
ND 
ND 

(2115 

53000 
1200 
420 
146000 
<loo0 
232 
<I84 

S4W-1 
RDWXD48 
28-jul-93 
13.0 
CG W 
UGL 

<1.7 
<1.7 
<1.7 
8.2 
0.84 

[ 3.4 I 

ND 
100 
N D 
(22)9690 

m400 
I 33900 I 
110 
c 10000 
2500 
150 
6610 

HBN 
UGL 

NSA 
2100 
120 
1400 
10000 
2 

NSA 
NSA 
NSA 
NSA 

250000 
10000 
NSA 
400000 
NSA 
NSA 
NSA 

Foo tnotes : 
CGW = Chemical groundwater. UGL = Micrograms per liter. 
IIBN = Health based number asdefined in the RCRApemit.  HBNsnot specifiedin the permit were derived using standard exposure and intake 

assumptions consistent with EPAgullelines (51  Federal Register 33992, 34006,34014, and 34028). 
NSA = No standanl (HBN)available; heallh effectsdata were not available for the calculation of a HBN. HBNs were not derived forT1Cs. 
PQL = Practicalquantitation limit; thr bwest concentration that can be reliably delected at adefined levelof precision for a givtm analytical melhod 
TICS =Tentatively identified ampounds  that were detected in the GUMS library scans. 
NA = Not available; PQLs are not available for TlCs detected in the lib-ary scans. ND = Not detected in lib-ary scan. 
< = Concentration is reported as less than the certified reporting limit. 
[ I  = Brackets indicate that thedetected concentration exceeds the HBN. 
( ) = Parrnthesis ind icates number of unknow TICsdetected, number following parenthesis is total concentration of unknow TI&. 



quality parameters tested in three groundwater samples were below their HBN criteria (Table 8- 

3). Concentrations of chloride, phosphate and sulfate were highest in the upgradient sample 

OMW2. Sulfate was reported at an elevated concentration of 146,000 ugll in sample OMW2, 

which is more than one order of magnitude greater than concentrations reported for samples 

OMWl (16,400 ug/l) and S4W-1 (<10000 ug/l). 

The 1993 sample results confirm that low levels of dissolved phase contamination from 

the oil leak remain in the subsurface. The hlghest levels of contamination continue to be reported 

in samples from well S4W-1, which is located in the area where oil apparently remains trapped 

in sediments along the hillside. The results of the upgradient samples confirm that most of the 

free phase contamination has migrated downgradient to the seep location and that low levels of 

dissolved migration remain in the source area. The levels of dissolved phase contamination 

upgradient of oil discharge area would be expected to be reduced further over time due to natural 

biodegradation processes and because the remaining source of contamination has migrated 

downgradient. 

8.3.2 Soil (Revised) 

A total of 14 soil samples (and one duplicate) were collected from 11 borings performed 

in the S WMU 0 area during the 199 111 992 RFI field program (Table 8-4). Low concentrations 

of several different petroleum-related constituents were detected in samples from just three 

borings (OSB3,OSB4 and OSB10). None of the detected analytes exceeded a HBN. Three TCL 

VOCs (acetone, chloroform and ethylbenzene) were detected but only once each at concentrations 

below HBN, in three different samples. However, two of the samples were from boring OSBlO 

and the other sample was from boring OSB2. VOC TICs were also detected in the OSBlO 

sample from 16 feet and the two samples from boring OSB4. All detected VOCs were from 

borings adjacent to the tanks and the two borings (OSB4 and OSB10) most impacted were 

located southwest (upgradient) of the fuel leak. 

Nine TCL SVOCs were detected in four samples from three borings; 0SB3 at 18.0 feet, 

0SB4 at 22.5 feet, and OSBlO at 16.0 and 32.0 feet. Over 20 SVOC TICs were also detected 

in these four samples as well as the duplicate 0SB5 sample from 7.0 feet. The detected 



Table 8-4 
Surnrnarvol Anaklical Data For Soil S a m ~ k s  Collected in 1991 At SWMU 0 

~ a d f o r d  &my ~rnmni;on Plant, Virginia 

SITE ID 
FIELD ID 

S. DATE 
DEPTH (It) 

MATRIX 
UNmS 

Volatiles 

ACETONE 
C1 ILOROFORM 
ETHYLBENZENE 

Volatile TICs 

1,4-DIMETHYLCYCLQHEXANE 
2-METHYLPENTANE 
I4EXANE 

Sernimlaliles 

2-MEXHYLNAPHTHALENE 
ACENAPHTHENE 
ACENAPI Ff IYLENE 
ANTHRACENE 
DlBENZOFURAN 
FLUOKENE 
NAPt KHALENE 
PHENANTtIRENE 
PYRENE 

Serniwlatile TI& 

1 -METHYLNAPHTHALENE 
2,3,6-TRIMETHYLNAPHTHALENE 
2,6,10,14-TETRAMETHYLPENTADECANE 
IIODECANE 
tIEXANEDIOIC ACID, DIOCTYL ESTER 
PENTADECANE 
TE'I'KADECANE 

PQLs 
UGG 

0.1 
0.005 
0.005 

N A 
N A 
N A 

N A 

0.3 
0.3 
0.3 
0.1 
0.3 
0.3 
0.3 
0.5 
0.3 

N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 

OSBl 
RFIS*% 
24-act-91 
16.0 
CSO 
UGG 

LT 0.017 
LT 0.001 
LT 0.002 

ND 
ND 
ND 

ND 

LT 0.049 
LT 0.036 
LT 0.033 
LT 0.033 
LT 0.035 
LT 0.033 
LT 0.037 
LT 0.033 
LT 0.033 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

OSBl 
RFISe87 
24-OC~-91 
22.0 
CSO 
UGG 

LT 0.017 
LT 0.001 
LT 0.002 

ND 
ND 
ND 

ND 

LT 0.049 
LT 0.036 
LT 0.033 
LT 0.033 
LT 0.035 
LIT 0.033 
LT 0.037 
LT 0.033 
LT 0.033 

ND 
ND 
ND 
ND 
ND 
ND 
N D 

( 8)95.7 

OSBlO 
RFISe104 
24-Oct-91 
16.0 
cso 
UGG 

LT 0.017 
LT 0.001 

0.003 

0.004 S 
ND 
ND 

( 6p.109 

10.5 
LT 0.036 

0.184 
LT 0.033 

0.425 
1.03 
1.89 
1.98 
0.122 

2.95 S 
ND 
ND 

11.8 S 
ND 

29.5 S 
58.9 S 

( 17)1342 

OSBlO 
RFIS*lOl 
24-OC~-91 
32.0 
CSO 
UGG 

0.028 
LT 0.001 
LT 0.002 

ND 
ND 
ND 

N D 

0.144 
LT 0.036 
LT 0.033 
LT 0.033 
LT 0.035 

0.087 
LT 0.037 

0.23 
LT 0.033 

ND 
0.446 S 
4.46 S 

ND 
ND 

0.744 S 
0.595 S 

( 17)145 

OSB 11 
RFIS* 102 
25-oct-91 
13.0 
cso 
UGG 

LT 0.017 
LT 0.001 
LT 0.002 

N D 
N D 
ND 

ND 

LT 0.049 
LT 0.036 
LT 0.033 
LT 0.033 
LT 0.035 
LT 0.033 
LT 0.037 
LT 0.033 
L'T 0.033 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 

0SB2 
RFIS'88 
23-oct-91 
16.0 
CSO 
UGG 

LT 0.017 
0.002 

LT 0.002 

ND 
ND 
ND 

ND 

LT 0.049 
LT 0.036 
LT 0.033 
LT 0.033 
LT 0.035 
LT 0.033 
LT 0.037 
LT 0.033 
LT 0.033 

N D 
N D 
ND 
ND 
ND 
ND 
ND 

N I) 

OSB3 
RFIS'90 
23-OCI-91 
18.0 
CSO 
UGG 

LT 0.017 
LT 0.001 
LT 0.002 

ND 
ND 
ND 

ND 

0.291 
LT 0.036 
L?' 0.033 
LT 0.033 
LT 0.035 

0.099 
L,T 0.037 

0.205 
LT 0.033 

N D 
ND 

5.67 S 
ND 

1.13 S 
N D 

0.708 S 

( 18)156 

HBN 
UGG 

loo0 
100 
1000 

N SA 
N SA 
N SA 

N SA 

N SA 
4800 
NSA 
40 
N SA 
3200 
1000 
40 
1000 

N SA 
N SA 
N SA 
NSA 
N SA 
N SA 
N SA 

N SA 



Table 8-4 (Cont'd) 

SITE ID 
FIELD ID 

S. DATE 
DEPTiI (ft) 

MATRIX 
u N r r s  (#) 

Volatiles 

ACEI'ONE 
CHLOROFORM 
ETHYLBENZENE 

VoIa~ileTlCs 

1,4-DIMETHYLCYCLOkIEXANE 
2-MLTHYLPENTANE 
HEXANE 

Y 
w Serniwla~iles 
00 

2-MErHYLNAPMtIALENE 
ACENAPfITHENE 
ACENAPk TTHYLENE 
AMIIRACENE 
DISENZOFURAN 
FLUORENE 
NAPHI'HALENE 
PHENANTk IRENE 
PYRENE 

Semiwla~ile TICS 

1-METHYLNAPHTHALENE 
2,3,6-TRIMETHYLNAPHTHALENE 
2,6,10,14-TETRAMEXHYLPEMADECANE 
DODECANE 
HEXANBDIOIC ACID, DIOCI'YL ESI'ER 
PENTADECANE 
TETRADECANE 

PQLs 
UGG 

0.1 
0.005 
0.005 

N A 
N A 
N A 

N A 

0.3 
0.3 
0.3 
0.1 
0.3 
0.3 
0.3 
0.5 
0.3 

N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 

0SB4 
RFIS'92 
02-nov-91 
22.5 
CSO 
UGG 

LT 0.017 
LT 0.001 
LT 0.002 

ND 
0.004 S 

ND 

( 3p.051 

26.5 
2.3 

LT 0.033 
0.808 
0.991 
3.08 
2.22 
4.68 
0.399 

ND 
N D 
N D 
ND 
N D 
ND 
N D 

(21)129 

0SB4 
RFIS'Y3 
02-nov-91 
35.0 
CSO 
UGG 

LT 0.017 
LT 0.001 
LT 0.002 

ND 
ND 

0.004 S 

N D 

LT 0.049 
LT 0.036 
LT 0.033 
LT 0.033 
LT 0.035 
LT 0.033 
LT 0.037 
LT 0.033 
LT 0.033 

N D 
N D 
ND 
ND 
N D 
N D 
N D 

( 1)2.94 

OSBS 
RFIS'lOS 
25 -0ct-91 
7.0 
CSO 
LIGC; 

LT 0.017 
LT 0.001 
LT 0.002 

ND 
ND 
ND 

ND 

LT 0.049 
LT 0.036 
LT 0.033 
LT 0.033 
LT 0.035 
LT 0.033 
LT 0.037 
LT 0.033 
LT 0.033 

ND 
ND 
ND 
ND 
N D 
ND 
ND 

( 12)149 

OSBS 
RFIS'M 
25 -oct-91 
7.0 
CSO 
UGG 

LT 0.017 
LT 0.001 
LT 0.002 

ND 
ND 
ND 

ND 

LT 0.049 
LT 0.036 
LT 0.033 
LT 0.033 
LT 0.035 
LT 0.033 
LT 0.037 
LT 0.033 
LT 0.033 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

( 21)301 

0SB6 
RFIS*% 
02-nov-91 
23.5 
CSO 
UGG - 

LT 0.017 
LT 0.001 
LT 0.002 

ND 
ND 
ND 

ND 

LT 0.049 
LT 0.036 
LT 0.033 
1-T 0.033 
LT 0.035 
LT 0.033 
LT 0.037 
LT 0.033 
LT 0.033 

ND 
ND 
ND 
N D 
ND 
ND 
ND 

( 1p.412 

0SB7 
RFIS'98 
04-nov-91 
19.5 
CSO 
UGG - 

LT 0.017 
LT 0.001 
LT 0.002 

ND 
ND 
ND 

ND 

LT 0.049 
LT 0.036 
LT 0.033 
LT 0.033 
LT 0.035 
LT 0.033 
LT 0.037 
LT 0.033 
LT 0.033 

ND 
ND 
ND 
N D 
ND 
ND 
ND 

ND 

OSBB 
RFIS'W 
25-oct-91 
29.0 
cso 
UGG 

LT 0.017 
LT 0.001 
LT 0.002 

N D 
ND 
ND 

ND 

LT 0.049 
LT 0.036 
LT 0.033 
LT 0.033 
LT 0.035 
LT 0.033 
LT 0.037 
LT 0.033 
LT 0.033 

ND 
ND 
ND 
ND 
N D 
ND 
ND 

ND 

HBN 
UGG 

loo0 
100 
1000 

N SA 
N SA 
N SA 

NSA 

N SA 
4800 
N SA 
40 
N SA 
3200 
1000 
40 
loo0 

N SA 
NSA 
N SA 
N SA 
N SA 
N SA 
NSA 

N SA 



Table 8-4 (Coni'd) 

SITE ID 
FIELD ID 

S. DATE 
DEPTH (ft) 

MATRIX 
UNES (#) 

VolaiiIes 

ACETONE 
CHLOROFORM 
E'I'HYLBENZENE 

Volatile TlCs 

1,4 - DIMETHYLCYCLOHEXANE 
2-MEXkIYLPWANE 
HEXANE 

TCJI'AL UNKNOWNTICS 
9Q 
w Semiwlaiiles 

2-MEXIIYLNAPHTHALENE 
ACENAPIITI IENE 
ACENAPFWHYLENE 
ANTHRACENE 
DIBENZOFURAN 
FLUORENE 
NAPHTHALENE 
PkIENANTHRENE 
PYKENE 

Semiwlatile TICs 

1 -METHYLNAPHTHALENE 
2,3,6-TRIMETHYLNAPHrHALENE 
2,6,10,14-TETRAMETHYLPENTADECANE 
DODECANE 
IIEXANEDIOIC ACID, DIOCTYL ESI'ER 
PBN'I'ADECANE 
TETIIADECANE 

PQLs 
UGG 

0SB9 
RFIS*lOO 
04-nov-91 
12.0 
CSO HBN 
UGG UGG 

ND N SA 
ND N SA 
ND NSA 

1,T 0.049 NSA 
LT 0.036 4800 
LT 0.033 NSA 
LT 0.033 40 
LT 0.035 NSA 
LT 0.033 3200 
LT 0.037 loo0 
LT 0.033 40 
LT 0.033 1000 

ND NSA 
ND NSA 
ND NSA 
ND NSA 
ND NSA 
ND NSA 
ND NSA 

( 1p.954 NSA 



Table 8-4 (Cont'd) 

Foomoles : 
CSO = Chemical mil. 
IIBN = flealth based number asdef ied  in the RCRApermit. HBNsnot specified in the permit werederived using standard exposure and intake 

anumptions consistent with EPAguidelines ( 51 Federal Register 33992,340%, 34014, and 34028). 
1,'I' = Concentratbn is reported as less than the certified reporting limit. 
NA = Not available; PQLs are not available for TICs detected in the li trary scans. 
NU = Analyte w a  notdetected. 
NSA = No standard (HBN) available; health e f f ~ t s  data were not available for the calculation of a HBN. HBNs were not derived forTICs. 
PQL = Practicalquantitation limit; the bwest concentration that can be reliably detected at adefined levelofprecision for a given analytical method 
S = Results are basal on an internal standard; flag is u s d  for TICS delected in library scans. 
TICS = Tentatively identified compounds that were detected in the GUMS library scans. 

UGG = Micrograms per gram 
( ) = Parenthesis are used lo indicate the number of unknown TICs that were detected in either the mlalile o r  semivolatile GUMS library scans. The 

number beside the parenlhesis is the total mncentration of allTICsdetected in each respective scan. 



constituents are polynuclear aromatic hydrocarbons (PAHs) and variously substituted saturated 

hydrocarbons associated with petroleum fuels and oils. The presence of petroleum-related 

constituents in samples OSB 10 at 16 and 32 feet suggests that liquid hydrocarbons mounded on 

the water table have accumulated in the soils throughout bedrock low discussed in Section 

8.2.2.1.2. 

Although the results indicated contamination of deep soil near the fuel oil spill area, 

concentrations of these petroleum-related constituents were several orders of magnitude less than 

applicable HBN criteria and are not a concern. The results of the investigation indicated that 

residual soil contamination is present at the site. 

Nine soil samples (and one duplicate) were collected from the 10 exploratory borings 

performed in the SWMU 0 area during the 1993 RFI field program (Table 8-5). Low 

concentrations of several different petroleum-related SVOC constituents were detected in samples 

from borings OSB 12 (33 feet) and OSB15 (29 feet). None of the detected analytes exceeded a 

HBN. One SVOC TIC was detected in each of these samples and 22 unknown TICs were 

detected in samples OSB12 (145 ug/g) and OSB 15 (433.5 ug/g). One SVOC constituent, di-n- 

butyl-phthalate was detected at low concentrations in samples collected from boring OSB17 (12.5 

feet) and OSB20 (1 7 feet). One SVOC TIC (0.400 ug/g) and one unknown TIC (0.4 ug/g) were 

detected in sample OSB20. Three SVOC TICs were detected in the duplicate sample for OSB 17. 

Three unknown TICs (2.5 ug/g) were also detected in the soil sample. Because no evidence of 

petroleum hydrocarbon contamination was detected during drilling and the water table is within 

the bedrock at these two boring locations, the compounds detected in these two samples are not 

believed to be associated with the oil leak. 

The detected constituents in samples OSB12 and OSB15 are PAHs and variously 

substituted saturated hydrocarbons associated with petroleum fuels and oils. Each of these 

samples was collected at or below the water table depth and immediately above bedrock. Field 

observations and measurements made during the completion of the borings also indicated 

petroleum hydrocarbon contamination at the water table depth. The presence of petroleum- 

related constituents in these samples suggests that liquid hydrocarbons migrating downgradient 

toward well S4W-1 have impacted soils at the water table depth in the area of the bedrock low 



Table 8-5 
Summaryof Analytical Data for Soil Samples Collected in 1993 at SWMU 0 

SITE ID 
FIELD ID 

S. D A E  
DEW1 I (ft) 

MATRIX 
UNITS 

2 -Ct ILOROPt lENa 
2-MEl'llYLNAPIITHALENE 
BlS(2 -ETHYLtIEXYL) PIITHALATE 
D l - N - B U M  PII'I'tIALATE 
FLUORENE 
NAPHTHALENE 
PHENANrnIKENE 

DIOC'IYL A D I P A E  NA 
TOLUENE NA 
SIYRENE NA 
1.122 -TEl'RACI LOHOETHANE NA 
TOTAL UNKNOWN TICS NA 

OSB12 
RDSX'43 
18 -aug-93 
33 0 
CSO 
YGG 

0.190 
0330 
<0.620 
<0.061 
0.110 
0210 
0380 

ND 
ND 
ND 
ND 
97 Do0 
(22)1458 

Footnotes : 
CSO = Chemical soil. UGG = Micrograms per gram 

Radford Army Ammunition Plant, Virginia 

OSB17 
RDSX'48 
20 -aug-93 
12 5 
CSO 
UGG - 
< o . w  
<0.049 
<0.620 
0.UO 
<0.033 
<0.037 
<0.033 

N D 
N D 
ND 
ND 
ND 
(0 10 

- - -  

llDN = Health based number as defined in the RCRA permit. HBNs not specified in the permil were derived using standard exposure and intake 
assumptlons consistent with EPA gu~debnes ( S 1 Federal Register 33992,34006,34014, and 34028). 

NSA = No standard (HBN) availalie; healtheffects data were not avaihble for the catulation of a HBN. HBNs were not derived for TICS. 
POL = Practical quantitation limit; the bwest collcenlration that can be reliably detected at a defined lwel of precision for a given analytical method 
TICS = Tentatively idenlifiedcompounds that were detected in the GCIMS library scam. 
NA = Not availabk; POLS are not availabk for TICS detected In the library scans. ND = Not detected in library scan. 

OSB18 
RDSX'49 
20-aug-93 
12 0 
CSO 
VGG 

< 0.060 
~ 0 . 0 4 9  
~ 0 . 6 2 0  
< 0.06 1 
<0.033 
~ 0 . 0 3 7  
<0.033 

ND 
ND 
ND 
ND 
ND 
(0 10 

OSBL9 
RDSX'SO 
19-aug-93 
290 
CSO 
YGG 

<0.060 
<0.049 
<0.620 
< 0.06 1 
<0.033 
<0.037 
<0.033 

ND 
ND 
ND 
ND 
ND 
(0 10 

OSBLO(dup) 
RDSX'6 1 
19-aug-93 
17 0 
CSO 
UGG 

<0.060 
<0.049 
<0.620 
~ 0 . 0 6 1  
~ 0 . 0 3 3  
<0.037 
<0.033 

ND 
ND 
0.410 
1.400 
5 500 
(3 125 

OSR? 1 
RDSX.44 
19-aug-93 
200 
CSO 
LEG 

<O.MO 
<0.049 
<0.620 
<0.061 
<0.033 
<0.037 
<0.033 

N D 
ND 
ND 
ND 
ND 
(0)O 

HBN 
!&xi 

400 
NSA 
SO 
1000 
3200 
1000 
4000 

N SA 
NSA 
1000 
NSA 
40 
NSA 

( ) = ParenthesL i n d r a m  number of unknown TlCs delected, number foUowing parenthesrs is total collcenlration of unknown TICs 



delineated southeast of well P-4 (Figure 8-8). The analytical results from soil samples collected 

from borings performed both east and west of OSB 12 and OSB 15 suggest that the lateral extent 

of impacted soils downgradient of the source area is limited. This data also supports the 

scenario that liquid hydrocarbons migrated through fractured bedrock below the site except where 

the water table was present above the bedrock (e.g., source and seepage areas). 

Although the results of the 1993 RFI soil boring program indicated contamination of deep 

soil downgradient of the fuel oil spill area, concentrations of these petroleum-related constituents 

were several orders of magnitude less than applicable HBN criteria and are not a concern. The 

results of the investigation indicate that residual soil contamination is present downgradient of 

the tanks in a limited area. 

8.3.3 Surface Water and Sediments 

The surface water sample collected from the seep out of which fuel is sometimes observed 

contained six SVOCs, two VOCs, 22 SVOC TICs, and five VOC TICs (Table 8-6). The SVOC 

constituents confirms that the seep has been impacted by the fuel leak. The SVOC 

concentrations, except for phenanthrene, were two or more orders of magnitude less than 

applicable HBNs. Phenanthrene slightly exceeded the HBN criterion. Although phenanthrene 

was detected in one of the 3 1 method blanks, the presence of the other SVOCs indicates that the 

concentration of phenanthrene is a result of the fuel leak and not an analytical artifact. 

Four of the SVOCs detected were also detected in the groundwater sample from well 

S4W-I. The VOC methylene chloride was detected in the surface water sample at a 

concentration less than 10 times the corresponding trip blank and is, therefore, not considered 

reliable. The other VOC, chloromethane, was not detected in the sample from adjacent 

upgradient well S4W-1 but was detected in one well further upgradient (WC1-2) and one well 

downgradient (8B). Neither of these wells had any SVOCs detected in seep samples or 

groundwater samples from well S4W-I. 

Two sediment samples were collected at SWMU 0 ;  one was upgradient from the seepage 

(OSEI) and the other was downgradient. Other seeps and springs that discharge along the scarp 

north of the site are upgradient from both sediment samples. As presented in Table 8-7, one 



SITE ID 
FIELD ID 

S. DATE 
DEPTH ( f ~ )  

MATRIX 
UNKS 

Volaliles 

CHLOROMEI'HANE 
MEI'HYLENE CHLORIDE 

Semiwlaliles 

2-METHYLNAPICf IALENE 
ACENAPHTI IENE 
DIBENZOFURAN 
FLUORENE 
NAPkKHALENE 
PHENANI'HRENE 

PQLs 
UGL 

10 
5 

N A 

N A 

10 
10 
10 
10 
10 
7 

N A 

NA 

Table 8-6 
Summary of Analytical Data For Surface Water Samples Collected At SWMU 0 

Rdfonl  Army Ammunilon Planl, Virginia 

OSPl 
RDWA'37 
26-sep-91 
0.0 
CSW 
UGL 

10.5 
4.91 T 

9 S 

( 4)31 

2.07 
2.43 
1.81 
5.21 
2.33 

1 2.2 I 

8 S 

(21)192 

HBN 
UGL 

30 
5 

NSA 

N SA 

N SA 
2100 
120 
1400 
1 OOOO 
2 

N SA 

N SA 

Foo holes : 
CSW = Chemiral surface water. 
HBN = Heallh based number asdefined in h e  RCRApermit. HBNs not specified in lhe permit were derived using standard exposure and inlake 

assumplions mnsislknl wilh EPAguidelines (51  Federal Register 33992,34006,34014, and 34028). 
NA = Not available; PQls  arenol available forTlCsdelectd in the liharyscans. 
NSA = No slandad (HBN)available; health e i fs ls  dala were not available for Ihe calculalion of a HBN. HBNs were not derived for'TICs. 
llUL = Prxlicalquanlilalion limil; Lhe bwesl c~ncenlralbn Uial can be reliably delecled a1 adefined levelofprecision lor a given analytical method. 
S = Results are basal on an inlernal slandad; llag is u s d  for TICsdelecled in library scans. 
' 1  = Analyle wasdelecled in corresponding trip blank; values are flagged if the sample mncenlralbn is less lhan 10 times the trip blank 

u>ncmtralion for common laboratorymnsliluenls and 5 limes for all other consliluenIs. 
LJGl. = Micrograms per liter. 
( ) = Parenthesis are used to indicale the number of unknow "1'1Cs that were delec ld  in either h e  wlalile or semivola~ile GUMS library scans.l'he 

number beside Ihe parenthesis is Ihe lolal mncmlralion of allTICsdetccled in each respective scan. 
[ ] = Urackels indicalc ha1 Ihe dcleclcd concrnlralbn e z e d s  Ihe I IBN. 



Table 8-7 
Summary of Analytical Data For Sediment Samples Collected At SWMU 0 

Radford Army Ammunitbn Plant, Virginia 

SITE ID OSEl 0SE2 
FIELD ID RFIS8106 RPIS8107 

S. DATE 26-sep-91 26-ST-91 
DEPTH (fl) 0.5 0.5 

MATRIX PQLs CSE CSE HBN 
UGG U N E S  UGG IJGG UGG 

VolalileTlCs 

1,1,3-TKIMETHYLCYCLOHEXANE N A 0.016 S ND NSA 
TR1CHU)ROTKIFLUOROETHANE N A ND 0.016 S NSA 

TCKAL UNKNOWNTICs N A ( 4p.038 ND NSA 

Semiwlaliles 
N A None Detected None Detected NSA 

Foolnoles : 
CSE = (3hemical sed imml. 
HBN = Heallh based number asdef ied  in h e  RCRA permit. HBNs not specified in the permit were derived using standanl exposure and intake 

asumptions consistent wilh EPAguidelines ( 51 Federal Register 33992, 34006, 34014, and 34028). 
NA = No1 avdilable; PQLs are not available for TI& detected in the library scans. 
ND = Analyle was no1 detected. 
NSA = No slandard (HBN) available; heallh effects data were not available for the calculation of a HBN. HBNs were not derived for TICs. 
PQL = Prxlical quanlilation limit; h e  bwest ooncentratnn that can be reliably detected at adefined levelof precision for a given analytical melhod. 
S = Resulls are based on an internal standanl; flag is used for T lCs detected in library scans. 
TICS = Tenlalively identified compounds that were detected in the GUMS library scans. 
UGG = Micrograms per gram. 
( ) = Parenthesis are used IO indicate the number of unknow TlCs that were detected in either the wlatile or semiv~latile GUMS library scans.The 

number beside the parenlhesis is the total concentration of allTICsdetected in each respective scan. 



VOC and five VOC TICs were detected in OSEl and one VOC and one VOC TIC was detected 

in OSE2. No SVOCs or SVOC TICs were detected in either sample. The presence of VOC TIC 

1,1,3-trimethylcyclohexane in OSE 1 suggests that the sediment is slightly impacted from the fuel 

leak because it is not a naturally occurring sediment constituent. The contaminant could be a 

result of soil mixing from excavation procedures conducted after the fuel oil spill occurred. 

Trichlorotrifluoroethane was detected in method blanks at concentrations higher than that detected 

in 0SE2 and is, therefore considered a laboratory artifact. Acetone is also considered a 

laboratory artifact at the concentrations detected in both sediment samples. 

8.3.4 Subsurface Gas Contamination 

A soil gas survey was conducted at SWMU 0 for investigation of the subsurface routes 

through the unconsolidated soils in which fuel has migrated. Each soil sample was analyzed for 

the VOCs most likely associated with the fuel oil under investigation. These VOCs were 

determined in the field by analyzing a sample of the fuel oil stored in the aboveground storage 

tanks. PentaneIMTBE, benzene, toluene, ethylbenzene, xylene, and total volatiles were analyzed. 

Fuel oil was previously detected at a seep located 400 feet northeast of the reported 

discharge point of the aboveground storage tank. The seep acted as a starting point for a line of 

soil gas samples taken approximately perpendicular to the line connecting the seep to the 

discharge leakage point (Figure 8-2). The soil gas samples were analyzed in the field so that 

subsequent survey lines could be adjusted as needed to identify the migration route(s). 

The targeted VOCs (pentane1MTBE and BTEX) were below detectable limits (1.0 ugll) 

in the 27 samples collected during the soil gas survey. The results are provided in Appendix I. 

The only detections occurring in any of the 27 samples collected were in three samples collected 

near the seep and one sample by the tanks. The three samples (13, 16, and 32) by the seep 

exhibited total volatile concentrations ranging from 1.1 to 4.3 ugll. A total volatile concentration 

of 33 ugll was detected in the sample (33) collected near the source. It is likely that the fuel 

contaminants are essentially highly weathered and are probably in the form of less volatile 

SVOCs. The clayey soils in the area are less permeable sediments, therefore volatiles would not 



migrate as well through the sediments and soils. Groundwater and soil analytical results indicate 

only a trace of aromatic volatiles and low concentrations of SVOCs. 

Because the fuel contaminants remaining at the site were SVOCs, the soil gas survey did 

not have sufficient VOCs to sample and could not be used to locate the migration pathways of 

the leaked fuel. A complete copy of the soil gas survey is provided in Appendix C. 

8.4 BASELINE RJSK ASSESSMENT FOR SWMU 0--UNDERGROUND FUEL OIL 

SPILL (Revised) 

Based on the contamination assessment presented in Section 8.3, two contaminants of 

concern--N-nitrosodiphenylamine (NNDPA) and phenanthrene--have been identified for 

groundwater downgradient of SWMU 0 .  One of the contaminants of concern, NNDA was 

detected only in the 1992 sample from S4W-1; therefore its presence may be related to the 

quantity of liquid hydrocarbons rather than dissolved hydrocarbons in the sample. Contaminants 

of concern were not identified for site soil because all detected constituents were well below 

HBNs. Phenanthrene is considered a potential contaminant of concern for surface water. No 

contaminants of concern were identified for sediment. The potential impacts of these 

contaminants of concern to human health and the environment are discussed below in Sections 

8.4.1 and 8.4.2, respectively. The analytical results for the samples collected in 1993 did not 

provide data that affected the baseline risk assessment performed for the 1992 final draft RFI 

report. The following sections were only revised to include the 1993 sample data into the general 

discussion of site conditions. 

8.4.1 Human Health Evaluation (Revised) 

No shallow groundwater wells other than for monitoring purposes are located 

downgradient of SWMU 0. The main groundwater flow is to the northeast, resulting in 

discharge via stream channel seepage into Stroubles Creek, which flows north into the New 

River. Therefore, shallow groundwater would not likely migrate toward any groundwater users 

in the vicinity of RAAP. As discussed in Section 2.5, future land use is considered to be similar 

to the current land use scenario--i.e., R A M  will continue to remain an active army installation 

and there are no plans for future residential development of RAAP. Therefore, it is highly 



unlikely that groundwater wells would be installed in the future between SWMU 0 and Stroubles 

Creek. Based on this evaluation, potential groundwater exposure pathways are not considered 

operable under the current or future land use scenario. 

As discussed above, there is the potential for discharge of shallow groundwater 

contamination to Stroubles Creek. However, there are no known domestic or recreational uses 

of thls stream and a large portion of the flow in Stroubles Creek is attributable to effluent from 

the Blacksburg municipal sewage treatment plant. Although there is the potential for workers, 

employees, or trespassers to contact the surface water of the Stroubles Creek tributary, these 

events would presumably be isolated and infrequent. In addition, NNDPA was only detected in 

one of the nine groundwater samples collected in 1992 (at a concentration less than an order of 

magnitude above its HBN) and in none of the groundwater samples collected in 1993. 

Phenanthrene was only detected in one of nine 1992 groundwater samples, although its 

concentration was approximately 40 times its HBN. However, phenanthrene was detected in two 

1993 groundwater samples, but only at concentrations slightly above its HBN. The 

concentrations of these constituents in groundwater would presumably be diluted during migration 

to Stroubles Creek and upon discharge to Stroubles Creek. Therefore, the potential impact of 

SWMU 0 groundwater discharge to Stroubles Creek is considered negligible and these exposure 

pathways are not evaluated further. 

Phenanthrene was detected in the sample collected from the seepage zone at a 

concentration (2.2 ug/l), just slightly elevated above its HBN (2 ugll). Because this is a fuel 

seepage zone and not a surface water body, the traditional surface water exposure pathways are 

not considered applicable. Although there is the potential for workers, employees, or trespassers 

to contact the surface water seepage, these events would presumably be isolated and infrequent. 

Because phenanthrene only slightly exceeded its HBN and contact with the seepage is expected 

to be infrequent, exposure is estimated to be negligible and this exposure pathway is not 

considered significant. 



8.4.2 Environmental Evaluation (Revised) 

As discussed above, there is the potential for discharge of groundwater contamination to 

Stroubles Creek, which could potentially impact aquatic life. Although data are insufficient for 

establishing aquatic life criteria for phenanthrene and NNDPA, as discussed above, they were 

only detected in one of the nine 1992 groundwater samples and generally at reduced 

concentrations in 1993 samples. The concentrations of these constituents in groundwater would 

presumably be diluted during migration to Stroubles Creek and upon discharge to Stroubles 

Creek. Therefore, the potential impact of SWMU 0 groundwater discharge to Stroubles Creek 

is considered negligible and these pathways are not further evaluated. 

Because the surface water sample was collected from a fuel seepage area and not a surface 

water body, potential impacts to aquatic life are not considered applicable. Although other 

wildlife may potentially use the seep as a drinking water source, because the area surrounding 

SWMU 0 is well-developed and currently active, it is not likely that wildlife would frequent the 

area. Because phenanthrene only slightly exceeded its HBN and contact with the seepage is 

expected to be infrequent, potential exposure to environmental receptors is considered negligible 

and this pathway is not evaluated further. 

8.4.3 Conclusions of Human Health and Environmental Evaluation (Revised) 

Although phenanthrene and NNDPA were detected above their HBNs in SWMU 0 

groundwater, due to the lack of groundwater and surface water receptors and the fact that dilution 

would occur upon discharge of groundwater to Stroubles Creek, resulting in insignificant 

exposure, the detections of these constituents does not appear to present a current or potential 

future human health risk or environmental threat. Although phenanthrene was detected in the 

surface water seep exceeding its HBN, because phenanthrene only slightly exceeded its HBN and 

contact with the seepage is expected to be infrequent for both human and environmental 

receptors, potential exposure to human and environmental receptors is considered negligible. 

Therefore, the detection of phenanthrene in the surface water seep sample does not appear to 

present a current or potential future human health risk or environmental threat. 



8.5 SUMMARY AND CONCLUSIONS (Revised) 

The 199111992 and 1993 RFI sampling programs have provided chemical data for 

evaluating the impact SWMU 0 has had on the groundwater and soil due to a release of fuel oil. 

The results of the RFI boring and well installation program, in conjunction with data acquired 

in previous investigations, have been used to define the hydrogeologic conditions at the site. The 

RFI and previous investigations have led to the following conclusions: 

Approximately 10 to 37 feet of unconsolidated sediments underlie the SWMU 0 

area and overlay limestoneldolostone of the Elbrook Formation. Most of the 

sediment consists of silt and clay except for a thin layer of river jack (cobbles and 

boulders) occasionally present on bedrock. 

. The bedrock surface is irregular with the bedrock surface elevation higher 

northeast of the leak area and lower to the southwest. A basin shape depression 

in the bedrock surface is present under the tank area. A localized bedrock low 

area was also delineated east of well P-4 during the 1993 RFI boring program. 

An unconfined water table which flows northeastward is present below the site. 

The water table is present in soil on the northwest side of the area and in rock on 

the southeast side. 

Discharge zones for the unconfined aquifer are present in the road side ditches 

northwest and northeast of the tank area. Seeps in the hillside northeast of the site 

have been observed to have greater discharges after rainfall events. 

Ambient groundwater velocities downgradient of the tank area were estimated to 

be 28 feevyear in the river jack/broken rock zone and 5 feevyear in the bedrock. 

The velocity through the plastic silt and clay was estimated to be 0.1 feevyear but 

flow is probably faster due to secondary permeability features. 

The most likely path for contaminant migration appears to have been first via 

shallow groundwater through unconsolidated soil (near the source area) and then 

second via groundwater flowing through fractured bedrock downgradient of the 



source area. Contaminants flowing through bedrock eventually became trapped 

in gravelly and low permeability sediments which intersected the water table in the 

hillside area near well S4W-1. Based on the boring and well sampling program, 

the migration pathway extended in a nearly a straight line from the source area 

through the area of borings OSB 12 and OSB 15 until reaching the hillside in the 

vicinity of well S4W- 1. 

Several VOCs were detected in the 1992 groundwater samples but only 

sporadically at concentrations below HBNs. TCL SVOCs were only detected in 

the groundwater sample from well S4W-1 with three of the eight SVOCs 

exceeding HBNs--n-nitrosodiphenylamine, phenanthrene, and bis(2-ethylhexl) 

phthlate (a laboratory artifact). SVOC TICS were detected in eight of the nine 

wells sampled. 

. Several SVOCs were detected in two of the three 1993 groundwater samples 

(OMW1 and S4W- 1) with only phenanthrene slightly exceeding its HBN. SVOC 

TICS were identified in samples OMWl and S4W-1. Unknown TICS were 

identified in all three samples collected. 

. The 1993 sample results (SVOCs, TICS and unknowns TICS) generally c o n f m  

the 1992 results except for phenanthrene, which was reported above its method 

detection limit and HBN in the 1993 OMWl sample and at reduced concentrations 

(approximately one magnitude less) in the 1993 S4W- 1 sample. 

. TOC was reported in 1993 samples OMWl and S4W-1 at concentrations about 

4 times less than the results reported for corresponding 1992 samples. TOX was 

reported in all three 1993 samples, but at concentrations about 3 to 4 times greater 

than the results reported for corresponding 1992 samples. TPH was also reported 

in samples OMW 1 ( 175 ug/l) and S4W- 1 (66 10 ugll). The elevated concentrations 

of TPH and TOC reported in downgradient sample S4W-1 indicate that middle to 

high boiling point petroleum hydrocarbons associated with the oil leak remain in 

groundwater near the oil seep location. 



Nibitemitrate was reported at concentrations about 3 times greater than its HBN 

(10,000 ugll) in 1993 samples OMWl and S4W1. Nitritemitrate was reported at 

concentrations of about one order of magnitude less than the HBN criterion in 

sample OMW-2. Other water quality parameters tested in three groundwater 

samples were below their HBN criteria. 

Of the 14 soil samples (and one duplicate) collected during the 199111992 boring 

program, only those next to the tanks had detectable VOCs and SVOCs but none 

exceeded an HBN. 

Of the nine soil samples (and one duplicate) collected during the 1993 boring 

program, only two samples located downgradient of the tanks had detectable levels 

of petroleum-related SVOCs but none exceeded an HBN. 

Seven VOCs and 35 SVOCs, including VOC and SVOC TICS, were detected in 

the sample from the seep adjacent to well S4W- 1. Only the SVOC phenanthrene 

exceeded a HBN. 

Only trace levels (near the PQL) of a few VOCs and SVOCs were detected in 

sediment collected from the ditch near the seep. No organic exceeded a HBN. 

Soil contamination appears to be limited to three areas at SWMU 0 which 

include: the tank area and points immediately downgradient (northeast), the 

bedrock low in the vicinity of borings OSB12 and OSB15 and the seepage area 

near well S4W- 1. Except for the seepage area where oil probably remains trapped 

in sediments, the levels of soil contamination are generally low and limited to 

SVOCs that are associated with weathered petroleum products. 

No health or environmental risk was identified for U P  workers under current 

or expected future conditions. 

8.6 RECOMMENDED ACTION 

The recommended actions for SWMU 0 presented in the 1992 final draft RFI report 

included: 1) a Corrective Measures Study (CMS) for contaminated groundwater, 2) additional 



borings to better define the extent of contamination and possible migration routes, 3) installation 

of a monitoring well southwest of the tanks, and 4) groundwater sampling and analyses to be 

used for determining possible disposal options. Additional RFI field activities conducted in 1993 

included additional borings to better define subsurface conditions, the installation of a monitoring 

well, and the collection and analysis of additional groundwater samples. 

These additional field actions failed to detect a definable accumulation of fuel at or 

downgradient of the site. The additional chemical data did not change the general assessment that 

current levels of contamination in the site soils and groundwater do not present direct risks to 

human health or the environment. 

The revised recommendation for S WMU 0 is to monitor the seepage area northeast of the 

tank farm for discharges of fuel and to implement containment and removal actions if fuel is 

observed. A CMS is not recommended for this site unless future data indicate that subsurface 

fuel contamination exceeds levels detected in the RFI. 
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