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REMEDIAL INVESTIGATION/FEASIBILITY STUDY REPORT 
SITE 16 

NASA GODDARD SPACE FLIGHT CENTER 
WALLOPS FLIGHT FACILITY 

1.0 EXECUTIVE SUMMARY 

/“_C_ 

This report presents the results of the Remedial Investigation/Feasibility Study (RI/ITS) for 

Site 16, the former waste oil dump (WOD), at NASA Goddard Space Flight Center, Wallops 

Fight Facility (WFF), Wallops Island, Virginia. This site appears to not have been ranked 

because prior reports (Ebasco 1990) indicated that a 1986 soil removal action had remediated the 

site. The current RI of the Site 16 WOD results from the discovery of solvent and petrole,um 

contaminated groundwater detected in monitoring well WFF15GW7. This well was originally 

intended as an upgradient well for the Site 15 RI. Further investigation lead to the discovery of 

an area of stained soil and stressed vegetation near the end of runway 17-35 at WFF. This area is 

immediately adjacent to areas where a large volume of soil was removed during the late 1980s. 

The WOD was later investigated by Ebasco (1990) and Metcalf and Eddy (1992), however, it is 

apparent that their follow-up investigations missed the current area of investigation. 

Cleanup procedures were conducted by NASA from November 12 to December 30, 1986. 

During this period approximately 180 cubic yards (or 30 truckloads) of contaminated material 

was removed for the site. VDWM Regional Consultant Harold J. Winer drafted a letter to a 

NASA representative on October 31, 1986. He stated that WFF need not proceed with any 

further action or monitor well installation at the site following soils excavation and disposal. No 

lateral or vertical extent of contaminated soils was recorded during soils removal. These soils 

were not analyzed for contaminants and no chemical characterization is available. Remaining 

soils from the WOD site were analyzed during Ebasco’s 1989 site investigation. 

The WOD is located immediately north or runway 17-35. Waste oils and solvents were 

disposed of in this area for an unknown period, although probably in the 1940s and 1950s. No 

records exist to determine substances and quantities disposed or history of site activities. The 

full area1 extent of the former WOD was estimated as approximately 16,000 square yards. 

However, the remaining remnant of the WOD that is the subject of this RIPS is approximately 

770 square yards. Since the site is located at the end of an active runway, no future activity is 

planned. No hazardous waste related subsurface anomalies were noted during Ebasco and 

Metcalf & Eddy site activities at the WOD. Drums, tanks, lagoons or other structures do not 

,“a-‘- 
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exist at the WOD. These earlier findings were confirmed by Versar visually and through an 

electromagnetic (EM) survey. 

The water table aquifer, known as the Pleistocene aquifer, is unconfined and typically 

overlain by wind-deposited beach sands, silts, and gravel. The aquifer occurs between depths of 

5 and 60 feet below the ground surface: The water table ranges from depths of 0 to 30 feet below 

the ground surface. Groundwater flow is generally east and north toward nearby creeks and the 

marsh area that separates Chincoteague Island from the mainland (NASA, 1994). The top of the 

shallowest confined Miocene aquifer of the Yorktown Formation at WFF is found at depths of 

approximately 100 feet below the ground surface. It is separated from the overlying Pleistocene 

aquifer by a 20-30 foot confining layer (aquitard) of clay and silt. Generally potable water supply 

wells for both the Town of Chincoteague and WFF are screened at the upper portion of the 

Miocene aquifers, from depths less than 150 feet below ground surface (NASA, 1994). Ten in- 

service supply wells owned by NASA and the Town of Chinc.oteague are screened in the 

Pleistocene aquifer. All of the wells are hydraulically upgradient of Site 16. 

Sensitive habitats on and adjacent to the Wallops Island Flight Facility include the 

Chincoteague National Wildlife Refuge and the Assateague Island National Seashore to the 

immediate north, and the Wallops Island National Wildlife Refuge, that borders the main lbase to 

the west. These refuges are federal and state protected areas for both migratory and 

nonmigratory wildlife. Other sensitive habitats at the WWF include habitats for federally listed 

threatened and endangered species and wetlands as well as estuarine habitats such Mosquito 

Creek, Chincoteague Bay, and Hog Creek. 

The location of Site 16, at the end of one of the principal runways for the facility, ensures 

its ongoing industrial use. The recent commitment by the State of Virginia to establish WIFF as a 

major spaceport greatly increases the likelihood that the facility’s mission will remain largely the 

same as it is today. Additionally, there are technical reasons related to rocket orbital trajectory 

and economies that can be achieved from launches at the WFF latitude that cannot be achieved 

from NASA facilities in Texas and Florida. Therefore, base closure appears unlikely. 

Specific objectives for the RI/FS at Site 16 were to: (1) install monitoring wells and 

conduct sampling to determine whether contaminants are present in the groundwater that pose a 

risk to human health and if discharge of groundwater to surface water presents a risk to the 

environment; (2) conduct geophysical investigations to determine whether there are any burial 

areas requiring further characterization via soil sampling that may have escaped detection in 
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earlier studies, or may be candidates for localized treatment or removal; (3) conduct soil 

sampling and determine if this pathway poses a risk to human health or the ecological receptors; 

and (4) determine hydraulic characteristics of the aquifers present at the sites by performi:ng slug 

tests, potentiometric surface mapping at all sites, and real-time tidal monitoring of the 

groundwater elevation in select wells. 

Remedial Investigation (RI) 

,,“.“C 

During the RI, Versar conducted an EM survey and installed and sampled 27 temporary 

monitoring wells for volatile organic compounds (VOCs), arsenic, and total petroleum 

hydrocarbons-gasoline range organics (TPH-GRO) .and diesel range organics (TPH-DRO) using 

a field laboratory for organic analyses and a fixed laboratory on 24-hour turnaround for metals. 

These data were then used as a screening technique to assist in the placement of six additional 

permanent monitoring wells. Temporary wells and the six additional monitoring wells were 

installed using a geoprobe rig. These six wells, plus 3 existing monitoring wells (MW-3, 

WFF15-GWl, and WFF15-GW7) were sampled for the Target Compound List/Target Analyte 

List (TCL/TAL) and TPH-DRO/GRO. Versar also collected four shallow and four deep soil 

samples for TCLiTAL analyses during well installation within the visually impacted area. An 

additional 17 surface soil samples were collected within and surrounding the stained soil a.nd 

stressed vegetation areas to characterize the nature and extent of the soil contamination. 

Potentiometric surface maps for Site 16 flow toward and discharge into the unnamed 

tributary flowing along the base of Site 15 and to the marsh along Little Mosquito Creek. The 

arcuate shape of the contours directly reflects the shape of the peninsula at the end of runway 17- 

35. In t.he immediate vicinity of Site 16, groundwater flows northwest toward the unnamed 

tributary. The hydraulic gradient across the site is approximately 0.01. On the western and 

northern edge of Site 16, groundwater is much more shallow (approximately 3-8 feet deep:), and 

the presence of numerous seeps located just west of the downgradient monitoring wells at Site 15 

establishes the unnamed tributary as a discharge zone for groundwater passing below Site 1.5. 

~” r:x. 

Average (mean) hydraulic conductivity values calculated for the wells on the Main Elase 

ranged from a high value of 1.02 x 10m2 cm/s at WFF14-GW 1 to a low value of 4.87 x lo-’ cm/s 

at WFF15-GW 1. Ebasco obtained a hydraulic conductivity for Site 16 of 2.3 x lo-” cm/s, which 

agrees very well with the average hydraulic conductivity measured by Versar for the Columbia 

Group. These values are consistent with literature values (Freeze and Cherry, 1979) 

characteristic of silty to clean sands. 
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Transmissivities for the Columbia Group wells analyzed on the Main Base ranged from a 

high value of 0.16 square feet minute (ft2/min) at WWF14-GWl to a low value of 9.19 x 10m4 

ft2/min at WFF1.5GW 1. 

Contaminant transport velocity of 7.6 x 10-6cm/s were calculated for Site 16. Converting 

these metric data to English units result in a velocity of 7.9 ft/yr at Site 16. Given Site 16’s 

position within the groundwater flow field, and the time which has elapsed since it was created 

(194Os-5Os), these velocities indicate that any contaminated groundwater emanating from the site 

has had ample time to travel the 220 feet required to reach the unnamed tributary of Little 

Mosquito Creek. Therefore, surface water and sediment data collected for Site 15 already 

reflects contaminant loading from groundwater discharge emanating from Site 16. 

The electromagnetic (EM) survey of Site 16 was conducted on April 28, 1998, by Forrest 

Environmental Services to determine if there were any areas of buried debris present within the 

site area. The results of the apparent conductivity and magnetic susceptibility (metal detector 

mode) noted two anomalies. In both cases, the anomalies were very small (< 10 feet in 

. . . ~~. diameter), suggestive of small amounts of buried reinforced concrete, or a small length of metal 

pipe. Direct push borings were advanced in the vicinity of these anomalies (DP-2, SB-3, and SB- 

4), and no indication of buried debris was encountered. The overall conclusion of the EM survey 

was that no large burial area exists at Site 16. 

Chemical analytical data from surface soil, subsurface soil, and ground water collected 

from Site 16 and parts of nearby Site 15 of WFF during the RI. All data were fully validated. 

Seven surface soil background samples were collected from off-site locations on the north side of 

runway lo-28 just beyond the maintained area (approximately 5-10 feet just beyond the “mow 

line”), west of the wastewater treatment plant. Background samples were analyzed for the same 

chemicals as on-site samples: TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL metals, 

cyanide, and total petroleum hydrocarbons. Background surface soil samples had concentrations 

of DDE, DDT, arsenic, and beryllium that exceeded residential RBCs. 

In surface soil samples, a total of 8 organic compounds were detected; 5 were semivolatile 

organic compounds and 3 were pesticides. Twenty metals, plus TPH-GRO and TPH-DROl were 

detected. For the human health risk assessment (HHRA), 4 chemicals were selected as COPCs 

because the maximum concentration detected exceeded Region III for residential soils. These 4 

chemicals are benzo(a)pyrene, aluminum, arsenic, and iron. However, of these: (1) the 

maximum Site 16 concentration for arsenic is less than the background concentration, (2) the 

PKL02472.wpd{l04960.4960.007~NASA-Rl~FS...S~te-l6JW 4 



maximum iron concentration for Site 16 (10,700 ppm) only slightly exceeds background (9,180 

ppm), and (3) the maximum aluminum concentration detected (10,600 ppm) only slightly 

exceeds background (9,970 ppm). All detected contaminant concentrations were below 

industrial RBCs. TPH-GRO/DRO was detected, with the contaminant signature dominated by 

the DRO fraction (maximum concentrations of 0.22 ppm GRO vs. 870 ppm DRO). These 

concentrations are well below the 11,000 ppm saturation standard that the Virginia Department 

of Environmental Quality (VDEQ) uses to evaluate remediation requirements for soil 

contamination. 

For the ecological risk assessment, 13 chemicals were selected as COPCs because the 

maximum detected concentrations exceeded Region III BTAG concentrations. These chemicals 

are benzo(a)pyrene, benzo(g,h,i)perylene, chrysene, indeno( 1,2,3-cd)pyrene, 4,4’-DDE, 4,4’- 

DDT, aluminum, beryllium, chromium, iron lead, nickel, vanadium, and zinc. Two chemicals 

(antimony and silver) were also detected at concentrations which exceed BTAG screening: levels, 

but were not selected as COPCs: silver was not selected due to lack of toxicity information, and 

antimony was not selected because it was only detected in a single sample. Of these, the 

maximum detected Site 16 concentrations of 4,4’-DDE, 4,4’-DDT, beryllium, and chromium did 

not exceed background concentrations. 

Subsurface soil samples were not evaluated for the ERA because these samples are beyond 

the O-2 foot depth commonly used to evaluate risk to burrowing organisms. A total of 19 organic 

chemicals were detected: 4 VOCs, 9 SVOCs, and 6 pesticides. Sixteen metals were detected. 

None of the detected concentrations exceeded Region III residential or industrial RBCs. TPH 

GRO/DRO concentrations were considerably higher than in surface soil, as expected. TPH-GRO 

had a maximum detected concentration of 2,300 ppm, and the maximum detected concentration 

of TPH-DRO was 6,800 ppm. These concentrations are below the 11,000 ppm saturation (criteria 

that VDEQ uses to evaluate remediation requirements for soil contamination where a current 

drinking water source is not threatened. 

The background well for Site 16 is well MW-3 installed by Ebasco. The only organic 

chemical detected in MW-3 was bis(2-ethylhexyl)phthalate detected at a concentration of 3- 18 

ppb, which is less than twice the concentration in field blanks. Numerous metals were detected. 

Of these, only arsenic was detected at concentrations that exceeded Region III tap water RBCs. 

,,. 42x., 
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A total of 28 samples were collected from 27, l-inch PVC temporary monitoring w’ells and 

well WFF15-GW7 for onsite analysis for chlorinated solvents, and TPH-GRO and TPH-DRO. 

Arsenic was analyzed on a fast turnaround basis in an offsite laboratory. These results were then 

used to determine the placement of permanent monitoring wells. These data were not used for 

risk assessment purposes. Tetrachloroethene was detected in DPl (15 ppb), WFF15GW-‘7 (5 

ppb), DP7 (10 ppb), and DP18 (5 ppb). TPH-GRO was detected in DPl (32 ppm), WFF15- 

GW7 (3 ppm), DP7 (15 ppm), DP9 (4 ppm), and DP18 (18 ppm). TPH-DRO was detected in 

DPl (38 ppm), WFF15-GW7 (14 ppm), DP7 (27 ppm), DP9 (8 ppm), and DP18 (210 ppm). 

Arsenic was not detected on any well (detection limits were 50 ppb). Using these data, WFF16- 

GW2S and WFF16-GWD were located in the most contaminated direct push borehole, DP18. 

WFF16-GW3 was located downgradient of the site on a vector connecting DPI and DP9. 

Similarly, WFF16-GW5 was located downgradient of the site on a vector connecting 

DP7/WFF15-GW7 and DP18. 

Data from permanent wells collected during three rounds of sampling were pooled to 

develop the database for the HI-IRA. A total of 25 organic compounds were detected: 7 VIOCS, 

15 SVOCs, and 3 pesticides. Twenty-two metals, plus nitrate, sulfate, and sulfide were detected. 

TPH-GRO and TPH-DRO were also detected. Among the VOCs, the following were identified 

as COPCs: 1,2-dichloroethene, benzene, ethylbenzene, tetrachloroethene, and toluene. SVOCs 

identified as COPCs included 2-chlorophenol, 2-methylnaphthalene, 4-methylphenol, 

dibenzofuran, bis(2ethylhexyl)phthalate, carbazole, naphthalene, and phenanthrene. Pesticide 

COPCs were 4,4’-DDT and alpha-BHC. The following inorganics were identified as COPCc: 

aluminum, antimony, arsenic, iron, lead, manganese, potassium, thallium, and vanadium. 

Although not treated quantitatively in the HHRA due to lack of toxicity information, TPH- 

GRO and TPH-DRO were identified as COPCs. TPH-GRO was detected at concentrations of 33 

to 4,000 ppb. TPH-DRO was detected at concentrations of 600 to 83,000 ppb. The highest 

concentrations of these analytes were detected in well WFF15-GW7. 

With few exceptions, the highest concentrations of all of the organic COPCs were detected 

in well WFF15-GW7 which is located with the area of visually stained soil. The only exceptions 

was 1,2 dichloroethene detected in WFF16-GW2S (also within the area of stained soil), and the 

4-4’-DDT detected in WFF15-GWl (which was only detected in this well). WFF15-GW7 also 

exhibited the highest concentrations of aluminum. arsenic, and iron. 
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Ecological Risk Assessment (ERA) 

Based on an analysis of the wildlife species associated with WFF and the COPCs detected 

in environmental media, the following endpoints were selected for evaluation in the ERA: 

. Adverse effects to terrestrial plant communities from absorption of chemicals in 

surface soil through root uptake; 
. Adverse effects to terrestrial invertebrate communities (as represented by 

earthworms) from direct contact with and ingestion of chemicals in surface soil; 
. Adverse effects to mammals (as represented by shrews) from exposure to chemicals 

through bioaccumulation in the food web and ingestion of surface soil; 
. Adverse effects to birds (as represented by robins) from exposure to chemicals 

through bioaccumulation in the food web and ingestion of surface soil. 

Conclusions regarding the potential for adverse effects to ecological resources are 

summarized below. The conclusions focus on the locations and contaminants (only those that 

are detected above background concentrations) that are responsible for the most significam 

potential risks to ecological receptors. 

Terrestrial plants were selected for evaluation due to their potential for exposure to 

chemicals in surface soil via root uptake. No applicable toxicity data were available in the: 

scientific literature for organic COPCs. The results of the comparison of maximum detected 

concentrations in surface soil to available literature-based toxicity values suggest there is ai very 

limited potential for aluminum (EEQ = 212), chromium (EEQ = 1 l), lead (EEQ - 12), vanadium 

(EEQ = 9.9), and zinc (EEQ = 1.1) in Site 16 surface soil to adversely affect terrestrial plants. 

Other chemicals that had EEQs greater than 1 were not detected on site at levels exceeding 

background concentrations. Of those chemicals with EEQs substantially above 1.0 (aluminum 

chrominum, and upgradient site concentrations are at or below background concentrations, 

Soil invertebrates may be exposed to chemicals in surface soil and were selected for 

evaluation. Only limited applicable toxicity data were available in the scientific literature :for the 

organic COPCs, and there is uncertainty associated with the lack of toxicity information available 

for most organic COPCs. The results of the comparison of maximum detected concentrations in 

surface soil to available literature-based toxicity values su ggest there is a very limited pote:ntial 

for chromium (EEQ - 27.5) at Site 16 to adversely affect soil invertebrates. However, chromium 

was not detected at concentrations which exceed background. 
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The potential risks to higher level organisms through the terrestrial pathway were modeled 

using a robin and shrew. Based on the results of comparisons of chemical doses to receptor- 

specific TRVs, it is reasonable to conclude that carnivorous birds have potential to be adversely 

affected by aluminum. However, risks from aluminum are not limited to Site 16, or WFF 

generally, since this is a ubiquitous contaminant and care should be exercised by a risk managers. 

In addition, there is limited potential for robins to be adversely affected by chromium but site 

concentrations of chromium do not exceed background. 

Human Health Risk Assessment CHHRA) 

In the HHRA carcinogenic and noncarcinogenic risks were calculated for all identified 

receptor populations, exposure routes, and chemicals of potential concern. The current land use 

scenarios evaluated in this risk assessment are as follows: (1) incidental ingestion and dermal 

absorption of surface soil by commercial/industrial workers; and (2) incidental ingestion and 

dermal absorption of surface soil by recreational trespassers (adults and children). Results of this 

risk assessment suggest that surface soil at Site 16 may pose some health risks to both 

.,, “- commercial/industrial workers and recreational trespassers. 

Noncarcinogenic risks identified for current scenarios indicated that there were no EPA- 

designated significant noncarcinogenic human health hazards (i.e., hazards equal to or greater 

than 1.0) for current soil exposure scenarios at Site 16. Total HIS for commercial/industri,al 

workers and recreational trespassers (adults and children) were 2.2E-02, 7.6E-03 and 6.1EL02, 

respectively. 

The total carcinogenic risk for commercial/industrial workers exposed to surface soil at 

Site 16 is 1. IE-05. This risk value exceeds the lower limit of EPA’s target risk range of 1 .OE-06, 

but was less than the upper limit of l.OE-04. The majority of the risk is based on dermal 

absorption and ingestion of benzo(a)pyrene. Arsenic also contributed slightly to the total risk 

although the individual risk for this chemical did not exceed lE-06. The total carcinogenic risks 

for recreational adults and children exposed to surface soil at Site 16 are 5.1E-06 and 2SE-06, 

respectively. Although these values are relatively lower than the carcinogenic risk level for 

commercial/industrial workers, they still exceed the lower limit of EPA’s target risk range of 

1 .OE-06. Similar to the commercial/industrial scenario, the risks are almost entirely due to 

benzo(a)pyrene with arsenic also contributing slightly to the risk. 
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Future land use scenarios evaluated in this risk assessment are as follows (all current use 

scenarios previously described are also considered to be potential future use scenarios); 

(1) construction worker inhalation of fugitive dust and volatiles from surface soil; 

(2) construction worker incidental ingestion of, and dermal contact with surface soil; 

(3) residential adult and child incidental ingestion of, and dermal contact with surface soil; 

(4) construction worker incidental ingestion of, and dermal contact with groundwater during 

excavation/construction activities; (5) construction worker inhalation of volatiles from 

groundwater during excavation/construction activities; (6) residential adult and child direct 

ingestion of groundwater; (7) residential adult and child inhalation and dermal absorption of 

groundwater,during showering; and (8) commercial/industrial worker direct ingestion of 

groundwater. 

I s. 

Results of this risk assessment suggest that, for future exposure scenarios, the groundwater 

at Site 16 may pose potentially significant health risks to residential adults and children, 

commercial/industrial workers and construction workers if developed for potable use. In 

addition, surface soil at Site 16 may pose a health risk to adult and child residents and 

construction workers. 

There were no EPA-designated significant noncarcinogenic human health hazards (i.e., 

hazards equal to or greater than 1.0) for future soil exposure scenarios at Site 16. Total HIS for 

residents (adults and children) and construction workers were 5.2E-02,4.1E-01 and 2.4E-01, 

respectively. 

In contrast to the surface soil results, each groundwater scenario resulted in non- 

carcinogenic human health hazards (i.e., hazards greater than EPA’s target value of 1 .O). Adult 

and child residents had total HIS of 28 and 75, respectively. Ingestion of inorganics such as 

arsenic, iron, manganese and thallium and inhalation of naphthalene and benzene contributed to 

the total risk. The HI for construction workers was 190, significantly higher than EPA’s target 

value of 1 .O. Most of the risk was based on inhalation of naphthalene, benzene and toluene. 

Dermal absorption of manganese also contributed slightly to the total risk to construction 

workers. The HI for commercial/industrial workers of 7 was relatively lower than the hazard 

level for residents and construction workers but still exceeded EPA’s target level of 1 .O. This 

scenario was limited to ingestion of groundwater and the risks were based on ingestion of 

.*.vDI* arsenic, iron and manganese. 
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The total carcinogenic risk for adult and child residents exposed to surface soil at Site 16 is 

3.4E-05 and 1.7E-05, respectively. Both of these values are greater than the lower limit of EPA’s 

range of l.OE-06 but do not exceed the upper limit of the range of l.OE-04. Ingestion and dermal 

absorption of benzo(a)pyrene contributed to the majority of the risk for both receptors. Ingestion 

of arsenic also contributed slightly to ,the overall risk. The total risk for construction workers 

exposed to surface soil at Site 16 is 6.1E-07 which does not exceed l.OE-06, the lower limit of 

EPA’s target risk range. 

The total carcinogenic risk for adult and child residents exposed to groundwater at Site 16 

was 2.3E-03 and 8.3E-04, respectively. These values exceed the upper limit of EPA’s target risk 

range of 1 .OE-04, in residential adults the carcinogenic risk exceeds the upper limit by more than 

one order of magnitude. Ingestion of arsenic and dermal absorption of bis(2-ethylhexyl)phthalate 

was responsible for the majority of the risk. Other risk contributors included ingestion of 

benzene and bis(2-ethylhexyl)phthalate, inhalation of benzene and dermal absorption of 

4,4’-DDT. 

Although the total carcinogenic risk to commercial/industrial workers from groundwater 

ingestion of 4.8E-04 was relatively lower than the risk to residential receptors, this value also 

exceeded the upper limit of EPA’s target risk range. The risk level for this scenario was based 

primarily on ingestion of arsenic, with ingestion of benzene and bis(2-ethylhexyl)phthalate also 

contributing to the total risk. Based on evaluation of background inorganic concentrations at 

Wallops Flight Facility, it was noted that the maximum arsenic concentration in Site 16 

groundwater was approximately one order of magnitude greater than the concentration detected 

in a background location. 

The total carcinogenic risk to construction workers from exposure to groundwater was 

1.5E-05 which exceeded the lower limit of EPA’s risk range of 1 .OE-06 but did not exceed the 

upper limit of the range of 1 .OE-04. The risk level for this scenario was based primarily on 

inhalation of benzene with dermal absorption of bis(2-ethylhexyl)phthalate also contributing to 

the total risk. 

There is a significant risk associated with future use of groundwater at Site 16 as a drinking 

water source. Carcinogenic risk levels for residents and commercial/industrial workers were 

greater than the upper limit of EPA’s risk range of 1 .OE-04. Also, hazard indices for adult and 

child residents were at least one order of magnitude greater than EPA’s target value of 1.0. 

However, there are no current plans to develop groundwater as a potential drinking water source 
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at Site 16. If aquifer development does not take place, the groundwater exposure pathwa:ys will 

not be complete and there will be no associated risks. 

There were several scenarios involving exposure to surface soil that resulted in risks to 

residential, recreational, and commercial/industrial receptors that exceeded 1 .OE-06 but were less 

than l.OE-04, the upper limit of EPA’s target risk range. Evaluation of risk levels should 

consider the present and planned land use at the site. If there is no future residential development 

at Site 16 there would be no residential receptors present. As a result, the soil exposure pathway 

would only be complete for commercial/industrial and recreational receptors. 

Feasibilitv Study (FS) 

At the outset of the RI/FS process, NASA, VDEQ, and EPA agreed that remedy selection 

would be based on land use assumptions that the current industrial use of the sites would 

continue in the future. For Site 16, no unacceptable risks or hazards for human or ecological 

receptors were identified for the surface soil present at the site. However, unacceptable risks are 

associated with future groundwater use for the site. 

The release which resulted in the Site 16 WOD appears to date from the 1940s and 1950s 

(Ebasco, 1992). Groundwater flow velocity calculated for the site indicates that the plume has 

had ample time to reach surface water bodies and is, therefore, fully reflected in the surface water 

and sediment data collected during the Site 14 and 15 RI/l!%. The site history would also suggest 

that the plume is fully developed and concentrations may reasonably be expected to declinle 

under the influence of naturally occurring indigenous organisms over time. 

Contaminant concentrations in downgradient wells WFFl6-GW3, WFFl6-GW4, and 

WFF-GW5 drop off precipitously from those detected in the source area wells WFF15-GW7 and 

WFFl6-GW2YGW2D. Three of the four downgradient wells exhibit no VOCs, no SVOCs 

(except bis(2-ethylhexyl)phthalate that was detected at very low concentrations consistent with 

laboratory contamination and background concentrations), and no pesticide/PCBs detected. 

Downgradient well WFF15-GW 1 detected low levels of VOCs, SVOCs, and a single detection 

of 4’4’-DDT (in a duplicate) but still substantially less than those detected in the source area 

wells, WFFlS-GW7 and WFF16-GW2S/GW2D. Simil,arly, TPH-GRO and TPH-DRO also are 

substantially less in downgradient wells (0.92-1.61 ppm) than in the wells located within the 

source area (1.21-85.4 ppm). As with the other organic compounds, downgradient well WlFF15- 

GW 1 had the highest TPH concentrations (0.92-1.61 ppm) with the other downgradient wells 
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generally less than the 1 ppm VDEQ UST program guidance level, with the exception of WFF- 

GW3 (1.14 ppm) in the 2000 data. 

Metals concentrations, including the risk-driver, arsenic, also decline dramatically in 

downgradient wells. Arsenic declines from concentrations in the source area wells of 18.2 - 88.2 

ppb (across all rounds) to ND( 1.6) - 11.1 ppb in downgradient wells (across all rounds). With 

the single exception of the 1998 arsenic detection for WFFl6-GW3 (11.1 ppb), all downgradient 

well concentrations are less than or equal to the arsenic concentrations detected in the 

background well, MW-3 (1.6 - 5.4 ppb). 

Therefore, it appears that groundwater is only materially impacted where.it is direct contact 

with contaminated soil. In this respect, there is little evidence of a groundwater plume in the 

traditional sense of the term. It seems likely that a contaminant plume emanating from the WOD 

once existed, but that past soil excavation activities at the Site 16 WOD and natural attenuation 

have largely mitigated groundwater risk at the discharge points. Because contaminated 

groundwater appears to only largely exist within the footprint of the contaminated soil area, this 

) n FS focuses on source control measures or measures that would restrict the future use of the 

groundwater within the site area. Given the nature and extent of groundwater contamination 

observed at the site, this objective is best met by source control measures to eliminate contact 

between contaminated soil and groundwater or restrictions on groundwater use. 

Four potential remedial technologies remained after FS screening. The following is a 

summary of the findings presented in the preceding sections and recommendations based on the 

analysis. 

The remedial alternatives remain after the screening are: 

. Alternative A - No action, 

. Alternative B - Installation of Institutional Controls ($153,800), and 

. Alternative C - Soil excavation, transportation, and disposal ($962,176). 

,,““. 

The alternatives were screened in the second phase according to effectiveness, 

implementability, and other pertinent criteria in order to determine suitability of each alternative 

to achieving the remediation goals. However, effectiveness at reaching and sustaining the 

remedial action objectives is the ultimate goal of any of these alternatives. 
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In the third phase, a detailed analysis of each process option was evaluated based on 

probable achievement of nine CERCLA criteria for selecting remedial alternatives. These 

criteria are the overall protection of human health and the environment; compliance with 

applicable or relevant and appropriate requirements (ARARs); long-term effectiveness and 

permanence; reduction of mobility toxicity, or volume of contaminants; short-term effectiveness; 

implementability; cost; local government acceptance; and community acceptance. Throughout 

the feasibility study, the no action alternative was retained for comparison purposes. The no 

action alternative does not meet remedial action objectives. Neither Alternative B or C apply 

treatment to reduce toxicity, mobility, or volume through treatment. However, Alternative B will 

eventually achieve a reduction in toxicity, mobility, and toxicity via natural attenuation and 

microbial degradation which Alternative C will not since landfilling will limit exposure to 

percolating groundwater as a source of nutrients/oxygen to indigenous microbes. Alternative C 

has better short term effectiveness, but significantly higher costs and exposure potential for 

workers performing the remediation relative to Alternative B. 
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2.0 INTRODUCTION 

This report presents the results of the Remedial Investigation/Feasibility Study (RUFS) for 

Site 16, the former waste oil dump (WOD), at NASA Goddard Space Flight Center, Wallops 

Fight Facility (WFF), Wallops Island, Virginia. In NASA Site Investigations (SI) and self- 

ranking (Metcalf & Eddy, 1996), this site was not scored under the Hazardous Ranking System 

(HRS) for inclusion on the National Priorities List (NPL). This site appears to not have been 

ranked because prior reports (Ebasco 1990) indicated that a 1986 soil removal action had 

remediated the site. A draft Record of Decision (ROD) was prepared by Metcalf & Eddy (1995) 

to support this conclusion. However, the 1997-98 Versar RI field activities uncovered sig,nificant 

contamination in this area while installing an upgradient monitoring well for Site 15. Additional 

soil and groundwater samples were collected during this RI, and data evaluation activities were 

performed to develop and support remedial action decisions for the site. This investigation is 

being performed for NASA Goddard Space Flight Center by Versar, Inc., under NASA contract 

no. NAS5-32288. 

WFF is located in Accomack County, Virginia on the Atlantic Coast of the Delmarva 

Peninsula, approximately 200 miles east of Washington, D.C. (Figure 2- 1) and consists of three 

separate land areas: Wallops Main Base, Wallops Mainland, and Wallops Island (Figure 2-l). 

The Main Base is approximately 1,800 acres, and is bordered on the east by 4 miles of marshland 

which separate it from Chincoteague Island. Wallops Pond and Little Mosquito Creek border the 

Main Base on the west and north. Site 16 is located at Wallops Main Base (Figure 2-2). WFF is 

responsible for the planning and launching of scientific satellites, sounding rockets, test vehicles, 

and other payloads. Wallops Main Base consists of several structures used by NASA for various 

purposes including headquarters, administrative offices, tracking facilities, range control center, 

rocket and fuel storage depot, inspection facilities, several support shops, housing units, airfield. 

,,+s.“‘.. 

The water-bearing formations within the WFF area consist of sedimentary units, ranging in 

age from Cretaceous to Quaternary. The two uppermost stratigraphic units, the Yorktown 

Formation and the overlying Columbia Group, are the most important water supply formations 

for agricultural, domestic, public, and industrial uses. The Yorktown Formation is the uppermost 

unit in the Chesapeake Group. The formation consists of fine to coarse, greenish gray, 

glauconitic quartz sand, which is clayey, silty, and in part, shelly. The formation occurs at depths 

of 60 to 140 feet in Accomack County (NASA, 1994). The Columbia Group consists of sa.nd, 

sandy clay, and minor amounts of gravel deposited during the sea level fluctuations in the 

Pleistocene epoch. 
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The water table aquifer, known as the Pleistocene aquifer, is unconfined and typically 

overlain by wind-deposited beach sands, silts, and gravel. The aquifer occurs between depths of 

5 and 60 feet below the ground surface. The water table ranges from depths of 0 to 30 feet below 

the ground surface. Groundwater flow is generally east and north toward nearby creeks and the 

marsh area that separates Chincoteague Island from the mainland (NASA, 1994). The top of the 

shallowest confined Miocene aquifer of the Yorktown Formation at WFF is found at depths of 

approximately 100 feet below the ground surface. It is separated from the overlying Pleistocene 

aquifer by a 20-30 foot confining layer (aquitard) of clay and silt. Generally potable water supply 

wells for both the Town of Chincoteague and WFF are screened at the upper portion of the 

Miocene aquifers, from depths less than 1.50 feet below ground surface (NASA, 1994). Ten in- 

service supply wells owned by NASA and the Town of Chincoteague are screened in the 

Pleistocene aquifer. All of the wells are hydraulically upgradient of Site 16. 

Sensitive habitats on and adjacent to the Wallops Island Flight Facility include the 

Chincoteague National Wildlife Refuge and the Assateague Island National Seashore to the 

immediate north, and the Wallops Island National Wildlife Refuge, that borders the main base to 

the west. These refuges are federal and state protected areas for both migratory and 

nonmigratory wildlife. Other sensitive habitats at the WWF include habitats for federally listed 

threatened and endangered species and wetlands as well as estuarine habitats such Mosquito 

Creek, Chincoteague Bay, and Hog Creek. The federally listed threatened and endangered 

species known to occur at Wallops Island are piping plover (Charadrius melodius), bald eagle 

(Haliaeetus leucocephalus), and peregrine falcon (Falco peregrinus). 

The National Wetlands Inventory (NWI) map overlay for Chincoteague and the Accomack 

County Wetland Maps for the area of the WFF indicate that both tidal and nontidal wetlands 

occur at the site. There are three predominant kinds of wetlands at WFF, including marine, 

estuarine, and palustrine wetlands. The NW1 map indicates many large areas of estuarine 

wetlands adjacent to the main base, with several smaller parcels of palustrine forested wetlands. 

On Wallops Island, most of the wetlands mapped by NW1 are mapped as estuarine. 

The anticipated future use for WFF is the same as the current use, an industrial launch 

facility/airport. The location of Site 16, at the end of one of the principal runways for the facility, 

ensures its ongoing industrial use. The recent commitment by the State of Virginia to establish 

WFF as a major spaceport greatly increases the likelihood that the facility’s mission will remain 

largely the same as it is today. Additionally, there are technical reasons related to rocket orbital 
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trajectory and economies that can be achieved from launches at the WFF latitude that cannot be 

achieved from NASA facilities in Texas and Florida. Therefore, base closure appears unlikely. 

2.1 Pumose and Reoort Organization 

The overall objective of the Remedial Investigation/Feasibility Study (RI/FS) was to gather 

sufficient chemical, hydrogeological, and ecological data (building upon the earlier SI data) to 

allow a complete assessment of the presence of onsite contamination, potential for offsite 

migration of contaminants, and impacts on human health and the environment via baselinie 

human health and ecological risk assessments. A further objective was to generate the required 

data to determine whether further investigations were required, whether remedial action is, 

required at each site, and estimate the scope of any remediation required. 

2.1.1 Objectives 

Specific objectives for the RI/FS at Site 16 was to: 

. Install monitoring wells and conduct sampling to determine whether contaminants 

are present in the groundwater that pose a risk to human health and if discharge of 

groundwater to surface water presents a risk to the environment. 

. Conduct geophysical investigations to determine whether there are any burial areas 

requiring further characterization via soil sampling that may have escaped detection 

in earlier studies, or may be candidates for localized treatment or removal. 

. Conduct soil sampling and determine if this pathway poses a risk to human health 

or the ecological receptors. 

. Determine hydraulic characteristics of the aquifers present at the sites by performing 

slug tests, potentiometric surface mapping at all sites, and real-time tidal monitoring 

of the groundwater elevation in select wells. 

Data used in the RI and risk assessment included samples for full TCL/TAL parameters 

with 100% data validation, TPH analyses, and collection of various other analytical parameters 

(hardness, alkalinity, TDS, TOC, and grain size), and hydrogeological data needed data to 

evaluate the significance of this data to uptake by receptors. 
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2.1.2 Report Organization 

The format of this report presents data from the Remedial Investigation, Human Health 

Risk Assessment, Ecological Risk Assessment, and Feasibility Study. The Site Investigation 

discussion (Section 3.0) addresses a brief discussion of the sampling program, highlighting areas 

where any modifications to the work plan were encountered or additional procedural information 

may be helpful; otherwise all field procedures were as documented in the work plans. 

Section 4.0 provides the results of the RI. Sections 5.0,6.0, and 7.0 present the Human 

Health and Ecological Risk Assessments*and Feasibility Study, respectively. Throughout the 

report, extensive use is made of summary data tables, emphasizing the frequency and magnitude 

of defected contaminants. More expansive data tables are reserved for the Appendices, and the 

full Microsoft Access database is provided on CD ROM. 

2.2 Site Description and Historv 

The current RI of the Site 16 WOD results from the discovery of solvent and petroleum 

contaminated groundwater detected in monitoring well WFF15-GW7. This well was originally 

intended as an upgradient well for the Site 15 RI. Further investigation lead to the discovery of 

an area of stained soil and stressed vegetation near the end of runway 17-35 at WFF (Figure 2-3). 

This area is immediately adjacent to areas where a large volume of soil was removed during the 

late 1980s. The WOD was later investigated by Ebasco (1990) and Metcalf and Eddy (1992), 

however, it is apparent that their follow-up investigations missed the current area of investigation 

(Figure 2-3). The following paragraphs discuss these earlier investigations. 

The WOD is located immediately north or runway 17-35. Waste oils and solvents were 

disposed of in this area for an unknown period, although probably in the 1940s and 1950s. No 

records exist to determine substances and quantities disposed or history of site activities. The 

full area1 extent of the former WOD was estimated as approximately 16,000 square yards. 

However, the remaining remnant of the WOD that is the subject of this RI/FS is approximately 

770 square yards. Since the site is located at the end of an active runway, no future activity is 

planned. No hazardous waste related subsurface anomalies were noted during Ebasco and 

Metcalf & Eddy site activities at the WOD. Drums, tanks, lagoons or other structures do not 

exist at the WOD. These earlier findings were confirmed by Versar visually and through an 

electromagnetic (EM) survey. 
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A site inspection was conducted at the WOD by Virginia State Water Control Board 

(SWCB) Representatives on August 27, 1986. As a result of this inspection, the State of Virginia 

requested that WFF remove and dispose of the contaminated soils. There was no Environmental 

Protection Agency (EPA) involvement during these activities. Subsequent correspondence was 

completed between a WFF Safety Specialist and the Virginia Department of Waste Management 

(VDWM) Regional Consultant regarding the disposal of contaminated soils. Approval for 

disposal of contaminated soils in the Wattsville, Virginia landfill was granted by Accomack 

County on November 10, 1986. Through correspondence with the Commonwealth of Virginia 

dating October 2, October 3 1, and November 10, 1986, WFF and the VA SWCB determined 

what actions were to be taken at the WOD. The VA SWCB Regional Geologist and other 

technical representatives reinspected the WOD on August 27, 1986. VA SWCB requested that 

the contaminated soil be disposed at the new Accomack County landfill. 
I 

Cleanup procedures were conducted by NASA from November 12 to December 30, 1986. 

During this period approximately 180 cubic yards (or 30 truckloads) of contaminated material 

was removed for the site. The areas where soil was removed are shown in Figure 2-3. VDWM 

Regional Consultant Harold J. Winer drafted a letter to a NASA representative on October 3 1, 

1986. He stated that WFF need not proceed with any further action or monitor well installation 

at the site following soils excavation and disposal. No lateral or vertical extent of contaminated 

soils was recorded during soils removal. These soils were not analyzed for contaminants and no 

chemical characterization is available. Remaining soils from the WOD site were analyzed1 during 

Ebasco’s 1989 site investigation. 

WFF conducted a Preliminary Assessment (PA) in February 1988 in compliance with the 

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

120, as amended by the Superfund Amendments and Reauthorization Act (SARA). This PA was 

a mandatory requirement as stated in CERCLA Section 120 because WFF has generated and 

disposed of hazardous materials. As stipulated in CERCLA, all Federal Facilities generating 

hazardous waste must complete a PA. The WOD was inspected during this assessment by 

Ebasco Services, Incorporated. Ebasco recommended that the WFF WOD be sampled for the 

presence of residual chemicals. 

A Site Investigation (SI) was begun in April 1989 as a result of the preliminary 

investigation recommendations. Results from the SI indicated semi-volatile organic 

contamination in surface soils and sediments near the site as well as chromium and lead levels 

exceeding Environmental Protection Agency (EPA) Maximum Contaminant Level (MCL) in 
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groundwater samples (Ebasco 1990b, p.47). A preliminary Hazard Ranking System (HRS) 

scoring of the WOD was 30.3, which exceeded the National Priorities List (NPL) consideration 

of 28.5 (Ebasco 1990b, p.49). 

The site investigation conducted by Ebasco in January 1990 included two surface soil 

samples (SS07, 2208), one subsurface sample (SBOI) and two sediment samples (SDOI, SD02) 

Figure 2-3. All samples were analyzed for TCL Volatiles, Semivolatiles, Pesticides, 

Polychlorinated biphenyls (PCB) and TAL metals. Laboratory results are contained in Appendix 

A-l. 

Soil samples SS07 and SSO8 showed levels of Methylene Chloride and Acetone which 

were rejected because the same contaminants were detected in blanks. Phthalate, which is a 

common laboratory contaminant, appeared in both samples, and toluene was detected at 5 ppb in 

SS08. Samples were otherwise at very low to non-detect levels of TCL organic contamination. 

4’4-DDE was detected at 48 ppb in SS07. This contaminant is a degradation product of 4’4-DDT, 

which was previously used by ground maintenance for pest control in the general area. 

The groundwater table aquifer at the WOD is the Columbia Aqu.ifer and is encounte:red at 5 

to 25 feet below the ground surface. It is a shallow, unconfined aquifer located in Pleistocene 

sediments. The Columbia Aquifer is locally used as a potable water supply and terminates 

approximately 60 feet below the ground surface where a 40 foot clay aquitard begins. 

Groundwater flow at the WOD moves laterally to the north and west towards the adjacent fresh 

and salt water wetlands. Groundwater then seeps into the wetlands as springs. Hydraulic 

conductivity within the Columbia aquifer is 2.3 x 10” cm/set (Ebasco 1991b, p. 46). 

Two groundwater monitoring well were installed at the WOD (Figure 2-3). These wells 

were installed by Ebasco Services, Inc., during the 1990 site investigation. One monitor well, 

MW-3 was installed upgradient to the site and was intended as a background monitoring well. 

One monitor well, MW-4, was installed downgradient of the areas where soil was removed. 

MW-3 continues to exist and is a viable monitoring well. Versar was not able to locate MW-4. 

However, one of the monitoring wells was located upgradient (MW-3), and the other (MW-4) 

was not in a position to detect contamination from the are currently under investigation (Figure 

2-3). 

Both wells were sampled during the site investigation conducted by Ebasco in 1990. 

Acetone was detected in both samples but was rejected because it was also found in blanks. 
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4-methyl-Z-pentanone was detected in the downgradient sample at 18 ppb. Total Other Volatiles 

(tentatively identified compounds, TICS) were detected at 144 ppb in the upgradient sample and 

293 ppb in the downgradient sample. Total Other Semivolatiles (TICS), were detected at 10 ppb 

in the upgradient sample and at 1,365 ppb in the downgradient sample. Phthalates were also 

detected but were rejected as laboratory contaminants. No non-aqueous phase liquids (NAPLs) 

were encountered during the groundwater investigation. 

Lead and chromium concentrations exceeded EPA MCLs in both downgradient and 

background wells. Lead concentrations were 88 ppb in MW-3 and 131 ppb in MW-4 Chromium 

levels were 96 ppb in MW-3 and 116 ppb in MW-4. Further sampling and analysis conducted by 

Ebasco Services, Inc., determined that high lead and chromium concentrations were due to 

naturally occurring particulate matter in the groundwater. Computer Sciences Corporation (CSC) 

collected groundwater samples in the downgradient well. This sampling was conducted to 

compare previous laboratory results obtained in 1992. Laboratory analysis was performed on 

samples of unfiltered groundwater and groundwater filtered through a .45 ,ug filter. Both 

samples showed no detection of lead. The unfiltered water sample showed chromium 

concentrations of 86 ppb and the filtered sample showed chromium levels of 1.2 ppb. These 

results support findings that the lead and chromium detected in the original site investigation 

were due to naturally occurring particulate matter. 

Two surface water/sediment samples were collected from the wetlands downgradient from 

the WOD. These samples were collected by Steam Kat Corporation in June 1986 and analyzed 

by Gascoyne Laboratories for benzene, toluene, xylene, and pH. Water sample WS-2 showed 

benzene levels of 2 ppb. This concentration does not exceed the EPA MCL of 5 ppb. No other 

compounds were detected. No reliable survey points were obtained following sampling, 

therefore surface water data was only estimated. Sediment samples collected indicate levels of 

Total Other Volatiles (TICS) at 11 ppm and Total Other Semivolatiles (TICS) at 337 ppm for 

SDOI, SD02 showed no levels of Total Other Volatiles (TICS). Subsurface soil samples SSOl 

showed Total Other Semivolatile (TIC) concentrations of 79 ppm. 

PKL02472.wpd(l04960.4960.007~NASA-RI/FS~Site-16~NS) 20 



WiIW~BI%lC ----.. 
3.0 SITE INVESTIGATION 

The field activities performed at the WFF Site 16 is described below. At Site 16 

groundwater transport is the primary contaminant dispersal mechanism. 

The purpose of the RI field activities was to fill critical data gaps for groundwater and soil 

to provide an adequate characterization of the nature and extent of contamination in the 

immediate vicinity Site 16. An EM survey was also performed at Site 16 to determine if a burial 

area exists at Site 16 (Figure 3-l). 

During the RI, Versar installed and sampled 27 temporary monitoring wells (Figure 3-2) 

for volatile organic compounds (VOCs), arsenic, and total petroleum hydrocarbons-gasoline 

range organics (TPH-GRO) and diesel range organics (TPH-DRO) using a field laboratory for 

organic analyses and a fixed laboratory on 24-hour turnaround for metals. These data were then 

used as a screening technique to assist in the placement of six additional permanent monitoring 

wells. Temporary wells and the six additional monitoring wells were installed using a geoprobe 

rig. These six wells (Figure 3-2), plus 3 existing monitoring wells (MW-3, WFF15-GW 1, and 

WFFlS-GW7) were sampled for the Target Compound List/Target Analyte List (TCL/TAIL) and 

TPH-DRO/GRO. Versar also collected four shallow and four deep soil samples for TCL/TAL 

analyses during well installation within the visually impacted area. An additional 17 surface soil 

samples were collected within and surrounding the stained soil and stressed vegetation are,as 

(Figure 3-3) to characterize the nature and extent of the soil contamination. 

3.1 Geophvsical Investbation 

Versar retained a specialty subcontractor to delineate the site electromagnetically. Forest 

Environmental Services, Inc. (FES) performed a geophysical survey at the NASA Flight Facility 

Site 16 in Wallops Island, Virginia, on April 28, 1998. The investigation consisted of a 

electromagnetic (EM) survey to locate suspected metal and nonmetal buried debris. 

The EM survey was conducted north of Runway 17-35. Data were collected at lo-foot 

traverses with stations at 5-foot centers for the EM that covered approximately 500 by 400 feet. 

This survey location is shown in Figure 3-1. Line 0 East and station 0 North denotes the 

southwest corner of the survey. The survey boundary was selected by a Versar representative. 

The Em survey was bordered by Runway 17-35 to the south and the middle of the slope of the 

hill to the north, east, and west. 
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The EM survey was performed using an EM-3 1 induction meter to measure the apparent 

conductivity of the subsurface. The EM-3 1 consists of two horizontal coplanar loops, one: acting 

as a transmitter and the other as a receiver. The transmitter induces electrical eddy currents in the 

earth, which in turn produce a secondary magnetic field. The receiver intercepts the secondary 

field, and the meter measures the terrain conductivity by comparing the strength of the secondary 

field to that of the primary field. 

The depth of investigation by EM is a function of the intercoil spacing and the orientation 

of the antenna dipoles. The EM-3 1 has an intercoil spacing of 12 feet, and used in the vertical 

dipole mode, has an effective penetration depth of approximately 18 feet, a depth approximately 

equal to the depth to groundwater over much of the site. 

Two readings were obtained from the EM-3 1 at each measurement station. The EM was 

connected to a data logger that simultaneously recorded both the quadrature-phase component 

and the in-phase component. The quadrature-phase component measures the terrain conductivity 

of the subsurface, and will detect metallic and nonmetallic objects or features with conductivities 

that deviate from their surroundings. The background terrain conductivity value at the site was 

approximately 3 millimhos per meter (mmhos/m). 

The in-phase component measurements are proportional to an effective, average magnetic 

susceptibility of the surrounding earth; this mode is sensitive to large metallic objects. The 

readings do not indicate true magnetic susceptibility because there is an unknown additive 

constant and multiplying factor that would be required to convert the measured values to 

magnetic susceptibility. 

Generally, negative or low EM values can indicate the area1 extent of large, shallow buried 

metal objects. The EM displays moderate-sized metal objects that are buried deep as areas of 

high conductivity; therefore, both high and low readings of apparent conductivity can indicate 

metal. However, high conductivity materials can also be caused by conductive chemical 

compounds such as acids, sulfates, and salts in the subsurface and by conductive soils such as 

clay. Low conductivity materials such as wood and oil are generally not detectable by the EM. 

Contours of the EM data were generated by computer using Golden Software’s 

SURFER@. Data gridding were performed using 5-foot spacings, and the Kriging algorithm was 

used for grid interpolation. EM data are located in Appendix B. 
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3.2 Screeniw Investipation 

Versar advanced 3 1 geoprobe borings within and surrounding the visually impacted area at 

the Site 16 WOD and installed l-inch diameter PVC temporary monitoring wells with 5 foot 

0.10 slot screens in 27 of the borings. The temporary wells were installed to depths ranging from 

12-30 feet. Most.of the borings for the temporary wells were installed by advancing a solid 

macroprobe to the water table; the water table is evident without lithologic samples by a dramatic 

reduction in the force necessary to drive the rods when the water table is encountered. Six of the 

borings were advanced using a coring device so that the samples could be logged for lithology. 

Logs are contained in Appendix C. In four of these six borings, soil samples were obtained for 

TCL/TAL and TPH-GRO/DRO analysis. 

Before sampling, the temporary monitoring wells were developed to clarity using a 

peristaltic pump. Groundwater samples were then collected from the wells using dedicated 

teflon tubing fitted with a stainless steel check valve that was decontaminated between samples. 

Samples for VOCs and TPH-GRO/DRO were analyzed immediately after collection at a field 

-. laboratory using EPA method 8010/8020, and arsenic samples were analyzed in an offsite 

laboratory using EPA method 6010 under 24-hour turnaround. After sampling was complete, the 

top of casing for each well was surveyed and depth to water measurements were collected. The 

temporary wells were then removed and grouted to the surface (except in the 5 locations w:here 

permanent wells were later installed). 

3.3 Monitoriw Well Installation 

During the RI, Versar installed monitorin, D wells at Site 16 to obtain groundwater sarnples 

(Figure 3-2). At Site 16, well MW-3 (installed by Ebasco in 1990) was used as a background 

sampling well. MW-3 was redeveloped by Versar during 1997 Site 15 RI field activities as an 

added quality control measure. 

*-. 

Permanent monitoring wells were installed for the Site 16 WOD RI using several 

techniques. Well WFF15-GW7 was constructed of 2-inch I.D. PVC with lo-foot screens using 

the conventional hollow-stem auger methods specified in the work plan. However, the very 

shallow groundwater table (l-2 feet deep), rugged terrain, and heavy vegetation of the two sites 

made installation of the downgradient wells along the unnamed tributary to Mosquito Creek 

(WFFlS-GW 1) using a truck-mounted hollow stem auger rig impossible. 
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Well WFF15-GW 1 was installed using a tripod mounted, solid-stem, 2-man power auger. 

Cuttings were logged. After the auger was removed from the 8-inch bore hold, a 5-foot pr’e- 

packed well screen (6-inch ) O.D. by 2-inch ID by 0.01 inch slots) and 5-foot 2-inch PVC :riser 

were set into the borehole. These wells were typically constructed with 2-3 feet of stick-up and a 

l-foot thick bentonite seal. The wells were installed into sand deposits which collapsed back 

against the well screen, thereby sealing off the annular space below the water table. 

The six new wells installed at Site 16 were constructed within the boreholes cored to obtain 

soil samples and lithologic data during the direct push investigation. These wells were installed 

using the geoprobe rig by attaching a stainless steel drive point to the base of 2-inch schedule 80 

PVC screen and risers and driving the point using the rods, effectively pulling the well materials 

to the desired depths. All wells were constructed using IO-foot, 0.10 screen and‘a natural 

sandpack. After the well is driven the aquifer materials collapse back against the casing 

materials to form a tight seal. Because the borehole in which the well is driven is very slightly 

smaller than the casing materials, minimal disruption to the aquifer occurs. Wells were 

completed with 2-3 feet of stickup and fitted with locking protective covers. Well logs are 

contained in Appendix C. All wells were developed as specified in the work plan and 

development and purge water was treated offsite. 

Groundwater samples were collected from the Site 16 monitoring wells for TCL/TA:L and 

TPH-GRO/DRO. Before samplin g, the wells were properly purged as specified in the work plan 

and sampled using single-use disposable teflon bailers. All purge water was contained within 55- 

gallon drums, and later transported to an approved offsite treatment facility. 

3.4 Aauifer Testing 

The purpose of slug testing is to assess the hydraulic characteristics (hydraulic conductivity 

and transmissivity) of the groundwater flow systems (aquifers). These characteristics were 

determined by performing slug tests on two wells for Sites 14 and 15 on May 8 and 9, 199’7. 

Additionally, Ebasco (1990) also performed aquifer testing in the Site 16 area. 

To evaluate aquifer hydraulic conductivity, rising head (slug-out) and falling head (slug-in) 

slug tests were conducted on select monitoring wells provide data to determine the rate of 

groundwater flow. Slug tests were performed on monitoring wells WFF-14GW1, WFF-14.GW7, 

WFF15-GWl and WFF-15GW3. These wells were chosen based on field observations made 

during well installation and development (i.e., high and low recharge rates to provide a 
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representative range of values). Data on groundwater flow direction and rate of flow is needed 

to: (1) identify the most likely contaminant migration pathways; (2) determine potential 

migration rates and dispersion rates; and (3) provide site-specific data for evaluating treatment 

options. These data were downloaded, compiled, and analyzed using AQTESOLV 3.0 aquifer 

testing software. The equipment used, field procedures, data collection methods, and the data 

analysis techniques were performed as specified in the work plan. Test results are contained in 

Appendix D. 

3.5 Groundwater Tidal Influence Study 

A short term groundwater tidal influence study was performed on May 8 and 9, 1997. The 

tidal influence study was performed to determine if significant changes in groundwater elevations 

resulted from the daily tidal cycles. Tidally influenced groundwater elevation changes will 

affect groundwater contaminant transport and migration processes. 

/--w 

The test was run overnight between May 8 and 9, 1997 and used an insitu Troll data logger 

installed in WFF15-GW7. This test monitored the rising trend in the groundwater table during a 

series of ongoing precipitation events. The precipitation record at the Wallops Island station 

measured 0.08-inch of rain between May 7 and May 9, 1997. The station also recorded 

precipitation every day between May 1 and May 20, 1997 on Wallops Island. 

3.6 Soil Sampling 

Versar collected 2 1 surface soil samples for TCL/TAL and TPH-GRO/DRO analysis to 

characterize the remaining soil contamination at the Site 16 WOD. A visual inspection of the 

area beyond the end of runway 17-35 revealed no other areas of the former WOD where similar 

contamination was noted. The samples were collected on a grid to characterize the visually 

impacted areas (Figure 3-3). All surface soil samples were collected at a depth of 0 to 6 inches 

using dedicated stainless steel scoops. Four subsurface soil samples were collected using ,the 

geoprobe rig. These were collected using sampling rods fitted with dedicated acetate liners. 

Subsurface samples were collected at the water table; sampling depths for the subsurface samples 

are given in the analytical results contained in Appendix A-2. 

Background surface soil samples were collected at seven locations adjacent to the western 

end of runway 17-35. These locations were selected to approximate the same geological, 

topographic, and operational characteristics as Site 16. The samples were collected along a 1500 

25 



A---. 

foot traverse line approximately 5-10 feet beyond the edge of the “mow line” along the runway in 

an area of low brush and herbaceous vegetation. There is no obvious indication or historical base 

activity in the background locations other than their obvious proximity to the runway operations 

they share with Site 16. 
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4.0 RESULTS FROM THE REMEDIAL INVESTIGATION 

This section presents the findings of the remedial investigation. It is divided into two 

principal sections: 1) physical characteristics, and 2) chemical contaminants detected in 

environmental media. Physical characterization of the sites involved primarily hydrogeological 

investigations and an electromagnetic survey of Site 16. 

The results of the chemical characterization of the sites presents the data in terms of 

identifying the contaminants of potential concern for the human health and ecological risk 

assessments, and the tables contained in this section are summary in nature, indicating the results 

of screening against Region III risk-based concentrations (RBCs) and Biological Technical 

Assistance Group (BTAG) criteria or other relevant standards; identifying maximum and 

minimum concentrations, presenting the 95% upper confidence level used, whether the chemical 

is a carcinogen, and finally, if the contaminant was selected as a contaminant of potential 

concern. This approach limits redundancy with Sections 6 and 7, and should serve to focus the 

reader on the specific chemicals for review in the summary data which is included as 

,J-. Appendix A-2. Full analytical data are provided in a Microsoft Access database on CDROM 
1: (Appendix A-3). 

4.1 Phvsical Characteristics 

The RI field investigation included two primary areas of physical characterization; l) a 

hydrogeological characterization, involving lithologic loggin g, measuring the potentiometric 

surface during each sampling round, aquifer testing, determining tidal influences, and calculating 

contaminant transport velocities, and 2) an electromagnetic survey of Site 16 to determine if any 

buried debris was present. 

4.1.1 Geology 

,N-‘.. 

The results of the lithologic logging of the boreholes advanced for the installation of the 

site monitoring wells was very uniform and singularly unremarkable. Geologic logs are 

contained in Appendix C. In all but a few cases, the materials encountered were medium- to 

fine-grained quartz sands with some silt. However, a sandy clay layer was encountered at depths 

between 10 and 27 feet below ground surface (bgs) in DP-8, DP-16, SB2, SB3, and SB-4. This 

appears to be the same clay layer detected at approximately 5.5 to 6.0 feet bgs at wells WFFlS- 

GW2, WFFlS-GW3, and WFF15-GW4. This clay was consistently detected at the base of the 
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boreholes logged during the Site 16 RI with exception of SB 1, which may not have penetrated 

deeply enough to reach the clay. This clay may serve as a local lower confining layer for the site. 

The clay was as much as 5 feet thick in boring DP-16 and SB-4. Soil borings were ended before 

penetrating this layer. 

The lithology identified is consistent with that of the Pleistocene and Holocene Columbia 

Group which occurs to a depth of approximately 60 feet in the WFF area (NASA, 1994). Sandy 

clay layers and minor gravel lags typical of the Columbia formation were encountered. No 

geologic cross-sections are presented in this report because they would be little more than 

topographic profiles. A more detailed discussion of the hydrogeology of WFF is provided in the 

WFF “Environmental Resources Document” (NASA, 1994), the companion base-wide 

background document used for this project. 

4.1.2 Tidal Influence Investigation 

The tidal influence investigation was conducted at in the vicinity of Sites 1.5 and 16, 

because these sites are the most proximal to the tidally influenced Little Mosquito Creek. Figure 

4-1 shows the plot of the potentiometric surface in well WFF15- GW7 for the period between 

May 8 and 9, 1997. There is no discernable tidal influence in the data. The graph of the data 

shows an apparent response to the second sinusoidal tidal cycle but none was recorded by the 

first cycle. Thus, the data indicate that the well recorded the change in the water table (rise) from 

an aquifer recharge event (precipitation). The spikes on the graph at 3:48 A.M. on May 9, 1997 

and again at 10: 18 A.M. agree with the tidal cycle superimposed on the data when the tidal lag is 

considered, but were not reproduced during the previous tidal event. The spike in the 10: 18 

A.M. data corresponds with the precise time that a manual water level measurement was 

collected from this well. Thus, the displacement recorded by the pressure record is 0.044 feet 

and is the result of the downward movement of the transducer in the well during the water level 

measurement. The early 3:48 A.M. spike in the data may be the result of the transducer slippage 

down the well in a somewhat similar manner. 

A displacement corrected graph of the data is presented in Figure 4-2. The primary spike 

at each time interval has been subtracted out of the data set in both cases. The upward trend in 

the data beginning at 10: 18 A.M. is primarily due to a 0.12-inch precipitation event recorded on 

May 10, 1997 at the Wallops Island station. There may be a very minor tidal influence evident 

on the corrected data plot although the precipitation events are masking the response. If the tidal 

influenced is really present, it is apparently less than 0.05 foot in the data shown. This tidal 
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response is insignificant as a hydrogeologic factor which could influence groundwater flow 

direction or contaminant transport and migration processes. Additionally, total dissolved solids 

data collected for groundwater confirms that these are Class JIB aquifers, uninfluenced by salt 

water intrusion. 

4.1.3 Potentiometric Surface Mapping 

Potentiometric surface data presented in this section was collected during the direct push 

investigation on May 4-6, 1998, and two rounds of monitoring well sampling on May 27-218, 

1998, and February 18,200O. 

Potentiometric surface maps for Site 16 are shown in Figures 4-3 and 4-4. Figure 4-3 

generated using the data from the 27 temporary wells installed during the direct push 

investigation, provides the most control on the potentiometric surface. These contours indicate 

flow toward and discharge into the unnamed tributary flowing along the base of Site 15 and to 

the marsh along Little Mosquito Creek. The arcuate shape of the contours directly reflects the 

shape of the peninsula at the end of runway 17-35. In the immediate vicinity of Site 16, 

groundwater flows northwest toward the unnamed tributary. The hydraulic gradient across the 

site is approximately 0.01. 

On the western and northern edge of Site 16, groundwater is much more shallow 

(approximately 3-8 feet deep), and the presence of numerous seeps located just west of the: 

downgradient monitoring wells at Site 15 establishes the unnamed tributary as a discharge zone 

for groundwater passing below Site 15. 

4.1.4 Aquifer Testing 

The wells analyzed for the sites along the WFF runways (Sites 14, 15, and 16) were 

constructed in a conventional manner (i.e. 6.25-inch diameter borehole followed by the 

installation of 2-inch diameter well screen and riser, filtration media, bentonite grout etc.). Most 

of the wells analyzed on the Main Base were completed with a pre-packed screen driven into a 

borehole (with the exception of WFF14-GWl, WFF14-GW2, and WFF15-GW7 which were 

constructed in a conventional manner). 

In evaluating the slug testing data, straight lines were fitted to the testing data in order to 

evaluate the nature of the various aquifer systems. The data analysis is often subject to 

PKL02472.wpd(l04960.4960.007~NASA-Rl/FS~Site-l6~NSJ 29 



interpretation due to slope changes in the water level responses that are observed in the data sets. 

In most cases, both conventional and prepacked well designs produce similar hydraulic estimates, 

however, two wells analyzed on Site 14 (WFFlLC-GW 1 [falling head test] and WFF14-GW7 

[rising head test] revealed a distinctive “kick” in the response curve. These wells were designed 

with pre-packed filters in a relatively tight silty-sand matrix. The slug testing data revealed that 

the aquifer at the Main Base responds under unconfined conditions and showed responses typical 

of sand aquifers. 

The data summary for the aquifer slug testing parameters and results at NASA Wallops 

Flight Facility is presented in Table 4-l. The data summary lists the parameters that were used 

for determining the aquifer characteristics. Graphical plots of the slug testing data with the fitted 

lines for unconfined aquifer conditions are presented in Appendix D. AQTESOLV provides 

units in English units (feet per minute [ft/min]); Table 4-l also contain conversion to metric units 

(centimeters per second [cm/s]) and corresponding transmissivity calculations. 

.; ,1 -., Average (mean) hydraulic conductivity values calculated for the wells on the Main Blase 

ranged from a high value of 1.02 x 10-2cm/s at WFF14-GW 1 to a low value of 4.87 x 10” cm/s 

at WFF1.5GWI (Table 4-l). Ebasco obtained a hydraulic conductivity for Site 16 of 2.3 x lo-” 

cm/s, which agrees very well with the average hydraulic conductivity measured by Versar for the 

Columbia Group. These values are consistent with literature values (Freeze and Cherry, 1979) 

characteristic of silty to clean sands. 

Transmissivities for the Columbia Group wells analyzed on the Main Base ranged from a 

high value of 0.16 square feet minute (ft2/min) at WWF14-GW 1 to a low value of 9.19 x 11~~’ 

ft2/min at WFF15-GW 1. 

4.1.5 Contaminant Transport Velocities 

Using the measured hydraulic gradient (Section 4.1.3) and hydraulic conductivity Ebasco 

(1990) incurred for Site 16 (2.3 x lo-’ cm/s) (Section 4.1.4), and assuming an effective porosity 

of 30 percent for a relatively clean sand to silt (Freeze and Cherry, 1979), a contaminant transport 

velocity may be calculated according to the formula : 

,#r), 
v=KJln, 
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where “v’ is the contaminant transport velocity, “K’ is the hydraulic conductivity, “I” is the 

hydraulic gradient, and “n” is the effective porosity. 

This formula results in an average contaminant transport velocity of 7.6 x 10-6crn/s for Site 

16. Converting these metric data to English units result in a velocity of 7.9 ft/yr at Site 16. 

Given Site 16’s position within the groundwater flow field, and the time which has elapsed since 

it was created (194Os-5Os), these velocities indicate that any contaminated groundwater 

emanating from the site has had ample time to travel the 220 feet required to reach the unnamed 

tributary of Little Mosquito Creek. Therefore, surface water and sediment data collected for Site 

15 already reflects contaminant loading from groundwater discharge emanating from Site 16. 

4.1.6 Results of the Electromagnetic Survey 

The electromagnetic (EM) survey of Site 16 was conducted on April 28, 1998, by Forrest 

Environmental Services to determine if there were any areas of buried debris present within the 

site area. The results of the apparent conductivity and magnetic susceptibility (metal detector 

mode) are given in Figure 3-l. Two anomalies were noted. In both cases, the anomalies were 

very small (< 10 feet in diameter), suggestive of small amounts of buried reinforced concrete, or 

a small length of metal pipe. Direct push borings were advanced in the vicinity of these 

anomalies (DP-2, SB-3, and SB-41, and no indication of buried debris was encountered. The 

overall conclusion of the EM survey was that no large burial area exists at Site 16. 

4.2 Chemical Contaminants Detected in Environmental Media 

Chemical analytical data from surface soil, subsurface soil, and ground water collected 

from Site 16 and parts of nearby Site 15 of WFF during the RI. All data were fully validated. A 

summary of the chemicals identified for further evaluation in the human health and ecological 

risk assessment (ERA), the data groupings, and the background sample locations are presented 

for each medium in the discussion below. Data tables in this section are interpretive, providing 

the results of screening against relevant environmental criteria for Region III. Summary data 

showing all detected analytes are contained in Appendix A-2. 

Quality control samples (duplicates, trip blanks, and equipment blanks) were collectled at a 

rate of approximately 1:20. All duplicates exhibited very good agreement in all media, and trip 

and equipment blanks were generally very clean with the exception of common laboratory 

contaminants; no data were rejected during data validation based on the quality control samples. 
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Summary data for the quality control samples are also contained in Appendix A-2. Data 

Validation reports will be submitted upon request or at project’s end. 

4.2.1 Surface Soil 

During the RI, Versar collected a total of 21 surface soil samples (between 0 and 6 inches) 

from Site 16. Locations of surface soil samples are shown in Figure 3-3. Surface soil samples 

were analyzed for: TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL metals, and cyanide. 

Surface soil samples collected by Ebasco (1990) and Metcalf & Eddy (1992) were not 

incorporated into the database used for risk assessment because validated was not available. 

4.2.1.1 Surface Soil Background Samples 

Seven surface soil background samples were collected from off-site locations on the north 

side of runway lo-28 just beyond the maintained area (approximately 5-10 feet just beyond the 

“mow line”), west of the wastewater treatment plant. The concentrations of target analytes 

detected at those sample locations are presented in Table 4-2. All background surface soil 

samples were collected using the same sample collection procedures as were used for on-site 

samples so as to be comparable to on-site samples. Background samples were analyzed for the 

same chemicals as on-site samples: TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL 

metals, cyanide, and total petroleum hydrocarbons. Background surface soil samples had 

concentrations of DDE, DDT, arsenic, and beryllium that exceeded residential RBCs. 

4.2.1.2 Results of the Surface Soil Samples 

The chemicals detected in surface soil samples (O-6 inches) are presented in Tables 4,-3 and 

4-4. These tables include a summary of the frequency of detection, range of detections, risk- 

based concentrations (RBCs) and biological technical assistance group (BTAG) screening levels, 

a comparison with background concentrations, and a determination of which are chemicals of 

potential concern (COPCs) for the risk assessments in Sections 5 and 6. A total of 8 organic 

compounds were detected; 5 were semivolatile organic compounds and 3 were pesticides. 

Twenty metals, plus TPH-GRO and TPH-DRO were detected. 

For the human health risk assessment (HHRA), 4 chemicals were selected as COPCs 

because the maximum concentration detected exceeded Region IIl for residential soils (Table 4- 

3). These 4 chemicals are benzo(a)pyrene, aluminum, arsenic, and iron. However, of these: 1) 
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the maximum Site 16 concentration for arsenic is less than the background concentration, 2) the 

maximum iron concentration for Site 16 (10,700 ppm) only slightly exceeds background (!J, 180 

ppm), and 3) the maximum aluminum concentration detected (10,600 ppm) only slightly exceeds 

background (9,970 ppm). All detected contaminant concentrations were below industrial RBCs. 

TPH-GRO/DRO was detected, with the contaminant signature dominated by the DRO fraction 

(maximum concentrations of 0.22 ppm GRO vs. 870 ppm DRO). These concentrations are well 

below the 11,000 ppm saturation standard that the Virginia Department of Environmental (Quality 

(VDEQ) uses to evaluate remediation requirements for soil contamination, 

For the ecological risk assessment, 13 chemicals were selected as COPCs because the 

maximum detected concentrations exceeded Region III BTAG concentrations (Table-4-4). These 

chemicals are benzo(a)pyrene, benzo(g,h,i)perylene, chrysene, indeno( 1,2,3-cd)pyrene, 4,4’-DDE, 

4,4’-DDT, aluminum, beryllium, chromium, iron lead, nickel, vanadium, and zinc. Two 

chemicals (antimony and silver) were also detected at concentrations which exceed BTAG 

screening levels, but were not selected as COPCs: silver was not selected due to lack of toxicity 

information, and antimony was not selected because it was only detected in a single sample. Of 

these, the maximum detected Site 16 concentrations of 4,4’-DDE, 4,4’-DDT, beryllium, and 

chromium did not exceed background concentrations. The maximum iron concentration for Site 

16 (10,700 ppm) only slightly exceeds background (9,180 ppm), and the maximum aluminum 

concentration detected (10,600 ppm) only slightly exceeds background (9,970 ppm). Iron was 

only detected in one sample at a concentration that exceeded background. 

4.2.2 Subsurface Soil 

Versar collected subsurface soil samples from within the visually stained area of Site 16 

Figure 3-3. These sample locations were based on visual cues, and the results of the EM survey 

and direct push groundwater investigation. The subsurface soil samples were collected at depths 

of 17-24 feet bgs from zones exhibiting the highest photoionization detector (PID) readings, or in 

the absence of PID readings (WFF16-SB4S2), at the water table. Generally, the highest PID 

readings in the other three soil borings were at the water table. 

4.2.2.1 Background Subsurface Soil 

No separate background data for subsurface soil was collected. Soil samples for each site 

are screened against the 7 surface soil background samples as was agreed during development of 

the work plan. 
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4.2.2.2 Results for Subsurface Soil 

Subsurface soil samples were not evaluated for the ERA because these samples are ‘beyond 

the O-2 foot depth commonly used to evaluate risk to burrowing organisms. A total of 19 organic 

chemicals were detected: 4 VOCs, 9 SVOCs, and 6 pesticides. Sixteen metals were detected. 

None of the detected concentrations exceeded Region BI residential or industrial RBCs (Table 

4-5). TPH GRO/DRO concentrations were considerably higher than in surface soil, as expected. 

TPH-GRO had a maximum detected concentration of 2,300 ppm, and the maximum detected 

concentration of TPH-DRO was 6,800 ppm. These concentrations are below the 11,000 ppm 

saturation criteria that VDEQ uses to evaluate remediation requirements for soil contamination 

where a current drinking water source is not threatened. 

4.2.3 Groundwater 

Versar installed 27 direct push temporary monitoring wells as a screening tool to obtain 

strong control of potentiometric surface contours, locate potential contaminant plumes, and 

., determine the locations of permanent groundwater monitoring wells. Based on the information 

garnered during the direct push investigation, Versar installed 6 additional monitoring wells in 5 

locations; a shallow/deep well cluster was installed at WFF16-GW2S/GW2D. The Site 16 well 

installed by Ebasco, MW-3, was used as a background well. Data for two wells installed during 

the Site 15 RI/FS, WFF15-GWl and WFF15-GW7, were incorporated into to the Site 16 RLFS. 

All metals data is on unfiltered samples. 

4.2.3.1 Background Groundwater 

The background well for Site 16 is well MW-3 installed by Ebasco. The only organjc 

chemical detected in MW-3 was bis(2-ethylhexyl)phthalate detected at a concentration of 3-18 

ppb, which is less than twice the concentration in field blanks. Numerous metals were detected. 

Of these, only arsenic was detected at concentrations that exceeded Region III tap water R13Cs. 

4.2.3.2 Results for Groundwater 

As a result of the determination that potentially contaminated groundwater had ampl’e time 

,pz‘. to discharge to surface water, and given the lack of ecological receptors for groundwater, these 

data were not used in the ERA. 
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Direct Push Screeniw Investipation Results 

On May 6, 1998, a total of 28 samples were collected from 27, l-inch PVC temporary 

monitoring wells and well WFF15-GW7 (Figure 3-2) for onsite analysis for chlorinated solvents, 

and TPH-GRO and TPH-DRO. Arsenic was analyzed on a fast turnaround basis in an offsite 

laboratory (Appendix A-4). These results were then used to determine the placement of 

permanent monitorin g wells. These analytes were selected based on the initial results frorn well 

WFF15-GW7 where these compounds were detected at elevated levels. These data were not 

used for risk assessment purposes. 

Tetrachloroethene was detected in DPl (15 ppb), WFF15GW-7 (5 ppb), DP7 (10 ppb), and 

DP18 (5 ppb). TPH-GRO was detected in DPl (32 ppm), WFF15-GW7 (3 ppm), DP7 (15 ppm), 

DP9 (4 ppm), and DP18 (18 ppm). TPH-DRO was detected in DPl (38 ppm), WFF15-GW7 (14 

ppm), DP7 (27 ppm), DP9 (8 ppm), and DP18 (210 ppm). Arsenic was not detected on any well 

(detection limits were 50 ppb). 

,/-I Using these data, WFF16-GW2S and WFFlB-GWD were located in the most contaminated 

I direct push borehole, DP18. WFF16-GW3 was located downgradient of the site on a vector 

connecting DPl and DP9. Similarly, WFF16-GW5 was located downgradient of the site on a 

vector connecting DP7/WFF15-GW7 and DP18. 

Permanent Monitoriw Well Samnliw Results 

Data from permanent wells collected during three rounds of sampling were pooled to 

develop the database for the HHRA. During the first round data from the Site 15 RYES only 

wells WFF15-GWl, WFF15-GW7, and MW-3 were applicable to Site 16. The Site 16 

downgradient well system was installed between rounds 1 and 2, and therefore the second round 

data includes data from WFF15-GWl, WFF15-GW7, and MW-3 as well as the seven Site 16 

monitoring wells (Figure 3-2). During round 3, samples were only collected from the seven Site 

16 monitoring wells. In this manner, each well was given equal, weight in the pooled data ‘base, 

although it was later determined by VDEQ that the maximum concentration at each well would 

be used in the HHRA. Similarly, the maximum detected concentration from WFF16- 

GW2S/GW2D cluster was treated as a single data point. In Table 4-6, the frequency data is 

expressed as the number of “hits” per sampling location; a hit being comprised of a detection in 

any of the rounds. Full analytical results are provided in Appendix A-2. 
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A total of 25 organic compounds were detected: 7 VOCs, 15 SVOCs, and 3 pesticides. 

Twenty-two metals, plus nitrate, sulfate, and sulfide were detected. TPH-GRO and TPH-DRO 

were also detected. Among the VOCs, the following were identified as COPCs: 1,2- 

dichloroethene, benzene, ethylbenzene, tetrachloroethene, and toluene. SVOCs identified as 

COPCs included 2-chlorophenol, 2-methylnaphthalene, 4-methylphenol, dibenzofuran, 

bis(2ethylhexyl)phthalate, carbazole, naphthalene, and phenanthrene. Pesticide COPCs were 

4,4’-DDT and alpha-BHC. The following inorganics were identified as COPCc: aluminum, 

antimony, arsenic, iron, lead, manganese, potassium, thallium, and vanadium. 

Although not treated quantitatively in the HHRA due to lack of toxicity information, TPH- 

GRO and TPH-DRO were identified as COPCs. TPH-GRO was detected at concentrations of 33 

to 4,000 ppb. TPH-DRO was detected at concentrations of 600 to 83,000 ppb. The highest 

concentrations of these analytes were detected in well WFFlS-GW7. 

With few exceptions, the highest concentrations of all of the organic COPCs were detected 

in well WFF15-GW7 which is located with the area of visually stained soil. The only exceptions 

was 1,2 dichloroethene detected in WFF16-GW2S (also within the area of stained soil), an.d the 

4-4’-DDT detected in WFF15-GW 1 (which was only detected in this well). WFF15-GW7 also 

exhibited the highest concentrations of aluminum. arsenic, and iron. 
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5.0 ECOLOGICAL RISK ASSESSMENT 

This Ecological Risk Assessment (ERA) has been prepared to evaluate the probability and 

magnitude of potential adverse effects on the environment associated with actual or potential 

exposure to site-related chemicals in surface soil at Site 16 of Wallops Flight Facility (WFF). 

Although not listed on the NPL, NASA has directed that this ERA be consistent with 

Subpart E, Section 300.430(d) of the National Contingency Plan (NCP). This law which directs 

that a Baseline Risk Assessment be conducted to characterize the current and potential threats to 

public health and the environment that may be posed by contaminants migrating to groundwater, 

releasing to air, leaching through soil, remaining in the soil, and bioaccumulating in the food 

chain. This ERA is also consistent with USEPA guidance and standards (USEPA, 1986b, c; 

1989a, b; 1991a, b; 1992a, b, c, d; 1995b; 1997a, b, c). 

The ERA is organized as follows: 

. Problem Formulation (Section 5.2). This section summarizes available information 
about the site history and past land-use activities, the ecological resources and the 
COPCs associated with the site, and the pathways by which ecological receptors 
could be exposed to these chemicals. This section culminates in the identification 
of the ecological resources and the endpoints selected for evaluation in the EZRA. 

. Exposure Characterization and Development of Exposure Pathway Model (Section 
5.3). This section develops chemical exposure point concentrations for each of the 
ecological receptor groups/organisms selected for evaluation in the ERA. 

. Ecotoxicologic Effects Assessment (Section 5.4). This section identifies 
concentrations and/or doses of the COPCs that are protective of the ecological 
receptors selected for evaluation. 

. Risk Characterization (Section 5.5). This section compares the estimated exposure 
point concentrations identified in Section 5.3 to the toxicity values identified in 
Section 5.4 to characterize the potential for adverse effects to ecological resources. 

. Limitations and Uncertainties (Section 5.6). This section identifies the major 
uncertainties associated with each step of the ERA and characterizes the potential 
effects of those uncertainties on conclusions made in the ERA. 

. Ecological Risk Assessment Summary (Section 5.7). This section summarizes the 
major conclusions made in the ERA. 



Overview 

The purpose of the ERA is to assess the potential for adverse effects to ecological receptors 

resulting from exposure to chemicals in the surface soil Site 16 of WFF. The ERA was 

conducted in accordance with national and regional USEPA guidance for evaluating ecological 

risks at hazardous waste sites (USEPA, 1989a; 1989~; 1992~; and 1994a). The site is first 

characterized by identifying habitats, and individual organisms, populations, or communities 

likely to occur at Site 16 of WFF. The COPCs were identified in Section 4.2. The potential 

toxicity of the COPCs to ecological receptors selected for evaluation is then characterized. 

Finally, information on exposures and toxicity are combined to derive qualitative or quantitative 

estimates of the potential for adverse effects to ecological receptors at Site 16 of WFF. 

5.2 Problem Formulation 

f-=-x . . 

This section presents available information about the ecological resources and the 

pathways by which ecological receptors could be exposed to these chemicals. This section 

culminates in the identification of the ecological resources and the endpoints selected for 

evaluation in the ERA. Specifically, Section 5.2.1 provides a general overview of WFF Main 

Base and the habitats/ecological resources known or likely to occur on site. Section 5.2.2 

identifies the COPCs selected for evaluation and the data groupings selected for each medjum. 

Section 5.2.2 identifies the ecological receptor species and potential exposure pathways selected 

for evaluation. Finally, Section 5.2.3 describes the assessment and measurement endpoints 

identified for evaluation in the ERA, and the methods and data used for the evaluation of these 

endpoints. 

5.2.1 Characterization of Habitats and Wildlife at Site 16 of WFF 

*: fh. 

Terrestrial Habitats. The principal cover at the WFF Main Base is developed land,, and 

consists of impervious surfaces such as runways, parking lots, roads, and buildings. Many areas 

of mowed lawn are also associated with these man-made features. Vegetation within these: 

maintained areas generally consists of planted lawn grasses, with scattered areas of planted. 

landscaping trees and shrubs. Several very small areas of oldfield exist immediately to the north, 

east, and west of the northern-most section of runway. These areas are dominated by a primarily 

herbaceous association of switchgrass (Pnnicunz virgntunz), broomsedge (Arzdropogorz 

virginicus), and fescue grass (Festuca sp.). Scattered saplings of loblolly pine (Pinus taedtz) and 

sweetgum (Liquidunzbar stymciflua) are also present, along with several species of blackberries 
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(Rubus sp.) and multiflora rose (Rosa multiflora). The largest parcel of natural terrestrial habitat 

at WFF Main Base is a mixed deciduous/pine forest in the northern-most part of the property, 

bordering Little Mosquito Creek. The forest consists of a dense-canopied stand of pine and oak, 

with trees averaging about 10 to 14 inches diameter at breast height (dbh), and canopies 

averaging about 60 feet tall. Primary tree species in the stand include loblolly pine, Virgi.nia pine 

(Pinus virginiana), willow oak (Quercus phellos), black oak (Quercus velutinu), sweetgum, and 

red maple (Acer rubrum). Owing to the dense tree canopy, the shrub and herb layers of the forest 

are very sparse throughout, except in openings. Principal shrubs include spicebush (Linderu 

benzoin) and Tartarian honeysuckle (Loniceru tuturica); numerous saplings of the principal trees 

were also abundant in the shrub layer, also in the occasional openings. Very few herbs were 

observed in the forest; species observed throughout included bracken (Pteridium uquilinum), 

partridgeberry (Mitchella repens), and several unidentified grasses. 

,- 

Wetlands and Aquatic Habitats. Freshwater wetlands exist at the WFF Main Base along 

Little Mosquito Creek and its unnamed tributary. Observed contamination of Site 16 is 

approximately 200 feet east of aquatic habitats. Wetlands along the edge of Little Mosqu:ito 

Creek are tidally-influenced and are primarily herbaceous. Principal species in this area include 

spartina grasses (Spurtinn nltern$lora, S. putens, und S. cyrzosuroides), and threesquare (Scirpus 

pungent). To the immediate south along the flat delta where the unnamed tributary flows into 

Little Mosquito Creek is a moderately large area of tidally-influenced wetland scrub/shrub. The 

wetland is dominated by wax myrtle (Myricu ceriferu), buttonbush (Cephulunthus occident&is), 

and groundsel bush (Bucchuriu hulimifoliu). Scattered small trees are also found in the 

scrub/shrub wetland, primarily black willow (Sulix nigru) and red maple. Cinnamon fern 

(Osmunda cimzamomea) and royal fern (Osmundu regulis) are the principal herbs in the 

scrub/shrub. A very narrow margin of deciduous forested wetland exists along most of the length 

of the unnamed tributary above the scrub/shrub area. The forested wetlands are apparently not 

tidally-influenced. The forest is dominated by relatively small trees, averaging about 6 to 10 

inches dbh, with a 60-foot-tall canopy; primary species are red maple, black willow, and 

sweetgum. Spicebush is the principal shrub in this wetland forest: the predominant herbs are 

sensitive fern, royal fern, and cinnamon fern. 

,-- 

Wildlife. The unnamed tributary and Little Mosquito Creek support a diverse group of 

freshwater aquatic invertebrates. Fish commonly found in the unnamed tributary at the WFF 

Main Base include several species of darters and mummichogs (Fundulus sp.); in Little mosquito 

Creek, spot (Leiostomus xunthurus) and bay anchovy (Anchoa mitchilli) are seasonally most 

common. Common amphibians and reptiles in the area include Fowler’s toad (Bufo 
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woodhoussei), green tree frog (Hyla cinereu), black rat snake (Eluphu obsoletu), hognose snake 

(Heterodon plutyrhinos), and box turtle (Terrupine cuoZinu). A considerable variety of birds are 

likely to inhabit WFF throughout the year, owing to its location along the primary migrato’ry 

corridor of the East Coast. Upland bird families expected to utilize WFF habitats include owls, 

hawks, woodpeckers, flycatchers, swallows, crows and jays, chickadees, nuthatches, wrens, 

thrushes (including robins), vireos, warblers, blackbirds, and sparrows. Some of the most 

common terrestrial birds on the facility include red-tailed hawk (Buteo jamuicensis), 

mockingbird (Mimus polyglottos), American robin (Turdus nzigrutorius), mourning dove 

(Zenuidu mncroura), starling (Sturnus vulgaris), house sparrow (Passer domesticus), and song 

sparrow (Melospizu melodin). Other more aquatic-oriented birds, such as great blue heron 

(Ardeu herodius), herring gull (Lurus urgentutus), laughing gull (Lurus utricillu), and willet 

(Catoptrophorus semipulmutus) are common in the open tidal wetland areas along Little 

Mosquito Creek. Mammals that are most likely to occur in the vicinity of the WFF Main 13ase 

include masked shrew (Sorex cinereus), short-tail shrew (Blurinn brevicuudu), gray squirrel 

(Sciurus carolinensis), white-footed mouse (Peromyscus Zeucopus), meadow vole (Microtus 

pennsylvanicus), marsh rice rat (Oryzomys pulustris), eastern cottontail (SyZviZugusfloridurus), 

-4 opossum (Didelphis virginiunn), raccoon (Procyon Zotor), red fox (Vulpes vulpes) and white- 

tailed deer (Odocoileus virginianus). It should also be noted that the WFF Main Base possesses 

a sizable captive white-tailed deer population (i.e., movement restricted by fences). 

Threatened and Endangered Species. A data base search for threatened and endangered 

plant and animal species potentially inhabiting or using the WFF Main Base was conducted for a 

previous study (Metcalf and Eddy 1994). Information was requested of the Commonwealth of 

Virginia Department of Game and Inland Fisheries, the Commonwealth of Virginia Department 

of Agriculture and Consumer Services, the Commonwealth of Virginia department of 

Conservation and Recreation, Division of Natural Heritage, and the U.S. Fish and Wildlife 

Service (Metcalf and Eddy 1994). The fauna species identified through the search are listed in 

Table 5-l. With the exception of bald eagle, none of these species has been identified in the 

vicinity on the WFF Main Base (the species has nested at one location on Little Mosquito Creek 

to the north of WFF Main Base). No flora of special concern was identified in the vicinity of the 

WFF Main Base as a result of the data search. 

5.2.2 Identification of Chemicals of Potential Concern 

This section presents methodologies used to select COPCs previously identified in Section 

4.2. Chemicals are selected for evaluation in the ERA if they: 1) are presumed to be present 
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because of past activities at the site; and 2) pose potential risks to ecological species. Chemicals 

associated with sampling or laboratory artifacts were not selected as COPCs. 

The following steps, which are in accordance with USEPA (1989~) guidance, were :first 

used to summarize the analytical data for this ERA: 

. The samples collected during the RI (RI data have received 100% data validation) 
were divided into data groupings by environmental medium and potential exposure 
sources. The creation of these data groupings allows for the characterization of 
environmental conditions relevant to exposure and helps to determine exposure 
concentrations for target populations. The grouping of background data is used to 
determine if chemicals detected at a site are present at naturally occurring levels. 
The sample data groupings used in the ERA, including background data groupings, 
are described by environmental medium in the sections below. 

_1 

. Sample data were compared to blank (laboratory, equipment rinse, field, and trip) 
concentration data. If the chemical concentration detected in a site-related sample 
was less than 10 times (for common laboratory chemicals) or five times (for all 
other compounds) the concentration in the corresponding blank sample, the sample 
was excluded from the ERA in accordance with USEPA (1989~) guidance. The 
identification and validation of sampling or laboratory artifacts were performed 
prior to data summarization. In addition, data that were rejected through labo.ratory 
validation (R qualified) were not used in the ERA. 

. As required by USEPA (1994a) Region III guidance, the maximum concentration of 
a pair of duplicate or split samples (taken from the same location on the same: date) 
was used to represent the concentration for that location. 

. Frequency of detection was calculated as the number of samples in which the 
chemical was detected over the total number of samples analyzed. 

Once the data were grouped and summarized, chemicals were selected for further 

evaluation. Chemicals were selected as COPCs if their maximum detected concentrations in 

environmental media exceeded the screening level concentrations for ecological receptors 

provided by the USEPA Region III BTAG (USEPA, 1995d). USEPA Region III BTAG 

Screening Levels are based on chemical concentrations considered to be protective of the rnost 

sensitive organism in a medium. Screening levels for some chemicals were available for both 

flora and fauna, in which case the lower of the two values was used in the ERA. Only chemicals 

with maximum concentrations below the screening levels were eliminated as COPCs. Che:micals 

lacking USEPA Region III BTAG Screening Levels were maintained as COPCs. 
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Essential nutrients for ecological receptors (calcium, magnesium, potassium, and sodium) 

were not considered as COPCs because they are unlikely to adversely affect potential ecological 

resources at concentrations that could occur in the environment. 

All chemicals not eliminated by the above screening process were identified as COPCs and 

evaluated in the ERA. However, some inorganic chemicals, occurring at concentrations above 

the USEPA Region III BTAG Screening Levels may not be reflective of site-related 

contamination, but instead, may indicate widespread contamination or naturally elevated regional 

concentrations. Accordingly, the identification of chemicals occurring at concentrations below 

background concentrations may be useful when interpreting the results of the ERA. Inorganic 

chemicals with maximum concentrations which exceeded USEPA Region III BTAG Screening 

Levels but were equal to or less than background concentrations were selected as COPCs, but are 

designated with a “B” in subsequent data tables. 

For both the on-site and background sample data sets, the maximum concentration of each 

inorganic detected at the on-site location was compared to the maximum concentration of Ithat 

inorganic chemical detected in the background data grouping. If the maximum concentration of 

an inorganic chemical exceeded the maximum background concentration or if it was not detected 

in the relevant background data grouping, then that chemical was considered to occur at 

concentrations above those in the background samples. 

The identification of COPCs does not necessarily indicate that the compounds selected 

pose a risk to ecological receptors. Rather, it indicates that there is a need to evaluate those 

compounds in the ERA to determine if exposures to them could result in potential risks to 

ecological receptors. 

5.23 Identification of Exposure Pathways and Potential Receptors for Analysis 

In this section, the potential pathways by which ecological resources may be exposed. to the 

COPCs from Site 16 of WFF are discussed. Exposure pathways were identified based on the 

consideration of: 1) the source/mechanism of chemical release; 2) the medium (or media) of 

chemical transport; 3) the point of potential contact by the receptor organism; and 4) the route of 

exposure at the contact point. Potentially complete exposure pathways and potential receptor 

groups were identified for evaluation in the ERA based on consideration of the available habitat, 

and the type, extent, magnitude, and location of potential chemical contamination. 
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As previously discussed in Section 5.2.1, a variety of terrestrial and aquatic species are 

associated with WFF. Table 5-2 identifies the potential exposure pathways by which ecological 

receptors could be exposed to COPCs Site 16 of WFF and, in general terms, the pathways 

selected for evaluation in the ERA. A brief rationale for the selection/exclusion of each 

potentially complete exposure pathway is also summarized in this table. The following sections 

provide a more detailed discussion and evaluation of the pathways by which potential receptors 

could be exposed to COPCs in surface soil and discuss the exposure pathways selected for 

evaluation. Direct exposure to chemicals in abiotic media is first discussed, followed by a. 

discussion of the potential for exposure to chemicals through accumulation in the food web. 

5.2.3.1 Direct Exposure Pathways and Receptors 

5.2.3.1.1 Terrestrial Plants 

Terrestrial plants are important components in any ecosystem because they provide food 

and cover for many wildlife species. WFF supports a variety of different plant species 

characteristic of coastal areas. Terrestrial plants at Site 16 may be exposed to COPCs in surface 

soil’as a result of direct contact and subsequent uptake via roots or direct foliar uptake. However, 

only limited toxicity information is available to evaluate the potential for adverse effects to 

plants, particularly as a result of exposures to organic compounds. In spite of the relative lack of 

literature-based toxicity values, the potential risks to terrestrial plants from contact with 

chemicals at Site 14 surface soils were evaluated, in the Risk Characterization (Section 55.1) to 

the extent possible, by comparing site-related data with available toxicity values from scientific 

literature. 

5.2.3.1.2 Soil Invertebrates 

Soil invertebrates may be exposed to chemicals in surface soil via dermal absorption and 

via the ingestion of contaminated soils. Accordingly, the potential for the COPCs to adversely 

affect soil invertebrates was evaluated in the ERA. Earthworms were selected as the receptor 

species for evaluating the potential for adverse effects to soil invertebrates for several reasons. 

Earthworms have direct contact with soil and are sensitive to chemicals in soil, relative to (other 

soil invertebrates. Furthermore, earthworms serve an important ecological role in the aeration of 

soils and cycling of nutrients, and act as an important food source for carnivorous species (e.g., 

shrews). Lastly, toxicity data for earthworms are available in the scientific literature. 
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Potential risks to earthworms were evaluated in the Risk Characterization section by 

comparing the chemical concentrations measured in surface soil with available toxicity values 

from the scientific literature. 

5.2.3.2 Indirect gxposure Pathways for Surface Soil 

The evaluation of indirect exposure pathways is a multiple-step process, This section 

describes the potential bioaccumulation pathways and discusses the food webs present at WFF. 

The following paragraphs identify the potential for chemicals to accumulate in the Main B’ase of 

WFF based on the physical/chemical properties of the COPCs and their concentrations and 

distribution in the environment. The potential for chemicals to accumulate in the food web is 

predominately a function of the characteristics of both the chemicals present and the food web 

through which they can accumulate. 

In order to assess the potential for compounds to bioaccumulate, the octonal/water partition 

coefficients (expressed as Log IS,,) for organics and the bioconcentration factors (BCFs) for 

inorganics were reviewed. The Log K,, characterizes the propensity of an organic chemical to 

partition into the lipid fraction of an organism, and thus, the potential for the chemical to 

bioaccumulate. A Log K,, of greater than 3.5 was considered for further evaluation based on 

Garten and Trabalka (1983) which indicates such chemicals have the potential to bioaccumulate. 

Unlike Log K,,s, BCFs are receptor-specific and, as such, are discussed for individual pathways 

evaluated below. 

Earthworms were selected as an indicator of accumulation from surface soil into fauna for 

several reasons. First, earthworms have direct dermal contact with and ingest large amounts of 

soil. Further, there is an extensive database of the accumulation potential of chemicals from 

surface soil into earthworms. Finally, earthworms are an important food source for a number of 

terrestrial species and represent a potential exposure pathway in the terrestrial food web. 

Inorganics with earthworm BCFs greater than 1 were conservatively identified for analysis in the 

terrestrial food web. 

PAHs and bis(2-Ethylhexyl)phthalate have Log Kows above 3.5; therefore, there is the 

potential for these organic chemicals to bioaccumulate based on the Log K,, screening procedure 

outlined above. However, information from the scientific literature indicates that PAHs do not 

readily accumulate in the terrestrial food web because they are metabolized into non-toxic 

byproducts and eliminated by higher trophic-level species (Eisler 1987a). Information from the 
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scientific literature also indicates that phthalates, including bis(2-Ethylhexyl)phthalate, do not 

readily accumulate in the terrestrial food web because they are metabolized by most organisms 

(ATSDR, 1993a, b). PAHs and phthalates were, therefore, not selected for further evaluation as 

bioaccumulative compounds. 

Most pesticides have chemical properties which enable them to be readily absorbed by 

biotic tissue, and accordingly have Log Kows greater than 3.5 and have the potential to 

bioaccumulate. DDT and its derivatives were evaluated as bioaccumulative compounds in the 

ERA. DDTr is used as a measure of the total concentration of DDT, DDD, and DDE. 

Earthworm BCF data were reviewed to determine which inorganic COPCs had the greatest 

potential to bioconcentrate from soil to earthworms. Aluminum, chromium, iron, lead, nickel, 

and vanadium, all of which were identified as COPCs, are metabolically regulated by earthworms 

(Beyer 1990), while zinc does not readily accumulate in the terrestrial food web (ATSDR 1992f). 

Antimony and beryllium are considered potentially bioaccumulative compounds (Beyer 1990). 

,l+. _ 5.2.3.3 Indirect Exposure Receptors 

Having identified chemicals in surface soil that can accumulate in the terrestrial 

environment, the possible pathways by which receptor species could be exposed to chemicals 

were identified and evaluated. Emphasis was placed on higher trophic-level species because of 

the potential for these chemicals to bioaccumulate in the food web prior to receptor exposure. 

Terrestrial and avian wildlife are the primary endpoints of the food webs present at WFF. 

Although terrestrial and avian wildlife can be directly exposed to chemicals in abiotic media by 

several pathways including ingestion, dermal absorption, and inhalation, these direct exposure 

pathways are likely to result only in limited risks. The greatest potential for adverse effects to 

terrestrial and avian wildlife is likely to result from the additive risk of ingestion of terrest.rial and 

aquatic food items which may concentrate chemicals in conjunction with direct ingestion of 

chemicals in abiotic media. Accordingly, wildlife receptors will have the most significant 

impacts from chemicals that can accumulate in the food web. 

There are many factors that are important in selecting ecological receptors for analysis in 

risk assessment. While the predominant assumption is that using the most conservative receptor 

will present an analysis protective of all receptors, there are many nuances between receptors and 

exposure pathways. Therefore, the following discussion reviews the selection of receptors and 
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all those evaluated, including the estimated most-conservative receptors as well as those 

representing other potentially sensitive wildlife receptors. 

Mammals and avian species could be exposed to chemicals in the area of WFF via the 

ingestion of terrestrial and aquatic prey items that have accumulated chemicals. The 

predominant sources of food for wildlife on and around WFF are likely to be other avian species 

and mammals, terrestrial and aquatic invertebrates, and terrestrial plants. Some mammals and 

avian species represent higher trophic levels in the food web, and thus, have the potential to 

ingest chemicals that have accumulated/biomagnified in the food web. Terrestrial inverte’brates 

represent a link between the abiotic media and higher trophic levels, and thus, have the potential 

to serve as a route to accumulate chemicals. Accordingly, the accumulation of these chemicals in 

soil invertebrates (a subset of terrestrial invertebrates) was selected for evaluation in this 

assessment. 

Among the terrestrial invertebrates potentially occurring on the site are earthworms, which 

were selected for use in the assessment to represent terrestrial invertebrates. They were selected 

because they have intimate contact with and ingest large amounts of surface soil, and as such, 

have some of the greatest potential to accumulate chemicals from surface soil relative to other 

terrestrial invertebrates. Earthworms represent conservative indicators of the potential for the 

accumulation of chemicals from surface soil and the transfer of those chemicals to higher 

trophic-level species. 

Shrews were selected as the terrestrial mammal receptor species for evaluating potential 

effects to small mammals, while robins were selected as the avian receptor species for evaluating 

_ potential effects to avian species. These species were selected because: 1) a larger proportion of 

the diet of both species is comprised of soil invertebrates relative to the other bird and small 

mammal species at WFF; 2) both species could occur at WFF; and 3) both species have lirnited 

foraging ranges, increasing their potential exposure to the potentially bioaccumulative chelmicals 

in surface soil at WFF. For these reasons, the evaluation of these species is a conservative 

indicator of the potential for adverse effects to terrestrial wildlife from exposure to chemicals in 

the food web. 

5.2.4 Identification of Assessment and Measurement Endpoints 

As previously discussed, the potential for adverse effects to ecological resources is 

dependent on the ecological receptor species and chemicals present on the site, and the pathways 
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by which the ecological resources could be exposed to the COPCs. Section 5.2.1 preliminarily 

identified ecological resources occurring on WFF Main Base that could be adversely affected by 

the presence of chemicals. Section 5.2.2 preliminarily identified the COPCs present in each of 

the on-site media. Finally, Section 5.2.3 preliminarily identified the potential exposure pathways 

by which ecological receptors could be exposed to COPCs, based on information about the 

presence of ecological resources on site and on information about the presence of COPCs in each 

sampled environmental media. This section summarizes the specific ecological parameters for 

each of the evaluated receptors by identifying the assessment endpoint, the hypothesis being 

tested in the investigation, and measurement endpoints selected for the evaluation of the 

assessment endpoints. 

Assessment endpoints are defined as the ecological effects in the receptor species selected 

for evaluation. The evaluation of the potential for ecological effects to occur is one factor in the 

decision-making process regarding the need for further investigation and/or remediation (Suter 

1993). For example, the reproductive capability of the receptor species ancj/or population may be 

an assessment endpoint selected for evaluation. Measurement endpoints are the outcomes of the 

methods or means by which the assessment endpoints are approximated or represented (Su.ter 

1993). Measurement endpoints are generally surrogates for assessment endpoints and are 

necessary because, in most cases, assessment endpoints cannot be directly measured or observed. 

Typically, the measurement endpoints are the result of or outcome of the field and/or laboratory 

methods used to evaluate the assessment endpoints. For example, the measurement endpo.int for 

the evaluation of the potential for adverse effects to receptor organisms, populations, and/or 

communities may be the concentration of a chemical measured in an abiotic media to which the 

receptor species could be exposed compared to an applicable toxicity value, and/or may be the 

result of a fish population survey from the area of concern. 

The assessment and measurement endpoints for each receptor and exposure pathway 

selected for evaluation in the WFF Main Base ERA are summarized in Table 5-3. In addition, 

Table 5-3 presents formal testable hypotheses for each of the assessment endpoints. 

5.3 Exnosure Characterization and Develonment of Exnosure Pathwav ModeJ 

The purpose of the exposure assessment is to identify the concentration and/or dose of the 

COPCs to which ecological resources selected for evaluation in the ERA could be exposed. The 

following sections discuss the evaluation of exposure and identify the exposure concentrations 



selected for the evaluation of potential adverse effects to each of the ecological receptor 

groups/organisms selected for evaluation. 

5.3.1 Terrestrial Plants 

Chemical concentrations measured in surface soil collected from potential source areas 

throughout WFF Main Base were used to evaluate the potential for adverse effects to terrestrial 

plants. Maximum detected concentrations in surface soil samples are presented in Table 4.-4. 

The maximum concentration was used for the evaluation because, based on the immobility of 

plants, exceedance of a toxicity value at a sample location indicates the potential for adverse 

effects at that location. If the maximum concentration exceeds the toxicity value, the overall 

proportion of sample locations where the toxicity value is exceeded is then considered to 

evaluate the potential for adverse effects at the community level. 

5.3.2 Soil Invertebrates, 

Chemical concentrations measured in surface soil collected from potential source areas 

throughout WFF Main Base were used to assess the potential for adverse effects to soil 

invertebrates. Maximum detected concentrations in surface soil are presented in Table 4-4. The 

maximum concentration was used for the initial evaluation because, based on the relative 

immobility of most soil invertebrates, exceedance of a toxicity value at a sample location 

indicates the potential for adverse effects at that location. If the maximum concentration exceeds 

the toxicity value, the overall proportion of sample locations where the toxicity value is exceeded 

is then considered to evaluate the potential for adverse effects at the population level. 

5.3.3 Wildlife Receptors in the Terrestrial Pathway 

The following discussion presents the methods used to calculate the potential ingestion of 

chemicals by shrews and robins via the ingestion of food (i.e., earthworms) and surface soil. The 

equations presented below were derived based on equations presented by USEPA (1989~). The 

following equation was used to calculate the dose of chemicals that a shrew or robin would be 

expected to obtain from the ingestion of earthworms: 

Dose,,, = FI * Cdiet 
(1) 

where: 
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Doseworm = amount of chemical ingested per day via ingestion of earthworms 
(mg/kg bw-d); 

FI = food ingestion rate (kg/kg bw-d); and 

Cdiet 
= estimated chemical concentration in diet (mg/kg). 

Food ingestion rates (FI) of 0.620 kg/kg bw-d for adult shrews (Morrison et al. 1957, as 

cited in USEPA 1993a) and 1.52 kg/kg bw-d for adult robins (Hazelton et al. 1984, as cited in 

USEPA 1993a) were used in the ERA. These food ingestion rates were selected for use in the 

ERA because they are the highest average ingestion rates presented by USEPA (1993a) in the 

Wildlife Exposure Factors Handbook and thus are likely to represent conservative estimates of 

exposure. 

The estimated dietary concentration (C,,,,) was calculated using the following equation: 

Cdiet = Pe * Ce (2) 

,--“- ., 
where: 

P, = 
c, = 

proportion of diet consisting of earthworms (unitless); and 
estimated concentration of COPC in earthworms (mg/kg). 

-The proportion of the diet (P,) consisting of earthworms was based on information 

obtained from the scientific literature. Whitaker and Ferraro (1963, as cited in USEPA 1993a) 

found a shrew’s diet to be composed of 3 1.4% earthworms in a study conducted during the 

summer in New York state. It was conservatively assumed that shrews ingest this proportion of 

their diet in earthworms throughout the entire year, even though earthworms are unlikely to be a 

significant proportion of the diet during the winter. 

In a study conducted in the eastern United States, Wheelwright (1986, as cited in USEPA 

1993a) reported that robins consume an average of 62.5% invertebrates during the spring and 

summer months, which is the time during which a robin population would be present at W:FF. 

For the entire year, this would mean an average invertebrate consumption of 3 1.3% from WFF. 

No distinction was made about the composition of the soil invertebrates in the diets of these 

robins. However, based on detailed dietary composition information presented by Howell (1942, 

as cited in USEPA 1993a), it was further assumed that 57% of the invertebrates consumed were 

composed of soil invertebrates. This conclusion was based on the assumption that all 

invertebrates having continuous and/or direct contact with soil (earthworms, sowbugs, 

millipedes, beetles, ants, and unidentified invertebrates) are soil invertebrates, and that all of 
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these soil invertebrates have the same potential as earthworms to accumulate chemicals from 

surface soil. This assumption is highly conservative because earthworms have intimate contact 

with and ingest surface soil, and therefore, are more likely to accumulate chemicals from surface 

soil than most other soil invertebrates. 

All other invertebrates (spiders, short-horned grasshoppers, lepidopteran larvae) were 

assumed to have only limited contact with surface soil and to have minimal potential to 

accumulate chemicals from this medium. Based on the above assumptions, it was estimatled that 

18% of a robin’s total diet is composed of earthworms (calculated by multiplying the average 

percent invertebrate ingestion in diet over the year by the percent of invertebrates estimated to be 

soil invertebrates). For both shrews and robins, it was assumed that 100% of the earthworms 

ingested are from Site 16. Once again, this assumption is conservative and may lead to an over- 

estimate of potential risks because the sampled areas are likely to reflect the highest 

concentrations of the COPCs. 

, _c- 

The concentration of chemical in an earthworm (C,) as fresh weight was determined using 

the following equation: 

ce =csoil *BCF (3) 

where: 

‘soil = average concentration of COPC detected in surface soil (mg/kg); an’d 
BCF = bioconcentration factor for chemical in earthworms (unitless). 

The maximum concentration of chemical was used as the Cboi, in the model as a 

conservative measure. 

*ix,. 

The highest earthworm BCFs found in the scientific literature were conservatively used to 

calculate the chemical concentrations in earthworms for the ERA. A mean BCF for inorganic 

chemicals for which there was empirical data (2.7) was conservatively used for those inorganic 

chemicals for which no BCF was available (antimony and beryllium). DDTr has a BCF of 9.0 

(dry weight) (Beyer 1990). The dry weight chemical concentrations in surface soil were adjusted 

to wet weight concentrations in earthworms by multiplying the result of equation 3 by a factor of 

0.16, which was based on a report by Tyler (1973) indicating that 84% of an earthworm’s fresh 

weight is water. The wet weight values need no adjustment. Employing equations 1,2, and 3, 

the estimated dose that robins and shrews would receive from ingestion of earthworms is 

presented in the Risk Characterization section. 
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In addition to the ingestion of chemicals accumulated in earthworms, shrews and robins 

also may be exposed to chemicals through the inadvertent ingestion of surface soil while foraging 

or grooming. The following equation was used to calculate the dose of chemical that shrews and 

robins would be expected to obtain from the ingestion of surface soil: 

Dose,,i, = SI * CsOi, 

where:. 
Dose,,,,, = amount of chemical ingested per day from soil (mg/kg bw-d); 
SI = soil ingestion rate (kg/kg bw-d); and 

CSOli = average chemical concentration in surface soil (mg/kg). 

Based on percent dietary soil ingestion values presented by Beyer et al. (1994), it wals 

assumed that 9.4% of the total mass of a shrew’s diet and 10.4% of the total mass of a robin’s diet 

is soil. Specific dietary soil ingestion values were unavailable for robins and shrews. The value 

for shrews is based on data for opossum, which may be conservative because it is one of the 

highest values for mammals, presented in Beyer et al. (1994). However, shrews consume great 

quantities of soil while foraging for earthworms, in a manner similar to opossum (Gardner 1982). 

The value for robins is based on data for woodcock because both of these avian species folrage 

for earthworms and the soil ingestion rates are most likely similar. 

The percent soil ingestion was multiplied by the food ingestion rates (FI) presented earlier 

for these species to estimate soil ingestion rates (0.058 kg/kg bw-d for shrews and 0.158 kg/kg 

bw-d for robins). As for the calculation of the chemical concentration in earthworms, the 

maximum chemical concentration in surface soil was used for Csoll. Employing equation 4,, the 

estimated dose robins and shrews would receive from the ingestion of surface soil for each of the 

COPCs is presented in the Risk Characterization section. 

The total dietary exposure levels for shrews and robins to chemicals was determined using 

the following equation: 

Dos&tal = Doseworm + Dosesoir (5) 

Using equation 5, the’estimated total dose robins and shrews would be expected to receive 

from the ingestion of earthworms and surface soil is presented in the Risk Characterization 

section. The total dietary intakes are compared to dietary toxicity values to determine if adverse 
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effects are likely to occur to shrews and robins from the ingestion of COPCs in earthworms and 

surface soil. 

5.4 Ecotoxicolopic Effects Assessment 

Toxicity criteria have not been developed by USEPA for terrestrial species. Consequently, 

toxicity data in the scientific literature tiere reviewed to characterize the toxicity of the COPCs 

selected for evaluation. Toxicity values selected for the evaluation of the potential for adverse 

effects are referred to as toxicity reference values (TRVs) and represent concentrations of lthe 

COPCs that are protective of the ecological receptors being evaluated. The derivation of TRVs 

for each of the potential receptors selected for evaluation in the ERA is discussed below. 

5.4.1 Terrestrial Plants 

*rl 

TRVs reported by Efroymson et al. (1997a) to be protective of terrestrial plants were used 

to assess the potential for inorganic chemicals to adversely affect terrestrial plants. TRVs were 

established at a level associated with a twenty percent reduction in growth or yield, which is 

consistent with other screening level benchmarks for ecological risk assessment and with the 

current regulatory approach. Very few toxicity values have been developed for organic 

chemicals, and the toxicity database is iliadequate for the evaluation of potential adverse effects 

to terrestrial plants from the presence of organic chemicals in surface soil. Accordingly, the 

potential for adverse effects to terrestrial plants from organic compounds was not evaluated. 

There are limitations associated with the toxicity values available for terrestrial plants. The 

,“14 

majority of the plant toxicity information available from the scientific literature is for inorganic 

chemicals and has been based on the evaluation of potential adverse effects to agricultural crops 

from the presence of inorganic chemicals in surface soil. Furthermore, the types of adverse 

effects measured to develop these toxicity values range from subtle (such as reduced growth) to 

severe (such as death). Also, phytotoxicity varies with the plant species and with the availability 

and form of a given chemical. If a chemical is more bioavailable to a plant for absorption or 

uptake, the phytotoxic potential of the chemical increases. Availability and chemical form are 

affected by factors such as soil pH, moisture, temperature, microbial activity, and interaction 

with other chemicals. In the absence of site-specific information on the bioavailability of the 

chemicals to plants, it is assumed in this assessment that their availability is similar to studies 

reported in the literature. Thus, toxicity may be over- or under-estimated depending, in part, on 
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the extent to which site-specific chemical availability differs from studies reported in the 

literature. 

5.4.2 Soil Invertebrates 

TRVs reported by Efroymson et al. (1997b) to be protective of earthworm populations 

were used when available to assess the potential for inorganic chemicals to adversely affect 

earthworms. Efroymson et al. (1997b) established these TRVs at a level associated with a twenty 

percent reduction in growth, reproduction, or activity, which is consistent with other screening 

level benchmarks for ecological risk assessment and with the current regulatory approach. In the 

absence of TRVs reported by Efroymson et al. (1997b), toxicity values reported in the scientific 

literature were used to evaluate the potential for adverse effects to soil invertebrates. Soil 

invertebrate TRVs could not be found in the scientific literature for the majority of organic: 

compounds; therefore, the potential for organic compounds to adversely affect soil invertelbrates 

was not evaluated fully. Soil invertebrate TRVs also could not be located for the following 

inorganic compounds: aluminum, iron, and manganese. 

.J--. 
, 

L There are limitations associated with the toxicity values available for earthworms. The 

toxicity data base is limited, and the types of adverse effects measured to develop these toxicity 

values range from subtle (such as reduced growth) to severe (such as death). Furthermore, 

toxicity varies with the species of earthworm and with the availability and form of a given 

chemical. The toxic potential of chemicals increase with their bioavailability. Availability and 

chemical form are affected by factors such as soil pH, moisture, temperature, microbial activity, 

and interaction with other chemicals. In the absence of site-specific information on the 

bioavailability of the chemicals, it is assumed in this assessment that their availability is similar 

to studies reported in the literature. Thus, toxicity may be over- or under-estimated depending in 

part on the extent to which site-specific chemical availability differs from studies reported in the 

literature. 

5.5 Risk Characterization 

In this section, the concentrations of COPCs identified in Section 5.2.2 are compared with 

the TRVs derived in Section 5.4 to evaluate the potential for adverse effects to ecological 

resources from exposure to COPCs. Estimated exposure concentrations/doses for the COlPCs are 

compared to TRVs by creatin, * a ratio of the estimated exposure concentration to the TRV. This 

ratio is termed the Environmental Effects Quotient (EEQ). If the EEQ is less than or equal to 1.0 



(indicating the exposure concentration is less than the TRV) then adverse effects are considered 

unlikely (USEPA 1994a). If the EEQ is greater than 1 .O (indicating the exposure concentration is 

greater than the TRV), there is a potential for adverse effects to occur. The confidence level of 

the conclusion increases as the magnitude of the ratio departs from 1.0. For example, therje is 

greater confidence in a risk estimate where the EEQ is 0.1 or 10, than in an EEQ which is closer 

to 1.0. The uncertainties associated with the risk estimates are briefly discussed below and are 

discussed in greater detail in Section 5.6. 

5.5.1 Terrestrial Plants 

A comparison of maximum concentrations of inorganic COPCs detected in Site 16 surface 

soil to terrestrial plant TRVs is shown in Table 5-4. Of the inorganic COPCs, terrestrial plant 

TRVs exist for all but iron, but none of the organic COPCs have TRVs. Five inorganics 

exceeded their respective terrestrial plant TRVs in Site 16 surface soil; aluminum, chromium, 

lead, vanadium, and zinc. Aluminum had an EEQ of 2 12 chromium had an EEQ of 11, lead had 

an EEQ of 1.2, vanadium each had an EEQ of 9.9, and zinc had an EEQ of 1.1. The TRVs for 

chromium and zinc, both only slightly greater than one, are not likely to present unacceptable 

risks to plants, and chromium also did not exceed its background concentration. 

5.5.2 Soil Invertebrates 

Maximum concentrations of organic and inorganic chemicals identified as COPCs in 

surface soil were compared to available earthworm TRVs in Table 5-5. The only organics for 

which earthworm TRVs could be found in the scientific literature were DDT and its metabolites. 

Of the inorganic COPCs, TRVs were obtained for eight of the COPCs, but two other COPCs 

lack applicable earthworm TRVs (aluminum and iron). The only earthworm TRVs that w,as 

exceeded by Site 16 soil was chromium (EEQ of 27.5), but chromium at Site 16 did not exceed 

its background concentration. Will and Suter (1994b) indicated that earthworm TRVs which do 

not exceed background concentrations may be a poor measure of risk to the soil invertebra.te 

community. 

5.53 Wildlife Receptors in the Terrestrial Pathway 

Potential adverse effects to shrews and robins from the ingestion of earthworms and 

surface soil were evaluated by comparing total doses of COPCs to intake-based TRVs. Exposure 

concentrations were calculated for these compounds using surface soil data from all sample 
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locations. The results of these comparisons are summarized in Table 5-6 for robins and Taible 

5-7 for shrews and are discussed below for each of these receptors. 

Robins. The EEQ for robins form the ingestion of chemicals in earthworms and surface 

soil was greater than 1 for aluminum and chromium, thus indicating a potential for adverse 

effects to robins. The EEQ for aluminum was 17.6 and the EEQ for chromium was 2. However, 

chromium concentrations at Site 16 did not exceed background concentrations. 

Shrews. Only one COPC presents potential risks to shrews. The EEQ for shrews from the 

ingestion of chemicals in earthworms and surface soil was above 1 for aluminum, thus indicating 

a potential for adverse effects to shrews. The EEQ for aluminum was 346.9 

Although aluminum was selected as a COPC because its maximum site concentrati0.n 

(10,600 ppm) exceeded BTAG values. This concentration only very slightly exceeds the 

background concentration (9,970 ppm). Therefore, the risk associated with aluminum does not 

appear to be site-related. 

5.6 Limitations and Uncertainties 

As in any ERA, the Site 16 incorporates a number of uncertainties associated with the 

estimates of ecological risk. The general approach in this ERA has been to err on the side of 

conservatism. Accordingly, the risks in this ERA are likely to be over-estimated rather than 

under-estimated. However, a complete understanding of the uncertainties associated with the 

risk estimates is crucial to placing the estimated risks into proper perspective. The main areas of 

uncertainty associated with the ERA can be grouped under the following categories: 

. Environmental Sampling and Analysis and Selection of COPCs; 

. Identification of Exposure Pathways/Receptors for Evaluation and Exposure 

Parameter Estimation; 
. Analysis of Toxicological Data; and 
. Assessment of Risks. 

The major uncertainties in each of these categories are discussed in the following sections. 
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5.6.1 Environmental Sampling and Analysis and Selection of COPCs 

There are uncertainties associated with sampling of several media in WFF Main Base, and 

each media has its own particularities that may present ambiguity in analysis. Surface soil 

samples were collected from areas where contamination was anticipated. For this reason, 

samples are often not representative of site-wide chemical concentrations. Contamination source 

areas drive the estimated risks to ecological resources. As such, the significance of the levels of 

contamination should be considered with regard to the frequency of detection and distribution of 

chemicals throughout Site 16. 

Several chemicals that were found to exceed TRVs were present at levels not significantly 

greater than background concentrations. These chemicals, including aluminum, chromium., and 

pesticides, are ubiquitous to the WFF region and are not necessarily representative of site-related 

contamination. Hence, risks from these chemicals may not be limited to WFF or Site 16 and 

should be considered separately from site-related contaminants by risk managers. 

5.6.2 Identification of Exposure Pathways/Receptors for Evaluation and Exposure 

Parameter Estimation 

A number of uncertainties are associated with the identification of potential receptor 

species and the potential exposure pathways by which these species could be exposed to CIOPCS. 

A detailed on-site survey/analysis of the ecological receptors selected for evaluation in the ERA 

was not conducted. Further, only limited exposure data were available for evaluating many of 

the potential exposure pathways selected for evaluation in the ERA. 

In the absence of detailed information, conservative assumptions had to be made in order 

to estimate the exposure of potential ecological receptors to COPCs in Site 16 of WFF. For 

example, it was assumed that shrews and robins obtain all of the soil invertebrates they ingest 

from Site 16. Risks would be over-estimated if any of these receptors obtains at least a portion of 

their diet from off-site locations. It was also assumed that all the earthworms obtained by shrews 

and robins were from areas sampled as part of the WFF Site 16 RI, which are also likely to be the 

locations having some of the highest chemical concentrations. 
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5.6.3 Analysis of Toxicological Data 

There are a number of uncertainties associated with the toxicity values used for the 

evaluation of potential adverse effects to ecological receptors. Toxicity data are very limited for 

many of the COPCs. This was particularly true for toxicity data for evaluating the potential for 

adverse effects to soil invertebrates and terrestrial plants from the presence of organic chemicals 

in surface soil. There is also uncertainty associated with the applicability of the available toxicity 

data to the species occurring within WFF Main Base. 

5.6.4 Assessment of Risks 

There are uncertainties associated with the assessment of risks in the ERA. The most 

apparent uncertainty is the extrapolation of assumptions about the potential for adverse effects 

from individual organisms to populations or communities. For the higher trophic-level terrestrial 

species, the ERA made conclusions about the potential for adverse effects to individual 

organisms. Very few models are available to extrapolate the potential for adverse effects from 

the individual level to the population or community level. Because of the limited availability of 

such models, certain assumptions had to be made about the overall potential for adverse effects 

to ecological receptors. It was generally assumed if there is no potential for direct adverse effects 

to individual organisms, then the potential for direct adverse effects to populations or 

communities is unlikely. Similarly, it was assumed that if there is the potential for adverse 

effects to individual organisms, there is also the potential for adverse effects to populations, or 

communities. Risks may have been over-estimated by this latter assumption. 

When evaluating the potential for adverse effects, it is important to recognize that risk 

assessment is based on a number of conservative assumptions. Although necessary because of a 

lack of more detailed information about the parameters being evaluated, the use of the 

conservative assumptions may over-estimate the potential for adverse effects. For example, it 

was conservatively assumed that 100% of the invertebrates ingested by robins and shrews while 

present in the mid-Atlantic area are from Site 16. Although shrews may feed solely within WFF, 

robins most likely feed on prey from a greater range than WFF Main Base. Potential risks are 

over-estimated if wildlife obtain prey from locations outside Site 16. It was also assumed that 

exposure to chemicals in environmental media occurred at locations where some of the highest 

chemical concentrations are expected to occur (based on the biased sampling), which may over- 

estimate exposure and potential risks. Although the estimated risks cannot be discounted based 

on these conservative assumptions, the context under which the model was run must be 
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completely understood to allow for appropriate decisions to be made about the need for 

remediation. 

5.7 Ecological Risk Assessment Summarv 

Based on an analysis of the wildlife species associated with WFF and the COPCs detected 

in environmental media, the following endpoints were selected for evaluation in the ERA: 

. Adverse effects to terrestrial plant communities from absorption of chemicals in 

surface soil through root uptake; 
. Adverse effects to terrestrial invertebrate communities (as represented by 

earthworms) from direct contact with and ingestion of chemicals in surface soil; 
. Adverse effects to mammals (as represented by shrews) from exposure to chemicals 

through bioaccumulation in the food web and ingestion of surface soil; 
. Adverse effects to birds (as represented by robins) from exposure to chemicals 

through bioaccumulation in the food web and ingestion of surface soil. 

Conclusions regarding the potential for adverse effects to ecological resources are 

summarized below. The conclusions focus on the locations and contaminants (only those that 

are detected above background concentrations) that are responsible for the most significant 

potential risks to ecological receptors. 

Terrestrial plants were selected for evaluation due to their potential for exposure to 

chemicals in surface soil via root uptake. No applicable toxicity data were available in the 

scientific literature for organic COPCs. The results of the comparison of maximum detect’ed 

concentrations in surface soil to available literature-based toxicity values suggest there is a very 

limited potential for aluminum (EEQ = 212), chromium (EEQ = 1 l), lead (EEQ - 12), vanadium 

(EEQ = 9.9), and zinc (EEQ = 1.1) in Site 16 surface soil to adversely affect terrestrial plants. 

Other chemicals that had EEQs greater than 1 were not detected on site at levels exceeding 

background concentrations. Of those chemicals with EEQs substantially above 1 .O (alumi:num 

chrominum, and upgradient site concentrations are at or below background concentrations. 

Soil invertebrates may be exposed to chemicals in surface soil and were selected for 

evaluation. Only limited applicable toxicity data were available in the scientific literature :for the 

organic COPCs, and there is uncertainty associated with the lack of toxicity information available 

for most organic COPCs. The results of the comparison of maximum detected concentrations in , 
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surface soil to available literature-based toxicity values suggest there is a very limited potential 

for chromium (EEQ - 27.5) at Site 16 to adversely affect soil invertebrates. However, chromium 

was not detected at concentrations which exceed background. 

The potential risks to higher level organisms through the terrestrial pathway were modeled 

using a robin and shrew. Based on the results of comparisons of chemical doses to receptor- 

specific TRVs, it is reasonable to conclude that carnivorous birds have potential to be adversely 

affected by aluminum. However, risks from aluminum are not limited to Site 16, or WFF 

generally, since this is a ubiquitous contaminant and care should be exercised by a risk managers. 

In addition, there is limited potential for robins to be adversely affected by chromium but site 

concentrations of chromium do not exceed background. 
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<.r 6.0 HUMAN HEALTH RISK ASSESSMENT 

This section presents evaluations of risks to the human population posed by chemicals 

found at Site 16 of the Wallops Flight Facility (WFF). This risk assessment is based on U.S. 

Environmental Protection Agency (EPA) guidance documents. Site-specific background 

information for Site 16 is provided in the Remedial Investigation portion (Sections 2.0 through 

4.0) of this document. 

6.1 Objectives 

This human health risk assessment was conducted to determine current potential risks to 

human health and to predict future potential risks to public health as a result of uncontrolled 

releases of chemicals from Site 16. This risk assessment will be used to aid in the determination 

of remedial alternatives, if any, required for the site by identifying potential hazards and 

quantifying associated risks from exposures to on-site chemicals of potential concern (COPCs). 

,c )/ 6.2 ScoDe of Risk Assessment 

The EPA provides guidance and specific procedures for conducting baseline risk 

assessments. This guidance is found in EPA’s Risk Assessment Guidance for Suuerfund: 

Volume I. Human Health Evaluation Manual (RAGS) (EPA, 1989a). Supplemental guidance for 

performing risk assessments is also periodically issued by EPA (e.g., EPA, 1991). These 

guidelines, as well as EPA Region III guidance such as the Risk-Based Concentration (RBC) 

Table (EPA, 2000a) and Assessing Dermal Exposure from Soil (EPA, 2000b) were the pri;mary 

sources of guidance used to conduct the human health risk assessment for this site. 

As indicated in RAGS (EPA, 1989a), there are four major steps involved in conducting a 

human health risk assessment: (1) data collection and evaluation, (2) exposure assessment, (3) 

toxicity assessment, and (4) risk characterization. Each step is briefly described below. 

Data collection and evaluation involve gathering and evaluating site data relevant to Ihuman 

health and identifying those substances present at the site(s) that should be the focus of the risk 

assessment process (i.e., chemicals of potential concern). 

An exposure assessment is conducted to estimate the magnitudes of actual and/or pot:ential 

human exposures, the frequencies and durations of these exposures, and the pathways by which 
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humans may be exposed. In this exposure assessment, reasonable maximum estimates of 

exposure have been developed for both current and, if applicable, future land-use assumptions. 

Current exposure estimates are used to determine potential doses based on existing exposure 

conditions at the site. Future exposure estimates are used to provide decision-makers with an 

understanding of potential future exposures and quantitative estimates of the likelihood of such 

exposures occurring. Table 6-l depicts the potential exposure scenarios that have been identified 

for Site 16 including the media, exposure route, population receptor and scenario timeframe. 

Conducting an exposure assessment involves analyzing chemical releases; identifying exposed 

populations; estimating exposure point concentrations for specific pathways, based on botlh 

environmental monitoring data and predictive chemical modeling results; and estimating 

chemical intakes for specific pathways. The results of an exposure assessment are pathway- 

specific intakes for current and future exposures to individual substances. 

A toxicity assessment considers: (1) the types of adverse health effects associated wjth 

chemical exposures; (2) the relationships between magnitudes of exposures and potential adverse 

effects; and (3) related uncertainties such as the weight of evidence of a particular chemical’s 

carcinogenicity in humans. Toxicity assessments have been generally accomplished in two steps. 

The first step, hazard identification, is the process of determining whether exposure to an agent 

can cause an increase in the incidence of an adverse health effect (e.g., cancer, birth defects). 

Hazard identification also involves characterizing the nature and strength of the evidence of 

causation. The second step, dose-response evaluation, is the process of quantitatively evaluating 

the toxicity information and characterizing the relationships between the doses of the chemicals 

administered or received and the incidence of adverse health effects in the exposed population. 

From those quantitative dose-response relationships, toxicity values have been derived that can 

be used to estimate the incidence of adverse effects occurring in humans at different exposure 

levels. Typically, risk assessments rely heavily on existing toxicity values (e.g., Reference Doses 

for chronic and subchronic exposure [RfDs] and cancer slope factors [SFs]) developed for 

specific chemicals by EPA. 

Risk characterization summarizes and combines outputs of the exposure and toxicity 

assessments to characterize baseline risks, both in quantitative expressions and qualitative 

statements. During risk characterization, exposure estimates are combined with chemical- 

specific toxicity information to determine whether current or future contaminant levels at or near 

Site 16 may be of potential concern, 
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c 6.3 Media of Potential Concern 

The media of potential concern identified for Site 16 during the environmental 

investigation included soil and groundwater. Groundwater samples were collected from eight 

different monitoring wells, and sampling occurred during three different sampling periods: April 

1997, March-May 1998, and February 2000. Most of the monitoring wells were sampled during 

two of the three sampling periods while one well was sampled during all three periods. Four 

surface and four subsurface soil samples were collected from soil borings in May 1998. In 

addition, surface soil samples were collected from seventeen different locations in February 

2000. Both groundwater and soil were considered to pose sufficient potential current or future 

health risks, and as a result, were evaluated in the human health risk assessment. 

6.4 Data Collection and Evaluation 

Data for the human health risk assessment were collected in phases during the 

environmental investigation, as described above. A description of the sampling phases is 
“i jl presented in Section 3.0 of this document. Analytical data obtained from these soil and 

groundwater samples were evaluated to identify chemicals of potential concern (i.e., target 

analyte list (TAL) and target compound list (TCL) chemicals), in accordance with EPA Quality 

Assurance Program protocols. The analytical results are presented in Section 4.0 of this 

document. 

The limitations and uncertainties associated with the analytical results were evaluated as 

part of the data reporting requirements of the analytical laboratories. Analytical data-related 

qualifiers identified by the laboratory as well as information provided for all field and laboratory 

blank samples were taken into consideration in the evaluation process. Only data validated. 

according to the guidelines established by EPA were used in the risk assessment. 

This risk assessment addresses site-related chemicals that were considered to pose 

significant potential threats to human health. These chemicals of potential concern for Site 16 

were selected based on a combination of their intrinsic toxicities and their levels of occurrence 

on site. EPA Headquarters guidance presented in RAGS (EPA, 1989a) and EPA Region III 

guidance (EPA, 2000a) were followed to determine the chemicals of potential concern. This 

./mr, guidance is shown schematically in Figure 6-1 and is summarized as follows: 
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. If a chemical was not detected in any of the samples of a particular medium,, that 

chemical was eliminated from consideration. 

. If a chemical was believed not to be site-related and was only detected at a 

frequency of 5 percent or less (with a minimum of 20 samples), that chemical was 

removed from consideration as a chemical of potential concern. 

. Common laboratory contaminants (e.g., acetone, methylene chloride, toluene, 

2-butanone and phthalates) were eliminated from further consideration if the:y were 

detected at less than 10 times the maximum levels detected in the laboratory, field, 

or trip blank samples. 

. Contaminants not considered by the USEPA to be common laboratory 

contaminants, as described above, were eliminated from further consideration if 

they were detected at less than five times the maximum levels detected in the 

laboratory, field, or trip blank samples. 

. Chemicals were compared to EPA Region III Risk-Based Concentrations (RIBCs) 

(EPA, 2000a) for screening purposes. If the maximum detected concentration of a 

chemical did not exceed the associated RBC value, that chemical was eliminated 

from further consideration. 

The selection of COPCs for surface soil at Site 16 is provided in Table 6-2.1. This table 

provides descriptive statistics such as minimum and maximum detected concentration and 

frequency of detection as well as the rationale behind the selection or deletion of a chemical as a 

COPC. Note that Table 6-2.2 contains identical COPC information as Table 6-2.1, but is distinct 

with regard to the exposure medium (i.e., air) and exposure point (i.e., air volatilized from 

surface soil) as indicated in the text box in the upper left hand corner of the table. The selection 

of COPCs for subsurface soil at Site 16 is provided in Table 6-2.3. This table includes 

descriptive statistics and a rationale for the selection or deletion of the chemical as a COPC. 

Table 6-2.4 contains identical COPC information as Table 6-2.3 but is distinct with regard to the 

exposure medium (i.e., air) and exposure point (i.e., air volatilized from surface soil) as indicated 

in the text box in the upper left hand corner of the table. As shown in Tables 6-2.3 and 6-2.4, no 

chemicals in subsurface soil were selected as COPCs, as all chemicals with toxicity data h,ad 

maximum detected concentrations that were less than the respective RBC concentrations. As a 

result, subsurface soil was not evaluated further in the human health risk assessment. 
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The selection of COPCs for groundwater at Site 16 is provided in Table 6-2.5. Similar to 

the COPC tables for soil and subsurface soil, this table contains information on descriptive 

statistics and the rationale for selecting or deleting a chemical as a COPC. Table 6-2.6 contains 

identical COPC information as Table 6-2.5, but is distinct with regard to the exposure medium 

(i.e., air) and exposure point (i.e., air volatilized from groundwater) as indicated in the text box in 

the upper left hand corner of the table. 

Once the COPCs in surface soil and groundwater were identified, the exposure point 

concentrations (EPCs) were calculated. In order to calculate the EPC, the site data for each 

COPC were first tested for normality and lognormality. The Shapiro-Wilk test (Gilbert, 1987) 

was used to test for distribution characteristics. For the Shapiro-Wilk test, the W statistic was 

calculated using the following equation: 

W 
k 

L ( Cai ’ 
i=l 

[n-i+11 - ‘[i] I 

k ” = - if n is even 
2 

n-i 
k - = if n is odd 

2 

where: 

a = coefficients for the Shapiro-Wilk, test for normality (Gilbert, 1987); 
x = an individual measurement in the data set; 
n = number of measurements in a data set; and 

d = ~ (Xi - ;) = ~~ 2 - t 
2 

i=l i=l 

The calculated W statistic was compared to the 0.05 (or 5%) critical value (W,,,) of the 

null distribution of the W statistic on IZ observations. If the Wstatistic exceeded this value, then 

the null hypothesis (H,) (i.e., the distribution is normal) was rejected. The calculation of W was 

also performed for log-transformed data. If Wexceeded the appropriate WO,Os value, then I-I, (the 

distribution is lognormal) was rejected (Gilbert, 1987). 
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If the data were shown to have a normal distribution, the EPC was based on the 95% upper 

confidence limit (UCL) of the arithmetic mean of the raw (i.e., untransformed data) derived using 

the following formula: 

95% UCL (normal) = x + t u: = 0.05 x st 
df = n - 1 

where: 

95% UCL (normal) 
X 

t 

a 
df 
st dev 
n 

95% upper confidence limit of the arithmetic mean; 
arithmetic mean value of samples; 
t-value (one-tailed) (values provided in Norman and Streiner, 
1994); 
probability of a larger value than the upper confidence level; 
degrees of freedom (n-l) 
standard deviation; and, 
number of composite samples. 

If the Shapiro-Wilk test indicated that the data had a lognormal distribution, the EPC was 

based on the 95% UCL (lognormal) of the arithmetic mean derived using the following formula: 

95% UCL (lognormal) = exp [ x + 0.53~ + 3 l-i -...-.-I 
’ $2-1 

where: 

95% UCL(lognorma1) 

X = arithmetic mean value of log-transformed data; 

3 
= standard deviation of log-transformed data; 

H = h-statistic (provided in Gilbert, 1987); and 
n = number of composite samples. 

= 95% upper confidence limit of the arithmetic mean of log- 
transformed data; 

If the Shapiro-Wilk test indicated that the data had neither a normal nor a lognormal 

distribution, the EPC was based on the maximum detected concentration. The EPC was also 

based on the ‘maximum detected concentration in cases where the 95 percent UCL (normal or 

lognormal) exceeded the maximum detected concentration. If a given chemical was detect’ed in 

some but not all the samples, then for the samples in which the chemical was not detected, one- 
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half of the sample detection limit for that chemical was used as a proxy concentration in 

calculating the arithmetic mean and, if appropriate, the 95 percent UCL. This procedure was 

followed to account for the possibility that one or more COPCs may have been present in a 

sample at levels below the appropriate detection limits for those chemicals. 

When a sample and duplicate were collected at a given sample location during the same 

sampling period, the two samples were averaged. Averaging duplicate samples reduces any bias 

that might be introduced by considering the samples separately. This average, representing one 

sample, was then compared with all other samples collected at the same sampling location. during 

different sampling periods, with the maximum detected concentration (or maximum detection 

limit for non-detects) selected as the representative concentration for that location. The 

representative concentration from each sample location was then incorporated into the 

calculations of arithmetic average, standard deviation, EPC, etc. for the site. 

The exposure point concentration summary for surface soil has been provided in Table 6- 

3.1 with supporting data such as the average and 95 percent UCL calculations provided in Table 

6-3.la and calculation of the data distributions in Table 6-3.lb. Note that Table 6-3.2 contains 

the same EPC information as Table 6-3.1 with the only distinction being the exposure medium 

(i.e., air) and exposure point (i.e., air volatilized from surface soil) identified in the text box in 

the upper left hand corner of the table. 

The exposure point concentration summary for groundwater has been provided in Table 6- 

3.3 with supporting data such as the average calculations provided in Table 6-3.3a and 

calculations of the data distributions and the 95 percent UCL in Table 6-3.3b. Note that Table 6- 

3.4 contains the same EPC information as Table 6-3.3 with the only distinction being the 

exposure medium (i.e., air) and exposure point (i.e., air volatilized from groundwater) identified 

in the text box in the upper left hand corner of the table. 

6.5 Environmental Fate and Transport Mechanisms 

The environmental fate and transport mechanisms for the COPCs selected for the human 

health risk assessment are discussed below. 
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6.5.1 Physical and Chemical Properties 

The physical and chemical properties of chemical substances affect their fate and transport 

in water and soil at Site 16. These properties include water solubility, specific gravity, vapor 

pressure, organic carbon distribution coefficient (K,,), and octanol-water partition coeffici.ent 

Wow). 

Water solubility is the maximum concentration of a chemical that can result when that 

chemical is dissolved in water at a specified temperature. Zn general, chemicals with high water 

solubility values are more readily dispersed throughout the nonlipid components of the 

environment than chemicals with low water solubility values. Chemicals with high water 

solubility tend to be mobile in soil and water. Specific gravity is the ratio of the density (weight 

per unit volume) of a chemical to the density of water. Vapor pressure is the pressure exerted by 

a chemical vapor in equilibrium with its solid or liquid form at any given temperature. The 

higher the vapor pressure, the more likely a chemical is to exist in a gaseous state. K,, is a. 

measure of the tendency for organic chemicals to be adsorbed by soil and sediment. Organic 
,_ .d. chemicals with relatively high values of K,, (i.e ., greater than 1,000 ml/g) are likely to be 

adsorbed to organic carbon in soils to an appreciable extent. K,, provides a measure of the 

extent of a chemical partitioning between water and octanol at equilibrium.. K,,, is often used as 

an indication of a chemical’s affinity for lipid soluble materials. 

6.52 Fate and Transport 

Physical, chemical, and biological processes influence the fate and transport of 

environmental chemicals. The tendencies and rates at which these processes occur for a given 

substance depend on that substance’s physical and chemical properties and site-specific 

environmental conditions. Important fate and transport processes include, but may not be limited 

to, the following: 

. Physical loss processes, such as volatilization and sorption; 

. Transport processes, such as dilution, advection, and dispersion; 

,“r- . Chemical processes, such as hydrolysis, photolysis, acid-base reactions, and ion 

pairing or complexes; and 
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. Degradation by aerobic and anaerobic microbiological processes. 

The following paragraphs summarize the primary physical, chemical, and biological 

processes expected to affect the fate and transport of the COPCs found at Site 16 and adjacent 

areas. Much of the information in this section was taken either in part or in its entirety from 

Howard (1989, 199 l), EPA (1979), the National Library of Medicine’s TOXNET Data Bank, 

Merck .Index 11 th edition ( 1989), and the Agency for Toxic Substances and Disease Registry’s 

(ATSDR) Toxicological Profiles ( 1997). 

Volatile Organic Compounds. The volatile COPCs of concern at Site 16 are 1,2- 

Dichloroethene (total), benzene, ethylbenzene, tetrachloroethene and toluene. Volatile ch’emicals 

readily evaporate from most soils or water. However, volatile chemicals tend to be mobile in 

soils, and may leach into groundwater under appropriate circumstances. Volatile compou.nds are 

also bio- and/or photo-degraded, but the rates at which these processes occur vary with different 

conditions. In general, volatile chemicals tend to be more lipophilic than hydrophilic, and may 

bioconcentrate in living tissues. 

Semi-Volatile Organic Compounds. The semi-volatile COPCs at Site 16 are polycyclic 

aromatic hydrocarbons (PAHs), 2-chlorophenol, 4-methylphenol, bis (2-ethylhexyl) phthalate, 

4,4’-DDT, alpha-BHC and gamma BHC (lindane). 

Polycyclic Aromatic Hydrocarbons (PAHs) of potential concern include: 2- 

methylnaphthalene, benzo(a)pyrene, carbazole, dibenzofuran, naphthalene and phenanthrene. 

These PAWS are ubiquitous in the environment from various man-made and naturally occurring 

thermal combustion/pyrolysis processes. Because of their low solubility, PAHs in aquatic 

systems are primarily found sorbed to particles. PAHs also tend to adsorb to soil, particularly 

with increasing organic content and surface area of the sorbent particles. Volatilization of PAHs 

from water and soil may be a significant process for low molecular weight compounds. PAHs 

may bioaccumulate in aquatic organisms from surface water and sediments. 

2-Clzloropizertol. Based on the relatively high vapor pressure of this compound when 

compared to other chlorophenols, evaporation of 2-chlorophenol from water is anticipated to be a 

significant transformation process. Notably, log octanol-water (Log,,) partition coefficients for 

the chlorophenols are ail greater than 2; therefore, chlorophenols present in water will also tend 

to partition into sediments. Both direct photolysis and the reaction of chlorophenols with 

hydroxyl radicals and singlet oxygen produced by ultraviolet radiation may be important 
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processes of chlorophenol degradation near the water surface. In addition, based on the 

bioconcentration value and log octanol-water (Log,,) partition coefficient of 2-chlorophenol, this 

compound has the potential to accumulate in aquatic organisms. 

4-Methylphenol (p-Cresol). Based on their soil adsorption coefficients (I&,), cresols are 

expected to be fairly mobile in soil. However, the hydroxyl function of cresol is capable of 

forming relatively strong hydrogen bonds with active sites in the soil; therefore its mobility 

depends on the degree in which these bonds are formed. In water, the isomeric cresols may 

eventually volatize to the atmosphere, but volatilization is expected to be a slow process. The 

degradation pathway of p-cresol in groundwater appears to proceed by oxidation of the methyl 

group to first give the corresponding benzaldehyde, then benzoic acid. The hydroxybenzoic acid 

then can be either decarboxylated or dehydroxylated to phenol or benzoic acid, respectively. 

Experimental bioconcentration factors for d-cresol and m-cresol indicate that the isomers (of 

cresol will not bioconcentrate in fish and aquatic organisms to any significant extent. 

..- 

Bis (2-ethylhexyl)phthalate (BEHP) is ubiquitous in the environment and originates from 

various man-made and naturally occurring thermal combustion/pyrolysis processes. BEHP has a 

strong tendency to adsorb to soils. In groundwater and surface water, BEHP will adsorb to 

aquatic organisms or sediments, but biodegradation is expected to be the primary fate 

mechanism. 

HexachZorocycZohexane (HCH) exists in several chemical forms such as alpha-HCIK, 

beta-HCH (i.e., beta-BHC), delta-HCH and gamma-HCH (i.e., lindane), according to the position 

of the hydrogen atoms. The fate and transport properties discussed here are based on gamma- 

HCH. Adsorption of gamma-HCH to soil particulates is generally a more important partitioning 

process than leaching to groundwater. In surface water, gamma-HCH has a tendency to dissolve 

in the water column. Although gamma-HCH has a relatively high vapor pressure compared with 

other organochloride insecticides, evaporative loss of gamma-HCH from water is not considered 

to be significant. Adsorption and desorption studies of gamma-HCH in natural water-sedilment 

systems indicate that the diversity of the natural water-sediment characteristics may affect the 

sorption/desorption behavior of gamma-HCH in addition to the organic carbon content of the 

sediments. Gamma-HCH is bioconcentrated to high levels following uptake from surface water 

by a number of aquatic organisms. However, uptake from soils and bioconcentration by plants 

and terrestrial organisms appears to be limited. 
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DDT, DDD and DDE have been shown to persist in soil for long periods. These 

compounds undergo extensive adsorption to soil particles as predicted by their relatively high 

organic carbon coefficients (K,). Despite being strongly bound to soil, DDD, DDE and DDT are 

bioavailable to plants and soil invertebrates. DDT, DDE and DDD are only slightly soluble in 

water; therefore, they tend to adsorb to sediments which act as the primary reservoir for excess 

quantities of the compounds. DDT, DDE and DDD are highly lipid soluble. This, combined 

with an--extremely long half-life, results in bioaccumulation in aquatic and terrestrial species. 

Inorganics. The inorganic COPCs at Site 16 are: aluminum, antimony, arsenic, iron, lead, 

manganese, thallium and vanadium. 

Aluminum (AZ) occurs widely in nature in silicates such as micas and felspars, complexed 

with sodium and fluoride as cryolite, and bauxite rock. Aluminum tends to adsorb to clay 

surfaces which can be a significant factor in controlling aluminum mobility in the environment. 

In groundwater and surface water, aluminum solubility is controlled to a large extent by 

equilibrium with a solid phase such as Al(OH),. Changes in pH or concentrations of other 

solutes can shift the solubility of aluminum to increase dissolution or precipitation. The potential 

for bioaccumulation of aluminum may be considered low to moderate. 

Antimony (Sb) tends to adsorb to soil, although some studies suggest that antimony is 

fairly mobile under diverse environmental conditions. Since antimony has an anionic character, 

it is expected to have little affinity for organic carbon. Antimony is generally present as an oxide 

or antimonide (3+) salt in surface water and groundwater. In reducing environments, volat:ile 

stibine (SbH,) may be formed. Stibine is a gas at room temperature, and is quite soluble in 

water; however, it is not stable in aerobic waters or air and is oxidized to form Sb,O,. Sorption 

to clays and minerals is normally the most important mechanism resulting in the removal of 

antimony from solution, reducing aqueous transport of antimony. Heavy metals in solution also 

react with antimonide or antimonate (+5) to form insoluble compounds. Bioaccumulation 

appears to be only a minor fate process for antimony. 

Arsenic (As) is ubiquitous in the earth’s crust and occurs in hundreds of minerals, often 

with sulfur. With four possible oxidation states (3-, 0, 3+, and 5+), arsenic’s speciation is both 

complex and important in determining its fate. Interconversions of the 3+ and 5+ states and 

organic complexion have the greatest impact of any transformations. In comparison to other 

metals, arsenic is generally mobile in all environments. It tends to cycle through the water 

column, sediments and biota. The properties of the soil determine the fate of arsenic on land. 
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Arsenic will mobilize into the groundwater from soils with low sorptive capacity. 

Bioaccumulation of arsenic by aquatic and terrestrial organisms contributes little to its fate. 

Iron (Fe) is present in soils as Fe (III), unless the soil is oxygen deficient in which case the 

iron occurs more often as Fe(II). The fate of iron compounds in soil is primarily determined by 

chemical and microbiological reactions in soils and the capacity of soils to sorb iron-organic 

complexes. Iron is generally not mobile in soils, although mobility can be increased in 

conditions of low pH. In aquatic media, iron can undergo; chemical reactions including 

precipitation and oxidation-reduction, photochemical reactions, microbial interactions and 

sorptive interactions. In most bodies of water, iron is expected to be present largely in the form 

of suspended particles and sediments although small amounts of dissolved iron may occur. 

Lead (Pb) solubility is dependent on the form of lead, pH, temperature, and salt content. 

Natural compounds of lead have low solubility; therefore, the ratio of lead in suspended soils to 

dissolved lead is high. Inorganic lead can be biomethylated to tetramethyl lead by benthic micro- 

organisms. Tetramethyl lead can then be released from sediments and removed by volatilization. 

Inorganic lead is generally strongly sorbed and retained in the soil. Some lead compounds can 

leach in acid soils if the organic or clay content is low or if the infiltrating water is acidic. Some 

lead may also be taken up by plants. 

Manganese (Mn) is an important constituent of igneous rocks and is abundant in soil in 

the United States. The tendency of manganese to adsorb to soils and sediments depends 

primarily on the cation exchange capacity and organic composition of the soil. The transport and 

partitioning of manganese in water is controlled by the solubility of the specific chemical form 

present, which in turn is determined by pH, oxidation-reduction potential, and the characteristics 

of available anions. Manganese is often transported in surface waters as suspended sediments. 

Manganese is an essential plant nutrient and is accumulated in plant material. 

Thallium exists in two chemical states, thallous and thallic. The thallous form is more 

common and stable than the thallic form in the environment. Thallium exists in water primarily 

as a monovalent ion (thallium’); however, thallium may be trivalent (Tl”) in very oxidizing 

water. Thallium may precipitate from water as solid mineral phases. However, thallium chloride, 

sulfate, carbonate, bromide, and hydroxide are very soluble in water. In extremely reducing 

water, thallium may precipitate as a sulfide (T&3), and in oxidizing water, Tl” may be removed 

from solution by the formation of Tl(OH),. Thallium partitions from water to soils and 

sediments. Thallium in soil is absorbed by plants and thereby enters the terrestrial food chalin. 
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Vanadium (V) is very abundant in the Earth’s crust. It can exist in the +O, +2, +3, -1-4, and 

+5 oxidation forms and is generally insoluble in water. Vanadium can bind covalently to organic 

molecules to yield organo-metallic compounds. The extent to which vanadium is transported in 

the aqueous medium is largely determined by the chemical species present, its solubility, and the 

organic materials present. Some bioaccumulation of vanadium can occur; however, in mammals 

it appears that excess vanadium is rapidly excreted in the urine. Hydrolysis and adsorption are 

not significant in the vanadium fate process. 

6.6 Human ExDosure Assessment 

Exposure bridges the gap between a potential hazard (i.e., presence of a toxic chemical) 

and a risk. Exposures to chemicals may occur via inhalation, ingestion, or by dermal absorption 

routes. The objectives of an exposure assessment are to: (1) identify populations that may 

potentially be exposed to COPCs; (2) identify the pathways by which such exposures may occur; 

and (3) quantify chemical intakes, or potential dose, based on the magnitudes, frequencies, and 

durations of these potential exposures. The exposure assessment thus provides pathway-specific 

intakes for current and future exposures to site-related COPCs. 

The following subsections address, in detail, the identification of potentially exposed 

populations (Section 6.6. l), the identification of pathways of exposure (Section 6.6.2), and the 

calculations and assumptions used to quantify potential exposures (Section 6.6.3). Figure 6-2 

presents the potentially exposed populations and the pathways/routes by which they may be 

exposed for the exposure scenarios evaluated. Note that this information has also been provided 

in tabular format in Table 6- 1. 

6.6.1 Potentially Exposed Populations 

Current Scenarios: Based on background information and site visits there does not appear 

to be any current facility activity at Site 16. No residential housing exists nearby; therefore, it is 

unlikely that residential exposure to COPCs occurs at the site. There are no commercial 

buildings nearby; however, periodic maintenance occurs along Runway 17-35 which is adjacent 

to Site 16. As a result, potential current receptors evaluated in the risk assessment included 

commercial/industrial workers that may conduct activities at and in the vicinity of the site, and 

recreational trespassers (adults and children) that could be exposed to surface soil at the site. 
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Future Scenarios: Future uses of the site are expected to include the current uses described 

above. In addition, there is the potential for construction to take place at Site 16. Construction 

workers would potentially be exposed to surface soils and groundwater during excavation and 

construction activities. Residential development was also considered as a potential future 

scenario. As a result, future residents could be exposed to surface soils and groundwater if the 

aquifer was developed as a potential drinking water source. Commercial/industrial workers 

could also be exposed to groundwater if the aquifer was developed as a potential drinking water 

source. 

66.2 Potential Exposure Pathways 

Potential human exposure pathways for soil and groundwater at Site 16 have been 

identified in the following narrative. As previously mentioned in Section 6.4, the evaluation of 

soil pathways at Site 16 was limited to surface soil since no COPCs were identified in subsurface 

soil. 

Soil Pathways. Surface soil exposure pathways at Site 16 are considered to be incidental 

ingestion and dermal absorption for current and future commercial/industrial workers, current 

and future recreational users (adult and child), future residents (adult and child), and future 

construction workers. Inhalation of fugitive dust and volatile emissions may also be of concern 

to construction workers during development/excavation activities. The construction workers are 

assumed to be engaged in short-term (6 months or less) on-site activities. 

Groundwater Pathways. The aquifer under Site 16 is not currently used as a potable 

water source. Although it is considered unlikely that the aquifer will be used as a potable water 

source in the future, residential exposure to COPCs in groundwater via direct ingestion, 

inhalation during showering, and dermal contact during showering were considered as scenarios 

for potential future use of the site. Future ingestion of groundwater by commercial/industrial 

workers at the site was also evaluated. In addition, based on the relatively high water table at 

Site 167 incidental ingestion, inhalation and dermal absorption of groundwater by construction 

workers during development/excavation activities was evaluated. 

Potentially Significant Exposure Pathways and Routes. Based on the above 

information, the following exposure pathways were considered for the human health risk 

assessment of Site 16 (Figure 6-2). 
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Soil: 
. Current/Future incidental ingestion and dermal absorption of surface soil by 

commercial/industrial workers; 
. Current/Future incidental ingestion and dermal absorption of surface soil by 

recreational users (adult and child); 
. Future incidental ingestion and dermal absorption of surface soil by residents (adult 

and child); 
. Future inhalation of fugitive dust and volatile emissions from surface soil by 

construction workers during excavation activities; and 
. Future incidental ingestion and dermai absorption of surface soil by construction 

workers during excavation activities. 

Groundwater: 
. Future incidental ingestion, inhalation and dermal absorption of water by 

construction workers during excavation/construction activities; 
. Future ingestion of drinking water by commercial/industrial workers; 
l Future ingestion of drinking water by adult and child residents; and 
. Future inhalation and dermal absorption of water by adult and child residents during 

showering. 

6.6.3 Calculation of Chemical Intakes 

The chemical intakes for potential receptors were estimated using the formulas 

recommended by EPA in Risk Assessment Guidance for Sunerfund (RAGS). Volume 1 (EPA, 

1989a). For each exposure route, chronic daily intakes (CDIs) were calculated in units of 

milligrams of chemical per kilogram of body weight. For children and construction workers, 

noncarcinogenic intakes were calculated as subchronic (less than seven years) daily intakes 

(SDIs). The general equation for these calculations is: 

CDVSDI = 
C x CR x EF x ED 

BW x AT 
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where: 

CDYSDI = chronic or subchronic daily intake (mg/kg-day), 
C = chemical concentration at exposure point (mg/kg or mg/L), 
CR = contact rate (kg or L/event), 
EF = exposure frequency (events/year), 
ED = exposure duration (years), 
BW = body weight of exposed individual (kg), and 
AT = period of time over which exposure is averaged (days). 

,“--.. 

For all exposure scenarios, the concentration terms were chemical-specific, and typically 

the maximum detected concentration or the 95 percent UCL was used. Additional route- <and 

chemical-specific variables were incorporated into the equation, where appropriate, to account 

for other factors such as the percent of a chemical dermally absorbed by the body; site soil 

characteristics, and skin surface areas. Intake equations used for each exposure pathway are 

presented in the remainder of this section. Conservative default values for most of the variables 

used in the intake equations were recommended by EPA in various guidance documents. ‘The 

variable default values used in the chemical intake calculations for each exposure scenario’ are 

presented in Tables 6-4.1 through 6-4.14. These tables also provide the intake factors used in 

the calculations that account for all the variable default values (with the exception of chemical- 

specific values). 

The remainder of this section presents the intake equations and discusses the exposure 

variable values used for each exposure scenario in the following order: 

. Incidental soil ingestion scenarios, 

. Volatile emission and fugitive dust inhalation scenarios (surface soil), 

. Dermal absorption from soil scenarios, 

. Drinking water and incidental (groundwater) ingestion scenarios, 

. Inhalation (groundwater volatiles) during showering scenarios, 

. Inhalation (groundwater volatiles) during excavation activities scenario, and 
l Dermal absorption (groundwater) during showering scenarios, 
. Dermal absorption (groundwater) during excavation activities scenario. 

Incidental Ingestion of Site Soils. The equation used to estimate intakes of chemicals via 

incidental soil ingestion for construction workers (Constr.), commercial/industrial workers (C/I), 

residents (Res), and recreational users (Ret) is: 
,4-m. 
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C 
Intake = 

so,L x IR-S x CF x EF x ED 

BW x AT 

where: 

C SOIL = chemical concentration in soil (mg/kg soil), 
IR-S = ingestion rate -soil (mg soil/day), 
CF = conversion factor (1 Oe6 kg soil/mg soil), 
EF = exposure frequency (days/month for Constr., days/year for C/I, Res, & Ret), 
ED = exposure duration (months for Constr., years for C/I, Res, & Ret), 
BW = body weight (kg), and 
AT = averaging time (days). 

” _. 4 

The default values for recreational adults and children have been provided in Table 6-4. I 

and 6-4.2, respectively. The default values used for commercial/industrial workers and 

construction workers have been provided in Table 6-4.3 and 6-4.4, respectively. Finally, the 

default values for residential adults and children have been provided in Table 6-4.5 and 6-4.6, 

respectively. 

The ingestion rates for soil (IR) were assumed to be 480 mg/day for construction workers; 

50 mg/day for commercial/industrial workers; 100 and 200 mg/day for adult and child 

recreational users, respectively; and 100 and 200 mg/day for adult and child residents, 

respectively (EPA, 1991). For residential and recreational adults, an age-adjusted intake of 

114.28 mg-yr/kg-day was used for scenarios involving carcinogens, which also includes an 

exposure duration and body weight adjustment (EPA, 1991). (Note that the age-adjustment 

results in a lifetime risk estimate since it combines both child and adult exposure). The exposure 

frequency and duration for construction workers were assumed to be 20 days/month and 6 

months, respectively. The exposure frequency for commercial/industrial workers was 250 

days/year, and the exposure duration was 2.5 years (EPA, 1991). For recreational scenarios, the 

exposure frequency was 52 days/year for both adults and children, while the exposure duration 

was 30 years for adults and 6 years for children (EPA, 1991). For both residential adults and 

children, an exposure frequency of 350 days/year was used, with an exposure duration of 310 

years for adults and 6 years for children (EPA, 1991). Body weight was assumed to be 70 kg for 

adults and 15 kg for children for all scenarios. Averaging times for scenarios involving 

noncarcinogens were 183 days (6 months) for construction workers; 9,125 days (25 years) for 

commercial/industrial workers, 2,190 days (6 years) for residential and recreational childre:n, and 
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10,950 days (30 years) for residential and recreational adults. The averaging time for all 

scenarios involving carcinogens was 25,550 days (70 years). 

Inhalation of Airborne Vapor Contaminants and Suspended Particulates. Estimation 

of airborne vapor contaminant concentration, from known soil concentration, was accomplished 

using a volatile emissions model taken from the Exnosure Model Handbook for Screeninlrf 

Former Manufactured Gas Sites (GRI, 1988). The mass flux of a chemical was calculated using 

the following equation: 

Q 
= [k, x (P - Pm)] x A, x mw x CF 

vapors 

RTP 

where: 

Mass flux of chemical (mg/hr), 
Air mass transfer coefficient (m/hr), 
Vapor pressure of the volatile at the soil surface (atm), 
Vapor pressure of the volatile in the bulk of the atmosphere, Pm = 0 (atm), 
Contaminated area (m2), 
Molecular weight of a chemical (g/mole), 
Conversion factor (1,000 mglg), 
Gas constant, R = 82.06E-06 atm-m’/mole-“K, and 
Temperature of waste surface; typical value would be 293°K . 

The term k;, was calculated using the following equation: 

k>, = 0.0292 x (U’.‘*) (D,-‘,“) (S-O.“‘) 

where: 

u = Windspeed (rn/hr), 
D, = Diameter of waste boundary (m), and 
s, = Schmidt gas number (unitless). 

Fugitive dust emission estimates were based on surface mining observations which involve 

excavation activities that are similar in nature to construction activities. The fugitive dust 

estimation model was taken from the Exposure Model Handbook for Screening of Former 

Manufactured Gas Sites (GRI, 1988). The emission rate of particles less than 10 microns in size 

(i.e., those particles available for respiration) generated by bulldozers was estimated by the 

following equation: 
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E 
78.4 x s’.2 

1 O(particulate) = 

v3 

where: 

E IO(p;lrticulate) 

S 

cp 

= emission rate for soil particles 10 microns and below (Ib/hr), 

= material silt content (site specific data), and 

= volumetric water content (site specific data). 

Dispersion of the airborne vapor and dust was then estimated using the Near Field Box 

Model obtained from GRI (1988). The Near Field Box Model was deemed applicable to 

exposure scenarios where the potential receptor groups were either on site or very close to the 

site. The model is accurate at short downwind distances. 

The equations to estimate dispersion are as follows: 

C ‘soil ’ E 

AIR = 

lO(particulate) 

H, x W, x u, x CF 

and 

C 
AIR = 

csoil ’ Q(vapors) 

H, x W, x u, x CF 

where: 

C AIR 

CSOi, 

El0 

Q 
HIJ 

WI 

& 

= Concentration of chemical in ambient air (mg/m’), 
= Concentration of chemical in soil (mg/kg), 
= Emission rate of chemical on soil particles (mg/sec), 
= Mass flux of chemical as vapor (mg/sec), 
= Downwind height of box (m), 
= Width of box, crosswind dimension of area of concern (m), 
= Average wind speed through the box (m/set), and 
= Conversion factor (1 ,OOO,OOO mg/kg). 
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The term u, was calculated using the following equation: 

where: 
urn = 0.22 x u,, x In (2.5 x H,,) 

UIO = Annual mean wind speed (m/s). 

The annual mean wind speed for Norfolk, VA is 4.7 meters per second (GRI, 1988). 

To calculate the exposure resulting from inhalation of vapor and dust, the following 
equation was used: 

CDI = 
CA,, x IR x ET x EF x ED 

BW x AT 

where: 

/. .7”. 

CD1 = Chronic daily intake (mg/kg-day), 
C AIR = Chemical concentration in air, as calculated above (mg/m”), 
IR = Inhalation rate (m/hour), 
ET = Exposure time (hours/day), 
EF = Exposure frequency (days/month), 
ED = Exposure duration (months), 
BW = Body weight (70 kg), and 
AT = Averaging time (365 days/year * 6 months (0.5 year) for non-carcinogenic 

intake, and 365 days/year * 70 years for carcinogenic intake). 

The default values for the soil inhalation scenario have been provided in Table 6-4.7. 

Spreadsheets showing the model calculations have been provided in Table 6-4.7a (volatile 

emissions) and Table 6-4.7b (fugitive dust emissions). 

An assumed inhalation rate of 2.5 m’ per hour was used as the average inhalation rate for 

males during moderate physical activity (EPA, 1989b) to heavy physical activity (EPA, 1997a). 

The exposure time for construction workers was assumed to be 8 hours per day. An exposure 

frequency of 20 days per month, for a duration of 6 months, was assumed for construction 

workers, which is representative of a typical 40 hour work week. Body weight was assumed to 

be 70 kg (EPA, 1991) and lifetime was assumed to be 70 years (EPA, 1989b). 

Dermal Absorption of Chemicals from Soil. The equation for estimating dose via 

dermal absorption from soil is: 
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Intake = 
C SO,L x CF x SA x SSAF x DABS x EF x ED 

BW x AT 

where: 

C SOIL = chemical concentration in soil (mg/kg soil), 
CF = conversion factor ( 1O-6 kg soil/mg soil), 
SA = skin surface area available for contact (cm’), 
SSAF = soil to skin adherence factor (mg soil/cm* -event), 
DABS = dermal absorption factor (unitless), 
EF = exposure frequency (events/month for Constr., events/year for C/I, Res, & Ret), 
ED = exposure duration (months for Constr., years for C/I, Res, & Ret), 
BW = body weight [kg), and 
AT = averaging time (days). 

The default values for recreational adults and children have been provided in Table 6-4.1 

and 6-4.2, respectively. The default values used for commercial/industrial workers and 

construction workers have been provided in Table 6-4.3 and 6-4.4, respectively. Finally, the 

default values for residential adults and children have been provided in Table 6-4.5 and 6-4.6, 

respectively. 

It was assumed that construction, commercial/industrial, residential, and recreational. 

dermal exposure scenarios occur at the same frequency as incidental soil ingestion; therefore, all 

the variables corresponding to exposure durations, frequencies, and averaging times were 

identical. Body weights for adults (70 kg) and children (15 kg) were also identical to the soil 

ingestion scenario. The skin surface areas (SA) exposed were assumed to be 5,800 cm2 for 

construction workers, commercial/industrial workers, residential adults, and recreational adults 

(EPA, 1997a). The exposed skin surface area for children was assumed to be 1,991 cm2 for both 

the residential and recreational scenarios (EPA, 1997a). These values represent surface areas of 

approximately 25 percent of the total body surface areas for the 95th percentile of these 

population classes. For residential and recreational adults, an age-adjusted skin surface area of 

557 mg-yr/kg-event was used for scenarios involving carcinogens, which also includes an 

adherence factor, an exposure duration and a body weight adjustment. (Note that the age- 

adjustment results in a lifetime risk estimate since it combines both child and adult exposu:re). 

Exposures are also affected by soil-to-skin adherence. For the purpose of this risk 

assessment, a soil-to-skin adherence factor (SSAF) of 0.2 mg/cm’-event was used for 

recreational, residential and commercial/industrial receptors, and an adherence factor of 0.3 
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mg/cm2-event was used for construction workers. These adherence factors were based on 

information provided in EPA’s Exposure Factors Handbook (EPA, 1997a). 

Once soil particles have adhered to the skin, it is unlikely that all of the COPCs will be 

sorbed from the soil into the bloodstream. Semi-volatile chemicals would be expected to sorb at 

relatively higher rates than inorganic chemicals. Information on soil absorption through the skin 

is somewhat limited. Absorption factors available for the COPCs were taken from EPA R.egion 

III’s Assessing Dermal Exposure from Soil (EPA, 2000b). 

Groundwater Ingestion. Ingestion of groundwater is a potential route of exposure for 

future residents, commercial/industrial workers and construction workers. The equation for 

estimating intakes via groundwater ingestion is: 

C 
Intake = 

WATER x IR -W x EF x ED 

BW x AT 

,__ . . 

where: 

C WATER = chemical concentration in groundwater (mg/liter), 
JR-W = ingestion rate of groundwater (liters/day), 
EF = exposure frequency (days/month for Constr., days/year for C/I and Res), 
ED = exposure duration (months for Constr., years for C/I and Res.), 
BW = body weight (kg), and 
AT = averaging time (days). 

The default values used for commercial/industrial workers and construction workers have 

been provided in Table 6-4.8 and 6-4.9, respectively. The default values for residential adults 

and children have been provided in Table 6-4.10 and 6-4.11, respectively. 

Assumptions regarding body weights, exposure frequencies, exposure durations, and 

averaging times for each receptor were the same as those used for the estimates of exposure via 

soil ingestion. The ingestion rates were assumed to be 1 and 2 liters per day for 

commercial/industrial workers and residential adults, respectively, and 1 liter per day for 

residential children (EPA, 1989a; EPA, 1997a); which are representative of average drinking 

water ingestion rates. For residential adults, an age-adjusted intake of 1.09 L-yr/kg-day was used 

for the scenario involving carcinogens, which also includes an exposure duration and a body 
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weight adjustment. (Note that the age-adjustment results in a lifetime risk estimate since it 

combines both child and adult exposure). The ingestion rate for construction workers was 

assumed to be 0.02 liters per day (VADEQ, 2000) based on incidental ingestion of groundwater 

during excavation activities. 

Residential Inhalation of VOCs During Showering with Groundwater 

The modeling of VOC concentrations in indoor air during and immediately after showering 

with VOC-contaminated water was based on the method described by Foster and Chrostowski 

(1987). In the model, a mass transfer coefficient between a falling droplet of water and the 

surrounding air is calculated. The resulting rate of VOC generation in indoor air is combined 

with the physical properties of the shower room to provide a series of data indicating VOC 

concentrations over time. These data can be integrated to yield an overall inhalation exposure for 

the time spent in the shower and the time spent in the vicinity of the shower after the watelr has 

been shut off. 

The mass transfer coefficient (K,) is calculated for each VOC as follows: 

-1 

where 

KL = overall mass transfer coefficient (cm/hr), 

H = Henry’s Law Constant (atm-m’/mol K), 

RT = 24x10‘* atm-m’/mole (gas constant x temperature), 

k,Y = gas-film mass transfer coefficient (cm/hr), and 

k, = liquid-film mass transfer coefficient (cm/hr). 

Values for k, and k,can be estimated using typical values for k,? (3000 cm/hr) and k, (20 cm’hr) 

for H,O and CO,, respectively, and adjusting based on molecular weight as follows: 

k,(VOC) = k,(C02) 44 

d MWVOC 
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kg(VOC)= kg(H20) 
18 

MWVOC 

The mass transfer coefficient KL is adjusted to the shower water temperature TY using the 

following semi-empirical equation: 

K aL = 
KL 

f- Tp s 

where 

KuL = adjusted mass transfer coefficient (cm/hr), 

T, = calibration water temperature of KL (K), 

,.-.A. T, = shower water temperature (K), 

u, = water viscosity at T, (cp), and 

u, = water viscosity at T, (cp). 

The VOC concentration can be calculated assuming a uniform droplet size and constant time 

taken for a droplet to fall from the shower head to the floor. 

--KZLb 
Cwd =Cwo l-e 60d l 1 

where 

C,, = VOC concentration leaving droplet of shower water @g/l), 

C,, = VOC concentration in shower water @g/l), 

d = diameter of shower droplet (mm), and 

t, = drop time of shower droplet (set). 

The VOC generation rate can be calculated as 
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S= %dFR 
sv 

where 

S- = indoor air VOC generation rate @g/m’-min), 

FR = shower water flow rate (Urnin), and 

SV,= volume of air in shower room (m”). 

By modeling the shower room as an enclosed space with instantaneous mixing, no decay or 

outside sources of VOC’s, and a known air exchange rate, the VOC concentration over time can 

be expressed as 

dCa -=-RC, +s 
dt 

_“. *.-. where 

C, = indoor air VOC concentration @g/m”), and 

R = air exchange rate (min-‘). 

Solving the above equation for C,(t) yields the following expression for the time-dependent 

VOC concentration in air: 

Ca(t)zS I-emRt 
R( ) for t I D,y 

Cajt)=t(evRDs -l)bAR’) forD,<t<D 
.5 f 

where 

D, = shower duration (min), 
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D, = overall time in shower room (min), and 

t = time (min). 

The above pair of expressions for indoor air concentrations was used to calculate the time 

integral of air concentrations for each VOC of concern. The period of time when the shower was 

on was divided into 20 equal time segments and the period of exposure after the shower was 

turned off was divided into 80 equal time segments. The integral was calculated as a Riemann 

sum (a summation of the products of the air concentrations and their corresponding time 

intervals): 

where 

n = the number of time steps, and 

.---. t, tl,...t,r are the time values, in minutes, corresponding to each step. 

The resulting value, in units of ug-minim”, was converted to mg-min/L and incorporated into the 

following equation as CAIR: 

where: 

C AIR 

IR 

SF 

EF 

ED 

BW 

AT 

Intake = 
CA,, x IR x SF x EF x ED 

BW x AT 

= chemical concentration in air as calculated above (mg-min/L-shower), 

= inhalation rate (Wmin), 

= shower frequency (showers/day), 

= exposure frequency (days/year), 

= exposure duration (years), 

= body weight (kg), and 

= averaging time (days). 

The default values used in the shower inhalation scenario for residential adults and children 

have been provided in Table 6-4.12 and 64.13, respectively. The model calculations have been 

provided in Table 6-4.12a. 

8.5 



Time in the shower was assumed to be 12 minutes, based on recommendations in R.AGS 

(EPA, 1989a). This represents the 90th percentile time for shower duration. Values for water 

flow rate (20 L/min) and bathroom volume (6 m’) and inhalation rate (10 L/min) were based on 

values recommended by EPA Region III (Hubbard, personal communication). Assumptions 

regarding body weights, exposure frequencies, exposure durations, and averaging times were the 

same as those used for the estimates of residential soil ingestion. 

Construction Worker Inhalation of VOCs from Groundwater During Excavation 
Activities 

In order to estimate the exposure of construction workers to volatiles from groundwater in 

a construction/utility trench, a combination of a vadose zone model to estimate volatilization of 

gases from contaminated groundwater into a trench and a box model to estimate dispersion of the 

contaminants from the air inside the trench into the above-ground atmosphere was used. l’his 

approach has been recommended by Virginia Department of Environmental Quality (VADEQ) in 

its Voluntary Remediation Program (VRP) Risk Assessment Guidance (VADEQ, 2000). The 

following description detailing the elements of the models used to estimate exposure to volatiles 

has been excerpted from Section 3.2.2 of the VRP guidance document (VADEQ, 2000). 

The construction worker may be exposed to contaminants in the air inside the trench that 

would result from volatilization from groundwater pooling in the trench during 

excavation/construction activities. Airborne concentration of a contaminant in a trench ca:n be 

estimated using the following equation: 

C trench 
= CGw x VF 

where: 

C trench = concentration of contaminant in the trench @g/m”), 

C GW 
= concentration of contaminant in groundwater @g/L), and 

VF = volatilization factor (see following equation) (L/m’). 

For modeling purposes, VADEQ assumes that the trench is 3 feet wide by 8 feet long. 

VADEQ also assumes that the trench would only intercept the groundwater for a few inches 

since a groundwater pool of more than a few inches would likely require dewatering. Therefore, 
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the trench depth has been set to 14 ft., which approximates the average depth to groundwater at 

Site 16. 

The volatilization factor (VF) is based on the following equation: 

VF = (K,xAxFx 10”~ 104x3600)/(ACHxV) 

where: 

Ki 

A 

F 

ACH 

V 

,..*.A. 10-” 

10” 

3600 

= overall mass transfer coefficient of contaminant (see following 

equation)(cm/s), 

area of the trench (m’), 

fraction of floor through which contaminant can enter (unitless), 

air changes per hour (h-l), 

volume of trench (m”), 

conversion factor (L/cm”), 

conversion factor (cm’/m2), and 

conversion factor (s/hr). 

Studies of urban canyons suggest that if the ratio of trench width -- relative to wind 

direction -- to trench depth is less than or equal to 1, a circulation cell or cells will be set up 

within the trench that limits the degree of gas exchange with the atmosphere. In consultation with 

USEPA Region III, VADEQ has assumed an ACH in this case of 2/hr -- based upon measured 

ventilation rates of buildings. 

K, = 1 / I (l&L) + [CR T) / (Hi&,)1 I 

where: 

kiL 
= liquid-phase mass transfer coefficient of i (see following equation) (cmk), 

R = ideal gas constant (atm-m’/mole-“K), 

T = average system absolute temperature (“K), 

H, = Henry’s Law constant of i (atm-m’/mol), and 

KiCi 
= gas-phase mass transfer coefficient of i (cm/s). 
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The value for R is 8.2 x lo-‘. A default value of 298°K has been used for the average system 

absolute temperature. 

kil. = (MWo2/MWi)o.S x (T/298) x k,,O, 

where: 

kiL 
= liquid-phase mass transfer coefficient of component i (cm/s), 

MW,, = molecular weight of 0, (g/mol), 

Mwi = molecular weight of component i (g/mol), and 

kL,O, = liquid-phase mass transfer coefficient of oxygen at 25°C (cm/s). 

The value of k,,O, is 0.002 (cm/s). 

kiG = (MW,,o/MWi)O.~“” X (T/298)“00” X k,, H,O 

.,..^4 where: 

kiG 
= gas-phase mass transfer coefficient of component i (cm/s), 

MWH20 = molecular weight of water (g/mol), and 

k,,H,O = gas-phase mass transfer coefficient of water vapor at 25°C (cm/s). 

The value of kc, H,O is 0.833 (cm/s). 

To calculate the exposure resulting from inhalation of VOCs during excavation/construction 

activities, the following equation was used: 

C 
Intake = 

trench x IR-A x ET x EF x ED 

BW x AT 

where: 

C trrnch = chemical concentration in air of trench as calculated above (mg/m’), 

IR-A = inhalation rate (m”/hour), 

ET = exposure time (hours/day), 

EF = exposure frequency (days/month), 

ED = exposure duration (months), 
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BW = body weight (kg), and 

AT = averaging time (days). 

The default values used in the inhalation scenario for construction workers has been 

provided in Table 6-4.14. Table 6-4.14a presents the calculations and the input variables for the 

equations. As shown in Table 6-4.14, an inhalation rate of 2.5 m3 per hour was used. This value 

was based on the average inhalation rate (IR-A) for males during moderate physical activity 

(EPA, 1989b) to heavy physical activity (EPA, 1997a). The exposure time for construction 

workers was assumed to be 8 hours per day. Assumptions regarding body weight, exposure 

frequency, exposure duration, and averaging times were the same as those used for the estimates 

of construction worker soil ingestion. 

Dermal Absorption of Chemicals from Groundwater 

For residents, dermal contact with on-site groundwater could occur while showering. In 

addition, construction workers may come into contact with groundwater during excavation 

activities due to the high water table. As with groundwater ingestion, it was assumed, as a worst 

case scenario, that no treatment of the groundwater occurred prior to use. 

The following description detailing the methodology used to estimate dermal exposure to 

organic and inorganic contaminants has been excerpted from Section 3.3.1.1.1 of VADEQ’s 

VRP Risk Assessment Guidance (VADEQ, 2000). 

To estimate dermal exposures from groundwater, two values need to be calculated: 

dermally absorbed dose and an intake factor. To calculate dermally absorbed dose and intake 

factor from contact with groundwater, use the following equations: 

DAD = DA,,,,, x IF 

where: 

DAD = dermally absorbed dose (mg/kg-day), 

DA,“,“, = absorbed dose per event (mg/cm2-event), and 

IF = intake factor (event-cm2/kg-day). 
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The method to calculate DA,,,,, depends on whether the contaminant is an inorganic or an 

organic chemical. Calculating DA,,,,, for inorganics is relatively straightforward as ‘shown below: 

wxe”t = KpxCWxET 

where: 

Kp = permeability coefficient (crn/hr) (values in Table 3.21 of VADEQ, ZOOO), 

cw = concentration of chemical in water (mg/cm3), 

(NOTE: mg/cm3 = 10-6 x pg/L), and 

ET = exposure time (hours). 

To calculate DA,,,,, for organic chemicals, the value of t* (time to reach steady-state in hours; 

values provided in Table 3.21 of VADEQ, 2000) was compared to the exposure time for the 

particular scenario. If the exposure time (ET) for the scenario was less than t’“, the following 

calculation was used to calculate DAevenr: 

DAe,mt = 2 x Kp x CW x SQRT((6 x tau x ET)/pi) 

where: 

tau = lag time (hours) (values in Table 3.21 of VADEQ, 2000), 

SQRT= square root, and 

pi = pi, or approximately 3.14. 

If ET was greater than or equal to t*, then the following equation was used to calculate DAevent: 

DA,,,“, = KpxCWx{(ET/(l+B))+(2xtaux[(1+3B)/(l+B)]} 

where: 

B = lipophilic property (unitless) (values in Table 3.21 of VADEQ, 2000) 

Once the DA,,,,, has been estimated, the intake factor (IF) can be calculated using the following 

equation: 
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IF = EVxSAxEFxEDx l/BWx l/AT 

where: 

EV = event frequency (events/day), 

SA = skin surface area available for contact (cm2), 

EF = exposure frequency (days/year), 

ED = exposure duration (years), 

BW = body weight (kg), and 

AT = averaging time (days). 

The default values used in the dermal exposure scenario for construction workers are 

provided in Table 6-4.9. The model calculations used to estimate DA,,,,, for construction 

workers are shown in Table 6-4.9a. The default values used for adult and child residents are in 

Table 6-4.10 and 6-4.11, respectively, with model calculations to estimate DA,,,,,, for both adult 

and child residents provided in Table 6-4.10a. 

Assumptions regarding exposure times, exposure frequencies, exposure durations, body 

weights, and averaging times for adult and child residents were the same as those used in the 

shower inhalation scenario. The exposure time for construction workers was assumed to be eight 

hours per day. Assumptions regarding exposure frequency, exposure duration, body weight and 

averaging times for construction workers were the same as those used in the groundwater 

ingestion scenario. Body surface areas for residential adults and children were assumed to be 

23,000 cm* and 7,960 cm*, respectively. These values represent the 95th percentile of total 

surface area for those population classes (EPA, 1997a). For residential adults, an age-adjusted 

skin surface area of 11,070 cm’-yr/kg was used for the scenario involving carcinogens, which 

also includes an exposure duration and a body weight adjustment. (Note that the age-adjustment 

results in a lifetime risk estimate since it combines both child and adult exposure). The exposed 

skin surface area for construction workers was assumed to be 5,800 cm2 (EPA, 1997a). 

6.7 Human Toxicitv Assessment 

Introduction and ADDroach. The purpose of the toxicity assessment is to evaluate 

available evidence regarding the potential for site-related chemicals to cause adverse effects in 

exposed populations and to provide estimates of the relationship between the extent of exposure 

and the increased likelihood of adverse effects, i.e., dose-response relationships. The resullts of 
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the toxicity assessment are integrated with the exposure assessment (Section 6.6) to estimate the 

cancer risks and noncarcinogenic health impacts in the risk characterization section (Section 6.8). 

The toxicity assessment for Site 16 was accomplished in two steps: (1) site data anailysis 

and identification of chemicals of potential concern (hazard identification) and (2) toxicity 

evaluation. 

Toxic responses are generally classified by the EPA as threshold effects and nonthreshold 

effects. The two principal indices of toxicity are known as Reference Doses (RfDs) and Slope 

Factors (SFs). The RfDs for chemicals of potential concern (COPCs) are shown in Table 6-5.1 

(oral/dermal) and Table 6-5.2 (inhalation). The SFs for the COPCs are shown in Table 6-6.1 

(oral/dermal) and Table 6-6.2 (inhalation). 

i 

An RfD for a substance is the daily intake or dose per unit body weight (mg/kg/day) that is 

likely to be without appreciable risk to human populations, including sensitive subgroups. The 

RfD allows for the existence of a threshold dose, that is, a certain minimum intake of substance 

below which there will be no.observable toxic effects based on the metabolic and detoxify:ing 

capacities of exposed individuals. EPA considers exposures to most noncarcinogens to have 

thresholds below which no toxic effects will occur. 

For carcinogens, the EPA assumes no threshold or a zero-threshold. This means the.re is 

some finite risk no matter how small the dose. The SF for a given chemical carcinogen is a 

plausible upper-bound estimate of the probability of a response per unit intake of that chemical 

over a lifetime. The slope factor is used to estimate an upper-bound probability of an individual 

developing cancer as a result of a lifetime of exposure to a particular level of a potential 

carcinogen. A second important factor for carcinogens is the EPA weight-of-evidence 

classification, whereby, carcinogens are grouped according to the quality and quantity of data that 

indicate that an agent is a human carcinogen. 

The RfD (oral and inhalation, subchronic, chronic) and SF (oral and inhalation) values 

used in this risk assessment were obtained from EPA Region III’s Risk-Based Concentration 

(RBC) Table (EPA, 2000a) and EPA’s Health Effects Assessment Summary Tables (HEAST) 

(EPA, 1997b). 

All available RfDs and SFs from the above sources are based on oral and inhalation routes 

of exposure; no RfDs and SFs are available for the dermal route of exposure. EPA (1989a, 1992) 
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recommends that the oral RfDs and SFs be used to assess the risk of dermally absorbed 

chemicals. EPA (1992) acknowledges the considerable uncertainty introduced into a risk 

assessment by this approach. First, the risk associated with point-of-entry (skin) effects fo:r 

locally acting toxic agents cannot be estimated from oral toxicity data. Second, unlike oral.ly 

administered compounds, dermally absorbed chemicals are not subjected to first-pass hepatic 

metabolism before reaching the systemic circulation. Finally, oral dose response relationships 

are based on administered dose, whereas dermal dose estimates are absorbed doses. Therefore, 

using oral slope factors and RfDs to extrapolate risks and hazards from dermal exposure is a non- 

conservative approach. 

To partially offset the last area of uncertainty, EPA (1989a) and EPA (1992) indicate that 

an oral RfD or SF, unadjusted for absorption, can be converted to an absorbed dose that ca.n then 

be used as the “dermal” RfD or SF, if data concerning the gastrointestinal absorption fraction are 

available for the compound of interest in the appropriate vehicle. This approach has been 

recommended by EPA Region III and VADEQ. As a result, oral RfDs and SFs were converted 

to “dermal” RfDs and SFs in this risk assessment. 

.-, 

Based on the methodology provided in Appendix A of RAGS (EPA, 1989a), the following 

equations were used to adjust oral toxicity values for carcinogens and noncarcinogens, 

respectively 

For carcinogens: SF, = SF,/ ABS g, 

where: 

SF, = Dermal slope factor (i.e., internal dose cancer slope factor) (mg/kg-day)m’, 

SF* = Oral cancer slope factor (mg/kg-day)‘, and 

ABS,, = GI absorption fraction (unitless). 

For noncarcinogens: RfD, = RfD, x ABS gi 

where: 

,,G ., 

RfD, = Dermal reference dose (i.e., internal reference dose) (mg/kg-day), 
RfD, = Oral reference dose (mg/kg-day), and 

ABS gi = GI absorption fraction (unitless). 
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GI absorption fractions used were based on values provided in VADEQ’s VRP risk 

assessment guidance document (VADEQ, 2000). Adjusted dermal RfDs and SFs are shown in 

Tables 6-5.1 and 6-6.1, respectively. 

Toxicitv Assessment for Noncarcinopenic Effects. Noncarcinogenic effects are generally 

thought to have a threshold dose below which there are no observable adverse health effects. In 

developing a toxicity value for noncarcinogenic effects, the approach is to identify the threshold 

dose or RfD. RfDs are generally calculated by dividing the no-observed-adverse-effect level 

(NOAEL) from observations in experimental animals by uncertainty factors (which generalIly 

range from 10 to 1000). These uncertainty factors or safety margins are intended to account for 

specific types of uncertainty inherent in deriving a single estimate of toxicity from the available 

data, including variations in the sensitivity of individuals in a population, extrapolation from 

animal data to humans. and other limitations and uncertainties. 

As discussed above, EPA has developed RfDs for different exposure routes (either 

ingestion/oral or inhalation) and different durations of exposure (i.e., chronic, subchronic, or 

single event). EPA defines a chronic RfD as an estimate of a daily exposure level for the human 

population that is unlikely to result in deleterious effects during a lifetime. A chronic RfD is 

used to evaluate the potential noncarcinogenic effects associated with exposure periods longer 

than 7 years. Subchronic RfDs have been developed by EPA to characterize potential 

noncarcinogenic effects associated with shorter term exposures (i.e., periods between 2 weeks 

and 7 years). Therefore, identification of appropriate toxicity values must reflect the length of 

potential exposure. Subchronic RfDs tend to be higher, often by an order-of-magnitude, than 

chronic RfDs because of assumed shorter exposure duration. Chronic and subchronic RfDs for 

the chemicals of potential concern are shown in Tables 6-5.1 and 6-5.2. Note that subchronic 

RfDs were used for construction workers when values were available; however, when subchronic 

RfDs were not available, chronic RfDs were used. Chronic RfD values were used for children 

for all scenarios. 

;-. 

Toxicitv Assessment for Carcinopenic Effects. In assessing the risk of carcinogens, it is 

common practice by EPA and other regulatory agencies to assume that any exposure level, 

however small, poses a finite probability of producing a carcinogenic response. EPA uses a two- 

part evaluation in which the substance is first assigned a weight-of-evidence classification and 

then a slope factor is calculated that defines quantitatively the relationship between dose a.nd 

response. The EPA’s weight-of-evidence classification is based on the extent of evidence that 

chemicals are carcinogenic in humans and experimental animals. 
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A number of mathematical models and procedures have been developed to extrapolate 

from carcinogenic responses observed at high doses in experimental animals to responses 

expected at low doses in humans. EPA uses the linearized multistage model for low-dose 

extrapolation. This mathematical model is based on the multistage theory of carcinogenesis 

where the response is assumed to be linear at low doses. EPA further calculates the upper 95th 

percent confidence limit of the slope of the resulting dose-response curve. This value is known 

as the slope factor (SF). The SF, as developed by EPA, converts the average daily intake of 

chemical over a lifetime directly to a cancer risk. The SF is expressed in units of (mg/kg/day)-‘. 

The SFs for the chemicals of potential concern are shown in Tables 6-6.1 (oral/dermal) and 6-6.2 

(inhalation). 

In general, chemicals with high slope factors and low reference doses exhibit higher 

toxicities than the chemicals with low slope factors and high reference doses. These toxicity 

indicators are integrated with the exposure assessment results to characterize the human health 

risks and hazards associated with the chemicals of potential concern at Site 16. 

6.8 Human Risk Characterization 

6.8,1 Introduction 

In risk characterization, the results of the toxicity assessment (slope factors and RfDs) and 

exposure assessment (chemical intakes for potentially exposed populations) are integrated to 

arrive at quantitative estimates of carcinogenic risks and Hazard Indices. A general discussion of 

the measures or indicators of risks and hazards follows in Section 6.8.2. The methodology used 

for identifying the specific risks and hazards associated with exposure to selected COPCs is 

presented in Section 6.8.3. The carcinogenic risks and hazard indices for multiple chemicals and 

pathways are presented in Section 6.8.4. 

An integral part of the risk assessment process is the characterization of the uncertainties 

associated with the exposure and toxicity assessments and underlying assumptions. The key 

assumptions and major uncertainties associated with this risk assessment are discussed in Section 

6.9. 
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6.82 Indicators of Potential Adverse Health Effects and Risks 

Human health risks or hazards are generally classified into: (1) incremental risk of cancer 

and (2) noncancer effects as determined by the Hazard Index. Cancer risks are expressed as 

incremental lifetime risk, such as 10m6 or one in one million chance of developing cancer from 

exposure to the substance over a lifetime. Cancer risks are the product of the exposure value and 

the SF. According to the National Oil and Hazardous Substances Contingency Plan (NCP) 

(EPA, 1988), which provides the framework for the implementation of the Superfund program, 

the lifetime incremental cancer risk should not exceed the 10-O to 10” range. Noncancer risk is 

expressed in terms of Hazard Quotient (HQ) for a single substance or Hazard Index (HI) for 

multiple substances and/or exposure pathways. These are ratios of particular chemical exposures 

to RfDs (discussed further below). If a HQ is less than one unit, the hazards are not considered 

to pose a threat to public health, including sensitive subgroups. Generally speaking, cancer risks 

higher than 10d6 to 10” and Hazard Indices higher than one are considered to raise a regulatory 

public health concern. 

, S-B. 6.8.3 Quantification of Hazards and Risks 

Hazard Index for Noncarcinopenic Effects. The Hazard Quotient (HQ) for a specific 

chemical was calculated by dividing the estimated daily intake by the reference dose as follows: 

HQ = CDI(SDI)/ RfD 

where: 

HQ = ratio of the chronic (or subchronic) daily intake and the reference dose 

- a ratio that exceeds 1 .O indicates a potential hazard (unitless), 

CD1 (or SDI) = chronic (or subchronic) daily intake of a substance averaged over the 

duration of the exposure (mg/kg/day), and 

RFD = reference dose (mg/kg/day). 

,=- 

The chronic or subchronic daily intake (CD1 or SDI) was obtained by using the exposure 

equations presented in Section 6.6. Copies of all spreadsheets presenting the inputs and results 

of the calculations for each exposure pathway are provided in Tables 6-4.1 - 6-4.14 and Tables 6- 

7.1 - 6-7.14, respectively. 
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The individual chemical Hazard Quotients (HQs) were summed for all chemicals evaluated 

for a given exposure pathway to provide a Hazard Index (HI) as follows: 

Hi = c HQ, 

where: 

HI 

HQi 

= hazard index, and 

= the hazard quotient for the ith noncarcinogenic toxicant, etc 

The total Hazard Index (HI) for a given receptor population was obtained by combining the 

Hazard Indices for each exposure pathway contributing to the exposure of that population. The 

total Hazard Index for multiple pathways was calculated as follows: 

Total Exposure Hazard Index = Hazard Index (pathway,) + Hazard Index (pathway,).+ 

,,.-e-s, Hazard Index (pathway,). 

Carcinwenic Risk. Carcinogenic risks are estimated as the incremental probability of an 

individual developing cancer over a lifetime as a result of exposure to a potential carcinogen. 

The numerical estimate of excess lifetime cancer risk is calculated by multiplying the chronic 

(lifetime) daily intake (CDI) by the risk per unit dose or cancer slope factor (SF) as follows: 

Cancer Risk = CDI x SF 

where: 

Risk = likelihood of developing cancer from lifetime exposure (70 years) 
expressed as unitless probability, 

CD1 = chronic daily intake of a substance averaged over a lifetime (mg/kg/day), and 
SF = slope factor (mg/kg/day)-’ . 

p-... 

EPA guidance to evaluate cancer risk from simultaneous exposure to several carcinogens 

assumes that incremental cancer risks are additive. The concept that cancer risks are additive is 

based on a number of assumptions. If these assumptions are incorrect, over- or under-estirnation 

of the actual risk could result (EPA, 1989a). The total cancer risk is estimated as follows: 

97 



Risk T = c Risk, 

where: 

Risk, = total cancer risk and 

Risk, = the risk estimate for the ith carcinogenic toxicant, etc. 

EPA policy must be considered in order to interpret the significance of the cancer risk 

estimates. In the NCP (40 CFR Part 300) (EPA, 1988), EPA states that: For known or suspected 

carcinogens, acceptable exposure levels are generally concentration levels that represent an 

excess upper bound lifetime cancer risk to an individual of between 10eJ and 1c6. The Agency 

further states in the preamble to the NCP that the 10m6 risk level be used as a point of departure 

for establishing remediation goals for the risks from constituents at Superfund sites. 

Risk Calculation. The cancer risk was calculated by multiplying the chronic daily intake 

(CDI) by the slope factor, as discussed previously. The CD1 was obtained by using the equations 

presented in Section 6.6. The CD1 was then multiplied by the slope factor to determine a 

numerical estimate of excess lifetime cancer risk. Copies of all spreadsheets presenting the 

inputs and results for each exposure pathway are provided in Tables 6-4.1 - 6-4.14 and Tables 6- 

8.1 - 6-8.14, respectively. 

The cancer risks were summed for all of the chemicals evaluated for each exposure 

pathway. To determine the total carcinogenic risk to a given receptor population, all cancer risks 

were summed. The total carcinogenic risk was calculated as follows: 

Total Exposure Cancer Risk = Risk (pathway,) + Risk (pathway,) + Risk (pathwayi) 

6.8.4 Potential Human Health Carcinogenic Risks and Hazard Indices 

The carcinogenic and noncarcinogenic risks were calculated for all identified receptor 

populations, exposure routes, and chemicals of potential concern using the approach described in 

Section 6.8.3. Tables 6-7.1 - 6-7.14 provide the estimates of hazard indices for each pathway for 

the baseline exposure scenarios for soil and groundwater. Tables 6-8.1 - 6-8.14 provide the 

estimates of carcinogenic risks for each pathway for the baseline exposure scenarios for soil and 

groundwater. Tables 6-9.1 and 6-9.2 summarize both the carcinogenic and noncarcinogenic risks 

for soil and groundwater, respectively. (Note that summaries of carcinogenic and non- 
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carcinogenic risks have also been provided in Tables 6-10.1 - 6-10.7 which include total hazards 

by target organ). The following sections discuss potential carcinogenic and noncarcinogenic 

risks for both current and future land use scenarios for the baseline risk assessment. 

Current Land Use. The current land use scenarios evaluated in this risk assessment are as 

follows: 

Surface Soil 
. Incidental ingestion and dermal absorption of surface soil by 

commercial/industrial workers. 
. Incidental ingestion and dermal absorption of surface soil by recreational 

trespassers (adults and children). 

Results of this risk assessment suggest that surface soil at Site 16 may pose health risks to 

both commercial/industrial workers and recreational trespassers. 

,.rFaL Noncarcinogenic Risks for Current Exposure Scenarios. Noncarcinogenic risks 

identified for current scenarios are provided by exposure pathway in Tables 6-7.1 - 6-7.3. Table 

6-9.1 provides a summary of the total hazards (e.g., summed across pathways) for surface soil. 

As shown in Table 6-9.1, there were no EPA-designated significant noncarcinogenic human 

health hazards (i.e., hazards equal to or greater than 1.0) for current soil exposure scenarios at 

Site 16. Total HIS for commercial/industrial workers and recreational trespassers (adults and 

children) were 2.2E-02, 7.6E-03 and 6.1E-02, respectively. 

Carcinogenic Risks For Current Exposure Scenarios. Carcinogenic risks identified for 

current scenarios are provided by exposure pathway in Tables 6-8.1 - 6-8.3. The total 

carcinogenic risk for commercial/industrial workers exposed to surface soil at Site 16 is l.lE-05 

(Table 6-9.1). This risk value exceeds the lower limit of EPA’s target risk range of l.OE-06, but 

was less than the upper limit of 1 .OE-04. The majority of the risk is based on dermal abso.rption 

and ingestion of benzo(a)pyrene. Arsenic also contributed slightly to the total risk althoug,h the 

individual risk for this chemical did not exceed lE-06. The total carcinogenic risks for 

recreational adults and children exposed to surface soil at Site 16 are 5.1E-06 and 2SE-06, 

respectively (Table 6-9.1). Although these values are relatively lower than the carcinogenic risk 

level for commercial/industrial workers, they still exceed the lower limit of EPA’s target risk 

range of l.OE-06. Similar to the commercial/industrial scenario, the risks are almost entirely due 

to benzo(a)pyrene with arsenic also contributing slightly to the risk. 
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Future Land Use. Future land use scenarios evaluated in this risk assessment are as 

follows: (please note that all current use scenarios previously described are also considered to be 

potential future use scenarios) 

Surface Soil: 

. Construction worker inhalation of fugitive dust and volatiles from surface soil; 

. Construction worker incidental ingestion of, and dermal contact with surface soil; 

. Residential adult and child incidental ingestion of, and dermal contact with 
surface soil; 

Groundwater: 

. Construction worker incidental ingestion of, and dermal contact with 
groundwater during excavation/construction activities; 

p--h 
. Construction worker inhalation of volatiles from groundwater during excavation/ 

construction activities; 

. Residential adult and child direct ingestion of groundwater; 

. Residential adult and child inhalation and dermal absorption of groundwater 
during showering; and 

. Commercial/industrial worker direct ingestion of groundwater. 

Results of this risk assessment suggest that, for future exposure scenarios, the groundwater 

at Site 16 may pose potentially significant health risks to residential adults and children, 

commercial/industrial workers and construction workers if developed for potable use. In 

addition, surface soil at Site 16 may pose a health risk to adult and child residents and 

construction workers. 

,,‘“* 

Noncarcinogenic Risks for Future Exposure Scenarios. Noncarcinogenic risks 

identified for future scenarios are provided by exposure pathway in Tables 6-7.4 - 6.7-7 (soil) and 

Tables 6-7.8 - 6-7.14 (groundwater). Table 6-9.1 provides a summary of the total hazards (e.g., 

summed across pathways) for surface soil. As shown in Table 6-9.1, there were no EPA- 

designated significant noncarcinogenic human health hazards (i.e., hazards equal to or greater 
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than 1.0) for future soil exposure scenarios at Site 16. Total HIS for residents (adults and 

children) and construction workers were 5.2E-02,4.1E-01 and 2.4E-01, respectively. 

Table 6-9.2 provides a summary of the total hazards for future exposure to groundw,ater. In 

contrast to the surface soil results, each groundwater scenario resulted in non-carcinogenic 

human health hazards (i.e., hazards greater than EPA’s target value of 1.0) as shown in Table 6- 

9.2. Adult and child residents had total HIS of 28 and 75, respectively. Ingestion of inorganics 

such as arsenic, iron, manganese and thallium and inhalation of naphthalene and benzene 

contributed to the total risk. The HI for construction workers was 190, significantly higher than 

EPA’s target value of 1.0. Most of the risk was based on inhalation of naphthalene, benzene and 

toluene. Dermal absorption of manganese also contributed slightly to the total risk to 

construction workers. The HI for commercial/industrial workers of 7 was relatively lower than 

the hazard level for residents and construction workers but still exceeded EPA’s target level of 

1.0. This scenario was limited to ingestion of groundwater and the risks were based on ingestion 

of arsenic, iron and manganese. 

Carcinogenic Risks For Future Exposure Scenarios. Carcinogenic risks identifield for 

future scenarios are provided by exposure pathway in Tables 6-8.4 - 6-8.7 for soil and Tables 6- 

8.8- 6-8.14 for groundwater. In addition, Tables 6-9.1 and 6-9.2 provide a summary of the total 

future carcinogenic risks (e.g., summed across pathways) for soil and groundwater, respectively. 

Those scenarios that have risk levels that exceed the lower limit of EPA’s target risk range of 

1 .OE-06 are discussed below. 

As shown in Table 6-9.1, the total carcinogenic risk for adult and child residents exposed 

to surface soil at Site 16 is 3.4E-05 and 1.7E-05, respectively. Both of these values are greater 

than the lower limit of EPA’s range of l.OE-06 but do not exceed the upper limit of the ran.ge of 

1 .OE-04. Ingestion and dermal absorption of benzo(a)pyrene contributed to the majority of the 

risk for both receptors. Ingestion of arsenic also contributed slightly to the overall risk. As 

shown in Table 6-9.1, the total risk for construction workers exposed to surface soil at Site 16 is 

6.1E-07 which does not exceed 1 .OE-06, the lower limit of EPA’s target risk range. 

Table 6-9.2 provides a summary of the carcinogenic risk for future exposure to 

groundwater. As shown in Table 6-9.2, the total carcinogenic risk for adult and child residents 

exposed to groundwater at Site 16 was 2.3E-03 and 8.3E-04, respectively. These values exceed 

the upper limit of EPA’s target risk range of l.OE-04, in residential adults the carcinogenic risk 

exceeds the upper limit by more than one order of magnitude. Ingestion of arsenic and der.mal 

PKL02472.wpd(l04960.4960.007~NASA-RI/FS~Site-l6~NS] 101 



absorption of bis(2-ethylhexyl)phthalate was responsible for the majority of the risk. Other risk 

contributors included ingestion of benzene and bis(2-ethylhexyl)phthalate, inhalation of benzene 

and dermal absorption of 4,4’-DDT. 

Although the total carcinogenic risk to commercial/industrial workers from groundwater 

ingestion of 4.8E-04 was relatively lower than the risk to residential receptors, this value also 

exceeded the upper limit of EPA’s target risk range. The risk level for this scenario was based 

primarily on ingestion of arsenic, with ingestion of benzene and bis(2-ethylhexyl)phthalate also 

contributing to the total risk. Based on evaluation of background inorganic concentrations at 

Wallops Flight Facility, it was noted that the maximum arsenic concentration in Site 16 

groundwater was approximately one order of magnitude greater than the concentration detected 

in a background location. 

As shown in Table 6-9.2, the total carcinogenic risk to construction workers from exposure 

to groundwater was 1.5E-05 which exceeded the lower limit of EPA’s risk range of l.OE-06 but 

did not exceed the upper limit of the range of l.OE-04. The risk level for this scenario was based 

primarily on inhalation of benzene with dermal absorption of bis(2-ethylhexyl)phthalate also 

contributing to the total risk. 

Summary of Risks. There is a significant risk associated with future use of groundwater 

at Site 16 as a drinking water source. Carcinogenic risk levels for residents and 

commercial/industrial workers were greater than the upper limit of EPA’s risk range of 1 .OE-04. 

Also, hazard indices for adult and child residents were at least one order of magnitude greater 

than EPA’s target value of 1.0. However, there are no current plans to develop groundwater as a 

potential drinking water source at Site 16. If aquifer development does not take place, the 

groundwater exposure pathways will not be complete and there will be no associated risks,, 

There were several scenarios involving exposure to surface soil that resulted in risks to 

residential, recreational, and commercial/industrial receptors that exceeded 1 .OE-06 but were less 

than 1 .OE-04, the upper limit of EPA’s target risk range. Evaluation of risk levels should 

consider the present and planned land use at the site. If there is no future residential development 

at Site 16 there would be no residential receptors present. As a result, the soil exposure pathway 

would only be complete for commercial/industrial and recreational receptors. 
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6.9 Uncertainties and Limitations of Human Risk Assessment 

Despite recent advances in risk assessment methodology, uncertainties are inherent in the 

risk assessment process. In order to appreciate the limitation and significance of the risk 

estimates, it is important to have an understanding of the sources and magnitudes of uncertainty. 

Sources of uncertainty in this risk assessment, as in any risk assessment, include: 

Sampling and analysis, 

Chemical transport and fate modeling, 

Toxicity data, 

Exposure assessment, and 

Risk estimates. 

Environmental Media Sampling and Analysis 

Sampling was conducted using accepted procedures in an attempt to collect samples that 

were representative of environmental media. Data were subsequently reviewed in a data 

validation process. However, current analytical procedures may not identify all potentially 

hazardous contaminants at a site, and analytical errors may have occurred despite stringent 

QA/QC procedures. In conducting this risk assessment, it was assumed that the reported 

chemical concentrations were representative of actual site conditions. 

Chemical Transport and Fate 

The maximum or 95th percentile UCL concentrations of chemicals of potential concern 

(COPCs) found in soil and groundwater at Site 16 were used as exposure point concentrati’ons. 

Migration, dispersion, dilution, retardation, degradation, and other attenuation or transformation 

processes may occur over time that could change the chemical concentrations in various on-site 

media. It has been conservatively assumed that the concentrations observed at Site 16 will 

remain relatively unchanged with time because, several of the chemicals of potential concern are 

relatively persistent in the environment. 

Toxicity Data 

The available scientific data on chronic and subchronic toxic effects in humans for 

chemicals of potential concern found at Site 16 are limited. Consequently, varying degrees, of 
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uncertainty surround the assessment of adverse health effects in potentially exposed populations. 

Sources of uncertainty for toxic effects in humans include: 

. Use of dose-response data from experiments on homogenous, sensitive animal 

populations to predict effects in heterogenous human populations with a wide 

range of sensitivities (interspecies extrapolation); 

. Extrapolation of data from high doses in animals to “real-world” low doses, from 

acute or subchronic to chronic exposure, and from one route to another, e.g., from 

ingestion to dermal absorption; and 

. Use of single chemical data that do not account for possible antagonistic or 

synergistic responses from multiple chemical exposures. 

Toxicity data are largely derived from laboratory animals. Experimental animal data have 

historically been relied upon by regulatory agencies and other expert groups to assess the Ihazards. 

of chemicals to humans. Even though this reliance has been supported by empirical 

observations, there may be slight or marginal interspecies differences in the absorption, 

metabolism, excretion, detoxification, and toxic responses to specific chemicals of potent:ial 

concern. There may also be uncertainties concerning the relevance of animal studies using 

exposure routes that differ from human exposure routes. In addition, the frequent necessity to 

extrapolate results of short-term or chronic animal studies to humans exposed over a lifetime has 

inherent uncertainty. In order to adjust for many of these uncertainties, EPA often adjusts the 

RfD for noncarcinogenic effects using uncertainty and modifying factors on the most sensitive 

animal species. 

There is also uncertainty as to whether animal carcinogens are also carcinogenic in 

humans. While many chemical substances are carcinogenic in one or more animal species, only 

a small number of chemical substances are known to be human carcinogens. The fact that some 

chemicals are carcinogenic in some animals, but not in others, raises the possibility that not all 

animal carcinogens are carcinogenic in humans. EPA assumes that humans are as sensitive to 

carcinogens as the most sensitive animal species. This policy decision, designed to prevent 

underestimating risk, may introduce the potential to overestimate carcinogenic risk for sorne 

chemicals. 

PKL02472.wpd{l04960.4960.007~NASA-RI/FS_Site-l6~NS) 104 



The model used by EPA to determine slope factors is the linearized multistage model that 

provides a conservative estimate of cancer risk at low doses and may overestimate the actual 

slope factor. Inadequate knowledge of the validity and accuracy of the linearized multistage 

model may increase the uncertainty and the tendency to overestimate actual cancer risks. 

When dealing with exposures to chemical mixtures, EPA assumes dose additivity and does 

not account for potential synergisms, antagonisms, differences in target organ specificity, or 

mechanisms of action. 

Despite these many limitations, animal experiments are widely believed to be a necessary 

part of toxicity assessment, especially in the absence of human epidemiological data. The safety 

factors used in RfD derivations for single chemicals may compensate for any unknown effects of 

synergistic exposures. 

Exposure Assessment 

., :ea Exposure assessment is perhaps the most critical step in achieving a reliable estimatie of 

health risks to humans. In this assessment, a number of assumptions were made concerning the 

human populations that could come into contact with the media at Site 16 and the frequencies 

and durations of these contacts. The exposure parameters used in this assessment were largely 

based on EPA’s RAGS (EPA, 1989a), EPA’s Exposure Factors Handbook (1989b), EPA I>ermal 

Exposure Assessment (1992), the revised EPA Exposure Factors Handbook (1997a) and 

VADEQ VRP guidance (VADEQ, 2000) and may not be entirely representative of the current 

and future receptor populations. There is also the presumption that interim and institutional 

measures at the site would not lead to changes in exposure conditions and receptor behaviors. 

In accordance with EPA Headquarters and EPA Region III guidance, reasonable maximum 

exposures were calculated to provide estimates of potential exposures. Because reasonable 

maximum exposure estimates are based on a combination of conservative assumptions, these 

estimates are likely to be overestimates of exposures and risks at Site 16. 

Risk Estimates 

The actual risks associated with a given exposure result from a complex set of intera.ctions, 

which are not understood and cannot be quantitatively estimated at the current state of 

knowledge. Examples of such interactions include synergism or antagonism of different 
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substances, effects on single versus multiple organ systems, and mechanisms of carcinogenesis, 

In addition, potential differences in sensitivities of various subpopulations to various chemicals 

are poorly understood at this time. 

Because there may be small individual uncertainties at each step of the risk assessment 

process, these uncertainties may become magnified in the final risk characterization. The final 

quantitative estimates of risk may be as much as an order of magnitude different from the actual 

risk associated with a given site. In an attempt to minimize the consequences of uncertainty, 

Agency guidance typically relies upon use of conservative estimates of hazard in the absence of 

comprehensive appropriate data. The overall result is that risk estimates presented in this report 

are more likely to overestimate the actual risks than to underestimate them. 

This assessment has been prepared in a manner consistent with that generally used in the 

consulting community and Agency guidance at the time it was prepared-. It is likely that risk 

assessment methods and the data identifying and quantifying the toxicity of chemicals will 

improve with time. Consequently, unsuspected hazards at this site may be identified at a later 

date. This assessment was based upon available data, using currently available risk assessment 

methodology. 
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7.0 FEASIBILITY STUDY 

The purpose of the feasibility study (FS) is to identify and screen appropriate and 

applicable remediation technologies for implementation in impacted areas containing 

contaminated soil and groundwater located at NASA’s Wallops Flight Facility (WWF) Site 16. 

Prior to developing this FS, a human health and ecological risk assessment was completed to 

determine current potential risks to human health and to predict future risks as a result of 

uncontrolled releases of chemicals from Site 16. The Risk Assessment determined values for 

carcinogenic risks and non-carcinogenic hazards within the acceptable ranges of 10-06, one in one 

million chance of developing cancer from exposure, .to 10-O’ for carcinogenic risk, and less than 1 

for non-carcinogenic Hazard Indices for human health and develops EEQs for evaluation of 

ecological risk. 

,,A‘-. 

Remediation is generally not required where field data produces calculated results that are 

less than these risk ranges and no applicable or relevant and appropriate requirements (ARARs) 

are exceeded. However, current EPA guidance (OSWER Directive 9355.0-30, April 22, 1991) 

also indicates that risk managers may require remedial action at sites with relatively low risks, 

where ecological risks to sensitive receptors are present, and/ or other factors are deemed 

significant. Other factors that may affect the decision-making process are proposed standards 

To-be Considered (TBC’s), and community acceptance of the proposed selected remedial action. 

At the outset of the RI/FS process, NASA, VDEQ, and EPA agreed that remedy selection 

would be based on land use assumptions that the current industrial use of the sites would 

continue in the future. For Site 16, no unacceptable risks or hazards for human or ecological 

receptors were identified for the surface soil present at the site. However, unacceptable risks are 

associated with future groundwater use for the site. 

The release which resulted in the Site 16 WOD appears to date from the 1940s and 1950s 

(Ebasco, 1992). Groundwater flow velocity calculated for the site indicates that the plume has 

had ample time to reach surface water bodies and is, therefore, fully reflected in the surface water 

and sediment data collected during the Site 14 and 15 RUFS. The site history would also suggest 

that the plume is fully developed and concentrations may reasonably be expected to decline 

under the influence of naturally occurring indigenous organisms over time. 

Contaminant concentrations in downgradient wells WFF16-GW3, WFF16-GW4, and 

WFF-GW5 drop off precipitously from those detected in the source area wells WFF15-GW7 and 
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WFF16-GW2S/GW2D. Three of the four downgradient wells exhibit no VOCs, no SVOCs 

(except bis(2-ethylhexyl)phthalate that was detected at very low concentrations consistent with 

laboratory contamination and background concentrations), and no pesticide/PCBs detected. 

Downgradient well WFF15-GWl detected low levels of VOCs, SVOCs, and a single detection 

of 4’4’-DDT (in a duplicate) but still substantially less than those detected in the source area 

wells, WFF15-GW7 and WFF16-GW2S/GW2D. Similarly, TPH-GRO and TPH-DRO also are 

substantially less in downgradient wells (0.92-1.61 ppm) than in the wells located within the 

source area (1.2 l-85.4 ppm). As with the other organic compounds, downgradient well WFFl5- 

GWl had the highest TPH concentrations (0.92-1.61 ppm) with the other downgradient wells 

generally less than the 1 ppm VDEQ UST program guidance level, with the exception of WFF- 

GW3 (1.14 ppm) in the 2000 data. 

Metals concentrations, including the risk-driver, arsenic, also decline dramatically in 

downgradient wells. Arsenic declines from concentrations in the source area wells of 18.2. - 88.2 

ppb (across all rounds) to ND( 1.6) - 11.1 ppb in downgradient wells (across all rounds). With 

the single exception of the 1998 arsenic detection for WFF16-GW3 (11.1 ppb), all downgradient 

well concentrations are less than or equal to the arsenic concentrations detected in the 

background well, MW-3 (1.6 - 5.4 ppb). 

Therefore, it appears that groundwater is only materially impacted where it is direct contact 

with contaminated soil. In this respect, there is little evidence of a groundwater plume in the 

traditional sense of the term. It seems likely that a contaminant plume emanating from the WOD 

once existed, but that past soil excavation activities at the Site 16 WOD and natural attenuation 

have largely mitigated groundwater risk at the discharge points. Because contaminated 

groundwater appears to only largely exist within the footprint of the contaminated soil area., this 

FS focuses on source control measures or measures that would restrict the future use of the 

groundwater within the site area. 

Sections 7.1 and 7.2 present ARAR information and background information, and 

introduce the assumptions upon which the FS is based. Section 7.3 identifies available remedial 

technologies, develops screening criteria used to select appropriate technologies. Section 7.4 

provided a summary and brief conclusions. Appendix E contains cost breakdown sheets.. 

The FS presented here was established following the format outlined in the U.S. EPA’s 

“Guidance for Conducting Remedial Investigations and Feasibility Studies Under the Federal 
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Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)” 

(OSWER Directive 9355.3-01; October, 1988). 

7.1 ADplicable or Relevant and Appropriate Requirements 

Applicable or relevant and appropriate requirements are used to determine the extent of site 

cleanup, to scope and formulate remedial action alternatives, and to govern the implementation 

and operation of the selected action or actions. The National Contingency Plan (NCP) requires 

that remedial actions taken under the CERCLA comply with all federal regulations that are 

applicable or relevant and appropriate to the remedial activities performed at the site, unless 

specific waivers are granted by the EPA. The remedial action selected under CERCLA Section 

121(d) for Site 16 must comply with federal and state environmental laws that are either 

applicable or relevant and appropriate. 

The NCP identifies two categories of remedial action requirements: 

. 

. 
ARARs, and 

Other criteria, advisories, guidance, and proposed standards To-Be Considered. 

By definition, an ARAR can either be an “applicable” or “relevant and appropriate” 

requirement that relates to a remedial action. “Applicable” requirements are those cleanup 

standards, criteria, or limitations promulgated under federal or state law that specifically address 

a hazardous substance, waste constituent, remedial action, location, or other circumstance at both 

WFF Site 16. 

“Relevant and appropriate” requirements are those cleanup standards, criteria, or 

limitations promulgated under federal or state law that are not “applicable” to circumstances at a 

site as described previously, but are appropriate for problems or situations sufficiently simjlar to 

those encountered at the site. TBCs are federal and state criteria, advisories, guidance, and 

proposed standards that are not legally bindin g, but may provide useful information or 

recommended procedures. TBCs generally fall within four categories: 

Health effects information, 

Technical information, 

Policy, and 

Proposed rules and regulations. 
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7.1.1 Identification of Potential ARARs and TBCs 

ARARs are divided into three categories: 

. Chemical-specific, 

. Location-specific, and 

. Action-specific. 

Chemical-specific ARARs are usually health- or risk-based requirements that are often 

expressed as numerical values and, when applied to site-specific conditions, establish the 

acceptable quantity (concentration) of a chemical that may be found in, or discharged to the 

ambient environment. 

Location-specific ARARs are requirements that place restrictions either on the 

concentration of a hazardous substances or the conduct of activity solely, because they are 

physically present or occurring within specific locations (i.e., wetlands, floodplains, historic sites, 

,.,--. etc.). 

Action-specific ARARs are usually technology- or activity-based requirements that are 

triggered by the particular remedial activities that are selected to accomplish a remedy (i.e., 

controlling air emissions as a result of remedial activities, etc.). ARARs establish a cut-off level 

for determining how much of a medium must be treated or removed. The ARAR assessment for 

this FS follows the protocols outlined in the August 8, 1988, interim final version of the U.S. 

EPA guidance, CERCLA Compliance With Other Laws Manual. 

Chemical-specific, location-specific, and action-specific ARARs and TBCs, as they (apply 

to Site 16, are presented and discussed individually in the following sections. 

Chemical-Specific ARARs 

Chemical-specific ARARs include federal and state requirements regulating contaminant 

levels in various media. These regulatory levels are necessary for selecting and developing 

remedial objectives that comply with regulatory requirements or guidance, as appropriate. Only 

those specific chemicals identified as “chemicals of concern” in the risk assessment for Sit’es 16 

were used for identification of potential chemical-specific ARARs. 
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Specific cleanup levels for soil have not been developed by the Commonwealth of Virginia 

with the exception of a 100 ppm TPH guidance level and 11,000 ppm saturation level embraced 

by the VDEQ UST program. Generally, cleanup levels are established with the goal of 

minimizing the risks to human health, and are determined on a site-by-site basis. Cleanup levels 

take into consideration the to soil type and typical background concentrations. While site soils 

often exceed the 100 ppm TPH guidance level, they do not exceed the 11,000 ppm TPH 

saturation level used to gauge whether free product would be expected. Additionally, even wells 

installed within the source area did not detect free product on the groundwater table. With no 

current groundwater users, the VDEQ UST program generally does not require remediation of 

site soils. The VDEQ UST program also uses a 1 ppm groundwater guidance level. Although 

this level is exceeded within the source area wells, WFF15-GW7 and WFFl&GWZS/GW2D, it 

is not materially exceeded in downgradient wells (a 1.61 ppm maximum concentration in 

WFF15-GW 1 and 1.14 maximum concentration in WFF16-GW3). 

Chemical-Specific TBCs 

,._e. \ No TBCs were identified. 

Location-Specific ARARs 

Areas requiring environmental evaluation are those locations that have the potential for 

releasing contamination to the environment, resulting in an adverse impact to the local 

environment and human receptors. These activities/conditions include potential hazards 

associated with exposure to contaminated soil and future use scenarios related to property 

transfer. No location-sensitive areas were identified on Site 16. 

Action-Specific ARARs 

No action-based ARARs were identified for Site 16. 

7.12 Exceptions to ARAR Compliance 

According to the Superfund Amendments and Reauthorization Act of 1986 (SARA), 

requirements may be waived by EPA under five specific conditions, provided that protection of 

human health and the environment is ensured. The conditions under which waivers are permitted 

under SARA include the following: 
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. The selected remedial action is an interim remedy or portion of a total remedy that 

will attain the standard when complete; 

. Compliance with such requirements will result in greater risk to human health and 

the environment than alternative options; 

. Compliance with such requirements is technically impractical from an engineering 

perspective; 

. The selected remedial action will provide an equivalent standard of performance 

using another approach; and 

. The requirement is a state requirement that has been applied inconsistently.. 

None of the exceptions described above apply to the alternatives investigated for the 

contaminated soils at either Site 14 or Site 15. 

7.2 Basis and Assumutions 

In order to develop and screen alternatives and receive information from vendors, several 

assumptions and generalizations were made. Technology screening and cost estimates are based 

on these assumptions. Because groundwater risk is present only in areas where groundwater is in 

contact with contaminated soil, all soil volumes calculated for costing purposes are based on 

removing or treating the contaminated soil at Site 16 to eliminate its contact with groundwater. 

All of the alternative technologies considered in this report are cost-sensitive to the volume 

or area of contamination. Volumes and areas are based on the assumption that the contamination 

is located in the areas specified in Sections 3 and 4, and has not migrated extensively to adjacent 

areas. This assumption is considered valid for the soil type and observed contamination at Site 

16. Lateral migration in the subsurface is considered to be negligible based on the 

environmentally acceptable results of proximal samples. 

This FS has been prepared based on the numerical findings of the ERA and human health 

risk assessment. It specifically does not address the numerous uncertainties discussed in Sections 

5 and 6. This FS assumes (indirectly) that the future land use will be continued industrial 

activity. Therefore, this FS only addresses groundwater remediation via source control measures, 
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since the lack of a pervasive plume downgradient of the source are largely mitigates the need for 

active plume management or control. In this respect, institutional controls, such as deed 

restrictions, are considered the minimally acceptable remedial action. 

7.3 Screenin? and Analvsis of Alternatives 

The screening and evaluation of process options is typically performed in three phases. 

The first phase consists of identifying potentially applicable process options and technologies and 

eliminating from further consideration those shown not to be applicable or potentially cost- 

effective for the identified contaminant. The second phase, after the initial screening, evaluates 

the applicability of each option remaining for meeting the remedial action goals. The third phase 

involves a preparing a detailed evaluation and analysis and a cost breakdown, for each of the 

remaining alternatives. The overall purpose of the FS screening process is to eliminate from 

consideration those technologies with a low probability of success or are impractical, when 

implemented under site specific conditions. 

7.3.1 Phase I: Screening of Potential Alternatives 

During the initial phase, Versar identified technologies based on site characteristics and 

contaminant types. In order to develop a remedy for Site 16, the following items were 

considered: 

. Remedial Action Objectives 

Remedial action objectives are those levels of cleanup or other measures taken to 

assure that human health, welfare, and the environment are adequately protected. 

Remedial action objectives are established based on the environmental media, 

potential exposure routes, and allowable exposure levels. As discussed earlier, 

the remedial action objective for Site 16 is to prevent future human exposure to 

contaminated groundwater. Given the nature and extent of groundwater 

contamination observed at the site, this objective is best met by source control 

measures to eliminate contact between contaminated soil and groundwater or 

restrictions on groundwater use. 
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. General Response Actions 

General response actions are broad categories of responses that satisfy the 

remedial action goals. General response actions for Site 16 include: no action, 

institutional controls, containment, and excavation and disposal. 

. Identification of Volumes of Concern 

The area of contaminated soil for Site 16 was calculated to be approximately 

6,925 square feet. Using an average depth to groundwater of 20.5 feet, the 

volume of contamination is estimated to be approximately 5,300 cubic yards (yd”) 

which is approximately 7;950 tons. 

. Identification and Evaluation of Technologies 

Potentially applicable technologies and processes were identified based on remedial action 

,.“X objectives, general response actions, and the volume of contaminated material. An initial 

evaluation of these technologies in the Phase I screening is made based on implementability, 

effectiveness, and cost. 

Implementability considers both the technical and administrative feasibility of 

implementing a technology. Technologies that are clearly unworkable are eliminated from 

further consideration. Effectiveness of a technology is its potential to meet the remedial action 

objectives. Technologies that are unreliable or that can not achieve response objectives are 

eliminated from further consideration. 

Cost plays a limited role in the initial evaluation of technologies. Technologies that are 

considered to be prohibitively expensive, or that do not provide benefits commensurate with their 

costs, are eliminated from further consideration. 

Table 7-l summarizes the results of the Phase I screening of available process options for 

the soil contamination impacting groundwater at Site 16. Included in the table are general 

response actions, associated remedial technologies and process options, descriptions of the 

options, and the associated screening comments. Each technology is discussed individuall;y in 

the following sections. In cases where a technology is simplistic, common, and well understood, 
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the discussion is not extensive. Where a technology is innovative or used in an “alternative” 

application (e.g., for waste treatment and disposal), more detailed discussion is provided. 

Some of the technologies identified during screening process may require pilot scale 

treatability studies to determine full scale treatment parameters. Although a specific technology 

may appear reasonable based on past experience, its use may require pilot scale verification 

because of site-specific or other conditions. Treatability testing satisfies a number of purposes, 

the most important of which is to ensure that the technology is appropriate for the soil type and 

for the treatment of the metals and pesticides encountered. Another purpose for treatability 

testing is determining the necessary full scale design parameters. During the remedial design 

phase, a site-specific design is developed at the bench, pilot, or field scale. These parameters 

facilitate proper sizing of units and generate measures of effectiveness to ensure that the design is 

efficient and cost effective. 

The following options have been identified and evaluated for addressing contaminated 

soils at Site 16. 

No Action. The no action option can be is easily implemented; however, it would be 

ineffective in addressing the remedial action objectives. Long-term monitoring of the site would 

be required. The no action option is retained for comparison purposes only. 

Institutional Controls. For human populations, institutional controls effectively 

accomplish the remedial action objectives by restricting future land use (deed restrictions). This 

option can easily be implemented, but would require the costs associated with long-term 

monitoring. 

Containment. Containment is accomplished by capping the site with a low permeability 

material. Low permeability caps minimize surface water infiltration and prevent exposure to the 

contaminated material. In some cases, caps are used in conjunction with other waste treatment 

technologies such as slurry walls, enzyme injections, and other in-situ treatment methods. 

Installing a cap does the following: 

. Prevents human or animal exposure by isolating untreated material (unnecessary 

based on HHRA and ERA); 
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. Reduces or prevents the vertical infiltration of water through contaminated soil 

which reduces or eliminates the creation of contaminated groundwater; 

. Controls gas emissions from the underlying contaminant (unnecessary based Ion 

HHRA and ERA); and 

.- Creates a land surface to support vegetation or to be used for other purposes 

(unnecessary since the site is already vegetated). 

The design of low permeability caps is site-specific and depends on the intended functions 

of the system. The caps can be of natural, synthetic, or a composite material. Many construction 

techniques are available. Caps construction techniques can range from a simplistic one-layer 

system of vegetated soil or asphalt to a complex multi-layer system composed of soils and 

geosynthetics liners. The long-term cost of a cap installation could be high because it requires 

periodic inspections and monitoring to ensure that the integrity of the cover is maintained and 

that the containment has not been comprised which would result in a contaminant release. 

Installation of a cap over the contaminated areas at Site 16 would not be effective in 

addressing the remedial action objectives because of horizontal flow of groundwater would result 

in the water table remaining in contact with contaminated soil. 

Insitu Treatment. This option involves injecting chemicals, such as hydrogen peroxide or 

oxygen releasing compounds into the soil to either destroy organic chemicals via chemical 

reaction or enhance biological activity (bioremediation). In either case, neither of these 

technologies would address risks associated with the risk driver arsenic and are rejected for 

failing to achieve remedial action objectives. 

Excavation and Disposal. This dual phase option begins with the removal of the 

contaminated soil utilizing conventional construction and excavation techniques. Following 

removal, several alternatives for disposal of the contaminated material may be considered. The 

following discussion separates the alternatives into two categories: off-site treatment and on-site 

treatment/disposal. 

Off-site Disposal. The soils excavated from Site 16 would be transported off site for ’ 

disposal. For costing purposes, the material has been classified as a special waste due to TPH 

concentration detected. These soils can not be disposed of in a municipal landfill. If RCRA 
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testing determines that the soil is hazardous, then there are two options for off-site disposal: 

hazardous waste landfill or hazardous waste incineration. 

. Hazardous Waste/Special Waste Landfill 

Disposal of hazardous wastes in a permitted hazardous waste or special waste landfill does 

not reduce the long-term environmental liability, because it does not permanently destroy the 

contaminants of concern only relocates them to a more controlled environment. This opti’on is 

retained, because it is effective in meeting the remedial action objectives and it can be 

implemented. However, the initial cost may be quite high since this method includes high 

transportation costs and high associated landfill tipping fees. 

. Hazardous Waste Incineration 

Incineration at a permitted hazardous waste incinerator minimizes the long-term 

environmental liability by permanently destroying the some of the contaminants of concern. The 

ash (burned soil) is disposed of in a hazardous waste landfill, but all liability is assumed by the 

incinerator owner and operator. This alternative, in many cases may be the most prudent long 

term option, because incineration would permanently destroy the organic contaminants in the 

soils, but will not alter the arsenic contamination significantly. However, the final disposal of 

ash will effectively minimize the long term liability. ,This option is retained because it is 

effective in meeting the remedial action objectives and it can be implemented. However, the 

initial cost will be significant due to both high transportation costs and the thermal treatment 

costs, and the expense of assuming the liability for the waste. 

On-site Treatment Disposal. Limited technologies exist for treating contaminated soil on 

site: 

. Bioremediation 

Bioremediation is the biodegradation or bio-oxidation of organic compounds by micro- 

organisms. A soil bioremediation process normally uses conventional soil management practices 

to enhance the microbial degradation of organic contaminants. This process may be performed 

in situ or in tanks, piles, or farms on site. Several different applications of bioremediation are 

listed in Table 7-1. All technologies use the same process of bio-oxidation; however, each 

variation exposes the soil and micro-organisms to nutrients in a different manner. 
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Limited treatment data is available for the successful bioremediation of Benzo(a) pyrene, 

other PAHs, and 4,4-DDT in contaminated soils as found at Site 14. This process would not be 

effective at treating the arsenic in the soil. This option is rejected from further consideration 

because it is not proven effective in addressing the remedial action objectives at Site 16 for 

dealing with arsenic. 

. Soil Washing 

Soil washing is a physical method that can be used to remove contaminants from soil. In 

the soil washing process, contaminated soil is fed into a washing unit and then passed into a soil 

scrubber where it is sprayed with washing fluid that may be composed of water, organic solvents, 

surfactants, or acids/bases. Following treatment, the contaminated fluid is sent into a treatment 

system for decontamination and or recycling. 

Although this technology is less costly than other processes (hazardous waste landfill 

and/or incineration), it would require the excavation of the soil to be effective. Additionally, 

multiple solutions (to address organics and arsenic) would be required. This option is rejected 

from further consideration because it is difficult to implement and is not effective in addressing 

the remedial action objectives. 

. Vapor Extraction 

Vapor extraction involves the installation of extraction wells screened in the vadose 

(unsaturated) zone. Vacuum extraction pumps are attached to the wells, and soil vapors are 

extracted from the subsurface and treated prior to release into the atmosphere. This technology is 

best suited to sites with highly permeable soils and volatile organic contaminants. 

This technology may be implemented while the soil is in place or after excavation. 

Because the contaminants of concern at Site 16 are not exclusively volatile organic compounds, 

this technology could not be successfully implemented and would not be effective in addressing 

the remedial action objectives. Hence, this option is rejected from further consideration. 

. Stabilization/Solidification 

Stabilization/solidification can be performed in situ or through some method of 

encapsulation in a container or vessel. In situ stabilization/solidification is done by deep soil 
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mixing and direct application of stabilizing agent into the soil forming a block stabilized 

material. At the end of the treatment process, the treated block of soil is left in place. 

The process of stabilization/solidification reduces the mobility of the hazardous 

constituents by binding the contaminants into a solid matrix of low permeability and very low 

leaching potential. Typically, this technology is used for addressing metals contamination. The 

binding process can be categorized into four major groups based on the type of stabilizing/ 

solidifying agent used. The main stabilizing/solidifying agents are: cement based, silicate based, 

thermoplastic based, and organic polymer based. 

““” 

The short-term environmental impact of the stabilized/solidified waste is small; however, 

the long-term reliability of the stabilization is unknown. Also, the release from long-term 

liability is questionable, because the contaminants remain at the site and are only immobilized. 

This option is rejected from further consideration because while the process addresses the metals 

in the matrix causing them to become immobile (low leaching potential), it may not entirely 

address the remedial action objectives for organic compounds and has low long term engineering 

reliability. The implementation of this process would require either costly deep trenching or 

large diameter augers (mixing augers) which may not be practical at Site 16 given the airfield 

operations. 

. Solvent Extraction 

Solvent extraction uses an organic solvent to separate organic contaminants from soils, 

sludges, and sediments, thereby reducing the volume of hazardous waste that must be treated. In 

general, a solvent that preferentially removes hazardous organics is mixed with the contam.inated 

media to transfer contaminants from the media to the solvent phase. The contaminants are then 

separated from the solvent with a temperature or pressure change and the solvent are then 

recycled, Solvent extraction does not destroy wastes, but is generally used as one method in a 

series of unit operations, and can reduce the overall cost of managing the remediation at 

amenable types of site. 

,,e-*r- 

Solvent extraction has been known to work effectively but requires extensive bench- and 

pilot-scale as treatability studies to determine the most effective solvent and optimum reactor 

conditions. Treatment is likely to.be required for the separated liquids (used solvent) and i,s a 

substantial part of the total process costs. The soils at Site 16 were found to contain arsenic and 

other metals that undergo strong reactions under alkaline conditions and may im.pact process 
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feasibility. The technology is still considered to be in innovative stages and further studies are 

required before its application on a full-scale basis. Solvent extraction is rejected from further 

consideration because site-specific conditions prevent it from being implemented. 

. Vitrification 

Vitrification is utilized to create a glass like material by heating a mixture of soil and sand 

to the melting point and then allowing it to cool. For sites which contain silty clay soils th.e 

addition of sand may be required prior to initiating the heating process. An electric current is 

then applied to the mixture, heating it to the melting point. Once the sand and other soil 

constituents have melted, the mass is cooled gradually. A solid mass of soil and contaminant is 

created. This process may be applied both in situ and ex situ. For in-situ processes it should be 

recognized that during the heating process any volatile organic compounds may be vaporized 

with potential release to the atmosphere. This use of this method would require that a vapor 

collection and treatment system be constructed to treat the off-gas vapors generated as part of the 

process and insitu methods have enormous power requirements to treat soil near the water table. 

Like stabilization, this technology does not reduce the volume or long-term liability of the 

contaminant. Vitrification is rejected from further consideration because it has poor 

implementability does not meet the remedial action objectives. 

. Low Temperature Thermal Treatment 

Low temperature thermal treatment is typically used for petroleum related contamination 

and other volatile organic compounds. Additionally this type of process has the same operational 

limitations as that of a full thermal incinerator, only to a lesser degree. This option is rejected 

from further consideration because it does not meet the remedial action objectives (fails to 

address arsenic). 

7.3.2 Phase II: Screening of Process Options 

The second phase of the screening process further considers the alternatives that remain 

after the initial screening process. Within each technology type, the effectiveness, 

implementability, and cost are evaluated and compared to one another. Emphasis is placed on 

the effectiveness of the options in addressing the remedial action goals. 
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In order to further reduce the potential candidate list, alternatives were eliminated from 

consideration during Phase II screening for the following reasons: 

. the technology did not significantly meet the remedial action goals, and 

. the technology not feasible due to site-specific conditions, contaminant matrix, or 

contaminants. 

Care was taken to ensure that the surviving technologies did not require additional 

institutional controls (i.e., restrictions on future land use) or extensive continuing operations and 

maintenance (O&M) programs. 

Table 7-2 presents the results of the Phase II screening of available process options for the 

soil contamination that impacts groundwater at Site 16. Included in the table are general 

response actions, remedial technology, process options, and the,evaluation of the process options 

concerning effectiveness, implementability, and relative cost. Each option in the table is 

#“Be discussed below. 

No Action. As discussed earlier, no action would not be effective in addressing the 

remedial action objectives. This option would not reduce the contaminant mobility, volume, 

toxicity, or future liability of the contaminant. Also, some long-term monitoring would be 

required. This option is retained for comparison purposes. 

Institutional Controls. Implementing institutional controls at Site 16 are easily 

accomplished. The site is inside of a restricted access facility with a perimeter fence. No 

additional standard fencing or a natural vegetative brush barrier is required to further limit access 

to the areas, because no unacceptable risks for surface soil were demonstrated by the HHRA and 

ERA. Deed restriction equivalents limiting future land use could also be imposed on the 

property. This option is effective in addressing the remedial action objectives by eliminating 

future development of groundwater in the site area. It does not reduce the volume, toxicity, or 

mobility of the contaminant except through natural attenuation. Based on the low levels of 

contaminants encountered, this option is acceptable. This option requires long term monitoring. 

This option will be retained for further consideration. 
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Excavation and Disposal. This dual phase option begins with the removal of the 

contaminated soil utilizing conventional construction and excavation techniques. Following 

removal, the contaminated soil would be treated off site. 

The soils excavated from Site 16 would be transported off site for disposal at a special 

waste landfill. This alternative effectively addresses the remedial action objectives by removing 

the contaminants and the source of future contamination. However, the cost of this alternative is 

significant due to high transportation requirements along with the high disposal fees. This 

option, which involves landfilling the waste, does not reduce the long-term environmental 

liability because it does not permanently destroy the contaminants of concern, only relocates 

them to a more controlled environment. 

7.3.3 Phase III: Detailed Analysis of Alternatives 

The detailed analysis of the alternatives involves a comprehensive evaluation of remedial 

action objectives, general response actions, volume of contaminated material, and cost. The goal 

of this section is to combine all of these elements into a viable, effective remedial plan. Each 

alternative that has passed through the initial two phases of screening will be evaluated according 

to the nine CERCLA criteria for evaluating and selecting remedial alternatives: 

. Overall protection of human health and the environment. This provides a final 

check to assess whether each alternative adequately protects human health and the 

environment. 

. Compliance with ARARs. This discusses whether alternatives will meet all 

federal and state ARARs identified for the site. When an alternative meets the 

ARAR, this criterion describes how compliance is established. When an alternative 

does not meet an ARAR, the justification for a waiver allowed under CERCLA is 

discussed. 

. Long-term effectiveness and permanence. This addresses the results of a 

remedial action in terms of the risk remaining at the site after remedial objectives 

are met. Controls required to manage the risk posed by treatment residuals or 

untreated wastes are described. 
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. Reduction of toxicity, mobility, or volume through treatment. This criterion 

addresses the statutory preference for selecting remedial actions employing 

treatment technologies that permanently and significantly reduce toxicity, mobility, 

or volume of the hazardous substances. 

. Short-term effectiveness. This criterion addresses the effects of the alternatives 

during the construction and implementation phase until remedial objectives are met. 

Alternatives are evaluated with respect to their effects on human health and the 

environment, if applicable, during implementation of the remedial action. 

. Implementability. The implementability criterion addresses the technical and 

administrative feasibility of implementing an alternative and the availability of 

various services and materials required during its implementation. Technical 

feasibility addresses construction and operational concerns and the reliability of 

technologies used. Administrative feasibility addresses activities needed to 

coordinate with other agencies (e.g., obtaining permits). 

. Cost. This criterion addresses how total alternative costs, including capital a.nd 

O&M expenses, compare to one another. 

. Local government acceptance. This criterion evaluates the technical and 

administrative issues and concerns the local government agencies may have 

regarding each of the remedial alternatives. Actual acceptance will, of course:, be 

dependent upon their response to the proposed plan. 

. Community acceptance. This criterion evaluates the issues and concerns the 

public may have regarding each of the alternatives. Actual acceptance will, of 

course, be dependent on their response to the proposed plan. 

After the Phase I and Phase II screening evaluations were performed on potentially 

applicable remedial technologies, three process options remained for detailed analysis: 

Alternative A - no action; Alternative B - institutional controls, and Alternative C- excavation 

and off-site disposal at an approved facility. 

,,CR,. 

The detailed analysis of alternatives consists of the evaluation and presentation of the 

relevant information needed to select a site remedy. In the detailed analysis, each alternative is 
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assessed against the nine CERCLA evaluation criteria,described previously. The results of this 

assessment are arrayed to compare the alternatives and identify the key tradeoffs among them. 

This approach to analyzing alternatives provides information to compare the alternatives, select 

an appropriate remedy for the site, and demonstrate satisfaction of the CERCLA remedy 

selection requirements. 

The specific statutory requirements for remedial actions that must be supported by this 

study for Site 16 are listed below. The selected alternative must: 

. Be protective of human health and the environment; 

. Attain ARARs (or provide grounds for invoking a waiver); 

. Be cost-effective; 

. Utilize permanent solutions and alternative treatment technologies to the maximum 

extent practicable; and, 

. Satisfy the preference for treatment that reduces the toxicity, mobility, or volume, 

and/or provide an explanation as to why it does not. 

In addition, Section 12 1 (b)(l)(A) of CERCLA emphasizes evaluation of long-term 

effectiveness and related considerations for each of the remedial alternatives. 

Alternative A - No Action 

Alternative A consists of taking no remedial action. 

Assessment of Alternative A 

This alternative is not effective over the long term and has no indications of permanence. 

The contaminants at Site 16 remains on site in a relatively uncontrolled condition. Other than by 

natural attenuation over time, no reduction of toxicity, mobility, or volume would be realized in 

the implementation of the No Action alternative. The areas of concern would essentially remain 

in their current state or extent. The possibility of contaminant migration exists, thereby 

decreasing overall contaminant concentrations through dissolution of the original source area. 
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However downgradient areas will be impacted to a lesser extent, thus increasing the 

contaminated volumes of materials (soils and groundwater) but at lower concentrations. The 

short-term effectiveness of this alternative can not be evaluated, because the site remains 

unchanged. Capital costs associated with this alternative are negligible. 

This alternative is technically feasible, with the action hroposed requiring no 

implementation. Capital costs associated with this alternative are negligible. Federal, state, and 

local agencies and offices may not view this alternative favorably. 

Alternative B - Institutional Controls 

In this alternative, institutional controls would be installed to prevent development of 

groundwater within the contaminated areas. Natural attenuation of the organic contaminants 

would contribute to the breakdown of the source area. This alternative would require some 

monitoring. Because the risk assessment determined values for carcinogenic risks and non- 

carcinogenic hazards are within the acceptable range for soils and no groundwater user are 

/^- threatened, this option is appropriate and protective. 

Assessment of Alternative B 

This alternative is effective in the long term by eliminating exposure risks and is a 

permanent solution. The affected areas of concern would have to be remediated in the future, if 

groundwater use were to be permitted. 

Other than natural attenuation of the organic contaminants over time, no significant 

reduction of toxicity, mobility, or volume of the arsenic would be realized in the implementation 

of the Institutional Controls alternative. However, microbial action would be expected to reduce 

organic concentrations. The area of concern would remain in its current state. The possibility of 

contaminant migration exists; however, given the age of the site and rate of groundwater flow, it 

is likely that the plume is fully developed and that natural attenuation will drive contaminant 

concentrations lower. The short-term effectiveness of this alternative is that these controls will 

limit exposure to humans. Capital costs associated with this alternative are minimal, and the 

alternative is technically feasible. 

Implementation of this option will require long term monitoring. A five-year annual 

groundwater monitoring program was used for FS costing purposes. If after five years, 
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contaminant concentrations continue to decline in the source area wells, and increased 

contaminant concentrations are not detected in downgradient wells, then the monitoring program 

will have demonstrated (over approximately a decade’s time) that effective natural attenuation is 

occurring and the monitoring program may be ended. 

This alternative is easy to implement and should not pose a risk to human health or t:he 

environment because the HHRA and ERA determined that risk from the surface soil is 

negligible. Groundwater poses-little risk in its current state since there are no current users, 

groundwater contamination is limited to the immediate vicinity of the source area, and no high 

concentration plume (in the traditional sense of the term) appears to currently exist. Although it 

appears likely that plume existed in the past (given the age of the site dating back to the 1940s to 

195Os), it appears to have largely dissipated. 

,,‘-. 

This alternative may be acceptable to local regulatory agencies and the local community 

because there are no current groundwater users downgradient of the site, the site is located at the 

end of the airstrip and so no future development seems likely, and site ecological risk is 

negligible. 

Costs for this alternative are based on sampling site wells for full TCL/TAL paramet.ers on 

an annual basis and preparing an annual monitoring report for five years. Costs are sketied in 

year one for administrative costs associated with establishing site use restrictions. Net present 

value for this alternative are $114,928. Considering a 6% cost escalation, total cost to NASA is $ 

153,800. 

Assessment of Alternative C 

This remedial alternative will protect human health and the environment from the 

contaminated soil. The contaminated soils would be excavated and removed from the site for 

treatment and disposal. Any existing risk would be reduced by the removal action and will 

entomb the Site 16 contaminants at a controlled facility. 

Remedial Action Objectives will be attained because: (1) contaminated materials will be 

removed from the site; (2) with the source are removed, groundwater contaminant concentrations 

, .a%, should decline rapidly. 
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Once the contamination is removed from the site and the environmental liability will be 

assumed by the landfill owner/operator (once the soil is received), thus long-term liability will be 

eliminated. Once the contaminated soil is removed from the site, there will no longer be source 

area for the ongoing generation of dissolved phase contamination in groundwater. Also, no 

future remedial controls will be required to maintain the long-term effectiveness of this rernedial 

alternative. 

This alternative would eliminate the toxicity and reduce the volume of the contaminated 

media at the site by removing and disposing of the soil. A certificate of disposal will be issued 

by the facility, which removes long-term liability. 

Implementation of this alternative should not pose a risk to human health or the 

environment. During excavation, the soils should be kept moist to minimize the release of 

potentially contaminated dust particles. Workers performing soil excavation at the site wo,uld be 

properly equipped with personal protective equipment (PPE) and be fully certified for hazardous 

waste work (according to OSHA regulations in 40 CFR 1910). 

This remedial alternative is moderately difficult to implement. Equipment required for the 

excavation work is available in the area, but restrictions on use may be required to maintain flight 

operations. OSHA-certified workers will be required for the work. Clean backfill is available 

from nearby sources and is inexpensive. 

This alternative may be acceptable to the local regulatory agencies and the local 

community, because the excavated contaminated soil will be permanently removed from the 

property, thereby eliminating any significant hazard or risk to human health and the environment. 

The material will be managed and disposed according to applicable regulations. Also, the 

remedial action could be implemented quickly, which the community and local agencies may 

view favorably. Any existing site restrictions would be eliminated and long term monit0rin.g 

would not be required. 

Many factors affect the cost of this alternative. The cost of soils excavation is greatly 

dependent on site-specific conditions and soil volume. Excavation depth, surface characteristics, 

soil type, and health and safety requirements all affect the costs. 

Because this alternative requires offsite disposal of the contaminated soil, transportation is 

necessary. Transportation costs increase in proportion to the number of times the material is 
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handled. The transportation costs for this alternative are considered to be high. Disposal costs 

are also generally considered high. Quantity and type of material strongly affects the price:. 

Remedial cost estimates are presented in Appendix E. 

Site 16 is situated adjacent to a runway frontage road with good site access and using 

typical construction equipment. However, the required work activities may impact the operation 

of the air strip. The Site 16 area is fairly open with only a minimal vegetative cover and 

moderate existing slopes. 

The site is easily accessible and excavation depths are estimated to be 20-25 feet below 

grade. During remedial activities, workers will wear Level C PPE during excavation. The use of 

this PPE in the hot environment will reduce worker efficiency by as much as 50 percent, directly 

affecting the cost. 

The cost to complete the scope includes soil excavation via backhoe on a per cubic yard 

(yd’) basis of -approximately 5,300 yd’ of contaminated soil; transportation to a licensed facility; 

landfill disposal at the facility; and backfilling, regrading, and replanting vegetation in thes,e 

areas. The capital cost, including QA/QC, is $620,758. Adding costs for engineering design (15 

percent), construction management (15 percent), startup (10 percent), bonds and permits 

(2 percent), legal fees (3 percent), and unforeseen contingencies (20 percent) brings the total 

capital cost for this alternative to $962,176 and no significant additional long term costs are 

required. 

7.4 Summary and Conclusions 

Four potential remedial technologies have been described and evaluated. The following is 

a summary of the findings presented in the preceding sections and recommendations based on the 

analysis. 

The remedial alternatives remain after the screening are: 

. Alternative A - No action, 

. Alternative B - Installation of Institutional Controls ($153,800), and 

. Alternative C - Soil excavation, transportation, and disposal ($962,176). 
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The alternatives were screened in the second phase according to effectiveness, 

implementability, and other pertinent criteria in order to determine suitability of each alternative 

to achieving the remediation goals. However, effectiveness at reaching and sustaining the 

remedial action objectives is the ultimate goal of any of these alternatives. 

In the third phase, a detailed analysis of each process option was evaluated based on 

probable achievement of nine CERCLA criteria for selecting remedial alternatives. These 

criteria are the overall protection of human health and the environment; compliance with 

applicable or relevant and appropriate requirements (ARARs); long-term effectiveness and 

permanence; reduction of mobility toxicity, or volume of contaminants; short-term effectiveness; 

implementability; cost; local government acceptance; and community acceptance. Throughout 

the feasibility study, the no action alternative was retained for comparison purposes. The no 

action alternative does not meet remedial action objectives. Neither Alternative B or C apply 

treatment to reduce toxicity, mobility, or volume through treatment. However, Alternative B will 

eventually achieve a reduction in toxicity, mobility, and toxicity via natural attenuation and 

microbial degradation which Alternative C will not since landfilling will limit exposure to 

percolating groundwater as a source of nutrients/oxygen to indigenous microbes. Alternative C 

has better short term effectiveness, but significantly higher costs and exposure potential for 

workers performing the remediation relative to Alternative B. 
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Figure 6-2 Receptor Populations and Exposure Routes at the Wallops Flight Facility (WFF) - Site 16 
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Tdde 4-1. Aquifer Slug Test Data Summai-y, NASA Wallops Flight Facility 

WFFS-GW-I Falling 1.35 

Rising 1.35 

WFFS-GW3 Falling 1.35 

Rising 1.35 ---.. 

WFF12GWI Falling 1.35 

Rising 1.35 

WFF12GWS Falling 1.35 

Rising 1.35 

WFFI4GWl Falling 1.35 

Rising I .35 

WFF14GW7 Falling 1.35 

Rising 1.35 

WFFl5-GWI Falling 1.35 

Rising 1.35 ~- 

WFFIS-GW-3 Falling 1.35 

Rising 1.35 - 

t-42 

(feet) 

0.083 

0.0.8 

0.083 

0.083 

0.083 

0.083 

0.083 

0.083 

0.083 

0.083 

0.083 

0.083 

0.083 

0.083 

0.083 

0.083 

- 
I 

- 
Notes: 

Falling = slug was lowered into the well at time = 0 b = satumted aquifer thickness 

Rising = slug was removed from the well at time = 0 L = length of saturated well screen 

So = initial displacement of water H = sfatic height of water in well 

rc = radius of well casing K = hydraulic conductivity 

rw = radius of well (including sand pack) Kmean = mean of ftdling and rising head hydraulic conductivity values 

rw b i. H T K K Knlean 

(fee0 (feet) VW (feet) (fl2Jmln) (fUmin) (cmlsec) (cnusec) 

0.33 7.43 5 7.43 I .03E-01 I .39E-02 7.068-03 8.32E-03 

0.33 7.43 5 7.43 I .40E-01 1.898-02 9.588-03 

0.33 7.36 5 7.36 9.2X-02 I .26E-02 6.398-03 5.938-03 

0.33 7.36 5 7.36 7.948-02 I .OBE-02 5.48E-03 

0.33 7.3 5 7.3 4.8SE-02 6.648-03 3.378-03 3.978-03 

0.33 7.3 5 7.3 6.578-02 9.00E-03 4.578-03 

0.33 7 5 7 4.448-02 6.358-03 3.228-03 3.368-03 

0.33 7 5 7 4.828-02 6.888-03 3.498-03 

0.33 13.29 13.29 13.29 l.l6E-01 I .80E-02 9.168-03 I .02E-02 

0.33 13.29 13.29 13.29 I .40E-02 I SSE-03 7.078-04 

0.33 4.61 4.61 4.61 l.i6E-01 464E-05 2.36E-OS 9.3lE-03 

0.33 4.61 4.61 4.61 I .40E-0 I 3.668-02 I .86E-02 

0.33 6.79 5 6.19 9.19E-04 I .3SE-04 6.88E-OS 4.878-04 

0.33 6.79 5 6.79 I .2 I E-02 I .78E-03 9.068-04 

0.33 7.4 5 7.4 4.688-03 6.338-04 3.2lE-04 1.8lE-04 

0.33 7.4 5 7.4 6.038-04 8. I SE-OS 4.14E-OS 



TABLE 4-2. Summary of Chemicals Detected in Background Surface Soil Samples for Wallops Flight Facility 
(Concentrations in uglkg for organlcs and mglkg for inorganic@ 

Screening Level Comparison 
Frequency of Mean Range of BTAG Screening Background * 

Compound Detection (a) Detection (b) Detection Limits Detections Level (c) Screening 

Orqanics 
Tetrachloroethene II 7 6 12-13 3 

Pesticides 
4,4’-DDD 

4,4’-DDE 
4,4’-DDT 

617 

717 
717 

618.5 3.8 2.1-31 cl00 No 
1073 NU 270-3100 400 Yes 
784 NU 74-4300 <IO0 Yes 

loraanics 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 

Chromium 
Chromium VI 

Cobalt 
Copper 
Iron 
Lead 
Magnesium 

Manganese 
Nickel 
Potassium 

Selenium 
Silver 
Sodium 

Vanadium 
Zinc 

717 6903 
417 0.30 
717 1.62 
717 31.0 
717 0.22 
317 0.05 
717 588 

717 7.9 
212 0.28 

717 1.6 
717 2.9 
717 5467 
717 0.6 
717 713 

717 106 
717 3.4 
717 406 

717 0.67 
217 0.04 
717 103.7 

717 11.3 
717 14.2 

NU 

NU 
NU 
NV 

0.04 
NU 

NU 
NV 

NU 
NU 
NU 
NU 
NU 

NU 
NU 
NU 

NU 
0.04 
NU 

NU 
NU 

5610-9970 
0.36-0.44 
0.96-3.1 

23.3-39.3 
0.18-0.26 
0.07-0.11 
297-874 

6.3-14.1 
0.27-0.28 

1.3-1.9 
2-4.5 

4200-9180 
5.5-13.7 

567-1170 

47-173 
2.7-5.3 

257-848 

0.54-0.86 
0.04-0.13 
69.9-l 32 

8.5-19.3 
9.7-25.6 

1 
0.48 
328 (e) 
440 
0.02 
2.5 
NSL 

0.0075 (f) 

100 
15 
12 

0.01 
NSL 

330 
2 

NSL 

1.8 

0.5 
10 

Yes 
No 
No 
No 

Yes 
No 
I- 

Yes 
--- 

No 
No 

Yes 
Yes 
--- 

No 
Yes 
--- 

No 
-- 
--_ 

Yes 
Yes 



N 

N 

N 

N 

171 

N 

N 

N 

N 

N 

N 

3/13/01 



TABLE 4-4 

SELECTION OF CHEMICALS OF POTENTIAL CONCERN - ECOLOGICAL RISK ASSESSMENT 

CAS 

Number 

50.32~8 

191-24-2 

117-81~7 

218.o-5 

193-39-5 

72-54-8 

72-55.9 

50-29-3 

7429-90-5 

7440-36-O 

7440-38-Z 

7440-394 

7440-41-7 

7440-70-2 

16065831 

7440-48-4 

7440-50-a 

7439-89-a 

7439-92-I 

7439-95-4 

7439-96-5 

7440-02-O 

7440-09-7 

7782-49-2 

7440-*2-4 

7440-23-5 

7440-62-2 

7440-66-a 

Chemtcal 

,enro(a)pyrene 

,enzo(g.h.i)perylene 

,~~(2-ethylhexyl)phmalate 

:hipe”e 

ndeno(t .2.3-cd)pyrene 

1.4’.DDD 

I.&DDE 

1.4‘-DOT 

aluminum 

l”ktliO”y 

menic 

ladurn 

,*rylk”lll 

:dC,“m 

:hroml”m (Cc3+l (6) 

:obalt 

““W Location 

I I 

Deteckon 

Of Maximum Frequenq 

Concentration 

@kg 3WFF16-SS10 1 2121 

mglkg 3WFF16-SSlO 4121 

ms’kg 3WFF16-SS9 ~a,*~ 

mg/kg 3WFF16-SSlO 921 

ms’kg 3WFFl6-SS9 2121 

@kg 3WFF16-SS16 ,621 

mgkg 3WFF16-SS16 ,/2 1 

@kg 3WFF16-SS16 7/2 1 

mg,kg 2WFF16-SEISI 2,121 

@kg 3WFF16-SS13 l/21 

@kg 3WFF16-SSi6 18121 

mgikg ZWFFIG-SBISI 21121 

mglrg 3WFF16-SS6 70, 

@kg 3WFF16-SS3 2,121 

@kg 3WFF16-SS3 21/21 

mg/kg 3WFF16-SS13 21/Z! 

mwkg IWFFlG-SBlSl 20120 

m@kg 3WFF16-SS3 21121 

@kg 3WFF16-SS9 21/Z 

mgikg 3WFF16-SS3 .?I,*, 

@kg 3WFF16-SS13 21,*1 

@kg EWFFIG-SEISI 21121 

@kg 2WFF16 SBIS, 21121 

mgikg 3WFF16-SS16 12/m 

mg’kg 3WFF16-SSa ,/PI 

mg/kg 3WFF16-SS3 21R1 

m@kg 3WFF16-SS3 21@1 

mq/kg 3WFF16-SST.4 2,121 

mg/kg 3WFFI a-%, 1 20/21 

@kg 3WFF16-SS15 ‘ml 

Range of 
D&CliOll 

Lmits 

- 
0.34-7.4 

0.34-7.4 

0 34-7 4 

0 35-7 4 

0 34-7 4 

0 0035-0 038 

0 0035.0 038 

0 0035-c 038 

0.29-0.82 

0 55-0.63 

0 1-o 12 

3ackground (‘) 

V&e 

we > 

Background 

Site > 

Soil 

V&X 

Site > BG 

(I) M~mmumlmaximum detected concentration 

(2) Background value5 are maXimUm concenlrations 

(3) Screening values are based on EPA Region 111 Risk-Based Concentration Table (EPA, 2000) unless otherwse neted 

(4) Rationale Codes Seleciin Reason. lnlrequenl Detectmn but Assecreted H,storically (HIST) 

Frequent Detection (FD) 

Toxcey lnlormamn Available (TX) 

Above Screemng Levels (ASL) 

N/A = Not Applicable 

COPC = Chemtcal of Polential Concern 

ARARCTBC = Appkcable or Relevant and Appropriate Requiremenliro Be Constiered 

J = Estimated Value 

C = Carcinagem 

N = Non-Carcinogenic 

D = D,l”,ed out 

COPC 

- 
ASL 

ASL 

ASL 

ASL 

IFD 

NTX 

ASL 

Yes 

nly detected in one samp 

hove BKG in onty 1 same 

Dekt~on Reason: Infrequent Detechan (IFD) Y = Appears b match a tVplcal luel pattern 

Backqround Levels (BKGI z = ooaa nn: eppezi iG math a iypari iuei pdiern 

No Toxcdy tnlormation (NTX) 

Essential Nutrient (NUT) 

Below Screening Level (SSL) 

(5) The RBC for pyrene was used as a surrogale REC for benzo(g.h.i)perylene 
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TABLE 4-5 

SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER FOR THE HUMAN HEALTH RlSK ASSESSMENT 
SITE NAME: Wallops Fllghl Facility (WFF) Site 16 

71-43-Z benzene 

100~41-4 elhylbenrene 

127.184 lelrachloroefhene 

108-86-3 tOl”Kl~ 

1330-20-7 xylene (lotal) 

105-67-Q ?.&d~methylphenol 

95-57-8 2<hlotophewl 

91-57-S 2-melhylnaphtialene 

95-48-7 P-methylphenol 

106-44-5 4.melhylphenal 

83-32.9 acenaphthene 

120 12-7 anlhracene 

117-S-7 b,e(Z-ethylhexyl)phthalate 

86-74.8 carbazole 

132-64-Q d,be”ZdUW! 

86-73-7 ,,uotene 

91-20-3 naphlhalene 

85-01-6 phenanlhrene (6) 

108-95-Z phenol 

129-00-O pyrene 

50-29-3 4.4’.DDT 

319-84-S alpha-EHC 

58-89-9 gamma-BHC (Indane) 

7429-90-5 aluminum 

7440-36-O anwnony 

7440-38-2 ar*en,c 

7440-39-3 barwn 

7440-41-7 beryllium 

7440-43-g cadmum 

7440-70-2 C.dCl”Rl 

7440-47-3 chromwm (Cr3+) (7) 

7440-48-4 cobalt 

7440-50-S copper 

7439-92-l lead 

7439-95-i ,nagneswm 

7439-96-5 manganese 

7440-02-O “Cl4 

7440-09-7 pOl~*Sl”lTl 

- 
7 K 

27 K 

2 J 

48 

4 J 

1400 D 

45 J 

1 J 

9 

3.5 J 

7 J 

42 

2 J 

1 J 

39 

I J 

t J 

25 J 

7 J 

2 J 

2 J 

1 L 

0.23 J 

0.029 J 

0 OS7 J 

679 

14 

2 

47.5 

025 

0 44 

2610 

19 

12 

092 

0.05 

3580 

26 

2260 

31 6 

24 

1550 

- 

- 
* 

27 

56 

280 

5 

,400 

1100 

1 

9 

200 

7 

42 

6 

1 

160 

6 

3 

12 

160 

20 

2 

1 

0 23 

0 029 

0 067 

17100 

46 

88.2 

174 

12 

0.69 

50300 

17.3 

68 

65 

32.5 

58400 

62 8 

35700 

3510 

45 

16300 

J 

K 

D 

J 

D 

D 

J 

J 

L 

J 

J 

J 

J 

L 

J 

L 

J 

J 

J 

WFFIG-GWZS 

WFFIS-GW7 

WFFlS-GW7 

WFFtS-GW7 

WFFIS-GW7 

WFFtS-GW7 

WFFlS-GW7 

WFFl&GWZD 

WFFIS-GW7 

WFFIS-GW7 

WFF15.GW7 

WFFIS-GW7 

WFF15-GW7 

WFFIS-GW7 

WFFlS-GW7 

WFFIS-GW7 

WFF(S-GW7 

WFFIS-GW7 

WFFlS-GW7 

WFFIS-GW7 

WFFIS-GW7 

WFFlS-GW7 

WFFlS-GWl 

WFFlS-GW7 

WFFIS-GW7 

WFF15-GW7 

WFF16-GW3 

WFFlS-GW7 

WFFIG-GW4 

WFFIG-GW3 

WFFlS-GW7 

WFFIG-GWS 

WFFIS-GW7 

WFFtS-GW7 

WFFiS-GW7 

WFFiS-GW7 

WFF,%GW, 

WFFlS-GW7 

WFFIG-GW5 

WFFIS-GW7 

WFFIG-GW4 

WFFlG-GWS 

k,ecfm* 

requenc: 

- 
217 

f/7 

3/7 

2n 

217 

117 

2l7 

117 

117 

217 

l/7 

117 

2l7 

117 

z/5 

317 

31 

3/7 

z7 

317 

117 

117 

l/7 

117 

117 

717 

2l7 

417 

616 

417 

217 

616 

717 

417 

616 

415 

7/7 

46 

616 

7/7 

46 

616 

- 
10 

10 

10 

10 

10 

10 

10 

Q-10 

Q-10 

9-10 

Q-10 

Q-10 

Q-10 

9-10 

10 

9.10 

Q-10 

Q-10 

Q-10 

9-10 

9.10 

Q-10 

,095-o 09, 

046-O 04! 

.046-O 04! 

1.6-4 * 

2-3 4 

02-06 

03-06 

06-l 

0 05 

25 

15 

27 

58 

260 

5 

1400 

1100 

1 

9 

2oa 

7 

‘32 

8 

1 

160 

6 

3 

12 

180 

20 

2 

1 

0.23 

0.029 

0 067 

171w 

46 

882 

174 

12 

0 89 

50300 

17.3 

6.8 

65 

32 5 

58400 

62 8 

35700 

3510 

4.5 

16300 

11600 

. 

51 

62.5 

0.29 

0.37 

16200 

112 

2 

1.9 

7660 

48 

3510 

57 

22 

1560 

6 1OEIOl 

3 2oE-01 

1.30E+02 

l.loE+OO 

7SOE+Ol 

1 20E+03 

7 30EtOl 

3.00EtOO 

l.ZOE+Ol 

t 80Eto2 

1 80Et01 

3.70Et01 

l.soE+o2 

4 80E+OO 

3 30EcOO 

2 40Ecoo 

2 40E+01 

6.50E-01 

1 .BOE+Ot 

2.20E+03 

l.BOE+Ol 

2 OOE-01 

1 lOE-02 

5 20E-02 

3 70E+03 

1.50EcOO 

4 50E-02 

2 60Ei02 

7 30Et00 

1 BOE+00 

5SOE+03 

2.20E+02 

1.50Et02 

1 loE+03 

7.30Et01 

7.30E+01 

(3) 
screentng 

xialy Value 

S.SOE+OO N 

N 

C 

N 

c 

N 

N 

N 

N 

N 

N 

N 

N 

N 

c 

C 

N 

N 

N 

N 

N 

N 

c 

C 

C 

N 

N 

C 

N 

N 

N 

N 

N 

N 

N 

N 

N 

POh?“M 

GXWTB( 

Value (4) 

- 

5 

700 

5 

1000 

,000o 

6 

02 

6 

50 

2000 

4 

5 

1300 

15 

Potential 

ARAWTBC 

source 

MCL 

MCL 

MCL 

MCL 

MCL 

MCL 

MCL 

MCL 

MCL 

MCL 

MCL 

MCL 

Mionale for 

hntsminant 

Delellon 

x Selection 

ASL 

BSL 

ASL 

ASC 

ASL 

ASL 

ESL 

BSL 

ASL 

ASL 

BSL 

ASL 

BSL 

BSL 

ASL 

ASL 

ASL 

BSL 

ASL 

ASL 

BSL 

ESL 

ASL 

ASL 

ASL 

ASL 

ASL 

ASL 

BSL 

BSL 

BSL 

NUT 

BSL 

BSL 

BSL 

NTX 

ASL 

ASL (9) 

NUT 

ASL 

BSL 

NUT 
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TABLE 4-6 

SELECTION OF CHEMICALS OF POTENTIAL CONCERN IN GROUNDWATER FOR THE HUMAN HEALTH RISK ASSESSMENT 
SITE NAME. Wallops Fkght Facility (WFF) - S#e 16 

Exposure Medium groundwater 

CAS Chemical 
(1) (1) (2) (3) (5) 

Mmlmum Minimum Maximum Maximum Umts Location oetectm Range of Concentration Background Screening Potential Potential COPC Aat,onale for 

Concentration a”allfler concentration a”akher of Maximum Frequency Detection used kJr Value Toxicity Value ARAR~BC ARARriBC Flag Contaminant 

COllC~tlt~~tlOfl Limits Screening Value (4) source Deletion 

7762-49-2 selenium 

7440-23.5 sad,“m 

7440-28-0 thalkum 

7440-62-2 Yt3”ildl”m 

7440-66-6 zulc 

diesel range organa 

gasokne range organics 

nitrate. as N 

sulfate 

sutkde 

- 

K 

Y 

JZ 

WFF15-GW7 

WFFIS-GW7 

WFFIG-GW4 

WFFIG-GW3 

WFFIG-GW3 

WFFIS-GW7 

WFFlS-GW7 

WFFIG-GW3 

WFFlG-GW5 

WFFII-GWZD 

(1) Minim”m/maxim”mdetectedconcentration 

(2, Background data are ma~!m”m detected concen,raBo”s. 

(3) Screenmg values are based on EPA Regnn Ill R&Based Concenlraion Table (EPA, 2000) “ntess otherwe noted. 

(4) ARAR val”es are provided for inlormat#ooaf purposes. screenmg was based on EPA Region )II RBC values (EPA, 2000) 

(5) Rahonale Codes Selectian Reason Infrequent Detection but Associated Hlstorlcatly (HIST) 

Frequent Detection (FD) 

Toxiaty Information Available (TX) 

Above Screening Levels (ASL) 

D&lion Reason’ No Taxiaty tn,ormat,on (NTX) 

Essential Nutrient (NUT) 

Below Screening Level (BSL) 

(6) The RBC lor pyre”* was used as a surrogate RBC for phenanthrene 

t 6-3 9 

1.1 

63000 

4000 

370 

44600 

173 

160Et01 N 

2.60&0, N 

26OEtOl N 

,.lOEt03 N 

5 60E+03 N 

BSL 

NUT 

ASL 

ASL 

BSL 

NTX 

NTX 

BSL 

NTX 

NTX 

N/A = No, Applicable 

COPC = Chemical of Po!enlial Concern 

ARARrTBC = Applicable or Relevant and Appropriate RequoremenVTo Be Constiered 

J = Estimated Value 

c = Carclnoge”k 

N = Non-Carcinogenic 

D = Diluted out 

Y = Appear* to match a typical fuel pattern 

2 = Does not appear to match a typical fuel panem 
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TABLE 5-l 
FAUNA CONSIDERED STATE OR FEDERAL THREATENED 

OR ENDANGERED IN THE VICINITY OF THE WFF MAIN BASE 
AS OF JANUARY 1992 (METCALF AND EDDY 1994) 

J:\ATLANTIC\WP6I\PKL\PKM2472.TBL 



TABLE 5-2. POTENTIAL EXPOSURE PATHWAYS FOR SITE 16 
SURFACE SOIL ECOLOGICAL RECEPTORS 

SourcdM&chanismk. Potential 
-of Release :~ Receptors 

Aerial deposition of 
wastes from past 
activities: past dumping 
of wastes 

Wind entrainment of 
surface soil; 
volatilization of 
chemicals to air 

Terrestrial 
plants 

Terrestrial 
invertebrates 

(e.g., 
earthworms) 

Terrestrial 
wildlife (e.g., 
mammals, 
birds) 

Terrestrial 
wildlife 

Root uptake Yes 

Foliar uptake No 

Ingestion and 
dermal absorption 

Yes 

Ingestion Yes 

Dermal absorption No 

Comments, 

Pathway potentially 
complete; selected for 
quantitative evaluation 

Not evaluated because 
applicable exposure and 
toxicity data could not be 
found in the scientific 
literature 

Pathway potentially 
complete; selected for 
quantitative evaluation 

Pathway potentially 
complete; selected for 
quantitative evaluation 

Not evaluated because 
applicable exposure (data 
could not be found in the 
scientific literature 

Majority of WFF is 
vegetated, limiting potential 
exposure via this pathway 



. - 

TABLE 5-3. IDENTIFICATION OF MEASUREMENT AND ASSESSMENT ENDPOINTS FOR SITE 16 SURFACE SOIL 

Receptor of Concern 

Terrestrial plants 

Soil invertebrates 
(earthworms) 

Small carnivorous 
mammals (shrews) 

Small carnivorous birds 
(robins) 

Exposure Pathway 
Evaluated 

Absorption of chemicals 
from surface soil through 
root uptake 

Ingestion and dermal 
absorption of chemicals 
from surface soil 

Ingestion of chemicals 
accumulated in 
earthworms, from surface 
soil and surface water 

Ingestion of chemicals 
accumulated in 
earthworms, from surface 
soil and surface water 

Assessment Endpoint* Testable‘Hypothesig 
;; 

Decline in growth and 
abundance of terrestrial 
plants 

Ha: The concentration of 
COPCs in surface soil 
exceeds a level known to 
be toxic to terrestrial 
plants 

Decline in growth, 
reproduction, or soil 
aeration activities of soil 
invertebrates 

Ha: The concentration of 
COPCs in surface soil 
exceeds a level known to 
be toxic to soil 
invertebrates 

Decline in shrew 
populations 

Ha: The ingestion of 
bioaccumulative chemicals 
from earthworms, surface 
soil, and surface water 
exceeds a level known to 
be toxic to shrews 

Decline in robin 
populations 

Ha: The ingestion of 
bioaccumulative chemicals 
from earthworms, surface 
soil, and surface water 
exceeds a level known to 
be toxic to robins 

~’ 
Measuiement E&lpoint ^. i 

Compare chemical 
concentrations in surface 
soil at potentially impacted 
locations to toxicity 
benchmarks in literature 

Compare chemical Site-specific surface soil 
concentrations in surface chemical data from 
soil at potentially impacted potentially impacted 
locations to toxicity locations and background 
benchmarks in literature. locations 

Compare dose of 
bioaccumulative chemicals 
from ingestion of 
earthworms and surface 
soil, estimated by 
modeling, to toxicity 
benchmarks in literature 

Site-specific surface soil 
chemical data from 
potentially impacted 
locations and background 
locations. 

Compare dose of 
bioaccumulative chemicals 
from ingestion of 
earthworms and surface 
soil, estimated by 
modeling, to toxicity 
benchmarks in literature 

Site-specific surface soil 
chemical data from 
potentially impacted 
locations and background 
locations 

Site-specific surface soil 
chemical data from 
potentially impacted 
locations and background 
locations. 

Note: *Assessment endpoints identified for evaluation in the WFF Site 16 ERA are based on the parameters used to derive the toxicity benchmarks (see measurement endpoint 
column) and are not intended to imply the measurement of these parameters in the field. 



TABLE 5-4 

COMPARISON OF MAXIMUM SOIL CONCENTRATIONS AT SITE 16 TO TERRESTRIAL 
..-y 

PLANT TRVs 

I Maximum Surface Terrestrial Environmental - 
Chemical 
lnoraanics 

Soil Concentration Plant TRV (a) Effects Quotient (b) 

Aluminum 
Antimony 
Beryllium ’ 

Chromium ’ 
Iron 
Lead 
Nickel 
Silver 
Vanadium 
Zinc 53.2 50 1.1 

a) TRVs obtained from Efroymson et al (1997a) 
b) Environmental Effects Quotient (EEQ) is the ratio of site soil concentration to the TRV; 
B - Site 16 maximum concentration did not exceed maximum background concentration. 
NA - No TRV Available 

10,600 
0.92 

0.2 

11 
10,700 
60.5 
5.7 

0.48 
19.7 

50 
5 

10 

1 
NA 
50 
30 
2 
2 

212 
0.18 

0.02 
11 

No TRV 
1.2 

0.19 
0.24 
9.9 



TABLE 5-5 

,.‘“xy COMPARISON OF MAXIMUM SURFACE SOIL CONCENTRATIONS AT SITE 16 TO 
EARTHWORM TRVs 

Chemical 
Oraanics 

Maximum Surface Soil Earthworm Environmental 
Concentration TRV (a) Effects Quotient (b) 

I 4,4’-DDD 
4,4’-DDE 
4,4’-DDT 

lnoraanics 
Aluminum 
Antimony 
Beryllium ’ 

Chromium ’ 
Iron 
Lead 
Nickel 
Silver 
Vanadium 
Zinc 

12 1,500 
310 1,500 
260 1,500 

10,600 NA 
0.92 5 

0.2 1 

11 0.4 
10,700 NA 
60.5 500 
5.7 200 

0.48 5 
19.7 150 
53.2 200 

0.01 
0.21 

(4 0.17 

No TRV 
(d) 0.2 

(e) 0.2 

27.5 
No TRV 

0.1 
0.03 
0.1 
0.1 

,*i7 
a) TRVs obtained from Efroymson et al (1997b), unless otherwise indicated. 
b) Environmental Effects Quotient (EEQ) is the ratio of site soil concentration to the 
TRV; TRVs greater than 1 are listed in bold face type. 
c) Epidermal effects; 22.5% mortality at 15 mg/kg of DDT in soil (Cathey, 1982, as 
cited in USEPA, 1985b). To increase protection, 15 mg/kg was divided by 10. 
d) Maximum allowable concentrations for the Soviet Union (1984) as cited in Beyer 
(1990). 

e) Cleanup guidelines for the New Jersey Environmental Cleanup Responsibility Act 
(1987) as cited in Beyer (1990). 
B - Site 16 maximum concentration did not exceed maximum background concentration. 
NA - No TRV Available 



TABLE 5-6 

Comparison of Estimated Total Ingested Dose to Robin TRVs for Chemicals of 
Potential Bioaccumulative Concern at Site 16 - Wallops Island 

Dose (mg/kg bw-d) 
Robin TRV Environmental Effect! 

Earthworm Soil Total @w/kg day) (a) Quotient (b) 

1.79E-05 (c) 1.90E-04 2.08E-04 No TRV No TRV 
3.61 E-06 (c) 8.69E-05 9.06E-05 No TRV No TRV 
3.83E-02 (d) 4.43E-04 3.87E-02 1.1 co.1 
7.80E-06 (c) 6.40E-05 7.18E-05 No TRV No TRV 
2.51 E-06 (c) 2.21 E-05 2.46E-05 No TRV No TRV 
4.30E-06 (e) 9.20E-05 9.63E-05 0.003 co.1 

Chemical 

Oraanics 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Bis(2-ethylhexyl)phthalate 
Chrysene 
lndeno( 1,2,3-cd)pyrene 
DDT and metabolites 

lnoraanics 
Aluminum 
Antimony 
Beryllium ’ 

Chromium ’ 
Iron 
Lead 
Nickel 
Silver 
Vanadium 
Zinc 

250.57 (4 1675.65 1926.22 109.7 04 17.6 
0.11 (0 0.15 0.25 No TRV No TRV 

0.02 (0 0.03 0.06 No TRV No TRV 

0.31 
370.04 

I:; 1691.46 1.74 2.05 1.0 2 
2061.49 No TRV No TRV 

0.50 (cl) 9.56 10.07 1.1 (0 8.9 
0.19 (cl 0.90 1.10 77.4 co.1 

No BCF 0.08 0.08 No TRV No TRV 
No BCF 3.11 3.11 11.4 0.3 

1.93 (c) 8.41 10.34 14.5 0.7 

a) TRVs from Sample et al. 1996, except where otherwise noted. 
b) Environmental Effects Quotient (EEQ) is the ratio of total dose to the TRV; TRVs greater than 1 are listed in bold face type. 
c) BCFs from Beyer and Stafford (1993). 
d) USEPA Region III BTAG BCF. 
e) BCF for DDTr was taken from Beyer (1990), using 4,4’-DDT as a surrogate. 
f) BCFs.from Jeff York, USEPA Region VI Multimedia Planning and Permitting Division (6PD) 1997. 
g) BCF from Van hook, 1974. 
h) Value for Al2(S04)2. 
i) Value for lead acetate. 



TABLE 5-7 

Comparison of Estimated Total Ingested Dose to Shrew TRVs for Chemicals of 
Potential Bioaccumulative Concern at Site 16 - Wallops Island 

nwronmen 

Orqanics 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
Bis(2-ethylhexyl)phthalate 
Chrysene 
Indeno(l,2,3-cd)pyrene 
DDT and metabolites 

lnorqanics 
Aluminum 
Antimony 
Beryllium ’ 

Chromium ’ 
Iron 
Lead 
Nickel 
Silver 
Vanadium 
Zinc 

1.27E-05 
2.57E-06 
4.36E-03 
5.5&E-06 
1.79E-06 
1.63E-04 

178.30 
0.08 

0.02 

0.22 
263.30 

0.36 
0.14 

No BCF 
1.66 
1.38 

;z; 
(4 
(4 
(4 

(4 
(e) 
(e) 
(c) 

i:; 
@I 

VI 
(4 

6.99E-05 8.26E-05 1.2 
3.21 E-05 3.46E-05 1.2 
1.63E-04 4.52E-03 21.8 
2.36E-05 2.92E-05 119.0 
8.16E-06 9.95E-06. 11.9 
3.39E-05 1.97E-04 1.760 

617.77 796.06 2.3 (h) 346.9 
0.05 0.13 0.1 0.9 

0.01 0.03 1.5 co. 1 

0.64 0.86 7.2 (9 0.1 
623.60 886.90 No TRV No TRV 

3.53 3.88 17.6 0.2 
0.33 0.47 87.9 CO.1 
0.03 0.03 No TRV No TRV 
1.15 2.80 0.4 0) 6.6 
3.10 4.48 351.7 co. 1 

CO.1 

(9) eO.1 
<O.l 

(9) CO.1 

(9) co.1 
co.1 

a) TRVs from Sample et al. 1996, except where otherwise noted. 
b) Environmental Effects Quotient (EEQ) is the ratio of total dose to the TRV; TRVs greater than 1 are listed in bold face 
c) BCFs from Beyer and Stafford (1993). 
d) USEPA Region Ill BTAG BCF. 
e) BCFs from Jeff York, USEPA Region VI Multimedia Planning and Permitting Division (6PD) 1997. 
f) Value for sodium metavanadate. 
g) TRV for benzo(a)pyrene multiplied by USEPA Region IV PEF or 1 .O when no PEF was available. 
h) Value for AICt3. 
i) Value for Cr+6. 
j) Value for sodium metavanadate. 
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TABLE 6-l 

SELECTION OF EXPOSURE PATHWAYS 
Wallops Flight Facikty - Site 16 

t 

Scenario 

Ttmeframe 

Medium EXp3SlKE 

Medrum 

Exposure 
Pornt 

Receptor 

Poputabon 

Receptor 

Age 

surface soil 

surface soil 

surface 5011 

air 

surface ml et Site 16 

airvolatized from surface soil at Site 
16 

recreational 

recreational 

adult 

adult 

surface soil 

surface soil 

surface soil 

surface sorl 

surface soil at Site 16 

surface soil at Site 16 

recreational 

recreational 

adult 

child 

currentlfuture 
I 

surface soil 
I 

air 
I 

air volatzed from surface so11 at Site 
16 

I 
recreational 

I 
child 

current/future 

currentnuture 

surface soil 

surface soil 

surface soil 

surface soil 

surface soil at Site 16 

surface soll at Site 16 

recreational 

CommetciaUind 

child 

adult 

current/future 
I 

surface soil 
I 

air 
I 

air volatized from surface sort at Site 
16 I 

commerciatlind. 
I 

adult 

currenvfut”re 

future 

surface soil 

surface soil 

surface soil 

surface soil 

surface soil at Sate 16 

surface soil at Site 16 

I 

Commerciallind adult 

construction worker adult 

future 
I 

surface soil 
I 

air 
I 

air volatired from surface soil at Site 
16 I 

wnstruclion worker 
I 

adult 

future 

future 

surface soil 

surface soil 

surface ml 

surface so11 

surface soil at Site 16 

surface soil at Sate 16 

construction worker adult 

resident adult 

future surface soil 
I 

air 
I 

air volatrzed from surface soil at Site 
16 I 

resident 
I 

adult 

future 

future 

sullace sotl 

surface solI 

surface sod 

surface sotI 

surface soil at Sate 16 

surface soil at Site 16 

restdent 

resident 

adult 

chtld 
I I I I I 

future 
I 

surface soil 
I 

air 
I 

air volatized from surface so11 at Sate 
16 I resident I child 

I t I 1 I 

future surface sorl surface soil suface so11 at Site 16 resident chrld 
I 

currenufulure subsurface soil subsurface sott subsurface so11 excavated to the 
SUrfaCe at Site 16 

recreattonal adult 

I 

CurrenUfuture I subsurface so11 I air I air volatized from subsurface soil 
excavated to the surface at Site 16 I recreational I adult 

currenllfuture 

cunenuf”t”re 

subsurface soil 

subsurface soil 

subsurface soil 

subsurface soil 

SUbSUriaCe 5011 excavated to the 
sUrface at Site 16 

subsurface so11 excavated to the 
surface at Site 16 

recreational 

recreabonal 
I I I 1 I 

adult 

child 

Exposure 

Route 

On-Site/ 

Off-Site 
Type of 
Analysis 

Rattonale for Selection or Exclusion 

of Exposure Pathway 

ingestion on-site quantitative 
Pathway potenttally complete; selected for quantitative 
evaluation. 

inhalation on-sate 

dermal on-see 

Based on site information and exposure ootential. inhatalion 
none is not anticipated to be a signtficant pathway for this receptor, 

therefore pathway not selected for evaluation. 

quantitative 
Pathway potentially complete, selected for quantitative 
evaluation. 

ingestion on-site quantttalive 
Pathway potentially complete. selected for quantitative 
evaluation 

tnhalation on-site 

dermal on-site quantitative 

Based on site information and exposure potential, inhalation 
is not anticipated to be a significant pathway for this receptor; 

therefore pathway not selected for evaluation. 

Pathway potentially complete. selected for quantitative 
evaluation 

ingestion on-site quantitative 
Pathway potentially complete; selected for quantitative 
evaluation, 

inhalation 

dermal 

on-see 

on-site 

“Cl”= 

quantitative 

Based on site information and exposure potential, inhalation 
is not anticipated to be a signrficant pathway for this receptor, 
therefore pathway not selected for evaluation 

Pathway potentrally complete, selected for quantitative 
evaluation 

lngestlon on-site quantitative 
Pathway potentially complete, selected for quantitattve 
evaluation 

inhalation on-site quantitative 
Eased on the tntrusrve nature of excavation activrties, 
inhalabon may be a significant pathway for this receptor: as a 
result this pathway was selected for evaluabon. 

dermal on-site quantltatlve 

therefore pathway not selected for evaluahon. 

Pathway potentially complete; selected for quantitative 
evaluation 

ingestion ml-5118 quantitative 
Pathway potentially complete; selected for quantitative 
evaluation. 

Inhalation on-site 
Based on sate information and exposure potential. inhalation 
is not anticipated to be a significant pathway for this receptor, 
therefore pathway not selected for evaluation. 

dermal on-site quantitative 
Pathway potenttally complete, selected for quantitative 
evaluation 

ingestion on-ate quantrtative 
Pathway potenliatly complete; selected for quantitabve 
evaluation. 

inhalation on-site none 
Based on site tnformation and exposure potenbal. inhalation 
is not anbcipaled to be a signrficant pathway for this receptor, 

I I [therefore pathway not selected for evalua!ion I 

dermal on-site quantitative Pathway potentially complete; selected for quantrtative 
evaluation I I 

ingesbon on-site quantitahve 
Pathway potentially complete; selected for quaotrtative 
evaluation 

12/1/00 
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TABLE 6-I 
SELECTION OF EXPOSURE PATHWAYS 

Wallops Flight Facility - Site 16 

subsurface so11 

subsurface soil 

subsurface soil 

subsurface soil 

subsurface so11 

future 

future 

future 

luture 

future 

future 

groundwater 

groundwaler 

groundwater 

groundwater 

groundwater 

groundwater 

groundwater 

groundwater 

air 

groundwater 

groundwater 

groundwater 

Exposure 

Point 
Receptor 

Population 

air volatized from subsurface so11 
excavated to the surface et Site 16 

recreatronal 

subsurface solI excavated to the 

subsurface soil excavated to the 

as volatized from subsurface soil 
excavated to the surface at Site 16 

commerciaflind. 

subsurface soil excavated to the 
surface at Site 16 

commerciallind 

subsurface soil excavated to the 
surface at Site 16 

construcbon worker 

air volatized from subsurface soil 
excavated to the surface at Site 16 

construction worker 

subsurface soil excavated to the 
surface at Site 16 

construction worker 

subsurface soil excavated to the 
surface at Site 16 

resident 

air volatized from subsurface soil 
excavated to the surface at Site 16 

restdent 

subsurface soil excavated to the 
surface at Site 16 

resident 

subsurface soil excavated to the 
~~ surfaceat Site 16 

air volatized from subsurface soil 
excavated to the surface at Site 16 

1 ~~:~m~~ 

subsurface sotI excavated to the 

groundwater at excavation site 

air volatilized from groundwater at 
excavation site I 

construction worker 

groundwater at excavation site I constructton worker 

water supply well -tap 1 -resident 
I 

water supply well -vapor from 
shower head 

resident 
I 

Mater supply well - shower scenano 

water supply well - tap 

resident 

resrdent 

Receptor 

AP 

child 

Exposure 

Route 

inhalation 

On-Site/ 
Off-Site 

on-sate 

Type of 
Analysrs 

none 

Rationale for Selectton or Exclusion 

of Exposure Pathway 

Based on site information and exposure potential, mhalation 
is not anticipated to be a sianificant pathway for this receptor: 
therefore pithway not selected for evaluation 

child dermal on-site quantitative 
Pathway potentially complete; selected for quantitative 
evaluation 

adult ingestion on-site quantitabve 
Pathway potentially complete; selected for quantitattve 
evaluation. 

adult inhalation on-site none 
Based on site information and exposure potential. inhalation 
is not anticipated to be a sisnificant pathway for this receplo, 
therefore pathway nof selected for evaluation. 

I 
Pathway potentially complete, selected for quantitative 

at anticipated to be a signifi ay for this receptor; 

therefore pathway not selected for evaluation 

chtld dermal on-site quantdative 
Pathway potentially complete, selected for quantitative 
evaluation. 

adult ingestion both quantitabve 
Pathway potentially complete; selected for quantitative 
evaluation. 

adult ingestion on-site quantitative 
Pathway potentially complete; selected for quantitative 
evaluation 

adult 
I 

inhalation 
I 

on-ate 
I 

quanbtabve 
I 
Pathway potentially complete; selected for quantitative 
evaluation I 

te quanlilative 
Pathway pot 

I I evaluatton 

adult ingestion on-site quantitative 
Pathway pot 
F)Y.lll.li”” 

I I I I 

adult dermal on-si 
antialty complete, selected for quantitattve 

sntially complete, selected for quantitative 

enbally complete, se!ected for q”enti!a!ire 

omplete; selected for quantitabve 
adult dermal on-site quantitattve 

Pathway potentially c 
evaluation. 

chtld ingestton on-site quantitative 
antially complete, selected for quantitative Pathway potr 

evaluation 

12/1100 



TABLE 6-l 

SELECTION OF EXPOSURE PATHWAYS 
Wallops Flight Facility Site 16 

Exposure Receptor 
Pornt Populstion 

Receplor 

Age 

Exposure 

Route 

water supply well - vapor from 

shower head 
resident child inhalation 

I 

water supply well -shower sceneno resident chtld dermal 

12/l/00 



191-24-2 benzo(g.h.i)petyle”e 0 083 .I 0.55 3wFF16-ss10 ,/21 0.34-7 4 1 230 N/A mgkg N(5) “0 SSL 

117-81-l hie(2~ethy)heryl)phmalate 043 28 mgg 3wFF163m 18Rl 0.34-7.4 2.8 46 c NIA “0 BSL 

*IB-oI-9 cllryrene 0.071 J 0 405 mgeg 3vm=16-ss10 5121 0.35-l 4 0.405 87 c NIA “0 ESL 

1x-39-5 i”de”o,l.2.3-cd)pyre”e 0 12 J ou J “Q&g 3wFF,6SSO 221 0.34~7.4 0.14 0.87 c NIA “a SSL 

72.5,-B ,,I-DDD 0.012 0 012 mgkg 3wFF,6-SS16 ,121 0.0035 0 038 0.012 27 c NIA “Ll BSL 

72.55-s 4.Y.DDE 0 0028 031 D mgkg ,WF16-SS16 ml 0 0035~0.038 0.31 1.9 c NIA no SSL 

50-29.3 4.4 DDT 0 0042 J 026 D “lgag mFFI6-SS16 ,121 0 0035~0 038 0 26 19 c NIA no BSL 

7429-90.5 al”mi”““l 2850 10600 n&g 2wFF16-ss15 *,I21 10600 9970 7800 N N/A Yes ASL 

7140-36.0 Zl”U”W”y 0.92 0.92 mglkg 3wFF16-ss13 ,121 0 29 0.82 0 92 044 31 N NIA “0 BSL 

7410 38.2 PrFenlD 066 29 mgcsg 3WFF16-SS16 18121 0 55-o 63 29 31 0 43 c NIA w ASL 

,440.39-z ba”“m 83 33 3 mgkg AMF16-ssIs 21121 33 3 34 3 550 N NIA “0 BSL 

74,041-l beiyhm 011 0.2 mgkg 3WF16-ss6 7117 0 1-o 12 02 026 16 N NW “0 BSL 

7440-70-2 calel”m 41 8 891 mglkg JwFF,6-ss3 *,m 891 874 NIA NIA “0 NUT 

1606583, *‘aMum (Cr3+, (6) 3, 1, “lgltg ,w=FW-ss3 21121 11 14, ‘2WO N NIA no BSL 

7440-48~4 ccban 06 32 “@kg 3rJFF,6-ss13 2lril 32 19 470 N NIA “0 SSL 

7440-50-8 capper I, 83 K n&g ZWFFtCSBlS 2Oi20 BP 45 310 N N/A “0 SSL 

7,x%894 l”O” 2310 10700 “lgkg 3wFF16.ss, *ml ,070o 9180 2300 N NIA Y== ASL 

7,39-w-, tea* 5.4 605 “@kg JWFFWSSL) 2,121 60.5 137 ,oo 0) N/A “0 BSL 

7419-954 magnesium 176 874 mgfkg 3WF16-ss3 21121 874 ,170 NIA N/A “0 NUT 

7439-96-5 mlnganeoe 23.6 128 “IgAg 3wFF,6-SSl3 2lrzl 126 173 160 N NIA no SSL 

7440-02-O nickel I., 57 mgfkg ZWFFlI-SEIS 21121 67 53 160 N N/A “Cl BSL 

74009.7 pOtC3S%““l 119 495 mghg 2WFWSS,S 2li2l ,95 848 N/A N/A “0 NUT 

7782-49-2 se,en,um 0.23 0.65 ma”kg 3wFF,6-SS16 12/20 0 ,8-O,?, 065 0 86 39 N NIA “0 BSL 

7,,0-22-4 IlIVer 016 0.48 “@kg 3WF,5-SSB 7121 0 I-O 16 0,8 0.13 36 N N/A no SSL 

7440.23 5 EOdi”rn 102 439 mo’rg 3wFF16-ss3 2112, 439 132 NIA N/A “0 NUT 

714062-Z “anadlum 51 191 m#kg 3WF,6-SS3 21m 197 19.3 55 N NIA no BSL 

7.10656 li”C 53 53 2 mgkg 3bwF16-SS,4 Z,RI 53.2 25 6 2300 N NIA no SSL 

diesel range otgsnm 3 JY 870 Y m&g JWFIB-SSIl 2OI2 1 7.1 670 NIA NIA “0 NTX 

garo,ine range organicr 0.03 .I* 0 22 z m#kg 3WF,6-SS16 u21 0 0s0.059 0.22 N/A NIA no NTX 

Minimudmarimum detected concenbation 

Backgmnd “idUes are marKn”m coneentrationn 

Screenmg valuer are based on EPA Region 111 RirkZhsed Concentration Table (EPA. 2000) U”ICES ohmwise noted. 

Rahonale Codes se,eclion Reason: lnhequent Detection but Aswwated H,staricall” (HIST) 

Frequent Detection (FD) 

Toxic&y lnformatio” Available (TX) 

Above Sueenlng Levels (ASL) 

Delelro” Reason: ,niTequent Detectlo” (IFD) 

Background Levels WG) 

No Toxic,ly lnformalio” (NTX) 

Essenbal Nutrient (NUT) 

S&W screening Level (SSL) 

N,A = Not Appheable 

cow = Chemical Of Pelenba, Concern 

ARAiUlSC = Applicable M Retcva”, and Appropriate RequiremenUTo Se Considered 

J = Eshmated Value 

C = Carcinogenic 

N = Non-Carcinogenic 

cl = D,l”,d cd 



(1) 1 (21 (3) (4 
CAS Chemical Minimum Minimum Maximum Maximum U”llS LOcallO” Detection Range Of Cencentralio” Background Screening Palenbal Polenlial COPC Rationale for 

Number Cancentralion (lualifler Concentralion Qualifier ofMatim”m Frequency D‘2XhC7” Llsrxl far “due Toxirjty Value ARAWTBC ARARITBC ITag Ca”lami”a”, 

Concenlralian Limits screening Val”e SO”“% D&liO” 

or Seledion 

50-324 be”zo(a,pyre”e 0.91 12 my/kg 3wFF,&ss10 2121 0.34-l 4 12 0 087 c N/A Yes ASL 

181-24-2 M”zo(g.h.Qperylene 0 083 J 0.55 m$Y.g 3vvFF1G-ss10 4/z, 0.34-l 4 1 230 N (5) NIA no BSL 

117-81-7 bis(Z-elhylhenll)phthalale 043 2.6 “WQ IWFFIB-ss9 16/Z, 0 34-7.4 26 46 c N/A no ESL 

21&0,-Q CJl‘p2”~ 0.076 J 0.405 ‘“@kg 3WFF16-ss10 5,21 0 35-7.4 0 405 87 c N/A “0 BSL 

193-39-5 i”de”o(1.2.3-cd)py‘e”~ 0.12 J 0.14 J “WQ 3WFF16-SS9 2121 0 34-7.4 0 14 0.87 C N/A no ESL 

72-54-8 4.4’.DDO 0 012 0.012 mglkg 3wFF16-ss16 ,121 0 0035-O 038 0 012 2.7 c NIA “0 BSL 

72-55-Q ,.C-DDE 0.0026 0.3, D “@kg 3WFFl6.S.516 712, 0 0035-O 038 031 1.9 C NIA no BSL 

50.29-3 ,.I-DOT 0.0042 J 0 26 0 “IQlkg 3WFFI.5.SSIS l/21 0 0035-0.038 0.26 1.9 c N/A “0 BSL 

7429-90-5 abm,n”m 2650 10600 “?@kQ 2WFF16-SBlS1 2,121 10600 QQ70 7800 N N/A Yes ASL 

7440-36-O anlimony 0 92 0.92 ‘“QLg 3WFFlESS13 ,121 0 DO.82 0.92 0.44 3.1 N NIA “(r BSL 

7440-38-2 arsenic 0.66 2.8 mg/kg 3WFFIG.SSIG ,812, 0 55-0.63 2.9 31 0.43 c NIA Yes ASL 

7440-39-3 barium 6.3 33.3 “‘!@kg ZWFFIS-SB,SI 21121 33 3 39 3 550 N NIA “0 BSL 

7440-41-7 beryflwl 0.11 02 ‘em 3WFF,&SS6 7H7 0 1-0.12 0.2 0.26 ,6 N NIA “‘J RSL 

7440-70-Z calcium 418 891 “xl’@ IWFFIG-SS3 21121 891 874 N/A NIA “0 NUT 

16065831 chromi”‘” ,cr3+) (6) 3.4 11 “WkQ 3WFFIG.SS3 ZIR, 1, 14.1 12000 N N/A no BSL 

7440-48-4 cobal 0.6 3.2 m@kg JWFFIB-SSIJ 21/z, 32 1.9 470 N N/A no BSL 

7440-50-8 copper 1.4 63 K “QlkQ ZWFFIB-SBlSl 20,20 83 45 310 N N/A “0 SSL 

74,Q-89.6 in,” 2340 ,070o “@kg 3wFF16.ss3 21/21 10700 9180 2300 N N/A Yes ASL 

7439.92-1 teed 5.4 60 5 “WQ IWFFIS-SSQ 21121 60.5 137 400 (7) N/A “0 BSL 

7439.Q5-4 magnerium 176 874 ‘“ah 3WFF16-SS3 21121 674 1170 N/A N/A “0 NUT 

7439-06-5 manganex’ 23 5 128 mglkg 3WFF,&SS13 21121 128 173 ‘60 N N/A “0 BSL 

7440-02-O ntcke, 1.1 57 mg/kQ 2WFFl6-SBISI 21121 57 53 160 N NN\ “0 BSL 

7440-09-7 potassium 149 495 mqlkg ZWFFIS-SBISI 21121 495 848 NIA N/A “0 NUT 

7782-49-2 selenium 0.23 065 mglkg 3WFF16-SS16 w20 0.18-021 0.65 0 86 39 N WA “” ESL 

7440-22-4 s4ver 0 16 0.48 “@a 3WFF1.5.SSB 712 1 0.1-O 16 0.48 0 13 39 N N/A “0 SSL 

7440.23-5 SOdi”‘” 102 439 “WQ 3WFF16-ss3 2,121 439 132 N/A NIA “0 NUT 

7440-62-2 vanadkn,, 5.1 19.7 ma@ 3WFF16-SS3 21121 197 193 55 N NIA “0 BSL 

7440-66-6 zinc 53 53.2 “x,/kg 3WFFl6.SS,, 21121 53.2 256 2300 N NIA “0 ESL 

dlz3S.d range OrganicS 3 JY 970 Y r”#g 3WFFlCSS1, 20121 7.1 670 NIA NIA “0 NTX 

gasohne ranQe CSgalliCS 0.03 JZ 0.22 z “X,*Q 3WFFl&SS15 4121 0.052-O 059 0 22 NIA WA “0 NTX 

(1) Mi”imuwJmaxmwm detected concenlratm”. 

(2) Batigroun* values are maximum concenlrations. 

(3) Sweening “&es are bared 0” EPA Region 111 Risk-Based Concenlratia” Table (EPA, 2000, ““less ~,hew,ise noled. 

(4) Rahonale Codes Seleclion Reason: Infrequent Oetedbn bul Associaled Historically (HIST) 

Frequenl Deledio” (F,,) 

Toxicity information Awlable (TX) 

Above Screening Levels (ASL) 

Delelion Reason tnlmquenl Deleclion (fFD) 

Background Levels (EKG) 

No ToxicAy Informtin CNTX) 

Essential Nutrient (NUT) 

Below Screening Level (SSL) 

(5, The RBC IO‘ pyrene wes “Sell as a S”‘,OQ#e RBC ,O‘ be”zo(g.h,i)perykne. 

(6) Chromum was evaluated as lrivalenl chromium since hexavalenl chmmum was evaluated reparalely i” the analyss 

(7) The lead screening value IS bared on lbe OSWER screening value lor lead in soils 

oemi,ionr NIA = NO, Appkcable 

COW = Chemical of Potential Concern 

ARAWTBC = Appkable or Rele”a”1 and Approp!lale Req”irema”“T~o Be Conskle,et, 

J = Estimated Value 

c = Carcinogena 

N = Non-Carcinogenic 

D = Diluted aut 
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TABLt 6-2 5 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

SITE NAME. Wallops Flight Facildy (WFF) - Sile 16 

Exposure Medium: groundwater 
Exposure Point groundwaler sl Sde 16 

- 
2n 

117 

317 

217 

2n 

Ii7 

217 

Ii7 

in 

2n 

in 

in 

2” 

in 

x5 

3R 

317 

3” 

217 

3n 

in 

In 

in 

in 

l/7 

7i7 

2n 

4n 

616 

4l7 

2n 

616 

717 

417 

6,6 

415 

717 

416 

616 

7n 

416 

6/6 

3n 

Range of 

Detection 

LUllill 

- 
IO 

10 

IO 

IO 

IO 

IO 

10 

9.10 

9.10 

9-10 

3-10 

9-10 

9.10 

9-10 

IO 

9-10 

9-10 

9-10 

Q-10 

9-10 

9-10 

9-10 

1.095-0.09 

1.048-O 0.4 

1.048-0.04’ 

. . 

I.642 

2-3.4 

. . 

0 2-O 6 

03-06 

. . 

. 

06-I 

. . 

0 05 

. 

2.5 

15 

. . 

1.7-2.6 

- 

(1) 
Minimum 

Concentration 

- 
7 

27 

2 

40 

4 

1400 

45 

1 

9 

35 

7 

42 

2 

1 

39 

1 

1 

25 

7 

2 

2 

1 

0.23 

0 029 

0067 

679 

14 

2 

47.5 

0.25 

044 

2610 

1.9 

1.2 

0.92 

005 

3580 

2.6 

2260 

31.6 

2.4 

1550 

19 

I 

Jnil: 

5 

“a/L 

“WL 

“WL 

“p/L 

“WL 

“WL 

“WL 

“WL 

“WL 

“QJL 

“g/L 

“WL 

“WL 

“WL 

“WL 

“e/L 

“e/L 

“QJL 

“WL 

“g/L 

“e/L 

“WL 

“g/L 

“g/L 

“g/L 

“WL 

“WL 

“g/L 

“g/L 

“g/L 

“WL 

“WL 

“WL 

“WL 

UWL 

“WL 

“WL 

“WL 

“WL 

“g/L 

“WL 

“WL 

(1 

laximum 

CO‘lCWd‘atrO‘l 

8 

27 

58 

280 

5 

1400 

1100 

1 

9 

200 

7 

42 

8 

1 

160 

6 

3 

12 

180 

20 

2 

1 

0.23 

0.029 

0067 

17100 

46 

06.2 

174 

1.2 

0 89 

50300 

17.3 

66 

65 

32 5 

564oo 

62.8 

35700 

3510 

45 

16300 

5 

(3) (, 
oncenlratio” Background 

Used for Value 

Sueen1ng 

(51 
cationale for 

htaminant 

D&tiO” 

3‘ SeleetiD” 

ASL 

BSL 

ASL 

ASL 

ASL 

ASL 

BSL 

BSL 

ASL 

ASL 

BSL 

ASL 

ESL 

BSL 

ASL 

ASL 

ASL 

BSL 

ASL 

ASL 

BSL 

BSL 

ASL 

ASL 

ASL 

ASL 

ASL 

ASL 

BSL 

ESL 

BSL 

NUT 

BSL 

BSL 

BSL 

NTX 

ASL 

ASL (3) 

NUT 

ASL 

BSL 

NUT 

BSL 

ilinimum 

Qualifier 

- 
K 

K 

J 

J 

D 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

L 

J 

J 

J 

L 

POIB”tlal Potential 

4RARTTBC ARAfUfBC 

Value (4) SOU‘CE 

CAS 
I 

Chemical 

Number 

L0CZlllO” 

of MaxImum 

CO”Ce”lr?lbO” 

WFF16-GW2S 

WFFIS-GW7 

WFFIS-GW7 

WFFiS-GW7’ 

WFFlS-GW7 

WFF I 5-GW7 

WFFIS-G&7 

WFFl6-GW2D 

WFFIS-GW7 

WFFlS-GWT 

WFFl6GWT 

WFFIB-GW7 

WFFlb-GW7 

WFFl5-GW7 

WFFl5-GW7 

WFFIS-GYVI 

WFFl5-GW7 

WFFIS-GWI 

WFFIS-GWf 

WFFiS-GW7 

WFFIS-GW7 

WFFtS-GW7 

WFFIS-GWI 

WFFlS-GW7 

WFFiS-GW7 

WFFI 5-GW7 

WFFf6-GW2 

WFFIS-GW7 

WFFl&GW4 

WFFlG-GW3 

WFFfS-GW7 

WFFIG-GW5 

WFFIS-GW7 

WFFl5-GW7 

WFFIS-GW7 

WFFIS-GW7 

WFFlS-GW7 

WFFIS-GW7 

WFFIS-GW5 

WFFlS-GW7 

WFFl6-GW4 

WFFIBGWS 

WFFIS-GW7 

micily Value 

- 
540-59-o 

67-64-l 

71-43-2 

100-41-4 

127-18-4 

108-86-3 

1330-20-7 

105-67-S 

95-57.0 

91-57-6 

95-48-7 

106-44-5 

83-32-S 

120-12-7 

117-81-7 

86-74-a 

132-64-S 

66-73-7 

91-20-3 

85-01-B 

108-95-2 

129-00-0 

50-29-3 

319-84-6 

5.3-89-9 

7429-90-5 

7440-36-O 

7440-38-2 

7440-39-3 

7440-41-7 

7440-43-s 

7440-70-2 

7440-47-3 

7440-46-4 

7440-50-6 

J 

K 

D 

J 

D 

D 

J 

J 

L 

J 

J 

J 

J 

L 

J 

L 

J 

J 

J 

L 

5.50E+OO 

6.1OE+Oi 

3.20E-01 

,.30E+02 

l.IOE+W 

7 50E+Ol 

1 20E+03 

7.3OE+Ol 

3.00E+OO 

,.20E+Ol 

1 6OE+02 

1 eOE+Ol 

3 70E+Ol 

1 60E+02 

4.aoE+oo 

3.3OE+OO 

2.40E+OO 

2.40EtOl 

6 SOE-01 

1 BOEtOl 

2 2OEt03 

180Etol 

2.00E-01 

1 fOE-02 

5.20&02 

3 70E+03 

1.50E+oo 

4.50E-02 

2.60Et02 

7 30E+OO 

1 BOEtOO 

5,50E+03 

2,20E+02 

1 50E+02 

l.lOE+03 

7.30E+Ol 

7 30E+Ol 

l.BOE+Ol 

N 

N 

C 

N 

c 

N 

N 

N 

N 

N 

N 

N 

N 

N 

C 

C 

N 

N 

N 

N 

N 

N 

C 

C 

C 

N 

N 

c 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

8 
27 

58 

280 

5 

1400 

1100 

I 

9 

200 

7 

42 

8 

1 

160 

6 

3 

12 

180 

20 

2 

1 

023 

0 029 

0067 

17100 

46 

% 2 

174 

12 

0.89 

50300 

173 

‘38 

6.5 

32.5 

58400 

62 8 

35700 

3510 

45 

16300 

5 

1,2-d~chloroelhene (total) 

acetone 

benzene 

ethylbenzene 

telrachloroelhena 

loluene 

xylerw (total) 

2.4.dimethylphenol 

2-chlorophe”ol 

2-melhylnaphthalene 

2.methylphenol 

4.methylphenol 

acenaphthene 

anlhracene 

bls(2-evlylhexyl)phlhalate 

C&XXOle 

dibenzofura” 

nuorene 

“aphlhale”e 

phenanthrene (6) 

phenol 

pyG3‘M 

4.4’-DDT 

alpha-BHC 

gamma-BHC (Imdane) 

aluminum 

antimony 

5 

700 

5 

1000 

10000 

MCL 

MCL 

MCL 

MCL 

MCL 

6 MCL 

0.2 

6 

50 

2000 

4 

5 

1300 

15 

50 

MCL 

MCL 

MCL 

MCL 

MCL 

MCL 

clion level (81 

MCL 

ii800 

. . 

51 

62 5 

029 

037 

barium 

beryllium 

cadmium 

CdCl”‘Il 

chromium (Cr3t) (7) 

cobalt 

copper 

ferrous Iron 

iron 

lead 

magnesium 

mangansss 

“l&e, 

potassium 

S&“,“lll 

11.2 

2 

1.9 

7660 

48 

3510 

57 

22 

1560 

31 

7439-89-6 

7439-92-I 

7439-95-4 

7439-96-5 

7440-02-O 

7440-09-7 

7782-49-2 
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TABLt 6-Z 5 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

SITE NAME Wallops Flight Facility (WFF) - Site 16 

Exwsure Pomt sroundwater a, Sde 16 

CAS 

Number 

Chemical 

(1) (1) (2 (3) 

Minimum Mmimum Maxtmum Maximum Unds Localion Delectian Range of Concenlrakon Background Screening Potential Potential COPC Rationale fi 

Concentration Qualifier CO‘lC*‘lt‘*llO‘l awdfEr of Maximum Frequency Detection Used for WW Tox~clty Value ARARiTBC ARARfTBC Flag Conlaminai 

Concentralion Limits Screening Value (4) Source Deletion 

or Seleclio, 

7440-23-5 sod,““, 2000 16600 “WL WFFfS-GW7 616 ._ 16600 4330 “0 NUT 

7440-26-O thallium 39 39 “g/L WFF16-GW4 Ii7 1 6-3 9 39 2.60E-01 N 2 MCL Yes ASL 

7440-62-2 vanadaum 15 316 “glL WFFIB-GW3 S/6 11 316 173 2.60E+Ol N Yes ASL 

7440-66-6 zinc 7.4 K a2 3 “QfL WFFiB-GWJ 6,6 _. 62 3 7 1 lOE+03 N no EISL 

diesel range organ&s 600 Y 63000 Y “g/L WFFIS-GW? 5f7 110-120 63000 Yes NTX 

gasoline range organic5 33 JZ 4000 W WFFIS-GW7 517 50 4000 Yes NTX 

nitrate. as N 280 370 w- WFFIG-GW3 215 100 370 5.60E+03 N “0 8SL 

S”lf*l* 5100 44600 “QfL WFFiB-GW5 315 5000 44600 “0 NTX 

sulfide 2600 2600 “N WFFIG-GW2D i/i _. 2600 no NTX 

(5) 
3‘ 1 “l 

n 

I 

(1) Manimumlmaxlmum detected concentration. 

(2) Background data are maxmwm detected concentrakons 

(3) Screening values are based on EPA Region III Risk-Based Concentralion Table (EPA, 2000) unless otherwise noted. 

(4) ARAR values are prowded for Informational purposes, screening war bared on EPA Region Ill RBC values (EPA, 2000) 

(5) Rationale Codes Selection Reason: Infrequent Detecbon but Associated Historically (HIST) 

Frequent Deteckon (FD) 

Toxicity Information AvaIlable (TX) 

Above Screening Levels (ASL) 

Delekon Reason. No Tox~cily Information (NTX) 

Essenkal Nutrient (NUT) 

Below Screening Level (BSL) 

(6) The RBC forpyrene was used as e surrogate RBC for phenanthrene. 

(7) Chromium was evaluated as Irivalenl chromium since hexavalent chromtum war evaluated separately in the snalysie. 

(6) Values ere based on ackon levels 

(9) Allhough no REIC value is available for lead. 15 uglL wee used as a proxy screening value 

Definitions. N/A = Nol Appkceble 

COPC = Chemical of Potehtial Concern 

ARARfTBC = Applicable or Relevant and Appropriate Requirement/To Be Considered 

J = Eslimated Value 

C = Carcinogenic 

N = Non-Carcmagenic 

D = Diluted out 

Y = Appears to match a typical fuel pattern 

2 = Doer no, appear ,o match a ,yp,ca, fuel pattern 
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TAb,,a-2.6 

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

SITE NAME Wallops Fkghl Facility (WFF) . Site 16 

Scenario Timeframe. future 

Medium’ groundwaler 

Exposure Medium. sir 
Exposure Pomt: air volatikzed from groundwater at Site 1 

CAS 

Number 

Chemical 

tetrachloroethene 

2.methylnaphthalene 

95-46-7 2.methylphenol 

x6-44-5 4-melhylphenol 

63-32-9 acenaphlhene 

120-12-7 anthracene 

117-81-7 bis(Z-ethylhexyl)phthalate 

66-74-6 cabarole 

132-64-9 dibenrofuran 

66-73-7 Ruorene 

91-20-3 naphthalene 

65-01-6 phenanfhrene (6) 

108-95-2 phenol 

129-00-0 pyrene 

50-29-3 4.4.DDT 

319-64-6 alpha-BHC 

56-69-9 gamma-BHC (lindane) 

7429-90-5 aluminum 

7440-36-O anfimony 

744&38-2 arsenic 

7440-39-3 banum 

7440-41-7 berylkum 

7440-43-9 cadmium 

7440-70-2 calcium 

7440-47-3 chmmlum (Cr3+) (7) 

7440-48-4 cobalt 

7440-50-8 copper 

ferrous won 

7439-89-6 iron 

7439-92-l lead 

7439-95-4 magnesium 

7439-96-5 manganese 

7440-02-O nickel 

7440-09-7 polassl”m 

7782-49-2 selenium 

- 

(1 
Minmwm 

:oncentr*tm 

7 

27 

2 

48 

4 

1400 

45 

1 

9 

3.5 

7 

42 

2 

1 

39 

1 

1 

25 

7 

2 

2 

1 

0.23 

0.029 

0067 

679 

14 

2 

47.5 

025 

044 

2610 

1.9 

12 

092 

005 

3580 

2.6 

2260 

31.6 

24 

1550 

19 

dinsnum 

3ualYer 

K 

K 

J 

J 

L-l 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

L 

J 

J 

J 

L 

(1) 
taximum 

3oncentraiion 

- 
6 

27 

56 

280 

5 

1400 

1100 

1 

9 

200 

7 

42 

9 

1 

160 

6 

3 

12 

180 

20 

2 

1 

023 

0.029 

0.067 

17100 

46 

882 

174 

1.2 

069 

50300 

17.3 

0.8 

65 

32 5 

58400 

62.6 

35700 

3510 

4.5 

16300 

5 

daximum 

Ouatlfter 

J 

K 

D 

J 

0 

D 

J 

J 

L 

J 

J 

J 

J 

L 

J 

L 

J 

J 

J 

L 

= 

““its 

= 
“a 

“glL 

“CA 

“LA 

“C3‘L 

“glL 

“g/L 

W- 

“W 

“e/L 

“#L 

“g/L 

“CA 

“g/L 

“SJL 

“qL 

“CfL 

“Qt 

“@L 

“#L 

“@L 

“@L 

“ti‘- 

“g/L 

“e/L 

“glL 

“@L 

“glL 

UglL 

“WL 

“g/L 

“M. 

“#L 

“!3“L 

“q/L 

“N 

“g/L 

“W 

“a/L 

“g/L 

“La 

“glL 

“glL 

Locako” 

of MaxImum 

Concentration 

WFFlG-GWZS 

WFFIS-GW7 

WFFIS-GW7 

WFFIS-GW7 

WFFl5GW7 

WFFIS-GW7 

WFFIS-G&7 

WFFIB-GWZD 

WFFIS-GW7 

WFFlS-GW7 

WFFIS-GW7 

WFFIS-GWI 

WFFIS-GW7 

WFFIS-GW7 

WFFtS-GW? 

WFFlS-GW7 

WFFlSGW7 

WFFl5-GW7 

WFFIS-GW7 

WF&5-GW7 

WFFIS-GWI 

WFFlS-GW7 

WFFIS-GWI 

WFFIS-GW7 

WFFlS-GW7 

WFFlS-GWI 

WFFlG-GW3 

WFFIS-GWI 

WFFIG-GW4 

WFFl6-GW3 

WFFIS-GWI 

WFFIB-GW5 

WFFlS-G’A’7 

WFFIS-GW7 

WFFIS-GW7 

WFFIS-GW7 

WFFIS-G’A-7 

WFFIS-GW7 

WFFIS-GW5 

WFFIS-GW7 

WFFlG-GW4 

WFFIG-GW5 

WFFIS-GVv7 

ktechor 

requenc 

- 
217 

in 

3n 

217 

217 

in 

2n 

tn 

in 

2n 

in 

tn 

2n 

in 

215 

3/7 

3n 

3n 

2n 

3n 

117 

tn 

117 

in 

in 

717 

2n 

417 

616 

4n 

2n 

616 

7n 

417 

6/6 

4/5 

7n 

416 

616 

7n 

416 

616 

3n 

Range of 

Detection 

Limits 

- 
10 

IO 

IO 

IO 

IO 

10 

IO 

9-10 

9-10 

9-10 

S-10 

9.10 

9.10 

S-IO 

IO 

g-10 

s-10 

9.10 

B-10 

9.10 

S-IO 

9.10 

0 095-o 097 

0 048-O 049 

0 048-O 049 

. . 

1 6-4 2 

2-3 4 

0.2-O 6 

0 3-O 6 

_. 

_. 

0.6-l 

0 05 

. . 

25 

._ 

. . 

1.5 

. . 

1 7-2.6 

( 
oncentration Background 

Used for Value 

Screening 

6 

27 

56 

280 

5 

1400 

1100 

1 

9 

200 

7 

42 

8 

1 

160 

6 

3 

12 

180 

20 

2 

1 

023 

0 029 

0.067 

17100 

4.6 

882 

174 

12 

0.69 

50300 

17.3 

6.6 

65 

32 5 

58400 

62 6 

35700 

3510 

4.5 

16300 

5 

11600 

51 

62 5 

029 

037 

16200 

112 

2 

19 

7660 

48 

3510 

57 

2.2 

3.1 

(3) 
screening 

oxncity Value 

5.50E+OO 

6.loE*ol 

3.20E.01 

1.30E+02 

l.lOE+OO 

7 50E+Ol 

1 20E+03 

7 30E+Ol 

3.00E+W 

,.20E+Ol 

,.60E+02 

1 BOE+Ol 

3 70E+01 

160E+02 

4 BOE+OO 

J.JOE+OO 

2 40E+OO 

2 40E+Ol 

6 50E-01 

160Etol 

2 20E+03 

1 80EtOl 

2 OOE-01 

1 IOE-02 

5.20E-02 

3.70Ei03 

,.50E+OO 

4 50E-02 

2 60E+02 

7.3OE+OO 

1 BOE+OO 

5.50E+03 

2 20E+02 

1.50E+02 

l.lOE+03 

7 30EtOl 

7.30E+ol 

,.80E+Ol 

N 

N 

C 

N 

C 

N 

N 

N 

N 

N 

N 

N 

N 

N 

C 

C 

N 

N 

N 

N 

N 

N 

C 

C 

C 

N 

N 

C 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

POt*“ti*, Potential 

ARARITEC ARARmEC 

Value (4) Source 

5 MCL 

700 MCL 

5 MCL 

1000 MCL 

IWW MCL 

6 MCL 

02 MCL 

6 MCL 

50 MCL 

2000 MCL 

4 MCL 

5 MCL 

1300 

15 

50 

ctm level (6; 

clion level (8) 

MCL 

= 

:opc 

Flag 

= 

ye* 

no 

ye* 

ye* 

w 

Ye* 

“0 

“0 

Ye* 

Ye* 

“0 

Ye* 

no 

“0 

Ye* 

ye* 

Ye* 

“0 

w 

Ye* 

“0 

no 

Ye* 

Y*S 

Ye* 

Y*S 

Ye* 

ye* 

“0 

no 

no 

no 

“0 

“0 

“0 

“0 

Ye* 

ye* 

“‘J 

Ye* 

“0 

Ye* 

no 

- 

(5: 

alienate for 

O”**‘lll”*“t 

Deletion 

8r Selection 
- 

ASL 

BSL 

ASL 

ASL 

ASL 

ASL 

BSL 

BSL 

ASL 

ASL 

SSL 

ASL 

BSL 

BSL 

ASL 

ASL 

ASL 

BSL 

ASL 

ASL 

BSL 

BSL 

ASL 

ASL 

ASL 

ASL 

ASL 

ASL 

BSL 

BSL 

BSL 

NUT 

BSL 

BSL 

BSL 

NTX 

ASL 

ASL (9) 

NUT 

ASL 

BSL 

NUT 

BSL 

12/l/00 
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TABLE 6-2 6 

OCCURRENCE, DlSTRlBUTlON AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

SITE NAME Wallops Fkghl Facikty (WFF) - Site 16 

b 
Y 

-1 
Exposure Pmnt: air votahlized from groundwater et Site t 

CAS 

N”lllb+?, 

Chemical 

(1) (11 (2 (3) (51 
Mlnlmum Mlnimum Maximum Maximum Units Localion Deleclion Range of Concentration Background Screening POteldtel Potential COPC Rationale for 

ConCe”tratio” Oualifier Concentratlan a&mier of Maximum Frequency Dgtection Used for Value Toxicdy Value ARARmEC ARARITBC Flag Contaminant 

Concentration Limits Screening Vatue (4) SOU,CR q *l*tiO” 

or setaction 

7440-23-5 sodium 2600 16600 UQIL WFFtS-GW7 616 . . 16600 4330 no NUT 

7440-26-O thallium 39 39 W- WFFIB-GW4 l/-l 1 6-3 9 3.9 2.60E-01 N 2 MCL w ASL 

7440-62-Z ‘vanadium 1.5 31.6 W WFFtG-GW3 516 11 31.6 17.3 260E+Ol N Yes ASL 

7440-66-6 zinc 7.4 K 82.3 W- WFF16.GW3 616 _. 62 3 7 1 lOEi03 N “0 BSL 

diesel range organicr 600 Y 63000 Y ug/L WFFtS-GW7 5n 110-120 63OW w NTX 

gasoline range organic5 33 JZ 400-l UglL WFFlS-GWI 517 50 4000 w NTX 

nitrate. as N 280 370 WfL WFF!6-GW3 215 100 370 5.60E+03 N “0 BSL 

sulfate 5too 44600 W- WFFlG-GW5 315 5000 44600 no NTX 

sulfide 2600 2600 W- WFFIG-GW2D 111 _. 2600 no NTX 

(1) Minimum/maximum detected concentration. 

(2) Background data ere maximum detected wncentrations 

(3) Screening values are based on EPA Region III Risk-Based Concentration Tabie (EPA, 2WO) unless othewtse noted 

(4) ARAR values are provided forinformationat purposes. screening was based on EPA Region 111 RBC values (EPA, 2000) 

(5) Rationale Codes SelectIon Reason’ Infrequent Detection but Associated Historically (HIST) 

Frequent Detection (FD) 

Toxicity Informabon Avatlabta (TX) 

Above Screenng Levels (ASL) 

Deletion Reason No Toxicity Information (NTX) 

Essential Nutrient (NUT) 

Below Screening Level (BSL) 

(6) The REC for pyrene was used es a surrogate RBC forphenanthrene 

(7) Chromium was evaluated as trivalent chromium smce hexavalent chromium war evaluated separately in the analysts. 

(6) Values ate based on action levels 

(9) Although no REC value is available for lead. 15 uglL was used ar a proxy screening value. 

N/A = Not Apptiubte 

COPC = Chemical 01 Potential Concern 

ARARfTBC = Applicable or Relevant and Appropriate RequiremenUTo Be Considered 

J = Estimated Value 

C = Carcinogenic 

N = Non-Carcinogenic 

D = Diluted out 

Y = Appears to match a typical fuel pattern 

Z = Does not appear to match a typical fuel panem 



TABLE 63.1 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

Wallops Flight Facility - Site 16 

anzo(a)pyrene Wkg 
iuminum w/kg 
rsenic wkg 
3” mg’kg 

0.434 7.3E-01 

5850 6.7E+03 

1.21 1.4E+OO 

4936 5 6E+03 

I I I 

Maximum 

Detected 

Concentration 

1.2E+OO 

l.tE+04 

2.9E+OO 

l.lE+04 

Qualifier 

~ 

~ 

Units 

Reasonable Maximum Exposure Central Tendency 

Wkg 
m!#g 
m!akg 
w/kg 

Medium 

EPC 

Medium 

EPC 

Statistic Rationale Value Statistic Rationale 

t t I I II 

Max data distribution not normal or tognormal 

95% UCL-N normal data distribution; 95 UCLc Max 

95% UCL-N normal data distribution; 95 UCL< Max 

95% UCL-N normal data distribution; 95 UCL< Max 

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T): Mean of Log-transformed Data (Mean-T); 

Mean of Normal Data (Mean-N). 

(1) Average concentration based on the detected concentrations and one-half of the detection limit for the non-detects. 

(2) Supporting calculations for average and 95 UCL calculations and data distributions are provided in Tables 6-3.la and 6-3.lb 

12/l/00 



Table 6-Xla Average and 96 UCL (Normal) Calculations for Site 16 Surface Soil COPCs (1.2) 

:3WFF16-+!5 i. .” 02moq MET,+LS. TOTAL. Aluf-m ‘!O’F 8490 a490. 

-3WFlbSS9 METALS.TOTAL ,. Alummum .-‘-=/KG 8280 828.4 

9AO2GO9O.OlS ~3wF~t5-sBl’ 02m/oo METALS.TOTAL ,Al”mm”m ,. MGKG 7270 7270 

9~02GO90-OO?. ~WFFPSSB Ot/z5!00 METALSTOTAL. +w.m MG/KG _ s76e 6760. 
+~2G090-003 .i”F-= 02/25,00 METALS TC?T+ A!s??‘““m. .MWG .%Q, 8400 

9AO2GO90.017 j3~FlbSS16 0z25!00 METALS, TOTAL,. ,~l”mm”,m MGlKG 

9*02G09+0% 

e35q 6350 

02n5100 
” 

IwFFlB-ss5 8330 METALS, TOTAL Al”i-“l”““l MGMG 6130 

9AQZGq9@02 i3WF,6-SST 02i25100 MGlKG 

?tO?GO90-00s 
.: ..METALS. ToTAC *‘““!‘““m, ., ., ,. ,,.. ,. ,. .E3Q .,, 6030 

i3wF~16-SS4 ;. ozn5’00 ,, METALS, TOTAL. .+uvm MG’KG  ̂ 5-0 5960, 

9AO2GO90-018 ‘3WFFlESS17 02/25/00 METAL~.TOTAL ~Al”mm”m MGMG 4730 4730 

9AdZdO9&09 ; 3WFFlESS8 02125100 METALS. TOTAL Al”“ll”““l MG/KG 3760 3760 

9A~~G090$08 35SO ‘3~F15SS7, ,, i =m!Q? b.JETAGS. TOTAl..,, ,+“m”m 

I 
~~0?~~9sO~Z ‘3WF18.ss11 ,.q2G?~/oo. M~~~~S. lye 

9AOZG090.011 i”FlB-SS’3 Y 

9AOZGO90-013 .3WF,6-&12 

~~02n5100 

02125100 Y 

.. .;3wF~le-sj~lo ‘.w=f( 
?805G565-00, !2WFFW-SBlSI hl 
98O<tiSi5-002 izwFF16.SBZSi 

W.,hkAY.98 

07.MAY-98 N 
96056585.003 i2WF16SE3Sl 07.MAY-98 N 
98O$G5!5-004 ;~~F!6-SS4Sl ‘O’+wY.98 N 

maXlm”m concentratmn 
----- 

~oml --.----- 
number 9f vp!es. (“1, .: 21 
?“erage co”cen!rat,on ,x, 5849.5236, 
sla”dard.de;hm (SW de”) 218, 869557 

--_--- 

square “1 Of number Of saq4es (nln) 
-.-.--.---- 

4.582575695 ,. 
t f value. probabildy = 0.05. degrees of 

I 
fw~m = 20 CL).. 1.725 

95 “CL = x + It x ,*a d*“l”~mll .6i70.8 
.__----- 

_--_-----_ 

9AO2&0-017 svF~l6.ssla OZ25100 METALS. romi ,ATSB"iC MG/KG ’ 2.9 2.9 

~~Q?=Q~-~!r 3’JW16-ss3 Oz25100 METALS.T~TA& @epic MGiKG. I.9 ,, ‘:9 
9A02G090.002 ‘3WF,6-SSI Ov15100 METALS. TOTAL Arsenic MGiKG 1.8 18 
9AO2GCi?O-&t,O ,, ;3wFFy.ss9. 02/25/00 METALS. TOTAL, Amenic MGW ,, 1.B 1.8 
9AO2G090.011 3’.VFF,6-SS13 02125,OO METALS. TOTAL kS”iC MGiKG 1.4. 1.4 

?AOZGO?O+6 .,, 3vF16-SS15 02i-25~~0 METALS. TOTAL Arwnic PjGiKG .‘.4.. 
9AO2GO90.015 :3WFF,6-SS14 

1.4, 
02I25/00 METALS. TOTAL Arsenic MGMG 1.3 1.3 

9+O?GO90-003 ,+3WFF16.SSZ 02/~5,00~ METALS. TOTAL Arsenic MG/KG 1.2 1.2 
9AO2GOSO-00s 3W=F,6-SS5 02n5,OO METALS, TOTAL Arsenic MGlKG 1.2 1.2 
9AO?GO?Q007 3~F,&S~G ,. 02/~5/ciO METALS. TOTAL A=e?ie MGiKG . ..“. ‘1 
9AOZG090.008 ‘JwFF16.SS’ OZ25!00 METALS. TOTAL Arsenic MGKG. 0 98 0.96 

9AO2GO90.018 OZ25100 0 83 0 83 

iMOiGb90-005 

3wF,GSs17 METALS, TOTAL Anenic MGMG 

3WFF,GSS4 02/~5/00 METALS, TOTAL .WS”iC MGiKG 0.78 ‘0.78 

9&dZGO90-~~~ ,, 3~F,6+~ ~UZS/~O METALS. T,?TAL Apnic ,, MG!KG ~.83” osis _-.-- - .--. 
9AOZG090.012 JV”FF,B-SS,, OZ25100 METALS. TOTAL pnenic MGKG 0.56 ” 0.29 

9AOZGOSO-013. ~~J’vWF,&~SIZ Oz/zS/OO METALS. TOTAL AlSSe”iC 

Aynic 

MGiKG 0.56U. 
-.-..-..-.- 

0 24 

JWFF,G.SS,O 02/25,00 METALS. TOTAL MGiKG 0.523 0.523 
96050565.00, 2W=F,6-SS,S, 07.MAY-96 METALS. TOTAL Arsenic mg/Kg 1.9 1.9 
9605G5.+302 +ZWFF,6-SSZ% 07.MAY-96 METALS. TOTAL Ars+ mg/Q ‘.7* 17 
9605G58WO3 ZWFF,6SS3S, 07.MAY-98 ,, 

“ZVyFF16.sS4si b’.MAY-dB: 
METALS. TOTAL, Aneni~ ?WKg 1.1 1.1 

o.+ 9805056~004 METALS. TOTAL hW”iC mg/K9 0 74 

““rnbe, Of samples (“, 2, .-----_- 
werag* concen,ra,ion (X, 1.2022E.714 _--.---- 
standald deviation (s!d <ev) 

square root al number of samples (n”) ’ 

JL641129639 

4.562575695 

I. value: pmbabiliiy = 0.05. degrees of 

freedom = 20 (1) 1.725 

95UCL~x~[,x(~lddsv/~l”)], :,, ,, 144 
- -~-- 

-__-- 

~~~~&p~omo~ 3iVFF16&9’ ;, ozjzs/&j ,: .“S”OC 

9AOZG09&015 3vmi6.ssi.4 02/25/00 svoc 

ot12510~ svoc 9A02G090-018 3wFF,6-SS,’ 

9AOZGO9bOts ,3WF18-SS,5 02/25/00 svoc 

9AO2G090.017 3WFF,6-SS16 02125/00 svoc 

9AO2G090-004 3WF,6-SS3 02125100 svoc 

9AO2GO9&007 3WFFICSSB 02125lOO svoc 
F+‘G~9~?~oaS ,3wFF’6-SS6 02/2~lOO ?Joc 
9A02G090.003 ,. ?wF?-SS2. OU2~,00, yoc 

bAOiGO90-006 3WFF,6-SS5 02125100 svoc 

9AOZGO90-002 3WFF16.SS, OZ25100 svoc 

9AOZG090.013 ,3WFF,9-SSlZ, 02l25~0~ svoc. 

9AOZGO90.014 3W=F,6+13 02125/00 svoc 

OziZVOO 9/\02GO90.006 3~Fl6.SS7 svoc 

9AOZGO90.005 3WFF,GSS4 02125100 svoc 

9!02GOQO-OJ2 ,. ~3vq18.5s11 02/2+/qo svoc 

98056585.003 

9kO5bd85-001 ” 

?WFF,B-~S3S, ,, 

ZWFF16SBlS1 
P’+?!Y-96 ;;es 
07.MAY.98 

98056585-004 2wFF16.SB4Sl 07.MAY-98 svoc 

9805G585.002 Z~F,&SSZSl 07.MAY-98 S”OC 

~,3WFF,6-SS,O 02!25/00 svoc 

~i,t,KG 910 .. .. ,, Benro(?)py~ne 9’0. 
*e”~o(a,pyre”e ‘UGtiG 390” 195 

Benro(a,pyme UGlKG 390 ” ---i43-- 
Be”zo(a)pyrme UGlKG 380 ” 

UGlKG 380 ” 
--- ;,‘g- 

B~“ro(?)Qyrene 
Be”ZO(a)pyW”e VGlKG 380 ” 190 

,Benzo(a)pyrene UG/KG 3adu --i 9 de- 
~~nzo(a)py,~~e .UG’KG J*O” ‘-190-r 

*~“ZC+)pyE”~ UGlKG .. 370” -m-iS5-- _-- ..-_- 
B3nro,a,pyrene .UGiiG 370 ” .1!5- 
Benzo(a)pyrene .UG!KG 360 ” 180 

Be”ro(a)Qyre”e UGlKG 380 ” --x--- -- .-.- 
Benro(a,Qyrme UGtKG 360 u 180 

Be”roel,pyrene UG/KG 360” 180 

Be”zo(a,pyrene UG/KG 350 u ---iis- 

Be”zo(a)pyp”e UG/KG 340 v --7x--- __ --- 

,,, .,,. ‘, Be”=?@)?v- “94 
Be”zo(a,pyrene “g/Kg 

.74!30. UJ ---‘i?$-- 
380 UJ 

Benzo(a,py,ene “W9 350 UJ .-----7-c--- 

,6e”ZO(F‘)QYE”e “9/% 340 UJ 
_ ---i~o--.-. 

Be”zo(a,pyrene ,‘,’ LJGlKG ,200 .,200 

l 

““per Of sampies m) 
average MnCenmtlOn (X, ” %4.2857143 ..‘.“’ 

_----- 

-.-.---- 
standaid dewation (SW de”, 793.951015 --- ---- 
sq”ws ma, Of WrnlYeer 0‘ sampler (n’n) 4.58 -.-._. 
I. “-dl”l?. probabdny = 0.05. degrees Of 

.*eedom =, 20 (0 1.725 ., ,. 
95 “CL = I + [t 1 ,rw d*vin”)l ‘733 3 

,_-.--..___ 



Table 6-3.la Average and 95 UCL (Normal) Calculations for Site 16 Surface Soil COPCs (1,2) 

,; i’.. 



Table 6-3.1 b: Evaluation of Data Distribution - Benzo(a)pyrene , 

,.~.-, 
Normality Test 

1 
2 
3 
4 
5 
6 
7 
8 
8 

IO 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 

zx 1 WI’ 1 1/n d k W2) 

9120 18 3E+071 0 048 1 12607164 1 10 1 16567850 

w 1 W.06 Normal 7 

0.372[ 0.908 1 NO 

Log-Normality Test 

_F- 
Sam pie ID UlMS s 

” .a1 

2WFF16-SBlSl 1 q/kg 1 38: 1 U 15.2470241 1 
2WFF16-SBZSI 1 q/kg 1 340 1 U 15 1357’ 

2wFFll 
2WFFll 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

BWFFlG-SSl5 1 ug/kg j 380 1 U 15.2470241 I 
JWFFIG-SS16 1 uglkg 1 380 1 U 15.2470241 1 

3WFFl6-SS17 1 ug/kg 1 390 1 U ) 5.27299661 

x.x 1 wz 1 lh d Z(x2) 

116 113447 l( 0.048 1 13.131041 El 65346725 

w w.0, Lognormal 7 

0.4891 0.908 1 NO 

Shaplro- 
Wtlk Coefs. 

(a) for 

x-x, n=21 aw,) 

Shapiro- 
Wilk Coefs. 

(a) for 

x-x, n=21 

I 3.72E-01 1 
Not Normal or Lognormal 



Table 6-3.1 b: Evaluation of Data Distribution -Aluminum 

Chemwl Name index data detnbution 
3 f Normal 

Normality Test 

LX (by l/ll d k ux*1 

lE+0511,5E+10[ 0.046 1 95211095 1 10 1613766600 

Wilk beefs. Wilk beefs. 
(a) for (a) for 

x-x, x-x, n=21 n=21 =(x-xl) =(x-xl) 

7750 
6120 

5200 
4880 

3710 
3120 

2800 
1670 
790 
170 

I I 
I I i 

w 1 WO.05 Normal 7 

0.946 I 0.908 1 Yes 

Log-Normality Test 
Shapro- 

Wlik Coefs. 
(a) for 

x-x, n=21 =(x-xl) 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

zx 1 (LX)2 1/n d 

160.7(3265591 0046 129631211 

w 1 wa.ps ) kJno~=‘? 
0.947 [ 0.908 1 Yes 

Data Summary 
Number of Samples 

std ‘0!3 

21 

t I I I 

I I I 
I 

I I 
I I 

I 

t I I I L 
I I I 

t i I I 
L I I 

..- -. 

Shaptro-Wilk W statastic 
Data Distribution 

I 
I 9.46E-01 

Normal 1 



Table 6-3.1 b: Evaluation of Data Distribution -Arsenic 

Normality Test 

.P- 8 6 PZ 
J p N 

p” 
82 

s- 
22 8 

Sample ID Units s J 
: 0, 

3s as x* 
0 (I 

1 2WFFl6-SBlSl 1 mglkg \ 7.9 1 10 I 79 I “,O 

2 2WFF16-SE2Sl 1 mg/kg 1 1.7 1 I 
3 7bWFl6-SR3Sl 1 malko 1 1 1 1 

>.- I -._ _.__ 

1.7 1 1.9 I 0.29 , 
1.1 1.9 0.315 -.- _ _.... .-_-_-., _ ~ , 1 I 1 1 

d malko i 074 1 , i-37.3 I ,* I nss I R3d 

; 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
ia 
19 
20 
21 

1 I 
14 
14 
1.6 
17 
1.8 
1.9 
1.9 - 

2.3 - 

Shapiro- 
Wllk Coefs. 

(a) for 
x-x* n=21 alx-x4) 

I I I 
I I I I 

TX 1 w* 1 llll d k 

25.39 I.3443981 0 048 1 8.0526952 t 10 

w 1 W.08 Normal 7 

0.95 I 0.908 I Yes I 

Log-Normality Test 
Shaplro- 

WIlk Coefs 
(a) for 

Y-X, n=21 

/kg l.Y I 
/kg ( 1 7 ( 

, u.6418: 
[ 0.5306; 

lkg ( 1.1 , 1~09531 
/kg 1 0.74 -0.301105 0. 
/kg 1 1 8 0.5877867 0 
/kg 1 1.2 0.1623216 0 

3WFF16-SS3 1 mglkg 1 19 0.6418539 0.3364722 1 -0.18633 10.1132136) 

l/kg 1.2 I 0 1823216 1 0. 

F.x 1 (ZX? 1/n d 

0 625 10.39045\ 0.048 i 7 9261342 

rJ w.Gd 
0.91 1 0.908 I 



Table 6-3.1 b: Evaluation of Data Distribution - Iron 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 

,..*a... 

Normality Test 

3700 y 
;;g 4760 
Jkg 5440 
I/kg 2720 
l/kg 3130 
I/kg 6100 

lY,“cl , 

37M ’ c 
47 
5440 ( 5070 
2720 1 4--- 
31=” ’ 
61”” 1 . 

? 

LX 1 wz 1 l/i-l d k W2) 

lE+0511.1E+101 0.048 ( 98312714 1 10 1609899500 

w 1 W.01 Normal 7 

0.92 I 0.908 1 Yl3S I 

Log-Normality Test 

Lx 1 (ZXP 1 lh d 

176.7 [ 31207.81 0.048 13.8535384 

w wm Lognormal ? 

0.964~ 0.908 I Yes 

Shapiro- 
‘&ilk Coefs. 

la\ for 

I I I I 
I I 1 

t I I i 
I I I 

I I I 
t 

I 
I I I 

t 
t I 
I I 1 

t I I i 
I I I 

Shapiro- 
wilk Coefs. 

(a) for 

x-x, n=21 

(X ah-x,1)’ z a(x-X,) 
3.71410661 1.9272018 

..- - 

Shapiro-W!lk W statstic 
Data Dlstrlbutlon 

I 9.20E.01 
Normal I 



TABLE 6-3.2 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

Wallops Flight Facility - Site 16 

Chemical 

of 

Potential 

Concern 

:nzo(a)pyrene 

uminum 

:senic 

on 

Units Arithmetic 95% UCL of Maximum Maximum EPC Reasonable Maximum Exposure Central Tendency 

Mean (1.2) Normal Detected Qualifier Units 

Data (2) Concentration Medium Medium Medium Medium Medium Medium 

EPC EPC EPC EPC EPC EPC 

Value Statistic Rationale Value Statistic Rationale 

vi/kg 0.434 7.3E-01 1.2E+OO m/kg 1.2 Max data distribution not normal or lognonal 

w/kg 5850 6.7E+03 l.lE+M w/kg 6671 95% UCL-N normal data distribution; 95 UCL< Max 

w/Q 1.21 1.4E+OO 2.9E+OO w/kg 1.44 95% UCL-N normal data distribution; 95 UCLc Max 

w/kg 4936 56E+03 l.lE+04 w/kg 5770 95% UCL-N normal data distribution; 95 UCL< Max 

Statistics: Maximum Detected Value (Max); 95% UCL of Nonal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); Mean of Log-transformed Data (Mean-T); 

Mean of Normal Data (Mean-N). 

(1) Average concentration based on the detected concentrations and one-half of the detection limit for the non-detects. 
(2) Supporting calculations for average and 95 UCL calculations and data distributions are provided in Tables 63.la and 63.lb. 

12/l/00 



TABLE 6-3.3 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

Wallops Flight Facility (WFF) - Site 16 

Scenano Timeframe: future 

Medium: groundwater 

Exposure Medium: groundwater 

.Exposure Point: groundwater at Site 16 

Chemical 

Of 

Potential 

Concern 

Units Arithmetic 

Mean (1.2) 

95% UCLof 

Normal 

Data (2) 

Maxrmum Maximum EPC Reasonable Maximum Exposure 

Detected Clualifier Units 

Concentration Medium Medium Medium 

EPC EPC EPC 

Value Statistic Rationale 

.Zdichlroethene (total) mgk 
lenzene mcA 
!thylbenzene mg/L 

etrachloroethene mg/L 

oluene mg/L 

I-chlorophenol mg/L 

I-methylnaphthalene mgk 
i-methylphenol mg/L 

lis(2-ethylhexyl)phlhalate mg/L 

arbazole mgk 
libenzofuran mg/L 

iaphlhalene mgfl 
ihenanthrene mglL 
I#-DDT mg/L 

dpha-EHC mg/L 

lamma-BHC (lindane) mg/L 

aluminum mN. 
antimony mg/L 

arsenic mg/L 
on mgll 
?ad mg/L 

manganese md. 
Iallium mg/L 

anadium mg/L 

5.71 E-03 

1.50E-02 

5.04E-02 

486E-03 

2.04E-01 

5.50E-03 

3.26E-02 

l.O2E-02 
4.28E-02 

3.93E.03 

364E-03 

3.02C02 

6.43E-03 

7.39E-05 

2.48E-05 

3.02E-05 

662E+OtJ 

1.99E03 

1.94E-02 

2.10E+Ol 

I .29E-02 

579E-01 

1.95E-03 

1.33E-02 

6.6OE.03 

3.00E-02 

1.26E01 

5.10E-03 

5.92E.01 

6.64E-03 

8.68E-02 

2.05E-02 

1.0-/E-01 

5.43E.03 

4.86E.03 

7.87E02 

l.O9E-02 

1.24E-04 

2.62E-05 

4.21E-05 

l.O9E+Ol 

2.94E-03 

4.30E-02 

3.56E+Ol 

3.31E-02 

153E+OO 

2.67E.03 

2.31E02 

B.OOE-03 

5.80E.02 

2.80E-01 
5.OOE-03 

1.40EtOO 

9.00E.03 

2.00E-01 

4.20E-02 
1.60E-01 

6.06E-03 

3.00E-03 

1 BOE-01 

2.00E-02 

2.30E.04 

2.90E.05 

6.70E-05 

1.71EtOl 

4.60E-03 

882E-02 

5.84E+Ol 

6.28E-02 

3 51E+O8 

3.90E-03 

3.16E-02 

J mg/L 8 OOE-03 Max data distribution not nonal or lognormal 

mgll 580E-02 Max lognormal data distribution, 95 UCL-log > max cohcentration 

D mgll 2.80E-01 Max data distribution not normal or lognormal 

J mg/L 5 OOE-03 Ma data distribution not normal or lognormal 

D mg/L 1.40E+OO Max data distribution not normal or lognormal 
mg/L 9 OOE-03 Max data distribution not normal or lognormal 
mg/L 2.00E-01 Max data distribution not normal or lognormal 
mg/L 4.20E-02 Max dala dislrlbutlon not normal or lognormal 
mg/L 1.60E-01 Max lognormal data distribution, 95 UCL-log > max concentration 

J mg/L 6.00E-03 Max data distribution not normal or lognormal 

J mgll 3.00E-03 Max normal data distribution, 95 UCL-normal > max concentration 
mg/L 1.80E-01 Max data distribution not normal or lognormal 

L mg/L 1 45E02 95% UCL-T lognonal data distribution, 95 UCL-log c max concentration 

J mgk 2.3OC04 Max data distribution not nonal or lognormal 

J mg/L 2.90E-05 Max dala distribution not normal or lognormal 
J mg/L 6.70E-05 Max data distribution not normal or lognormal 

mg/L l.ogE+ol 95% UCL-N normal data distribution, 95 UCL-normal < max concentration 
mg/L 2 94E-03 95% UCL-N normal data distribution. 95 UCL-normal < max concentration 

wd- 8.82E02 Max lognormal data distribution. 95 UCL-log > max concentration 
mg/L 3.56EtOl 95% UCL-N normal data distribution, 95 UCL-normal c max concentration 

mgll 6.28E-02 Max lognormal data distribution. 95 UCL-log > max concentration 
mg/L 3.51EtOO Max lognormal data distribution. 95 UCL-log > max concentration 
mg/L 2.67E-03 95% UCL-N normal data distribution, 95 UCL-normal < max concentration 

wtJ- 2.31E-02 95% UCL-N normal data distribution. 95 UCL-normal < max concentration 

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transfoned Data (95% UCL-T): Mean of Log-transformed Data (Mean-T): 

Mean of Normal Data (Mean-N). 

(1) Average concentration based on the detected concentrations and one-half of the detection limit for the non-detects. 
(2) Suppotting calculations for average and 95 UCL calculations and data distributions are provided in Tables 8-3.3a and 6.3.3b 

12/12/00 



‘5 
1. 
/ 

Tt ? 
y 

Average Calculab> je 16 GW COPCs ‘s 

I VOA @g/L) 
1.2.D~chloroethene (total) 
Benzene 
Ethylbenzene 
Tetrachtoroethene 
Toluene 

svoc (ug/L) 
2.Chlorophenol 
2.Methylnaphthalene 
4.Methylphenol 
bis(2.Ethylhexyl)phthalate 
Carbazole 
Dibenzofuran 
Naphthalene 
Phenanthrene 

PEST/PC6 @g/L) 
4,4’.DDT 
alpha-BHC 
gamma-BHC (Lmdane) 

METALS, TOTAL @g/L) 
Aluminum 

Antimony 
Arsenic 
IrOn 

Lead 
Manganese 
Thallium 
Vanadium 

Analyte 

WfflS-GWl Corn F15-GW7 C FFU%GWl-Co l&GW2S/2D- 2WFF16.GW3 FF16-GW4-Co FlG-GW!Xom 15.GWl 15-GW7 16.GWl 16.GW2 16-GW3 16-GW4 16-GW5 

Rd l&2 (with dup (Rds 1,2&3) (Rd 2EL3) (Rd 2B3) 27.MAY-98 (Rd 283) Rd 2&3 Average Cone @g/L) 
I I 1 I I I 1 

10 u 9 9u 10 u 10 u 10 u 10 u 5 9 4.5 5 5 5 5 5.50E+OO 

10 u 200 9u 3.5 J 10 u 10 u 10 u 5 200 4.5 3.5 5 5 5 3.26E+Ol 
10 u 42 9u 10 u 10 u 10 u 10 u 5 42 4.5 5 5 5 5 l.O2E+Ol 

11/27/00 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Chemical Name data distribution 

Normality Test 

Sample ID Units 

Log-Normality 

Sample ID 

Shapiro- 
Wllk Coefs. 

x-x, (a) for n=7 ah-x,) 

zx 1 GXY 1 1/n d 

40 1 1600 1 0.143 19.4285714 

w I wo.05 I Normal ? 

0.65 1 0.803 1 No 

Test 

zx (W2 IIn 
12.07 1145.7461 0.143 1 0.24:2022] mj -1 

w w.05 Lognormal ? 

0.647 1 0.803 ] No 

Data Summary std. m 

Shapiro-Wilk W statistic 
Data Distribution 

I 6.50&01 1 
Not Normal or Lognormal 

Shapiro- 
Wllk Coefs. 

X-X, (a) for i-1=7 a@-xl) 
0.47 0.6233 0.2929533 

0.336 0.3031 0.1019847 

0 0.1401 0 

0 0 0 

I I 
I I I 
I I 

MEIn 5.7142857 

95% UCL of mean 6.634886 

detection limits 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Normality Test 

.GWI-Comb. 1 ug/L 1 IO L 

-GWCComb ) ug/L ) IO 1 U 5 2 4 

Log-Normality 

Sample ID 

Shapiro- 
VVilk Coefs. 

X-X, (a) for n=7 ah-x7) 

56 0.6233 34.9048 
20 0.3031 6.062 
0 0.1401 0 
0 0 0 

I I I 
I I 

zx 1 W’ 1 l/n 1 d k 1 Ux’) 

105 1 11025 1 0.143 1 2518 3 1 4093 

w 1 WO.05 Normal 7 

0.667 1 0.803 1 No 

Test 

Shapiro- 
Wiik Coefs. 

X-X, (a) for n=7 a(x-x,) 

3.367 0.6233 2.0986355 
1.609 0.3031 0.4878206 

0 0.1401 0 
0 0 0 

xx 1 (Lx)’ 1 I/n 1 d 

14.41 I207.6541 0.143 ( 8.0250632 

w 1 WO.OS Lognormal ? 

0.834 1 0.803 1 Yes 

95% UCL of mean 

detection limits 10 q IO IO 
IO 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

data distribution 

Normality Test 

Sample ID 

1 lWFFlS-GWI Comb. 1 ug/L 1 IO 1 U 1 5 ) 260 I ~5 ( 78400 2 lWFFI5-G\-- - 1 

3 2WFFI6-G’J. ,mww.,,w. , uYL 
4 ZWFFlG-GWZS/2D-Comb 1 ug/L 
5 2WFF16-GW3 

1 - 6 ZWFFIG-GW4-Comb I ug/L 
7 2WFFI6-G\-‘- - ’ 

1 275 1 0.6233 1 171.4075 
.3031 I 13.0333 rn Uomp i ug/L 280 D 280 48 5 2304 43 0 

Y,Pnmk ,,“A IO U 5 5 5 25 0 0.1401 0 
48 48 5 5 25 0 0 0 

I u&o/L IO U 5 5 5 25 
10 U 5 5 48 25 

N5-comb 1 ug/L IO U 5 5 280 25 

ZX 1 cw’ 1 l/n 1 d I 

353 1 124609 1 0.143 1 63027.714 1 

w 1 W.05 Normal ? 

0.54 1 0.803 1 No 

Log-Normality Test 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=7 a(w) 

/?zppq 

t i I I 

XX 1 GXY 1 I/n 1 d 

17.55 I3061141 0.143 1 15.672196 

w ( WI.05 Lognormal ? 

0.651 [ 0.803 1 No 

Data Summary 1 std. 1 log 1 
Mean 
95% UCL of mean 

IMedian I 5 1 1.6094379 1 

detection limits 

Maximum 

Shapiro-Wilk W statistic 
Data Distribution 

280 5.6347896 

I 5.40E-01 
Not Normal or Lognormai 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Normality Test 

Sample ID 

IWFFI5-GWl Cc 
IWFFI5-GW7 Ca 

2WFFI6-GWl-Cc ..-. , _~.- ._ , 
2WFF16-GW2S/ZD-Comb ; 

I. 
ug/L 10 5 5 -5 25 

2WFFI6-GW3 ug/L IO U 5 5 5 25 
BWFFIB-GW4-Comb uglL IO U 5 5 5 25 
ZWFFlG-GW5-Comb ug/L 10 U 5 4 5 16 

ii 
D - siu, g c 

E 3 
2 5 - 

Units 
z 5 z 

s 6 
II 

zi3 52 

3 r3’, z ,os 2 

smb. 1 ug/L 1 4 I J ) 4 5 4 25 
omp ) ug/L I51 J I 5 5 5 25 
smb i w/L t 10 i II f 5 5 5 25 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=7 akxl) 

zx 1 (Zx)’ ( I/n 1 d I k I 

34 1 1156 1 0.143 IO.6571429 1 3 I 

w ( WO.05 Normal ? 

0.453 I 0.803 1 No 

Log-Normality Test 

Shapiro- 
Wilk Coefs. 

X-X, (a) for n=7 awl) 

ZX ) W’ j l/n d 

11.04 j121.9461 0.143 1 0.0426798 

w 1 W.05 Lognormal ? 

0.453 / 0.803 1 No 

Data Summary std. 109 

Maximum 5 1.6094379 

Shapiro-Wilk W statistic I 4.53E-01 
Data Distribution Not Normal or Lognormai 

Mean 4.8571429 
95% UCL of mean 5.1347143 

I 

detection limits 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Normality Test 

zx 1 (Xx)’ 1 1/n 1 d ) k 1 W) 

1430 120449001 0.143 1 1668021.4 1 3 1 1960150 

w ) WI.05 Normal 7 

0.453 1 0.803 1 No 

Log-Normality Test 

xx 1 w’ 1 l/n 1 d 

16.9 ) 285.6391 0.143 1 27.215018 

w 1 W0.M Lognormal ? 

0.453 1 0.803 1 No 

Data Summary std. 109 
Number of Samples 7 
Number of Locations 7 

Shapiro- 
Walk Coefs. 

x-x, (a) for n=7 atx-x, ) 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=7 a(x-x4) 

Mean 204.28571 
95% UCL of mean 591.49786 

detection limits 

Median 

Maximum 

Shapiro-Walk W statistic 
Data Distribution 

5 1.6094379 

1400 7.2442275 

4.53&01 
Not Normal or Lognormal 



Table 6-3.36: Evaluation of Data Distribution and 95 UCL Calculations 

Chemical Name data distribution 

Normality Test 

a2 
0’ F 

e 
Sample ID Units s II 

0 2 
7 

3. ( UglL 1 10 
PFFl5-GW7 Comp 1 ug/L 1 9 I 9 I 5 1 5 1 25 

3. 1 ug/L 1 
1 

9 
10 

lo 
iW4-Comb 1 ug/L 1 10 1 

‘FFlG-GWS-Comb 1 ug/L I IO ) u 

Shapiro- 
Wilk Coefs. 

X-X, (a) for n=7 atx-x,1 

I I 1 I 

xx ) (W2 1 l/n d k 

38.5 11482.251 0.143 1 14.5 1 3 

w 1 W.05 Normal 7 
0.543 ( 0.803 ( No 

Log-Normality Test 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=7 atx-xl) 

ZX w2 l/n 

11.75 I138.0271 0.143 / 0.32:3461 j mi m 

w w.os 
0.577 1 0.803 1 

Lognormal ? 

No 

Data Summary I I 109 I std. 

Number of Samples 
Number of Locations 
Average Detection Limit 

Mean 
95% UCL of mean 

detection limits 

I 10 

9 
10 H 10 
10 
10 

Shapiro-Walk W statistic I 5.43E-01 1 
Data Distribution Not Normal or Lognormal 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Chemical Name data distribution 

Normality Test 

Shapiro- 
Wilk Coefs. 

X-X, (a) for n=7 a(x-x,) 

196.5 0.6233 122.47845 
0.5 0.3031 0.15155 
0 0.1401 0 
0 0 0 

1 

I I I 

ZX 1 (WZ 1 l/n d k 

228 1 51984 1 0.143 132706.214 ( 3 

w 1 WO.05 Normal 7 
0.46 / 0.803 1 No 

Log-Normality Test 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=7 a(=x,) 

4.046 0.6233 2.5215941 
0.105 0.3031 0.0319348 

0 0.1401 0 
0 0 0 

I 
I I 
I I 

I I 

ZX w2 l/n 

14.49 (210.0441 0.143 / 12.2:8646: m/ -1 

w wo.05 Lognormal ? 

0.532 1 0.803 / No 

Data Summary 
Number of Samples 
Number of Locations 

std. 109 

7 
7 

I 9.8000 
10 

Data Distribution 

I 2oo I 5.2g831’4 
4.6OE-01 

Not Normal or Lognormal 

95% UCL of mean 

detection limits 10 9 q 10 
10 
10 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Chemical Name 

Normality Test 

data distribution 
Not Normal or Lognormal 

Shapiro- 
Wtlk Coefs. 

X-X, (a) for n=7 a(x-xl) 

ZX ) w* 1 l/n d k 

71.5 (5112.251 0.143 ( 1178.9286 1 3 

w 1 WO.05 Normal 7 
0.463 1 0.803 1 No 

Log-Normality Test 

Shapiro- 
Walk Coefs. 

1 
2 
3 
4 
5 
6 
7 

,,-- \ 

ZX WY l/n 

13.29 1 176.5961 0.143 I 3.g5z39*5 / 

w w.05 Lognormal ? 
0.49 1 0.803 1 No 

Data Summarv std. km 

Number of Samples 
Number of Locations 
Average Detectron Limit 
Maximum Detection Limit 
Fraction ND 

7 
7 

9.8333 
10 

RWX 

Data Distribution Not Normal or Lognormal 

95% UCL of mean 

detection limits 

R 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Normality Test 

Log-Normality Test 

214 1 45796 1 0.200 ( 18036.8 1 2 1 27196 

w 1 WJ.05 Normal ? 

0.686 1 0.762 ( No 

ZX 1 (W’ 1 l/n ) d 

13.57 1 184.065) 0.200 1 10.13698 

w 1 WI.05 Lognormal ? 

0.773 1 0.762 1 Yes 

Data Summary std. 109 

Maximum 

ShapirGVilk W statistic 
Data Distribution 

160 5.0751738 

I 7.73E-01 
Lognormal 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=5 ahxl) detection limits 

Shapiro- 
Walk Coefs. 

x-x, (a) for n=5 a(m) 



Table 6-3.36: Evaluation of Data Distribution and 95 UCL Calculations 

data distribution 

Normality Test 
en= .E x Shapiro 

Wilk Coefs. 
x-x, (a) for n=7 a(x-x,) ., 

5 0.6233 3.1165 
4 0.3031 1.2124 

0.5 0.1401 0.07005 
0 0 0 

I I I 

B 1 ON’ 1 I/n 1 d 1 k ) x’ 

27.5 1 756.25 1 0.143 125.214286 1 3 1 1”,s.i5 

w I w.05 I Normal 7 

0.767 1 0.803 1 No 

Log-Normality Test 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=7 a(x-x,) 

1.792 0.6233 1.1168037 
1.609 0.3031 0.4876206 
0.105 0.1401 0.014761 

0 0 0 

I I I I I I 

XX ) w’ 1 l/n d 

6.124 166.0018) 0.143 1 3.814690, 

w 1 WI.05 Lognormal 7 

0.687 1 0.803 1 No 

Maximum 

Shapiro-Wilk W statistic 
Data Distribution 

6 1.7917595 

7.67E-01 
Not Normal or Lognormal 

95% UCL of mean 

detection limits 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Chemical Name data distribution 

Normality Test 

ID Units 
2 
4 Sample 

Shapiro- 
Wtlk Coefs. 

X-X, (a) for n=7 a(x-x,) 

ZX 1 WY 1 lh d ( 

25.5 1 650.25 1 0.143 1 16.357143 1 

w 1 W.05 Normal ? 

0.829 1 0.803 1 Yes 

Log-Normality Test 

Shapiro- 
Vvllk Coefs. 

x-x, (a) for n=7 ah-x4 

1.609 0.6233 1.0031627 
0.916 0.3031 0.2777277 
0.511 0.1401 0.0715667 

0 0 0 

zx ) (Xx)’ 1 I/n d 

8.124 I66.00161 0.143 1 2.2916901 

w 1 WO.05 Lognormal 7 

0.798 1 0.803 1 No 

Data Summary 
Number of Samples 

std. 109 

I 7 
95% UCL of mean 

detection limits 

I 1 

9 H 10 
10 
10 

Median 

Maximum 

Shapiro-Wilk W statistic 
Data Distribution 

4.5 1.5040774 

5 16094379 

8.29E-01 
Normal 



_r -- 

Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

data distribution 

Normality Test 

Shapiro 
Wilk Coefs. 

x-x, (a) for n=7 ah-x,) 

175.5 0.6233 109.38915 
2 0.3031 0.6082 

0 0.1401 0 ~ 
0 0 0 

I 
I 
I 

zx 1 (Zx)’ 1 lhl d 

144732.31 

1 k 1 

211.5 0.143 1 26178.929 ( 3 1 32%25 1 -1 

w 1 W.0, Normal 7 

0.462 1 0.803 1 No I 

Log-Normality Test 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=7 a&-x,1 
3.689 0.6233 2.2992788 
0.336 0.3031 0.1019847 

0 0.1401 0 
0 0 0 

1 I 

I I 

XX w 
L l/n 1 d 

15.08 1227.4271 0.143 1 10.88715 

w / W.05 Lognormal ? 

0.53 1 0.803 1 No 

Data Summary std. 109 
Number of Samples 7 
Number of Locations 7 

30.214286 
78.723483 

Maximum 

Shapiro-Wilk W statistic 
Data Distribution 

180 5.1929569 

I 4.62E-01 
Not Normal or Lognormal 

detection limits 



Table 6-3.36: Evaluation of Data Distribution and 95 UCL Calculations 

Chemical Name 

Normality Test 

data distribution 

Es 
Samp le ID Units ; 

lWFF15-GWl Comb. ) ug/L 1 3.5O ) J 
-I Lam2 

$4 z 

1 3.5 20 2 400 

2 lWFF15-GW7 Comp 1 ug/L 1 20 1 L 20 5 3.5 25 

3 2WFF16-GWl-Comb ’ m u 4.5 5 4.5 25 

4 2WFF16-GW2S/2DComb) ug/L ) 2 } J 2 5 5 25 

5 2WFF16-GW3 ’ u 5 1 4.5 5 20.25 
6 2Wl I 1775 

1 uglL 1 10 
=FlG-GW4-Comb ( ug/L I 10 u 1 5 1 3.5-i 5 .-.-- 

W5-Comb I ug/L 1 10 u 1 5 1 2 1 20 1 4 1 

a 1 (W‘ 1 l/n d k 1 W 

45 ( 2025 1 0.143 1 222.21429 1 3 1 511.5 

w ( W.05 Normal ? 

0.6207 1 0.803 1 No 

Log-Normality Test 

Ed 1 (W / l/n d 

11.274 I127.1041 0.143 1 2.8997095 

w 1 &LOS Lognormal ? 

0.8372 1 0.803 1 Yes 

Data Summary 

Shapiro- 
Wilk Coefs. 

X-X, (a) for n=7 alx-x.1 
.  I .  

18 0.6233 11.2194 
1.5 0.3031 0.45465 
0.5 0.1401 0.07005 
0 0 0 

I 

Shapiro- 
Wilk Coefs. 

X-X< (a) for n=7 ah-x,) 

detection limits 

F 

9 

El 10 
10 
10 

Median 

Maximum 

Shapiro-Wtlk W statishc 
Data Distribution 

5 1.6094379 

20 2.9957323 

8.37E-01 
Lognormal 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Chemical Name 

Normality Test 

data distribution 
Not Normal or Lognormal 

6-GW3 ( ug/L 
FFlB-GW4-Comb I ug/L 0.096 1 

-NWS-Comb 1 ug/L 0.095 1 

Log-Normality Test 

Sample ID 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=7 awl) 

H--t--i 

detection limits 

ZX 1 WY 1 l/n ) d I k ) 

0.518 IO.267811 0.143 1 0.0284192 1 3 j 0.0::;73] -1 

w 1 WO.05 Normal 7 

0.459 1 0.803 1 No 

Shapiro 

,I-.. ZX ( w 1 l/n 1 d 

-19.7 1388.0781 0.143 1 2.1096903 

w 1 W.0, Lognormal ? 

0.467 1 0.803 1 No 

Data Summarv std. 

Median 0.048 -3.0365543 

Maximum 0.23 -1.469678 

Shapiro-Wilk W statistic I 4.59E-01 I 
Data Distribution Not Normal or Lognormal 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Normality Test 

W4-Comb 1 ug/L ) 0.046 1 
FFIG-GWS-Comb 1 ug/L 1 0.046) U 1 

0.174 1 0.0301 1 0.143 1 2.093&05 1 3 1 0.0043213 

w 1 WO.05 Normal ? 

0.51 1 0.803 1 No 

Shapiro- 
Walk Coefs. 

x-x, (a) for n=7 arx-x,) 

Log-Normality Test 

1 
2 
3 
4 
5 I 

6 

7 I 

*.‘*l 2x 1 P)’ / l/n d 

-25.9 IWO.7091 0.143 1 0.029946 

Shapiro- 
Wrlk Coefs. 

x-x, (a) for n=7 a(x-x,) 

w / WO.05 Lognormal ? 
0.5161 0.803 1 No 

Maximum 0.029 -3.5404594 
Shapiro-Wilk W statistic 5.10E-01 
Data Distribution Not Normal or Lognormal 

95% UCL of mean 

detection limits 

(1 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculabons 

Normality Test 

0.212 lo.044731 0.143 ( 0.0015789 1 3 1 0.0079693 

w 1 WO.05 Normal 7 

0.46 1 0.803 1 No 

Log-Normality Test 

xx 1 WY 1 l/n d 

-25.1 1628.0361 0.143 1 0.8977339 

w 1 W.OS Lognormal ? 
0.465 1 0.803 1 No 

Shapiro- 
Wrlk Coefs. 

x-x, (a) for n=7 afx-x.1 . ,, 
0.043 0.6233 0.0268019 
5E-04 0.3031 0.0001516 

0 0.1401 0 
0 0 0 

Shapiro- 
Walk Coefs. 

x-x, (a) for n=7 atx-x,) 

(Z a(x-xl))’ 1 Z a(x-x,) 

0.4175146 1 0.6461537 

95% UCL of mean 

Maximum 

Shapiro-Wilk W statistic 
Data Distribution 

I 

0.067 -2.7030627 

4.60E-01 
Not Normal or Lognormal 

detection limits 

r---zzq 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Log-Normality 

Sample ID 

Shapiro- 
Wrlk Coefs. 

X-X, (a) for n=7 atx-x,) detection’limits 

E4 

ZX 1 (WZ ) l/n d k 

4631912.1E+09( 0.143 ) 204485618( 3 

w ) WO.05 Normal ? 

0.913 1 0.803 1 Yes 

Test 

Shapiro- 
Wrlk Coefs. 

x-x, (a) for n=7 Nx-x,) 

15( w2 l/n 

58.51 1 3423.75 1 0.143 1 7.53:2801 j m[ -1 

* Ka5 Lognormal 7 

0.963 ( 0.803 ( Yes 

Data Summary std. 109 

Number of Samples 7 
Number of Locations 7 

Average Detection Limit 
Maximum Detection Limit 

I n/a 
n/a I 

Data Distribution 
I 

Normal 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Chemical Name index 
25 1 

data distribution 
Normal 

Normality Test 

Sample ID Units 

1 IWFFlB-GWl Comb. uglL 
2 lWFF15-GW7 Comp ug/L 
3 2WFF16-GWl-Comb. xl 
4 2WFF16-GW2S/2D-Comb ug, 
5 2WFF16-GW3 w 
6 ZWFFlG-GW4-Comb w 
7 PWFFlG-GW5-Comb UOIL 1421 II 

Shapiro- 
Walk Coefs. 

x-x, (a) for n=7 a(+xd - 
3.8 1 0.8233 1 2.36864 

I I 1 25 1 fl 3031 1 0.378875 
n noon7 

0.8 4.6 0.8 21.16 
1.4 2.1 0.85 4.1. 

L 

IL 1.7 U 
I 

0.85 2.1 1.4 4.41 0.7 0.1401 V.“I”“, 
IL 4.2 U 2.1 2.1 2.1 4.41 0 0 0 
IL 4.6 4.8 1.4 2.1 1.96 
rL 4.2 U 2.1 0.85 2.1 0.7225 

, .I- , ..- , _ 2.1 0.8 4.6 0.64 

IX 1 w* 1 l/n d k 

13.95 1194.6031 0.143 1 9.9121429 1 3 

w 1 W.05 Normal ? 

0.817 ( 0.803 1 Yes 

Log-Normality Test 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=7 a(x-x,) 
~ I I  

1.749 0.6233 1.0902763 
0.904 0.3031 0.2741407 
0.405 0.1401 0.0568057 

0 0 0 

I I 
I I 

ZX (Zx? l/n 

3.703 1 13.7098 / 0.143 j 2.21:13351 mj -1 

w wo.05 
0.914 1 0.803 j 

Lognormal ? 

Yes 

Data Summary std. IOQ 

Mean 1.9928671 
95% UCL of mean 2.9367701 

detection limits 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

/-- 
Normality Test 

,_- 

Sample ID 

Wl Comb. uglL 2 
FFlS-GW? Comp ug/L 68.2 66.2 30.2 1 1.7 1 

Wl-Comb. ug/L 2 u 1 11.1 I 1.7 1 
!SIZD-Comb ug/L 30.2 30.2 

2 1W 
3 2WFF16-G’ 
4 2WFFl6-GW: 2 2 1 
5 2WFF16-GW3 1 ug/L 1 11.1 / 1 11.1 I 1.7 11.1 I 
8 ZWFFIG-GW4-Comb ’ z u 1 1.7 ) 1.7 30.2 1 
7 2w 

1 ug/L ( 3.4 1 

FFIG-GWS-Comb ( ug/L 1 3.4 1 U 1 1.7 1 1 1 08.2 I I 

Log-Normality Test 

Sample ID 

1 
I 

2 
* 

” ” JG 

1 WFF15-GWl Comb. ug/L 2 1 0.6931472 1 4.4796( 
lWFF15-GW? Camp ug/L 68.2 1 4.479607 ) 3.40784 

a ZWFFlG-GWl-Comb. ug/L 2 II 1 0 ~7An‘SA 

4 ZWFFlG-GWZS/ZD-Comb ug/L 30.2 
6 2WFF16-GW3 ug/L 11.1 
6 2WFF16-GW4 
7 L 2WFF16-GW5-Comb 1 ug/L 1 3.4 1 U I 0.5306263 I 

Shapiro 
Wrlk Coefs. 

x-x, (a) for n=7 a@-xl) 

Zx ( (W2 1 l/n d k 

135.9 I16466.61 0.143 1 6166.6686 1 3 

w 1 W.llS Normal 7 

0.668 1 0.803 1 No 1 

ZX w2 l/n d 

12.05 1 145.1741 0.143 1 17.776161 

w w.05 Lognormal ? 

0.887 1 0.803 1 Yes 

Data Summary std. Iof3 

Number of Samples 
Number of Locations 
Average Detection Limit 

axrmum 

Shapiro- 
Wrlk Coefs. 

X-X. (a) for n=7 arx-x+1 
~ I I  

4.46 0.6233 2.792139 
2.877 0.3031 0.6720835 
1.676 0.1401 0.262872 

0 0 0 

detection limits 

Shapiro-Wrlk W statistic 
Data Distribution 

I I 

I 8.6?E-01 
Lognormal 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Chemical Name index data distribution 
~!c~;S,j:-;l(~~l~~~~~~~~~~~~l 29 1 Normal 

I 

Normality Test 

zx 1 (ZX)’ 1 l/n d 1 k ) Ux’) 

lE+05/ 2.2E+lO[ 0.143 1 2.366E+09 1 3 1 5.459E+09 

w I w.os I Normal ? 

0.849 ( 0.803 1 Yes I 

Log-Normality Test 

Samr rle ID Units : 

Wl Comb. 1 ug/L 1 55605 1 
W? Comp 1 ug/L 1584001 

” 
I iWFFlS-G 6624:5; lti.9:5& 

4> 
8.1831161 120.45219 

2 lWFFlS-G 10.975071 10.31228 8.5976511 106.34313 
3 ZWFF16-GWl-Comb. I ug/L I 3580 [ 8.1831181 10.292146 8.6242523 105.92826 
4 2WFF16-GW2S12DComb I ug/L I301001 10.31228 9.5539301 9.5539301 91.27758 
5 .6242523 10292146 74377727 2WFF16-GW3 ) ug/L ~14100~ 

;W4-Comb 1 ug/L I295001 
) 9.5539301 ) 8 

iW5-Comb uglL 1 5420 1 
1 10.292146 1 8.5978511 1 10.31228 1 73.923043 
1 8.5978511 1 8.1831161 1 10.975071 1 66.963422 

zx (Zx)’ l/n d 

66.54 14427.39 1 0.143 1 6.7808088 

w ( W.05 Lognormal ? 

0.917 1 0.803 1 Yes 

Data Summary 
Number of Samples 
Number of Locations 

Average Detection Limit 
Maximum Detection Limit 
Fraction ND 
Mean 
Std. Deviation 
Std. Error of Mean 
t-value for 95% UCL Calculation. n=7 
Approximate 95% UCL for Mean 
Coefficient of Variation 
Sknwness 

std. log 

7 
7 

nla 
n/a 
0% 

20952.143 9.5055212 
1.99E+04 l.o6E+oo 
?.54E+03 4.02E-01 

1.943 
35596.5 ) 127419.3 
95.17% I 11.18% 

1.21E+OO i 8.56E-02 

Median 

Maximum 

Shapiro-Wilk W statisbc 
Data Distribution 

14100 9.5539301 

58400 10.975071 

8.49E-01 
Normal 

Shapiro- 
Wilk Coefs. 

X-X, (a) for n=? a@-xl) 

I I I J 

Shapiro- 
Wilk Coefs. 

X-X, (a) for n=7 a@-x,) 

/I 

95% UCL of mean 

detection limits 

t 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Normality Test 

” a u OlG 
/ lWFFlB-GWl Comb 1 uo/L i 4.9” 1 .I 1 49 i 67A 

w- 

ug/L 
ug/L 

2.5 

4.5 
2.5 

u 

U 

1.25 
4.5 
1.25 

..” 

2.6 
1.25 
1.25 

. ..- 

4.5 
4.9 

62.6 

C”.L” 

7.84 
1.5625 
1.5625 1 2WFF16-GW4-Comb 1 

2WFF16-GWS-Comb ug/L ) 2.8 ) ) 2.8 1 

zx 1 (Xx)’ 1 l/n d 1 k 1 W) 

77.5 16006.25) 0.167 ) 2998.0233 1 3 1 3999.065 

w 1 WO.05 Normal 7 

0.554 ( 0.788 1 No 

Log-Normality Test 

Shapiro 
Wilk Coefs. 

x-x, (a) for n=6 awl) detection limits 

,,.2 cx 1 (zxy 1 1/n 1 d 

8.709 175.84971 0.167 1 10.445228 

w 1 WO.05 Lognormal 7 

0.83 1 0.788 1 Yes 

Shapiro- 
Wilk Coefs. 

X-X, (a) for n=6 a(w) 

Data Summary std. 100 

Number of Samples I 6 
Number of LocatIons 6 

Average Detection Limit I 2.5000 
Maximum Detection Limit 2.5 
Fracbon ND 33% 
Mean 12.916667 1 1.451529 
Std. Deviation 2.45E+01 1 1.45E+OO 
Std. Error of Mean 1.00E+01 1 5.9OE-01 
t-value for 95% UCL Calculation, n=6 2.015 
Approximate 95% UCL for Mean 331 566.6 
Coefficient of Variation 189.58% 99.57% 

Skewness 2.43E+OO 1.56E+OO 

Median 3.65 1.2668484 

2.5 

2.5 

Maximum 62.6 4.1399551 

Shapiro-Wilk W stabstic I 8.30E-01 
Data Distribution Lognormal 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

data distribution 
Lognormal 

I 

Normality Test 

Log-Normality 

zx 1 (Xx)’ 1 l/n 1 d ( k I 1 

4055 11.6E+07( 0.143 1 10038934 1 3 1 l,:::,, -1 

w 1 W.05 Normal ? 

0.492 ] 0.603 / No 

Test 

Sample ID Units 
E 
s ” 

FF15-GWl Comb. ug/L 166 
W7 Comp ug/L 3510 
Wl-Comb. W- 33.6 

Shapirc- 
Walk Coefs. 

x-x, (a) for n=7 awl) 

3478 0.6233 2166.0867 
152.4 0.3031 46.19244 
60.5 0.1401 6.47605 

0 0 0 

t 
I I 

1 I I 

_- -_ = 1 W’ 1 l/n 1 d 

33.98 1 1154.661 0.143 ( 15.412921 

w ) WO.05 Lognormal ? 

0.818 1 0.803 1 Yes 

Shapiro- 
Walk Coefs. 

x-x, (a) for n=7 a&xl) 

mi 

95% UCL of mean 

detection limits 

B 

Maximum 3510 6.1633713 

Shapiro-Walk W statistic I 8.16E-01 
Data Distribution Lognormal 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

data distribution 
Normal 

I 

Sample ID 

U!j,L 

ug/t 

ug/L 

Log-Normality Test 

Sample ID 

zx 1 (W’ 1 Itn d k 

1166.3231 

1 -W 

13.65 0.143 5.765 1 3 ( 32.3825 

w 1 W.05 

0.82 I 0.803 I 

Normal 7 

Yes 

xx 1 W’ 1 l/n d Z( ) 

3.949 1 15.59391 0.143 ] 1.4778666 El 3.7055679 

w 1 W.05 Lognormal ? 

0.891 1 0.803 I Yes 

Data Summary std. 

Shapiro- 
Wilk Coefs. 

X-X, (a) for n=7 a(w) 

3.1 0.6233 1.93223 
0.8 0.3031 0.24248 
0 0.1401 0 
0 0 0 

Shapiro- 
Wtlk Coefs. 

X-X, (a) for n=7 alx-x,) 

1.584 0.6233 0 9873821 
0.528 0.3031 0.1600572 

0 0.1401 0 
0 0 0 

i.96 
95% UCL of mean 2.6696596 

detection limits 

Shapiro-Wilk W statistic 
Data Distribution 

I 8.20E-01 
i 

Normal 



Table 6-3.3b: Evaluation of Data Distribution and 95 UCL Calculations 

Normality Test 

#de ID Units 
z 
,? 

i3 UglL 31.6 

FFlG-GW4-Comb ug/L 1.5 1.5 1 0.55 T : 
WS-Comb ug/L 1.1 7 EFF16-G 

Log-Normality 

Sample ID 

Shapiro- 
Wilk Coefs. 

x-x, (a) for n=6 atx-x,l 

t 
I I 
I I I 

ZX 1 (W’ l/n d 1 k 1 

80.05 1 6408 0.167 1 703.11208 1 3 ) 17::::25/ -1 

w I wm!J Normal 7 

0.944 1 0.788 Yes 

Test 

CX 1 w’ 1 l/n d Z( ) 

11.36 1129.1551 0.167 1 13.036363 El 34.564212 

w ( W.05 Lognormal ? 

0.873 1 0.788 1 Yes 

IMedian 1 12.8 1 2.5344521 1 

Maximum 

Shapiro-Vfilk W statistic 
Data Distribution 

31.6 3.4531571 

9.44E-01 
Normal 

Shapiro- 
W!lk Coefs. 

x-x, (a) for n=6 a(=,) 

I 

I (z a(x-xJ? I Z a(x-x,) I 
11.379883 ] 3.3734083 

13.341667 
95% UCL of mean 23.096654 

detection limits 

1 

~ 1.1 



TABLE 6-3.4 

MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

Wallops Flight Facility (WFF) - Site 16 

Scenano Ttmeframe. future 

Medium: groundwaler 

Exposure Medium: air 

Exposure Point: air volatilized from groundwaler at Site 16 

Chemical 

of 

Potential 

Concern 

Units Arithmetic 

Mean (1.2) 

95% UCLof 

Normal 

Data (2) 

Maximum Maximum EPC Reasonable Maximum Exposure 

Detected Qualifier Units 

Concentration Medium Medium Medium 

EPC EPC EPC 

Value Statistic Rationale 

,2-dichlroethene (total) m9R 
enzene mgll 

thylbenzene rnQ/L 

?trachlaroethene mg/L 

hene mg/L 

chtorophenol “lQ/L 

-methylnaphthalene rnQlL 

-methylphenot rnQlL 

is(2-ethythexyhphthalate rnQ/L 

arba20le mg/L 

ibenzofuran mg/L 

aphthalene “lQ/L 

henanthrene mg/L 

.C-DDT mglL 

Ipha-BHC rnQlL 

amma-BHC (tindane) rnQ/L 

luminum m9R 
ntimony mg/L 

rsenic mglL 

on rnQ/L 

!ad m9fl 
manganese mg/L 

rallium m9k 
anadium mg/L 

5.71 E-03 

150E-02 

5.04E-02 

4.86E-03 

2.04E-01 

5.50E-03 

3.26C02 

1.02E.02 

4.26E.02 

3.93E-03 

3.64E.03 

3.02E-02 
6.43E-03 

7.39E-05 

2.46E-05 

3.02E-05 

6.62E+OO 

1.99E-03 

1.94E-02 

2.10E+Ol 

1.29E-02 

5.79E-01 

1.95E-03 

1.33E.02 

6.60E-03 

3.00E.02 

1.26E-01 

5.1OE-03 

592E-01 

6.64E-03 

666E-02 

2.05E.02 

l.O7E-01 

5.43E-03 

4.66E-03 

7.87E.02 

1.09E.02 

1.24E.04 

2.62E.05 

4.21E-05 

l.O9E+Ol 

2.94E-03 

4.30E-02 

3.56E+Ol 

3.31E-02 

1.53E+oo 

2.67E-03 

2.31E-02 

E.OOE-03 

5.80E-02 

280E-01 

5.00E-03 

1.40E+OO 

9.00E-03 

2.00E-01 

4.20E-02 

1.60E-01 

6.00E-03 

3.00E-03 

1.80E-01 
2.00E-02 

2.30E.04 

2.90E-05 

6.70E-05 

I.71001 

4.60E-03 

662E-02 

5.84E+Ol 

6.28E-02 

3.51E+OO 

3.90E-03 

3.16E.02 

J rnQ/L 8.00E-03 Max data distribution not normal or tognormal 

mglL 580E-02 Max tognormal data distribution, 95 UCL-tog 5 max concentration 

D m9R 2.80E-01 Max data distribution not nonal or tognonat 

J rnQ/L 5.00E-03 Max data distribution not normal or tognormal 

D rnQ/L 1.40E+OO Max data distribution not normal or lognormal 

mgIL 9.00E-03 Max data distribution not normal or lognormal 

m9fl 2.00E-01 Max data distribution not normal or tognormal 

mg/L 4.20E-02 Max data distribution not normal or tognormal 

rnQ/L 1.60E-01 Max lognormal data distribution. 95 UCL-log > max concentration 

J mQk 6.00E-03 Max data distribution not normal or tognormal 

J mg/L 3.00E-03 Max normal data distribution, 95 UCL-normal > max concentration 

mgll 1 BOE-01 Max data distribution not normal or tognormal 

L mg/L 1.45E.02 95% UCL-T lognormal data distribution, 95 UCL-tog < max concentration 

J m9A 2.30E-04 Max data distribution not normal or lognormal 

J m9R 2.90E-05 Max data distribution not normal or lognonoal 

J mg/L 6.70E-05 Max data distribution not normal or lognormal 

mglL l.O9E+Ol 95% UCL-N normal data distribution. 95 UCL-normal < max concentration 

rnQ/L 2.94E-03 95% UCL-N normal data distribution. 95 UCL-normal < rnax concentration 

rnQ/L 662E-02 Max lognormal data distribution. 95 UCL-IOQ s max concentration 

mg/L 3.56E+Ol 95% UCL-N normal data distribution, 95 UCL-normal c max concentration 

rnQ/L 6.28E-02 Max lognonal data distribution. 95 UCL-tog > max concentration 
mg/L 3.51E+OO Max lognormal data distribution. 95 UCL-109 > max concentration 

m9R 2.67E-03 95% UCL-N normal data distribution, 95 UCL-normal < max concentration 

mQ/L 2.31E-02 95% UCL-N normal data distdbution. 95 UCL-normal < max concentration 

Statistics: Maximum Detected Value (Max); 95% UCL of Nonal Data (95% UCL-N); 95% UCL of Log-transfoned Data (95% UCL-T): Mean of LOQ-tranSfOrmed Data (Mean-T); 

Mean of Normal Data (Mean-N). 

(1) Average concentration based on the detected concentrations and one-half of the detection limit for the non-detects. 
(2) Supporting calculations for average end 95 UCL calculations and data distributions are provided in Tables 6-3.3a and 6-3.3b. 
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TABLE 6-4.1 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Scenano Tameframe: currentifuture 

M&urn: soil 

Exposure Medium- surface soil 

Exposure Point surface 6011 et Site 16 

Receptor Population: recreational 

Receptor Age: adull 1 

:posura Rout Parameter Parameter Definition Units RME RME CT CT Intake Equation’ 

CC& “S3l”C2 Ratlonalel V&E Rationale/ Model Name 

Reference Reference 

hxJe*tKm cs Chemical concentration in soil @kg (1) 

Ingestion II?-S Ingestion rate of soil mglday 100 EPA, 1991 

Ingestion CF Conversion factor Wmg 0 OOOWl 

lngestlon EF Exposure Frequency days/year 52 

Ingestion ED Exposure Duralion years 30 

tngesbo” BW Body Weight kg 70 EPA, 1991 

Ingeslion AT-N Averaging Ttme (non-cancer) days 10.950 

lngesllon AT-C Averaging Time (cancer) days 25.550 EPA, 1999 

lngestiw IF-N fntake Factor - noncarcinogenic mglkg-day 2 OE-07 calculated 

Ingestion IF-C Intake Factor - carcinogenic (2) mgikg-day 2 3E-07 calculated 

Der“lal CS Chemical concentralion in soil ma/kg (1) 

Demlal SA Skin surface area available for contact cm2 5800 EPA, 1997 

Dermal CF conversion iactor kDhg 0.000001 

Derlllal SSAF Soil to skin adherence factor mg/cmUevent 02 EPA, 1997 

Denal EF Exposure Frequency events/year 52 

mmlat ED Exposure Duration YW‘S 30 

Derlllel DABS Dermal absorption factor (3) -. chemica-specibc EPA, 2000 

Derlllal BW Body Weight kg 70 EPA, 1991 

Demlal AT-N Averaging Time (ncrccancer) days 10.950 

Dermal AT-C Averaging Time (cancer) days 25.550 EPA, 1989 

Demal IF-N lnrake Factor - noncarcinogenic (4) mglkg-day 2.4E-03 calculated 

Dellllel IF-C Intake Factor caranogenic (4.5) mglkg-day l.lE-06 calculaled 

(1) Chemical concentrations in soil are the reasonable maximum exporure (RME) exposure potnt concentration (EPC) values prowded in Tables 63.1 and 63.2. 

(2) This calculation was age-adjusted using a factor of 114 mg-yrlkg-day. This age-adjusted factor accounted for ingestton rate. exposure duration and body weight in the celculetton. 

(3) Absorption factors for COPCs provided in EPA Region III Memorandum Assessing Denal Exposure from Soil (EPA, 2000b) 

Absorption factors are es follows; benzo(a)pyrene _ 0 1. aluminum - 0.01, arsenic - 0 032. and iron. 0.01 

(4) The noncarcinogenic and carcinogenic intake factors were adjusted by the demnl absorption factor for the specific chemical 

(5) This calculation was sge-adjusted usmg a factor of 557 mg-@kg-event This age-adjusted factor accounted for su&s area. adherence factor, duration and body weight in the catcutation 
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TABLE 6-4.2 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe- current/future 

Medium: soil 

Exposure Medium- surface soil 

i 

Exposure Point: surface soil at Srle 16 

Receptor Populabon: recreational 

Receptor Age: child 

posure Rout Parameter Parameter Deflnilion Units RME RME CT CT intake Equation/ 

Code Value Ralionalel Value Rationale! Model Name 

Reference Reference 

lngeshon cs Chemical concentration in soil wt&! (1) 

Ingestion IR-S Ingestion rate of soil mglday 200 EPA, 1991 

lngeshon CF Conversion factor Ww 0.000001 

lngeslion EF Exposure Frequency days/year 52 

Ingestion ED Exposure Duralion years 6 EPA, 1991 

Ingestion BW Body Weight kg 15 EPA, 1991 

Ingestion AT-N Averaging Time (non-cancer) days 2,190 EPA, 1989 

lngeslion AT-C Averaging Time (cancer) days 25.550 EPA, 1969 

Ingestion IF-N Intake Factor - noncarcinogenic mgikg-day 1.9E-06 calculated 

ingestion IF-C Intake Factor - carcinogenic mglkgday 1 Hz-07 calculated 

Dermal cs Chemical cancentralion in soil ‘“Sk2 (1) 

Dermal SA Skin surface area available for co&cl cm2 1991 EPA, 1997 

Derrnal CF Cowersron factor kg/w 0.000001 

Dermal SSAF SotI to ski adherence factor mglcm2levenl 0.2 EPA, 1997 

Dermal EF Exposure Frequency events/year 52 

Dermal ED Exposure Duration years 6 EPA, 1991 

Dermal DABS Dermal absorplion faclor (2) __ chemical-specific EPA, 2000 

Dermal BW Body Weight kg 15 EPA, 1991 

Dermal AT-N Averaging Time (non-cancer) days 2,190 EPA, 1989 

Dermal AT-C Averaging Time (cancer) days 25.550 EPA, 1989 

Dermal IF-N lnlake Faclor - noncarcinogenic (3) WWW 3.6E-06 calculaled 

Dermal IF-C Intake Factor - carcinogenic (3) wGg-d=y 3.2E-07 calculated 

(1) Chemical concenlrahons m SOII are Ihe reasonable maximum exposure (RME) exposure poinl concentralion (EPC) values provided in Tables 6-3.1 and 6-3.2. 

(2) Absorption factors for COPCs provided in EPA Region III Memorandum Assessing Dermal Exposure from S&l (EPA, 2000b). 

Absorption fackxs are as follows, benzo(a)pyrene - 0.1; aluminum - 0.01, arsenic - 0.032, and iron _ 0.01. 

(3) The noncarcinogemc and carcinogenic intake factors were adjusted by the dermal absorption factor for the specific chemical. 
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i 

Scenario Tuneframe cunentlfuture 

Medwm- sot1 

Exposure Medium’ surface soil 

Exposure Point surface soil at Site 16 

Receptor Populakon commerciallindustrial 

Receptor Age: adult 

TABLE 6-4.3 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

posure Rout Parameter Parameter Definition Units RME RME CT CT Intake Equation1 

Code Value Rationale1 Value Rationale/ Model Name 

Reference Reference 

l”gesk0” cs Chemical concentration in soil wmg (1) _. 

Ingestion IR-S Ingestion rate of soil mglday 50 EPA, 1991 

ingestion CF Conversion factor Wmg 0.000001 

Ingestion EF Exposure Frequency days/year 250 EPA, 1991 

Ingestlo” ED Exposure Duration YCSXS 25 EPA, 1991 

Ingestion BW Body Weight kg 70 EPA, 1991 

l”gesli0” AT-N Averaging Tame (non-cancer) days 9.125 EPA. 1989 

lngestio” AT-C Averaging Time (cancer) days 25,550 EPA, 1989 

Ingestion IF-N intake Factor - noncarcinogentc “?cPg~aY 4.9E-07 calculated 

Ingestion IF-C Intake Factor-carcinogenic wWJ=y 1.7E-07 calculated 

Demlal cs Chemical concentralion in soil w4M (1) __ 

Dermal SA Skm surface area available for contact cm2 5800 EPA, 1997 

De”!la1 CF Converslo” factor kg/w 0 000001 

Denal SSAF Soil to sktn adherence factor mglcm2levent 02 EPA, 1997 

Denal EF Exposure Frequency events/year 250 EPA, 1991 

Denal ED Exposure Duration YtXWS 2.5 EPA, 1991 

Dermal DABS Dermal absorption factor (2) . . chemical-specific EPA. 2000 (2) 

De”llal BW Body Weight kg 70 EPA, 1991 

Del-ma1 AT-N Averagmg Time (non-cancer) days 9.125 EPA, 1989 

De”“al AT-C Averaging Time (cancer) days 25,550 EPA, 1989 

Dermal IF-N Intake Factor - “oncetinogenlc (3) mglkg-day l.lE-05 calculated 

De”Ilel IF-C Intake Factor-carcinogenic (3) mg/kg-day 4 lE-06 calculated 

(1) Chemical concentrations in soil are the reasonable maximum exposure (RME) exposure poinl concentration (EPC) values provided in Tables 6-3 1 and 6-3.2. 

(2) Absorption factors for COPCs provided in EPA Region III Memorandum Assessing Denal Exposure from Soil (EPA, 2000b). 

Absorption factors are as follows: benzo(a)pyrene - 0.1; aluminum. 0.01, arsenic _ 0.032. and im” - 0.01 

(3) The “oncarcinogenic and carcinogenic Intake factors were adjusted by the dermal absorption factor for the speCifiC chemical. 
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TABLE 6-4.4 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe- future 

Medium. soil 

Exposure Medium: surface soil 

Exposure Potnt- surface soil at Site 16 

Receptor Population. constructton worker 

Receptor Age. adult 

xposure Rout Parameter Parameter Definition Units RME RME CT CT Intake Equation/ 

Code Value Rationale/ Value Rat~onatel Model Name 

Reference Reference 

ingestion cs Chemtcal concentratron in soil mm (1) ._ 

lngeskon IRS ingestion rale of sot1 mglday 460 EPA, 1992 

l”gestlo” CF Conversion factor kg/w 0 000001 

Ingestion EF Exposure Frequency days/month 20 

l”gestlo” ED Exposure Durakon months 6 

l”gesti0” BW Body Wetght kg 70 EPA, 1991 

l”gestlo” AT-N Averagmg Time (non-cancer) days 163 

lngeskon AT-C Averaging Time (cancer) days 25.550 EPA, 1969 

ingestion IF-N Intake Factor noncarcmogenic w’W=y 4.5E.06 calculated 

l”gestlo” IF-C Intake Factor. carcinogenic “‘gk-d=y 3.2E-06 calculated 

Dennal cs Chemical concentration in soil “KJ~g (1) _. 

Denat SA Skin surface area available for contact cm2 5600 EPA, 1997 

Denal CF Conversion factor kg/w 0.000001 

Dermal SSAF Soil to skin adherence factor mgicm2/event 03 EPA, 1997 

Dennal EF Exposure Frequency eventslmonth 20 

Dermal ED Exposure Duratton months 6 

Dermal DABS Dermal absorption f&or (2) __ chemtca-spedftc EPA, 2000 

Demla1 BW Body Weight kg 70 EPA, 1991 

De”ttal AT-N Averagmg Ttme (non-cancer) days 163 

De”Ttal AT-C Averaging Time (cancer) days 25,550 EPA, 1969 

Dermal IF-N Intake Factor - noncercmogentc (3) mgrkg-day 16E-05 calculated 

Dennal IF-C Intake Factor - carcinogenic (3) “KJmdaY 1.2E-07 calculated 

(1) Chemical concentrations m soil are the reasonable maxtmum exposure (RME) exposure point concentration (EPC) values provided in Tables 6-3.1 and 6-3.2. 

(2) Absorption factors for COPCs provtded tn EPA Region III Memorandum Assessing Denat Exposure from SotI (EPA, 2006b). 

Absorption factors are as follows, benzo(a)pyrene - 0.1; aluminum - 0.01, arsenic - 0.032, and iron _ 0.01. 

(3) The noncarcinogenrc and carcinogenic intake faclors were adjusted by the denat absorption factor for the spectftc chemical 
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TAL -4.5 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Receptor Populahow resident 

posure Rout Parameter Parameter Deflnihon Units RME RME CT CT Intake Equation/ 

Code Value Rationale/ Value Rationale/ Model Name 

Reference Reference 

Ingestion cs Chemical concentration m sot1 w&g (1) 

Ingestion IR-S Ingestion rate of soil mglday 100 EPA, 1991 

Ingestion CF Conversion factor kg/w 0 0w001 

Ingestion EF Exposure Frequency days/year 350 EPA, 1991 

Ingestion ED Exposure Duration YeWS 30 

Ingestion BW Body Weight kg 70 EPA, 1991 

Ingestion AT-N Averaging Time (non-cancer) days 1o.gso 

Ingestion AT-C Averaging Ttme (cancer) days 25,550 EPA, 1969 

Ingestion IF-N Intake Factor - noncarcinogenic mglkg-day 14E-06 calculated 

Ingestton IF-C Intake Factor -carcinogenic (2) whd=y 1 BE-06 calculated 

Dermal cs Chemical concentration in solI “@kg (1) 

Dermal SA Skin surface area available for contact cm2 5600 EPA, 1997 

Dermal CF Conversion factor W”g 0 000001 

Dermal SSAF Soil la skin adherence factor mgIcm2Ievent 0.2 EPA, 1997 

Dermal EF Exposure Frequency events/year 350 EPA, 1991 

Dermal ED Exposure Duralion years 30 

Del-lllal DABS Detmal absorption factor (3) chemical-specific EPA, 2000 

Dermal BW Body Weight kg 70 EPA, 1991 

Dermal AT-N Averaging Time (non-cancer) days 10,950 

Dermal AT-C Averagtng Time (cancer) days 25,550 EPA, 1969 

Dermal IF-N intake Factor - noncarcinogenic (4) mglkgday 1.6E.05 calculaled 

Derlllal IF-C Intake Factor-carcinogenic (4,5) mglkg-day 7.6E-06 calculated 

(1) Chemical concentrations in soil are the reasonable maximum exposure (RME) exposure point concentration (EPC) values provided in Tables 6-3 1 and 6-3.2 

(2) This calculatmn was age-adjusted using a iaclor oi i i4 mg;yrikg’day ihis aye-adjusied iacior accounied for ingesiiorl r&r, exposure duraiion and body weiyhi in ihr C&G&ion 

(3) Absorption factors for COP& provided in EPA Region Ill Memorandum Assessing Dermal Exposure from Soil (EPA, 2000b) 

Absorphon factors are as follows, benzo(a)pyrene - 0 1: aluminum - 0 01, arsenic - 0.032, and iron - 0.01. 

(4) The noncarclnogemc and carcinogenic intake factors were adjusted by the dermal absorption factor for the specific chemtcal 

(5) This calculation was age-adjusted using a factor of 557 mg-yr/kg-event. This age-adjusted factor accounted for surface atea. adherence factor, duration and body wetght on the calculation. 
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TABLE 6-4.6 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Scenario Tuneframe’ future 

Exposure Medium. surface soil 

Exposure Point: surface sotl at Site 16 

Receptor Population resident 

iposure Rout Parameter Parameter Definition Units RME RME CT CT Intake Equationl 

Code Value Rationale/ Value Rationale/ Model Name 

Reference Reference 

Ingestion cs Chemical concentrabon m sotl m@g (1) . . 

ingestion IR-S IngestIon rate of so11 mglday 200 EPA, 1991 

Ingestton CF Conversion factor Ww 0 000001 

Ingestion EF Exposure Frequency days/year 350 EPA, 1991 

Ingestion ED Exposure Duration years 6 EPA, 1991 

Ingestion BW Body Weight kg 15 EPA, 1991 

Ingestion AT-N Averaging Time (non-cancer) days 2,190 EPA, 1969 

Ingestion AT-C Averaging Time (cancer) days 25,550 EPA, 1969 

Ingestion IF-N Intake Factor - noncarcinogenic mglkgday 1.3E-05 calculated 

Ingestion IF-C Intake Factor _ carcinogenic @kg-day l.lE-06 calculated 

Oermal CS Chemical concentration in soil m&g (1) _. 

Dermal SA Skin surface area available for contact cm2 1991 EPA, 1997 

Dermal CF Conversion factor Ww 0 000901 

Dermal SSAF Soil to skin adherence factor mglcm2levent 02 EPA, 1997 

Dermal EF Exposure Frequency events/year 350 EPA, 1991 

Dermal ED Exposure Duration years 6 EPA, 1991 

Dermal DABS Dermal absorption factor (2) chemical-specific EPA, 2wO (2) 

Dermal BW Body Weight kg 15 EPA, 1991 

Dermal AT-N Averaging Tome (non-cancer) days 2,190 EPA, 1969 

Dermal AT-C Averagmg Time (cancer) days 25,550 EPA, 1969 

Dermal IF-N lnlake Factor - noncarctnogenlc (3) mglkg-day 2.5E-05 calculated 

Dermai IF-C Intake Factor _ carcinogenic (3) WWdw 2 2E-06 calculated 

(1) Chemical concentrations in soil are the reasonable maximum exposure (RME) exposure point concentration (EPC) values provided in Tables 6-3 1 and 6-3.2. 

(2) Absorption factors for COPCs provided in EPA Region III Memorandum Assessing Dermal Exposure from Soil (EPA, 20006). 

Absorption factors are as follows; benzo(a)pyrene - 0.1, aluminum - 0 01, arsenic - 0.032. and iron - 0.01. 

(3) The noncarcinogenic and carcinogenic intake factors were adjusted by the dermal absorption factor for the specific chemical. 
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TABLE’ 6-4.7 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: future 

Medium: soil 

Exposure Medium: air 

Exposure Point: air volatilized from surface soil at Site 16 

Receptor Population: construction worker 

Receptor Age: adult 

xposure Route Parameter Parameter Definition Units RME RME CT CT Intake Equation/ 

Code Value Rationale/ Value Rationale/ Model Name 

Reference Reference 

Inhalation cs Chemical concentration in soil w/kg (1) 

Inhalation CA Chemical concentration in air - volatiles (modeled) mglm3 (2) GRI. 1966 Volatile emissions model 

Inhalation CA Chemical concentration in air - particulates (modeled) mglm3 (2) GRI. 1988; EPA, 1995 Fugitive dust estimation model 

Inhalation IR inhalation rate m3/hr 2.5 EPA, 1997 

Inhalation ET Exposure time hrlday 0 

Inhalation EF Exposure Frequency days/month 20 

Inhalation ED Exposure Duration months 6 

Inhalation BW Body Weight kg 70 EPA, 1991 

Inhalation AT-N Averaging Time (non-cancer) days 183 

Inhalation AT-C Averaging Time (cancer) days 25,550 EPA, 1969 

Inhalation IF-N Intake Factor - noncarcinogenic m3/kg-day 1.9E-01 calculated 

Inhalation IF-C Intake Factor - carcinogenic m3/kg-day 1.3E-03 calculated 

1 and 6-3.2. (1) Chemical concentrations in soil are the reasonable maximum exposure (RME) exposure point concentration (EPC) values provided in Tables 6-3 

(2) Calculations for volatile and particulate air concentrations are provided in Table 6.4.7a and 64.7b. respectively. 

12/l/00 



Table 6-4.7a - Surface Soils Site 16 
Estimation of Mass Flux of Chemical per Unit Area 

COMPOUND 

Benzo(a)pynte 
Aluminum 
Arsenic 
Iron 

Constant’ 

0.0292 
0.0292 
0.0292 
0.0292 

Meall 
Windspeed 

U’ 

WW 

16920 
16920 
I6920 
16920 

Diameta of Schmidt Air Mass 
waste Gas Tranrfet 

Botmdaty Number Coefficient 

Dpb SC2 ka 

Cm) (unitless) bw 

40 2.8 19.396 
40 #N/A #N/A 
40 #N/A #N/A 
40 #N/A #N/A 

Vapilr Gas Temperature 
Plrssurc Constant of Soil Surface Mass Flux 

PC R” Q/AC 

(arm) (am-m3/mole-“K) C-L (moles/m2-br) 

7.2OE-I2 8.2lE-05 293 5 8lE-09 
#NIA 8.2lE-05 293 #NIA 
#N/A 8 2lE-05 293 #N/A 
#N/A 8.2lE-05 293 #N/A 

(a) Default values provided in Expostue Model Handbook for the Screening of Former Manufactured Gas Sites. 1988. 
(b) Site-specitic data 
(c) Chemical-specilic data, S>~acuse Research Coqnration (SRC), 1998 



Table 6-4.7a (cont.) - Site 16 Surface Soils 
Estimation of Volalile Emissions from Soil Surface 

COMPOUND 

Benzo(a)pyrene 
Aluminum 
Arsenic 
IKXI 

Avera&e IO-meter 
Soil Mass Flux h4olecular Contaminated Conversion Conversion Conversion Height M’idtb Wind Speed Wind Speed 

Concentration Q/AC Weight’ A& Factor Factor Factor Hb’ Wb‘ Urn< UIOC 

b@k3) (moles/m2-hr) (dmole) W) (wk) (hr/sec) O&d (4 (ml (mlsec) (mlsec) 

I 20E+OO 5.8lE-09 252.32 500 1 .OOE+O3 2.78E-04 I .IOE-06 6.2 100 2 83E+OO 4.7 
6.67EiOi #N/A #N/A 500 l.OOE+03 2.78E-04 I .OOE-O6 6.2 100 2 83E+OO 4.7 
1.4SE+OO #N/A #N/A 500 l.OOE+03 2 78B04 I.OOE-06 6.2 100 2.83E+OO 4.7 
5.77E+O3 #N/A #NIA 5w I.OOEtO3 2.78E-04 I.OOE-06 6.2 100 2.83E+CU 4.7 

Modeled 
Air 

Cotlcenh-ation 

(mdm3) 

I .39E-I3 
#NIA 
#N/A 
#N/A 

(a) Chemical-specific data provided in SRC, 1998. 
(b) Site-specific data 
(c) Default values provided in Exposure hfodel llandbook for the Screening of Former Manufactured Gas Sites, 1988 



Table 6-4.7b _ Site 16 Surface Soils 

Emission Rates for Fugitive Dust Emissions from Construction Activities 

Volumetric 

COMPOUND 

Benzo(a)pp-ene 
Aluminum 
Arsenic 
Iron 

Soil Silt water 

Concentration contenta contenta 

bw?W f”@ (%/.) 

I .ZOE+OO I soE+OI 1.50E+OI 
6.67E+O3 I 50E+Ol I .50E+OI 
I .45E+OO I .5OE+O I 1.50E+Ol 
5.77E+O3 I50E+OI 1.5OE+OI 

Emission 

Rateh 
(kgkc) 

Height Width 
Average 

Wind Speed 

Urn 
(m/xc) 

1.23E-04 6 20E+oo I.OOE+02 2.83E+OO 
I.23E-04 6.2oE+Oa LOOE+02 2,83E+oO 
I 23E-04 6 2OE+OO I .OOE+02 2 83E+tXJ 
1.23E-04 6.2OE+OO I.OOE+02 2,83E+OO 

IO-meter Modeled 
Wind Speed Air 

UIO’ Concentration 
(mkc) (mgIm3) 

4.7 8 39E-08 
4.7 4 67E-04 
4.7 I .O I E-07 
4.7 4.04E-04 

(a) Default values provided in Exposure Model Handbook for the Screening of Former Manufactured Gas Sites, 1988 
(b) Derived from: Compilation of Air Pollutant Emission Factors, EPA, OAQPS, 1995 
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TABLE 6-4.8 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: future 

Medium: groundwater 

Exposure Medium: groundwater 

Exposure Point: Site 16 groundwater - water supply Well 

Receptor Population: commercial/industrial 

Receptor Age: adult 

xposure Route Parameter Parameter Definition Units RME RME CT CT Intake Equation/ 

Code Value Rationale/ Value Rationale/ Model Name 

Reference Reference 

Ingestion cw Chemical concentration in groundwater mglL (1) -- 

Ingestion IR-W Ingestion rate of groundwater L/day 1 

Ingestion EF Exposure Frequency dayslyear 250 

Ingestion ED Exposure Duration years 25 

Ingestion BW Body Weight kg 70 EPA, 1991 

Ingestion AT-N Averaging Time (non-cancer) days 9,125 

Ingestion AT-C Averaging Time (cancer) days 25,550 EPA, 1989a 

Ingestion IF-N Intake Factor - noncarcinogenic mglkg-day 9.8E-03 calculated 

Ingestion IF-C Intake Factor - carcinogenic mglkg-day 3.5E-03 calculated 

(1) Chemical concentrations in groundwater are the reasonable maximum exposure (RME) exposure point concentration (EPC) values provided in Table 83.3. 
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TABLE 6-4.9 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: future 

Medium: groundwater 

Exposure Medium: groundwater 

Exposure Point: Site 16 groundwaler - excavation sile 

Receptor Population: construction worker 

Receptor Age: adult 

wposure Route Parameter Parameter Deftnilion Units RME RME CT CT Intake Equation/ 

Code Value Rationale/ Value Ralionalel Model Name 

Reference Reference 

lngeslion cw Chemical concentration in groundwaler mg/L (1) -_ 

Ingestion IR-W Ingestion rate of groundwater L/day 0.02 VDEP. 2000 

tngestion EF Exposure Frequency days/month 20 

tngeslion ED Exposure Duration months 6 

Ingestion BW Body Weight kg 70 EPA, 1991 

Ingestion AT-N Averaging Time (non-cancer) days 183 

Ingestion AT-C Averaging Time (cancer) days 25.550 EPA, 1989 

Ingestion IF-N tntake Factor - noncarcinogenic mg/kg-day 1 .QE-04 calculated 

Ingestion IF-C Intake Factor - carcinogenic mgikg-day 1.3E-06 calculated 

Dermal DL.1 Absorbed Dose per Event mg/cm2-event chemicat-specific (2) 

Dermal CF Conversion factor L/cm2 0.001 

DerrIlal SA Skin surface area available for contact cm2 5800 EPA, 1997 

Dem-tal EV Event Frequency events/day 1 

Dermal EF Exposure Frequency days/month 20 

Dermal ED Exposure Duration months 6 

Denal BW Body Weight kg 70 EPA, 1991 

Dermal AT-N Averaging Time (non-cancer) days 183 

Dermal AT-C Averaging Time (cancer) days 25,550 EPA, 1989 

Dermal IF-N lnlake Factor - noncarcinogenic event-cm2ikg-day 54E+Ol calculated 

Dermal IF-C lnlake Factor - carcinogenic event-cm2/kg-day 3.9E-01 calculated 

(1) Chemical concentrations in groundwater are the reasonable maximum exposure (RME) exposure point concentration (EPC) values provided in Table 6-3.3. 

(2) Absorbed Dose per Event (DA+,& for the COPCs is chemical-spedfic and has been calculated in Table 6-4.9a 

1211 IO0 





TABLE 6-4.1 Cl 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Receptor Population: resident 

Receptor Age: adult 

xposure Route Parameter Parameter Definition Units RME RME CT CT Intake Equation/ 

Code Value Rationale/ Value RaBonale/ Model Name 

Reference Reference 

Ingestion cw Chemical concentration in groundwater mg/L (1) 

tngestion IR-W Ingestion rate of groundwater L/day 2 

Ingestion EF Exposure Frequency days/year 350 

Ingestion ED Exposure Duration years 30 

Ingestion BW Body Weight kg 70 EPA, 1991 

tngestion AT-N Averaging Time (non-cancer) days 10,950 

Ingestion AT-C Averaging Time (cancer) days 25,550 EPA, 1989 

Ingestion IF-N Intake Factor - noncarcinogenic mglkg-day 2.7E-02 calculated 

Ingestion IF-C Intake Factor-carcinogenic (2) mgikg-day 1.5E-02 calculated 

Dermal Db., Absorbed Dose per Event (3) mg/cm2-event chemical-specific 

Dermal SA Skin surface area available for contact cm2 23000 EPA, 1997 

Dermal EV Event Frequency events/day 1 

Dermal EF Exposure Frequency days/year 350 

Dermal ED Exposure Duration years 30 

Denal SW Body Weight kg 70 EPA, 1991 

Dermal AT-N Averaging Time (non-cancer) days 10,950 

Dermal AT-C Averaging Time (cancer) days 25,550 EPA, 1969 

Dermal IF-N Intake Factor noncarcinogenic event-cm2ikg-day 3.2E+02 calculated 

Dermal IF-C Intake Factor - cartinogenic (4) event-cm2ikg.day 1.5E+02 calculated 

(1) Chemical concentrations in groundwater are the reasonable maximum exposure (RME) exposure point concentration (EPC) values provided in Table 6-3.3. 

(2) This calculation was age-adjusted using a factor of 1.066 L-yrlday-kg. This age-adjusted factor accounted for ingestion rate, exposure duration and body weight in the calculation. 

(3) Absorbed Dose per Event (DA+,..3 for the COPCs is chemical-specific and has been calculated in Table 6.4.10a 

(4) This calculation was age-adjusted using a factor of 11070 cm2-y&g. This age-adjusted factor accounted for skin surface area, exposure duration and body weight in the calculation. 

12/I IO0 
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TABLE 6-4.11 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: future 

Medium: groundwater 

Exposure Medium: groundwater 

Exposure Point: Site 16 groundwater - water supply well 

Receptor Population: resident 

Receptor Age: child 

rposure Route Parameter Parameter Definition Units RME RME CT CT Intake Equation/ 

Code Value Rationale/ Value Rationale/ Model Name 

Reference Reference 

Ingestion cw Chemical concentration in groundwater mg/L (1) 

Ingestion IR-W tngestion rate of groundwater L/day 1 

tngestion EF Exposure Frequency dayslyear 350 

Ingestion ED Exposure Duration years 6 

tngestion BW Body Weight kg 15 EPA, 1991 

tngestion AT-N Averaging Time (non-cancer) days 2,190 

Ingestion AT-C Averaging Time (cancer) days 25,550 EPA, 1969 

Ingestion IF-N Intake Factor - noncarcinogenic mglkg-day 6.4E02 calculated 

Ingestion IF-C Intake Factor _ carcinogenic mglkg-day 5.5E-03 calculated 

Dermal W”.“, Absorbed Dose per Event (2) mglcm2-event chemical-specific 

Dermat SA Skin surface area available for contact cm2 7960 EPA. 1997 

Dermal EV Event Frequency events/day 1 

Denal EF Exposure Frequency days/year 350 

Dermal ED Exposure Duration years 6 

Dermal BW Body Weight kg 15 EPA, 1991 

Dermal AT-N Averaging Time (non-cancer) days 2,190 

Dermal AT-C Averaging Time (cancer) days 25.550 EPA, 1969 

Dermal IF-N Intake Factor - noncarcinogenic event-cm2(kg-day 5.1 E+02 calculated 

Dermal IF-C Intake Factor-carcinogenic event-cm2&g-day 4.4E+Ol calculated 

(1) Chemical concentrations in groundwater are the reasonable maximum exposure (RME) exposure point concentration (EPC) values provided in Table 6-3.3. 

(2) Absorbed Dose per Event (D&,.,,) for the COPCs is chemical-specific and has been calculated in Table 6.4.lOa 
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TABLE 6-4.12 

VALUES USED FOR DAILY INTAKE CALCULATIONS 
Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: future 

Medium: groundwater 

Exposure Medium: air 

Exposure Point: water supply well - vapor from shower head 

Receptor Population: resident 

Receptor Age: adult 

xposure Route Parameter Parameter Definition Units RME RME CT CT Intake Equation/ 

Code Value Rationale/ Value Rationale/ Model Name 

Reference Reference 

Inhalation CA Chemical concentration in air mg-minll-shower (1) __ Foster and Chrostowski, 1987 

inhalation IR Inhalation rate Umin 10 

Inhalation SF Shower Frequency showers/day 1 

Inhalation EF Exposure Frequency days/year 350 

Inhalation ED Exposure Duration years 30 

Inhalation BW Body Weight kg 70 EPA, 1991 

Inhalation AT-N Averaging Time (non-cancer) days 10,950 

Inhalation AT-C Averaging Time (cancer) days 25,550 EPA. 1989 

Inhalation IF-N Intake Factor - noncarcinogenic mglkg-day 1.4E-01 calculated 

Inhalation IF-C Intake Factor - carcinogenic mglkg-day 59E-02 calculated 

(1) Chemical concentrations in air are based on results from the Foster and Chrostowski model (Foster and Chrostowski, 1987) provided in Table 6-4.12a. 
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TABLE 6-4.12a 

kg 0420) 3000 cm/hr (est., p.3) gas-film mass transfer coefficient 

RT 2.40E-02 atm-m3/mol (P.3) gas constant x temperature 

H 0.00555 atm-m3/mol-“K (p.3) Henry’s Law constant 

KL 14.373495 cm/hr (Eqn. 1, p.3) overall mass transfer coefficient 

MWvoc 78 g/mol molecular weight of VOC 

6 WW 15.021352 cm/hr (Ew. 3, p.3) liquid-film mass transfer coefficient 

k,ww 1441.1534 cm/hr (Eon. 2, o.3) aas-film mass transfer coefficient 

K aL 19.009996 cm/hr (Eqn. 4, p.3) adjusted mass transfer coefficient 

T 293 “K calibration temperature of KL 

Ts 316 “K shower water temperature 

l-4 1.002 cp (lookup) viscosity of water at T, 

IJS 0.6178 cp (lookup) viscosity of water at T, 

C wd 27.222728 ug/L (W. 5 p.3) concentration leaving droplet at time t, 

Gil 58 ug/L shower water VOC concentration 

d 0.25 mm shower droplet diameter 
t IS I 0.5 set shower droplet drop time I 

,“*-., S I 90.742427 uo-m3/min (Eon. 6. p.4) VOC aeneration rate 

R 

Ca(t> dt 

BW 
VR 

air exchange rate 

integral of concentration vs time 

body weight 
ventilation rate (inhalation rate) 

IEinh 1 0.00193 mg/kg/shower inhalation exposure per shower I 



TABLE 6-4.12a 
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TABLE 6-4.12a 

3000 cm/hr (est., p.3) gas-film mass transfer coefficient 

RT 

H ;.-C%:: :i:::3;t:; K 

gas constant x temperature 
3 -0 2::; Henry’s Law constant 

KL 7.14E+OO cm/hr (Eqn. 1, p.3) overall mass transfer coefficient 

MWoc 128.56 g/mol molecular weight of VOC 

4 WC) 11.700473 cmlhr (Eqn. 3, p.3) liquid-film mass transfer coefficient 

kq(VW 1122.5471 cm/hr Wm. 2, p.3) gas-film mass transfer coefficient 

K aL 9.4370536 cm/hr (Eqn. 4, p.3) adjusted mass transfer coefficient 

T 293 “K calibration temperature of KL --I 

J-s 316 “K shower water temperature 

l-4 1.002 cp (lookup) viscosity of water at T, 

I& 0.6178 cp (lookup) viscosity of water at T, 

C wd 2.4290651 ug/L (Eqn. 5, p.3) concentration leaving droplet at time t, 

C wo 9 I@- shower water VOC concentration 

d 0.25 mm shower droplet diameter 

ts 0.5 set shower droplet drop time 

prr, S 8.0968836 ug-m3/min (Eqn. 6, p.4) VOC generation rate 
FR ‘,;; ,@~$ij$@~$Y$& : pr& h -I xi, :. L/m i n shower water flow rate 

sv shower room air volume 

Ds 

2; r~,~~.~s:?,-i.l~,iL “5 J ? .pili#&e i*I ,,\ ~..t..-,~~v.$!&$$&: min ” :&-%$$ :rf$~r:&$pL” ” : shower duration 

Dt ,~~;~$$F&f&~*@~ min :,<:~ ‘$_-i’l’ >l. &gy’A 
‘:i:“G&a;& &,. ‘ i time period to show in chart 

R I~~~~~~~~e~ min“ air exchange rate 

C,(t) dt i 205.4968 wmin/m 
J 

integral of concentration vs time 

BW 70 kg body weight 
VR 10 I/min ventilation rate (inhalation rate) 

6nt-t 0.0001722 mg/kg/shower inhalation exposure per shower 
-I 
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TABLE 6-4.12a 

4 (CO,) 20 cmlhr 

k, W20) 3000 cm/hr 

(est., p.3) 

(est., p.3) 

liquid-film mass transfer coefficient 

gas-film mass transfer coefficient --I 

RT 

H 

2.40E-02 atm-m3/mol (P.3) 
0.0184 atm-m3/mol-“K t~.31 

gas constant x temperature 

Hen&s Law constant --I 

KL 
MWIOC 

l.O2E+Ol cm/hr 

166 g/m01 

(Eqn. 1, p.3) overall mass transfer coefficient 

molecular weight of VOC -4 

kt WC) 10.2968 cm/hr (Eqn. 3, p.3) liquid-film mass transfer coefficient 

&(VW 987.87834 cm/hr Win. 2, p.3) gas-film mass transfer coefficient ---I 

1 13.435607 cm/hr Eqn. 4, p.3) adjusted mass transfer coefficient I 

J-1 

TS 

293 “K 

316 “K 

calibration temperature of KL 

shower water temperature --I 

I4 

I4 

1.002 cp 

0.6178 cp 

(lookup) 

(lookup) 

viscosity of water at T, 

viscosity of water at T, --I 

1 1.8050088 ug/L (Eqn. 5, p.3) concentration leaving droplet at time t, I 

C wo 

d 
5 w/L 

0.25 mm 

shower water VOC concentration 

shower droolet diameter --I 

0.5 set 

6.01‘66959 ua-m3/min 

shower droplet drop time 

(Ean. 6. ~.4) VOC generation rate 
shower water flow rate 

Dt 

““‘,gj“‘&,yg& 

~;~~~~~~~~~~~~~ mi n time period to show in chart 

R r-.::;“~~~~~~~~~~~ mine’ air exchange rate 
i 

C,(t) dt I 895.79007 wmin/m 
.I 

integral of concentration vs time 

BW 
VR 

70 kg 
10 I/min 

body weight 
ventilation rate (inhalation rate) 

Einh 
I 

0.000128 mg/kg/shower inhalation exposure per shower I- 



TABLE 6-4.12a 

1 I Tetrachloroethene 
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TABLE 6-4.12a 

, I-..\ S I 0.2139307 ug-m3/min (Eqn. 6, p.4) VOC generation rate 
FR tli.” i:rjr.++3.:.:12@ L/min $ ,‘sI’: l:.:g;,~;I ‘;:;,,q shower water flow rate 

sv .q. *:‘“y”>” &-a _ ‘3, i P:‘ i’>~~.~g$~$q~; m3 
~. ,l> shower room air volume 

DS 
i &,y&,$ I_ . ~:‘YI::“:U’I:-ill~T‘ mi n ;,::i~.:.~~,;‘t:‘;t:li~~~;i j;” I; shower duration 

Dt ~~~~~~~~~~~~~~~20; m i n ,:_ ,,I time period to show in chart 

R ~~~&j&~~~ min-’ 
j ,I,_, 1 

air exchange rate 

C,(t) dt 31.850865 i-9min/m” 
1 

integral of concentration vs time 

BW 70 kg body weight 
VR 10 I/min ventilation rate (inhalation rate) 

Einh 455E-06 mg/kg/shower inhalation exposure per shower 
3 
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, TABLE 6-4.12a 

kg W20) 

RT 

H 

KL 

3000 cm/hr (est., p.3) 

2.40E-02 atm-m3/mol (P.3) 
0.00788 atm-m3/mol-“K (p.3) 

1.25E+Ol cm/hr (Eqn. 1, p.3) 

gas-film mass transfer coefficient 

gas constant x temperature 

Henry’s Law constant 

overall mass transfer coefficient 

1 M ‘hoc 1 106.168 g/m01 molecular weight of VOC I 
4 WC) 12.875364 cm/hr (Ew. 3, p.3) liquid-film mass transfer coefficient 

~ww 1235.2666 cm/hr (Eqn. 2, p.3) gas-film mass transfer coefficient 

K aL 

-6 

TS 

l-4 

IJS 

16.504658 cm/hr 

293 “K 

316 “K 

1.002 cp 

0.6178 cp 

(Ew. 4, p.3) 

(lookup) 

(lookup) 

adjusted mass transfer coefficient 

calibration temperature of KL 

shower water temperature 

viscosity of water at T, 

viscosity of water at T, 

C wd 

GO 

d 

ts 

118.47913 ug/L 

280 ug/L 

0.25 mm 

0.5 set 

(Ew. 5, p.3) concentration leaving droplet at time t, 

shower water VOC concentration 

shower droplet diameter 

shower droDlet drop time 

BW 
VR 

Einh 

70 kg 
10 I/min 

0.0083998 mg/kg/shower 

body weight 
ventilation rate (inhalation rate) 

inhalation exposure per shower 



TABLE 6-4.12a 

/‘-“\ 
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TABLE 6-4.12a 

! 3000 cm/hr (est., p.3) gas-film mass transfer coefficient 

RT 2.4OE-02 atm-m3/mol (P.3) 
H 0.000517 atm-m3/mol-“K (p.3) 

KL 750E+OO cm/hr (Em. 1, p.3) 

gas constant x temperature 

Henry’s Law constant 

overall mass transfer coefficient 

MWoc 
k, (VW 

142 g/mol 

11.132999 cm/hr 

1068.1035 cm/hr 

molecular weight of VOC 

(Eqn. 3, p.3) liquid-film mass transfer coefficient 

(Em. 2, o.3) aas-film mass transfer coefficient 

K aL 

-5 

9.9229074 cm/hr 

293 “K 

(Eqn. 4, p.3) adjusted mass transfer coefficient 

calibration temperature of KL --I 

TS 

l-4 

IJS 

C Wd 

CWU 

d 

316 “K 

1.002 cp 

0.6178 cp 

56.325002 ug/L 

200 ug/L 

0.25 mm 

(lookup) 

(lookup) 

Ew. 5, p.3) 

shower water temperature 

viscosity of water at T, 

viscosity of water at T, 

concentration leaving droplet at time t, 

shower water VOC concentration 

shower droplet diameter 

Its I 0.5 set shower droolet droo time I 
I 

I 

,’ (..-%\ S 187.75001 ug-m3/min (Ew. 6, p.4) VOC generation rate 
FR ,~~;;ai”~~~~~~~~~O: Um i n shower water flow rate 

sv 
z ;&&pjjg:“i;f& m3 
_: -J # WQ .(*.*X ‘“- ,, shower room air volume 

DS ~~~~~~l~~~.~~,~. m i n 
‘, f$+ @&@ *a!:!*:“,.. “; shower duration 

Dt 
.:.&$&p&$~2~ ,( 
‘!Ci&&SJ&?k. -:ij*i, G&k+ *,A$QO; min 
a?$ _* <+s-; __.: $2. time period to show in chart 

R /j$$$@$$~&‘@ min-’ ‘> rr: a, > air exchange rate 

C,(t) dt 27952.982 w-min/m” 

1 
integral of concentration vs time 

BW 70 kg body weight 
VR 10 I/min ventilation rate (inhalation rate) 

Einh 0.0039933 mg/kg/shower inhalation exposure per shower 
, 



TABLE 6-4.12a 
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1 TABLE 6-4.12a 

Ikt(COd I 20 cm/hr (est., o.3) liauid-film mass transfer coefficient 

kg U-60) 
RT 

H 

KL 

3000 cm/hr (est., p.3) gas-film mass transfer coefficient 

2.40E-02 atm-m3/mol 
- 

(P.3) gas constant x temperature 

0.00938 atm-m3/mol-“K (p.3) 
- 

Henry’s Law constant - 
1.31 E+Ol cm/hr (Eqn. 1, p.3) overall mass transfer coefficient 

MWoc 96.944 g/mol 

4 WC) 13.473979 cm/hr 

Ik, (VCC) 1 1292.6979 cm/hr 

- 
molecular weight of VOC 

- (Eqn. 3, p.3) liquid-film mass transfer coefficient 

- (Ew. 2, p.3) gas-film mass transfer coefficient . 

K aL 

-6 

TS 

I4 

IJS 

C wd 

Cti 

17.357415 cmlhr 

293 “K 

316 “K 

1.002 cp 

0.6178 cp 

3.5144503 ug/L 

8 unlL 

(Eqn. 4, p.3) adjusted mass transfer coefficient 
- 

calibration temperature of KL 
- 

shower water temperature 
- 

(lookup) viscosity of water at T, 
- 

(lookup) viscosity of water at T, 

Win. 5, p.3) concentration leaving droplet at time t, 
- 

shower water VOC concentration 

d 

ts 

. - 
0.25 mm 

0.5 set 

shower droplet diameter 

shower droplet drop time 

- 
- 

S 
FR 

sv 

DS 

Dt 

R 

(Em 6, p.4) VOC generation rate - 
shower water flow rate - 
shower room air volume - 
shower duration 

- 

time period to show in chart 
- 

air exchange rate 

C,(t) dt 

BW 
VR 

Einh 

1744.152 wmin/m” 

70 kg 
10 I/min 

0.0002492 mg/kg/shower 

integral of concentration vs time 

body weight 
ventilation rate (inhalation rate) 

inhalation exposure per shower 



TABLE 6-4.12a 
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TABLE 6-4.12a 

20 cm/hr 

3000 cm/hr 

(est., p.3) 

(est., p.3) 

liquid-film mass transfer coefficient 

gas-film mass transfer coefficient 

RT 

H 

2.40E-02 atm-m3/mol (P.3) 
0.000483 atm-m3/mol-“K (~3) 

gas constant x temperature 

Henrv’s Law constant 

KL 

MWoc 

7.72E+OO cm/hr 

128.18 g/mol 

(Eqn. 1, p.3) overall mass transfer coefficient 

molecular weight of VOC --I 

4 (VW 11.717803 cm/hr (Eqn. 3, p.3) liquid-film mass transfer coefficient 

k,ww 1124.2098 cm/hr (Em. 2, p.3) gas-film mass transfer coefficient 

IKaL 1 10.209791 cm/hr (Eqn. 4, p.3) adjusted mass transfer coefficient I 

-6 
TS 

293 “K 

316 “K 

calibration temperature of KL 

shower water temperature ---I 

IJi 

IIS 
r 
Cwd 

1.002 cp 

0.6178 cp 

1 51.923151 ug/L 

(lookup) viscosity of water at T, 

(lookup) viscosity of water at T, 
I 

(Eqn. 5, p.3) concentration leaving droplet at time t, 

CWO 
d 

Its 

I 180 ug/L shower water VOC concentration 

0.25 mm shower droolet diameter ---I 

I ~~ 0.5 set shower droplet drop time I 
S 173.07717 ugG’/rnr (Eqn. 6, p.4) VOC generation rate 
FR ‘P: :, :$,:@& .T if;,.’ -~ii+.+2@ Umin shower water flow rate 

sv shower room air volume 

Ds shower duration 

Dt time period to show in chart 

R ff@&@$$&&i m i n- ’ air exchange rate 

C,(t) dt 25768.43 lJiW’i”/m” integral of concentration vs time 

BW 70 kg body weight 
VR 10 I/min ventilation rate (inhalation rate) 1 . 

I 0.0036812 mg/kg/shower inhalation-exposure per shower 1 

-- 



I TABLE 6-4.12a 

Naphthalene 

2000 

1800 

1600 

1400 

1200 

1000 

800 
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TABLE64.12a 

ikg 0-W) 3000 cmlhr (est., p.3) gas-film mass transfer coefficient 
- 

RT 2.40E-02 atm-m3/mol 

:F:i{ 

gas constant x temperature 

0.00664 atm-m3/mol K 
- 

‘H -0 Henry’s Law constant - 
KL 1.33E+Ol cmlhr (Ew. 1, p.3) overall mass transfer coefficient 

- 
MWvoc 92.141 glmol molecular weight of VOC 

- 4 (VW 13.820695 cmlhr (Eqn. 3, p.3) liquid-film mass transfer coefficient 

- &JVOC) 1325.9619 cmlhr (Ew. 2, p.3) gas-film mass transfer coefficient 

K aL I 17.61524 cmlhr (Em. 4, p.3) adiusted mass transfer coefficient 

-6 293 “K 

TS 316 “K 

I4 1.002 cp (lookup) 

calibration temperature of KL 

shower water temperature 

viscosity of water at T, 
b 

l-k 

C wd 

GO 

I 
0.6178 cp (lookup) viscosity of water at T, 

62 1.74608 ug/L (Ew. 5, p.3) concentration leaving droplet at time ts 

1400 ug/L shower water VOC concentration 

d 1 0.25 mm shower droplet diameter 

I 
xl 

0.5 set shower droplet drop time 

S 2072.4869 ug-m3/min (Eqn. 6, p.4) VOC generation rate 
FR ~a~~lli~~~~~~~~:“,‘;~~~ “m i n 

- 
Yflr7< 3 <~~~:.d ,l >_ shower water flow rate 

sv ~~~;~~~~~~l~~~; m3 
- 

<&j&:” /e”c r $ d *,‘ II ‘ IIL i\*.l; shower room air volume 

Ds i~~~~~,;~~~~sr~~ 
i* s&g>. i’$pJ$!Q@ i mi n 

shower duration 

Dt ~~~~~~~ min 
- 

2: .*;>g::&* y r’: (, time period to show in chart 

R ~,~~~~~~~ mi n-l 
- 

air exchange rate 
I 

C,(t) dt 1 308560.25 l’W”i”/“‘” integral of concentration vs time 

BW 
. 
I 70 kg body weight 

- 
- 

IVR I 10 Ilmin ventilation rate (inhalation rate) 

Einh I 0.04408 mglkglshower inhalation exposure per shower 
- 



TABLE6-4.12a 

Toluene 

25000 

20000 

15000 

10000 

5000 

0 

VOC air concentrations 

0 5 IO 15 20 25 

time, min 



1 TABLE 6-4.12a 

kg 0-W) 
RT 

3000 cm/hr 

2.40E-02 atm-m3/mol 

(est., p.3) 

(D.3) 

gas-film mass transfer coefficient 

aas constant x temoerature --I 

H 

KL 

MWoc 

4 WC) 

0.000001 atm-m3/mol-“K (p.3) 

5.06E-02 cmlhr (Eqn. 1, p.3) 

108.94 glmol 

12.7105 cmlhr (Eqn. 3, p.3) 

Henry’s Law constant 

overall mass transfer coefficient 

molecular weight of VOC 

liquid-film mass transfer coefficient 

~WOC) 1 1219.4495 cmlhr 

KaL I 0.0669329 cmlhr 

(Eqn. 2, p.3) gas-film mass transfer coefficient 

Wm. 4, p.3) adiusted mass transfer coefficient I . 

I 293 “K calibration temperature of KL I 

Ts 

I4 

IJS 

316 “K 

1.002 cp 

0.6178 cp 

(lookup) 

(lookup) 

shower water temperature 

viscosity of water at T, 

viscosity of water at T, 

C wd 

GO 

0.0936016 ug/L 

42 ug/L 

(Eqn. 5, p.3) concentration leaving droplet at time 6 

shower water VOC concentration --I 
‘d 0.25 mm shower droplet diameter 

ts 0.5 set shower droplet drop time 

5 0.3120053 ug-m3/min Eqn. 6, p.4) VOC generation rate 
,FR shower water flow rate 

lsv shower room air volume 
D I s shower duration 

Dt time period to show in chart 

IR ~~$@$j&&@ min“ 
,< air exchange rate 

, C,(t) dt 1 46.452614 lW-“in/m” integral of concentration vs time 

BW 
VR 

Einh 

70 kg 
10 llmin 

6.636E-06 mglkglshower 

body weight 
ventilation rate (inhalation rate) 

inhalation exposure per shower 



;.l --=w I 4-Methylphenol 

4 

3.5 

“E 
4 

3 

. 2.5 
E 
3 
E 

2 

z s 1.5 

z 1 
0 

0.5 

0 

/- 

VOC air concentrations 

10 15 20 25 

time, min 



t TABLE 6-4.12a 

Ik,(W) I 3000 cmlhr (est., p.3) gas-film mass transfer coefficient 

RT 

H 

KL 

2.40E-02 atm-m’lmol (P.3) 
l.O2E-07 atm-m3/mol-“K (p.3) 

2.74E-03 cmlhr (Eqn. 1, p.3) 

gas constant x temperature 

Henry’s Law constant 

overall mass transfer coefficient 

MWoc 
4 WC) 

390.5 g/m01 

6.7134509 cmlhr 

molecular weight of VOC 

(Em. 3, ~3) liauid-film mass transfer coefficient 

Jk,(VCC) I 644.09064 cmlhr (Ew. 2, p.3) gas-film mass transfer coefficient I 
K aL 

-h 

0.0036189 cmlhr 

293 “K 

(Eqn. 4, p.3) adjusted mass transfer coefficient 

calibration temperature of KL 

J-s 

I4 

IJS 

C wd 

CWY 

d 

ts 

S 
FR 

sv 

4 

Dt 

BW 
VR 

Einh 

316 “K shower water temperature 

1.002 cp (lookup) viscosity of water at T, 

0.6178 cp (lookup) viscosity of water at T, 
I 

0.0192997 ug/L (Eqn. 5, p.3) concentration leaving droplet at time t, 

160 ug/L shower water VOC concentration 

0.25 mm shower droplet diameter 

0.5 set shower droplet drop time 
1 

0.0643324 ug-m3/min (Eqn. 6, p.4) VOC generation rate 
> i”“‘m.i.,., & p,, :r?> .l ?Pe&j: &L $,j~;.~i-i~‘,*~~~~~ L/min shower water flow rate 
~~~~~:.~~~~~~~~~~8~ m3 
~dt.*b~i.:?~~i)~~,~~~~~:, shower room air volume 
&.“: +;iq’$ ‘*:.’ S‘ *,s “’ I 
&~+$&@$~ m i n : ,,y*i* I f _’ _ .Xr .,I shower duration 

~~~~~~~~~~ 
(. ~,l.i?pi”*’ x ,I_*. ; 

mi n time period to show in chart 

air exchange rate 

integral of concentration vs time 

70 kg body weight 
10 Ilmin ventilation rate (inhalation rate) 

1.368E-06 mg/kg/shower inhalation exposure per shower 



TABLE 6-4.12a 

“n*r I bis(2-Ethylhexyl)phthalate 

0.8 

0 

VOC air concentrations 

5 10 15 20 25 

time, min 

.- --- ---.__ --- ___- 
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TABLE 6-4.12a 

kg U-W) 3000 cm/hr (est., p.3) gas-film mass transfer coefficient 

RT 2.40E-02 atm-m3/mol (P.3) gas constant x temperature 

H 1.53E-08 atm-m3/mol-“K (p.3) Henry’s Law constant 

KL 6.27E-04 cm/hr (Eqn. I, p.3) overall mass transfer coefficient 

MWoc 167.21 g/mol molecular weight of VOC 

4 WC) 10.259477 cm/hr (Ew. 3, p.3) liquid-film mass transfer coefficient 

k,WC) 984.2975 cm/hr Eqn. 2, p.3) gas-film mass transfer coefficient 

y3L 0.0008299 cm/hr 0%. 4, p.3) adjusted mass transfer coefficient 

J-1 293 “K calibration temperature of KL 

TS 316 “K shower water temperature 

I4 1.002 cp (lookup) viscosity of water at T, 

IJS 0.6178 cp (lookup) viscosity of water at T, 

C wd 0.000166 ug/L Win. 5, p.3) concentration leaving droplet at time t, 

GO 6 w/L shower water VOC concentration 

d 0.25 mm shower droolet diameter 

ts 
I 

0.5 set shower droplet drop time 

S 0.0005532 ug-m3/min (Ew. 6, p.4) VOC generation rate 
FR “i;! ̂ ( ..d.:,%$>*,.,~ ‘;~~il’i”~.i:18;~~~~ L/min shower water flow rate 

sv ~a~~~~~~~~~~~~ m3 
I shower room air volume 

DS shower duration 

Dt time period to show in chart 

R 
*<.$“,,~“lp”$r I‘ 4 j ,: ie 

~;$#;@$g&@gg m i n-’ air exchange rate 

I C,(t) dt 1 0.0823665 lJW’i”/m 
J 

integral of concentration vs time I 

BW 
VR 

70 kg 
10 I/min 

body weight 
ventilation rate (inhalation rate) 

I&h 1 I. 177E-08 mg/kg/shower inhalation exposure per shower 1 



TABLE 6-4.12a 

,4-x 
I Carbazole 

0.007 

0.006 

g 0.004 
.- 

5 E 0.003 

s 
2: 0.002 
00 

0.001 

0 

VOC air concentrations 

time, min 

-- - ---.~.. -- --___ 

,I--‘- 



TABLE 6-4.12a 

RT 2.40E-02 atm-m3/mol (P.3) 

L 

0.000039 atm-m3/mol-“K (p.3) 

1.34E+OO cm/hr (Eqn. 1, p.3) 

MWoc 178.233 g/mol 

4 (‘JO’7 9.9371598 cm/hr (Eqn. 3, p.3) 

k,(VOC) 953.37432 crn/hr (Em. 2. p.3) 

gas constant x temperature 

Henry’s Law constant 

overall mass transfer coefficient 

molecular weight of VOC 

liquid-film mass transfer coefficient 

aas-film mass transfer coefficient 

K aL 1.7726176 cm/hr (Ew. 4, p.3) adjusted mass transfer coefficient 

Tl 293 “K calibration temperature of KL 

TS 316 “K shower water temperature 

IJI 1.002 cp (lookup) viscosity of water at T, 

KS 0.6178 cp (lookup) viscosity of water at T, 

C wd 0.8319445 ug/L (Em 5, p.3) concentration leaving droplet at time t, 

GIO 14.5 ug/L shower water VOC concentration 

d 0.25 mm shower droplet diameter 

ts 0.5 set shower droplet drop time 
L 
S 2.7731483 ug-m3/min (W. 6, p.4) VOC generation rate 
FR 186’ i;Ya.ir<T?y~;#.$q “min $g~&&y:ji”~~.. shower water flow rate 

sv E~~s~~~;~~~~~i m3 shower room air volume 

DS bshower duration 

Dt 1~:~~~~~~~~~ m i n 
,;:“p,&gq “@y “‘-jr 

time period to show in chart 

R 
&” ‘p,:i: ,/j; is_: 

~~~:@&j~@~ mind’ ‘9: ,,I$ +%,.,. *‘__ air exchange rate 

C,(t) dt 412.87755 l-W”in~m” integral of concentration vs time 

BW 70 kg body weight 
VR 10 I/min ventilation rate (inhalation rate) 

Einh 5.898E-05 mglkglshower inhalation exposure per shower 



TABLE 6-4.12a 

AQ--w 
I Phenanthrene 

35 

30 

“E 
2 25 
a 

g 20. 
‘i; 
g 15 

s 
g 10 
0 

5 

0 

VOC air concentrations 

10 25 

time, min 



TABLE 6-4.13 
VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: future 

Medium: groundwater 

Exposure Medium: air 

Exposure Point: water supply well - vapor from shower head 

Receptor Population: resident 

Receptor Age: child 

xposure Rout Parameter Parameter Definition Units RME RME CT CT Intake Equation/ 

Code Value Rationale/ Value Rationale/ Model Name 
Reference Reference 

Inhalation CA Chemical concentratton in air mg-minll-shower (1) -- Foster and Chrostowski, 1987 

Inhalation IR Inhalation rate Umin 10 EPA, 1991 

Inhalation SF Shower Frequency showers/day 1 

Inhalation EF Exposure Frequency days/year 350 

Inhalation ED Exposure Duration years 6 

Inhalation BW Body Weight kg 15 EPA, 1991 

Inhalation AT-N Averaging Time (non-cancer) days 2,190 

Inhalation AT-C Averaging Time (cancer) days 25,550 EPA, 1989 

Inhalation IF-N Intake Factor - noncarcinogenic mglkg-day 6.4E-01 calculated 

Inhalation IF-C Intake Factor - carcinogenic mglkg-day 5.5E-02 calculated 

(1) Chemical concentrations in air are based on results from the Foster and Chrostowski model (Foster and Chrostowski, 1987) provided in Table 64.12a. 

12/l/00 
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Exposure Rouk L 

Scenario Timeframe: future 

Medium: groundwater 

Exposure Medium: air 

Exposure Point: air volatilized from groundwater at excavation site 

Receptor Population: construction worker 
II 

Receptor Age: adult 

TABLE 6-4.14 

VALUES USED FOR DAILY INTAKE CALCULATIONS 

Wallops Flight Facility (WFF) - Site 16 

‘arameter Parameter Definition Units 

Code 

CA 

IR-A 

ET 

EF 

ED 

BW 

AT-N 

AT-C 

IF-N 

IF-C 

Chemical concentration in air 

Inhalation rate of air 

Exposure Time 

Exposure Frequency 

Exposure Duration 

Body Weight 

Averaging Time (non-cancer) 

Averaging Time (cancer) 

Intake Factor - noncarcinogenic 

Intake Factor - carcinogenic 

mglm3 (1) 

m3lhr 2.5 

hrs/day 8 

days/month 20 

months 6 

kg 70 

days 183 

days 25,550 

mglkg-day 1.9E-01 

mglkg-day 1.3E-03 

RME 

Value 

RME 

Rationale/ 
Reference 

EPA. 1991 

EPA, 1991 

EPA, 1989 

calculated 

calculated 

CT 

Value 

CT 
Rationale/ 
Reference 

Intake Equation/ 

Model Name 

‘DEQ VRP Guidance, Table 3.8 

(1) Chemical concentrations in air are based on results from the model provided in Table 3.8 of the VDEQ VRP Guidance (VDEQ, 2000) shown in Table 6-4.14a. 

12/l/00 



TABLE 6-4.14a 
Variables and Calculations for Construction Worker Exposure to Air in Trench 

Source: VDEQ, 2000 -Table 3.8 1 of1 12/12/00 
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TABLE h-5 I 

NON-CANCER TOXICIN DATA -- ORAWDERMAL 

Wallops Flight Facdity (WFF) _ Site 16 

Chemical 

of Pobntial 

Conccm 

Cbmnid Oral RtD 

Subchmmc V.TlUC 

Oral RfD 

UllilS 

Oral to Dcmml 

Adjustment Factor (I) 

Adjusted 

Dcmml 

RID 

Units Pnmaq Sources of RtD Drcs of RtlI 

Targc, 

organ (2) 

2-Dichloroctbcnc (toti) 

:“lC”E 

hylbcnmnc 

:bachlorwttwnc 

:,nchlomethcnc 

>hlcne 

,IUC"C 

Chlorophcnol 

Chlamphcnol 

hlcth>lnsphthalcnc 

Mcth> lphcnol 

co7&~pyrcnc 

is(Z~:ih?lhc~?l)ph~~~t~ 

S&7.& 

qhlhalcnc 

hc,,mtircnc (3) 

4’.DDT 

Ipha-BHC 

amma-BHC (bndme, 

ammn-BHC (Imdanc) 

l”nli”“rn 

ntimon~ 

ncn,c 

0” 

cad 

langaws 

nllium 

lmdl”“l 

chmniclsubchronic 

chronic 

chronic 

chmntc 

wbchmmc 

chronic 

suh&ron,c 

chronic 

ruixhronac 

chronic 

chronic 

ChrOlllC 

chronic 

chronic 

chronic 

chmmchubchmnic 

chronic 

subchronic 

chrome 

chmnidrubchmnic 

chronicfsubchmnic 

chronic 

chrontc 

chronic 

chmnidsubcbmnic 

9 00E.03 

3 OIIE-03 

I OllE-III 

I .OOE-02 

I OOE-Ol 

Z.U,IE-II I 

Z.OUE+OO 

5 OOE-03 

5.00E.02 

2 OOE-02 

5.OOE-O3 

N/A 

2 IIOE-II2 

N/A 

4 ,lOE-O3 

2 (XIE-02 

3 WE-“? 

S WE-04 

N/A 

3 ,,“E-“4 

3 ,,,IE-03 

1 llOE+,Kl 

4 ,H)E-04 

3 llW-04 

3 OOE-01 

N/A 

2 OOE-02 

7 ““E-05 

7 OUE-03 

nag/kg-day 

mgRgday 

mgRgds) 

mgtkgdq 

mg&gda! 

mg/lgday 

mglkgda) 

mg/kgda> 

mglkgda) 

mgkgday 

mg/kgda) 

mgntgdq 

mgRgds> 

mgi)igdq 

mglkgdq 

mglkgdq 

mg/kgdq 

mg/Igda> 

mg/kgday 

mg/kgda> 

mgRgda> 

mg/kgdq 

Wb-4% 

mgikgday 

mg/kgda? 

I .,IE+UO 

I ,IE+w 

‘I LE.01 

I OE+OO 

I OE+“O 

I “E+O” 

I nE+IlO 

I OEUH) 

I ,,E+,KI 

8 OE.01 

6 SE-01 

4 “E-01 

S.SE-01 

4.UE.01 

7.OE-01 

8 OE-01 

6 4E-OI 

7.,IE-01 

9.70E-Ol 

Y.YE-01 

9.YE-01 

2 7E-01 

I OE-0, 

9.5E-“1 

I ,,E+OO 

Z.OE-01 

3.OE-02 

I .OEtOU 

2 OE-02 

9 “E-L,3 

3.,lE-113 

9.2E-02 

I OE-112 

I .OE-01 

2 OE-01 

2 OE+OO 

3 “E-03 

3 OE-02 

I hE-02 

3 3E-03 

N/A 

I. IE-02 

N/A 

Z.XE-03 

I hE-02 

I 9E-02 

3 58-04 

N/A 

3 ,lE-114 

3 OE-03 

2.7E-Ill 

JOE-US 

2.9E-04 

3 OE-01 

N/A 

6 OE-04 

7 OE-,I5 

I 4E-“4 

mg/kgda> 

mgRgda! 

mgRgday 

mgLgd.y 

mg/kgda! 

mg/kgda! 

mgRgdq 

mglkgdq 

mw%-d=! 

mg/kgda> 

mgRgda> 

mgkgdq 

mglkgda! 

“g/kg-da> 

mgRgda> 

n,grkgda> 

mg&gda> 

mgRgdg 

mg/kgdq 

mg/kgdny 

mg/kgd(a! 

mg/kgda> 

mgRgda> 

mgAgd;l> 

,ng,?.g-da! 

Region Ill RBC, HEAST 0~1.00. Jul.97 

Region Ill RBC OCf.00 

Region Ill RBC OCl-00 

Region Ill RBC OCbOO 

HEAST Jul.97 

Region Ill RBC act-00 

HEAST Jul-97 

Rcgmn Ill RBC OCt-00 

HEAST Jul-97 

Rcgmn Ill RBC Od-00 

Region Ill RBC O&IO 

Region Ill RBC ocr-00 

Rqian Ill RBC Oc14l 

Rcgmn 11, RBC octao 

Region Ill RBC OCMJO 

Region Ill RBC, HEAST Oct.OO: J&97 

Region Ill RBC OCkOO 

HEAST Jul-97 

Region Ill RBC Od-(IO 

Region Ill RBC, HEAST OcWO. Jul.97 

Rcgmn Ill REC. HEAST Get-00. Jul.97 

Region Ill RBC OCbOO 

Region Ill RBC OCt-00 

Region 11, RBC oc,-,,,I 

Rcgoor, 11, RBC, HEAST Occ-00. Jul.97 

N/A = Nat Appbcablo 

(I) Oral to dcrmd adJus,mcnt fxmrr prcwdcd in VADEQ VRP Guadaxc. Table 4 1 (VADEQ. 200,l) 

(2) Prim;u? targut tnfommuon prowdcd m VADEQ VRP Guidanu: (VADEQ, 2000) and EPA’s HEAST (EPA. 1997b). 

(3) To&t! dam far p) rcnc wx used as a swogatc for phctuntbrcnc 

12/l/00 



TABLE 6-5 2 

NON-CANCER TOXICITY DATA .- INHALATION 

Wallops Flight Facility (WFF) Site 16 

Chemical E of Potential 

C”llC.3” 

1.2.Dichloroethene (total) 

Benzene 

Ethylbenzene 

Tetrachloroethene 

Toluene 

2.Chlorophenol 

27Metbylnaphthalene 

4-Methylphenol 

Benm(a,pyrcnr 

Bir(Z-ethylhexyl)phlhalate 

Carbarole 

Dibenzofuran 

Naphthalene 

Phenanthrene (3) 

4.4’-DDT 

Alpha-BHC 

Gamma-BHC (lindane) 

Aluminum 

Antimony 

Arsenic 

If”” 

Lead 

Manganese 

Thallium 

Vanadium 

Chronid 

Subchronic 

Ironic 

Ironic 

Ironic 

ironic 

wonic 

Inhalation 

Rm(l) 

N/A 

1.70E.03 

2 90E-01 

I 40E-01 

I l4E.01 

N/A 

N/A 

N/A 

N/A 

NIA 

N/A 

9 OOE-04 

N/A 

N/A 

N/A 

N/A 

I WE-03 

N/A 

NIA 

N/A 

N/A 

I 40E-05 

N/A 

NIA 

N/A = Not Applicable 

(I) Toxicity data provided in EPA Region Ill’s Risk-based concentration (RBC) table (lOl2000) 

(2) Primary target organ information provided in VDEQ’s VRp Guidance (IMOOO) 

Units 

mglkg-day 

mglkg-day 

m@w+=y 

w’W=y 

mgik/kg-day 

wk-d=y 

wk?-day 

Primary 

Target 

Or&WI (2) 

blood 

reproductive 

liver. kidney 

“erv”“S system 

respiratory tract 

Sources of 

RtD. 

Region Ill RBC 

Region Ill RBC 

Region Ill RBC 

Region Ill RBC 

Region III RBC 

Region Ill RBC 

Region Ill RBC 

OCI-00 

Ott-00 

OCt-00 

oc,-00 

Ott-00 

Oct.00 

act-00 

12/l/00 



TABLE 6-6 I 

CANCER TOXICITY DATA -_ ORALiDERMAL 

Wallops Flight Facility (WFF) - Site I6 

Chemical 

II of Potential 

Benzene 

Ethylbenzene 

Tetrachlororthene 

Toluene 

2-Chlorophenol 

2.Methylnaphthalene 

4.Methylphenol 

Benzo@)pyrene 

Bis(2-erhylhexyl)phthalate 

Carbazole 

Dibenrofurao 

Naphthalax 

Phenanthrene (2) 

4.4’-DDT 

Alpha-BHC 

Gamma-BHC (lindane) 

Aluminum 

Antimony 

Arsenic 

Iron 

Lead 

Manganese 

Thallium 

\‘anadium 

Oral Cancer Slope Factol 

N/A I WE+00 N/A 

S.SE-02 I OOE+OO S.ZE-02 

N/A 9 ZOE-01 N/A 

5 ZE-02 I OOE+OO 5 ZE-02 

N/A I oOE+OO N/A 

N/A I OOE+OO N/A 

N/A 8 OOE-01 N/A 

N/A 6 SOE-01 N/A 

13E+OO 4 OOE-0 I I BE+01 

I 4E-02 5 SOE-01 2 SE-02 

2.OE.02 4 WE-01 5 O&O? 

N/A 7 OOE-01 NIA 

N/A 8 WE.01 N/A 

N/A 6 40E.01 N/A 

3.4E.01 7 OOE-01 4 9E-01 

6 3E+OO 9 7OE.01 6 SE+00 

t.3E+OO 9 90E-01 I3EtM) 

N/A 2 70E-01 N/A 

N/A I OOE-01 N/A 

l.SE+oO 9 50E-0 I I6EbOO 

N/A I OOEiOO N/A 

N/A 2.00E-01 N/A 

N/A 3 OOE-02 N/A 

N/A I .JOE+00 N/A 

N/A 2 WE-02 N/A 

Oral to Dermal 

Adjustment 

Factor (I) 

(I) Data provided in VDEQ’s VRP Guidance (lO/?OOO) Table 4 2 

(2) Oral to dermal adjustment factor for pyrene was used as a surrogate for phenanthrene 

Adjusted Dermai 

Cmcer Slope Factor 

Units 

I/(mdkg-day) 

I/mg/k8-day 

I/m,&-day 

Ilmy%8-day 

I/m~k8-day 

I/rwJk8-day 

Ilm8.Ikg-day 

Weight of Evidence/ 

Cancer Guideline 

Description (I) 

EPA Group: 

A-Human carcinogen 

82 

82 

A Region Ill RBC Oct.00 

D 

D 

SOU‘Ce 

Target Organ 

R.&m Ill RBC 

Region Ill RBC 

Region Ill RBC act-00 

Region III RBC Ott-00 

Re8ion Ill RBC OCl-00 

Region Ill RBC act-00 

Region Ill RBC OCNO 

Region Ill RBC act-00 

Date 

Ott-00 

Oct.00 

81 -Probable human carcinogen - indicates that limited human data are awlable 

62 - Probable human carcinogen - indicates sufflcient~ewdence in ammals and 

inadequate or no evtdence in humans 

C - Possible human carcinogen 

D - Not classifiable as a human carcinogen 

E _ Evidence oPnoncarcino8alicity 

12/l/00 



12/l/00 



rgestion 

rgestion 

rgestion 

rgestion 

rgestion 

ermal 

ermal 

ermal 

ermal 

ermal 

benzo(a)pyrene 

aluminum 

arsenic 

iron 

Ingestion Total 

benzo(a)pyrene 

aluminum 

arsenic 

iron 

Dermal Total 

Medium 

EPC 

Value 

1 .ZOE+OO 

6.67E+03 

1.44E+OO 

577E+03 

1 .ZOE+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

Medium 

EPC 

Units 

mgh 
wlkg 
w&I 
n-with 

Wb 
w/kg 
mdkg 
mdkg 

TABLE 6-7.1.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: current/future 

Medium: soil 

Exposure Medium: surface soil 

Exposure Point: surface soil at Site 16 

Receptor Population: recreational 

Receptor Age: adult 

Exposure 

Route 

Chemical 

of Potential 

Concern 

Route 

EPC 

Value 

1,20E+OO 

6.67E+03 

1.44EtOO 

577E+03 

1,20E+OO 

6 67E+03 

144E+OO 

5.77E+03 

Route 

EPC 

Units 

- 
mdkg 

wlkg 

mglkg 

w/kg 

EPC 

Selected 

for Hazard 

Calculation (1) 

Intake 

(Non-Cancer) 

2.OE-07 

2.OE-07 

2.OE-07 

2.OE-07 

2.4E-07 

2.4E-06 

7.5E-06 

2.4E-08 

Intake 

Non-Cancer) 

Units 

mglkg-day 

mglkg-day 

mgrkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

‘otal Hazar 

- 

Reference 

Dose 

l.OE+OO 

3.OE-04 

3.OE-01 

2.7E-01 

2.9E-04 

3.OE-01 

Dose Units 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

Reference 

:oncentratior 

Index Across All Exposure Route 

Reference 

:oncentration 

Units 

‘athways 

Hazard 

Quotient 

1.4E-03 

9.7604 

3.9E-03 

6.2E-03 

56E-04 

3.7E-04 

45E-04 

1.41 E-03 

- 
7.6E-03 

- 
(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for hazard calculation. 



-- 

TABLE 6-7.2.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: current/future 

Exposure Point: surface soil at Site 16 

Receptor Population: recreational 

Reference 

Dose Units 

Hazard 

Quotient 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC 

Selected 

for Hazard 

Calculation (1) 

Intake 

Non-Cancer) 

Units 

Reference 

Dose 

Reference 

Zoncentratior 

Reference 

Zoncentratior 

Units 

Exposure 

Route 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Intake 

(Non-Cancer) 

1.9E-06 mglkg-day 

1.9E-06 mglkg-day 

1.9E-06 mglkg-day 

1.9E-06 mglkg-day 

3.8E-07 

3.6E-06 

1 2E-07 

36E-08 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

Chemical 

of Potential 

Concern 

igestion 

igestion 

rgestion 

rgestion 

rgestion 

enzo(a)pyrene 

luminum 

rsenic 

on 

rgestion Total 

ermal enzo(a)pyrene 

ermal luminum 

ermal rsenic 

ermal on 

ermal termal Total 

1.3E-02 

9.1E-03 

3.7E-02 

5.6E-02 

9.3E-04 

6.OE-04 

7.3E-04 

2.26E-03 

1.20E+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

mdkg 
mg/kg 
mgh 
mgM 

1.20E+OO 

6.67Et03 

1.44E+OO 

5.77E+03 

1.20E+OO 

6.67E+03 

1.44EtOO 

5.77Et03 

mglkg 
mdkg 
wh 
mdkg 

1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for hazard calculation. 

Dtal Hazan 

l.OE+OO 

3.OE-04 

3.OE-01 

2.7E-01 

2.9E-04 

3.OE-01 

- 
ndex Acr 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

s Ail Exp ure Route! ‘athways 6.1E-02 
- 



TABLE 67.3.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: current/future 

Medium: soil 

/I 
Exposure Medium: surface soil 

Exposure Point: surface soil at Site 16 

Receptor Population: commercial/industrial 

Receptor Age: adult 

Intake 

[Non-Cancer) 

Units 

- 
I 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

‘otal Hazarc ii-l 

Reference 

Dose 

Reference 

Dose Units 

Reference 

:oncentration 

- I I I 
1 .OE+OO 

3.OE-04 

3.OE-01 

mglkg-day 

mglkg-day 

mglkg-day 

2.7E-01 

2.9E-04 

3.OE-01 

mg/kg-day 

mglkg-day 

mglkg-day 

_ - 
Index Across All txposure Route! 

Route 

EPC 

Units 

EPC 

Selected 

for Hazard 

Calculation (1) 

Intake 

(Non-Cancer) 

Reference 

Concentration 

Units 

Hazard 

Quotient 

Exposure 

Route 

Chemical 

of Potential 

Concern 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

- 
rgestion 

rgestion 

rgestion 

rgestion 

rgestion 

enzo(a)pyrene 

luminum 

rsenic 

on 

sgestion Total 

1 .ZOE+OO 

667E+03 

1.44E+OO 

5.77E+03 

Wkg 
mdkg 
mg/kg 
mglkg 

1 .ZOE+OO 

6.67E+03 

1.44E+OO 

577E+03 

1.20E+00 

6.67E+03 

1.44E+OO 

5.77E+03 

4.9E-07 

4.9E-07 

4.9E-07 

4.9E-07 

l.lE-06 

l.lE-07 

3.6E-07 

l.lE-07 

3.3E-03 

2.3E-03 

9.4E-03 

l.SE-02 

2.8E-03 

1 .BE-03 

2.2E-03 

6.79E-03 

lenzo(a)pyrene 

Iluminum 

lrsenic 

‘on 

)ermal Total 

1 20E+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

ermal 

ermal 

ermal 

ermal 

ermal 

‘athways 2.2E-02 

(1) Specify Medium-Specific (M) or Route-Specific(R) EPC selected for hazard calculation. 



TABLE 6-7.4.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Exposure Point: surface soil at Site 16 

Receptor Population: construction worker 

Receptor Age: adult - 
I 

Intake 

(Non-Cancer) 

Units 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mgikg-day 

mglkg-day 

mglkg-day 

mglkg-day 

li ‘otal Hazarl 

ir 

ir 

ir 

ir 

ir 

rgestion 

rgestion 

lgestion 

lgestion 

rgestion 

d ermal 

d ermal 

d ermal 

d ermal 

d ermal 

- 

Reference 

I 
Reference 

Dose Dose Units 

1 .OE+OO 

3.OE-04 

3.OE-01 

mglkg-day 

mglkg-day 

mg/kgday 

2.7E-01 mglkg-day 

2.9E-04 

~ 
mglkg-day 

3.OE-01 mglkg-day 

- /, . maex Across All Exp 

Exposure 

Route 

Medium 

EPC 

Units 

Route 

EPC 

Value 

- 
1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

1.20E+oo 

6.67E+03 

1.44E+OO 

677E+03 

Reference 

:oncentratior 

Reference 

Concentratior 

Hazard 

Quotient 

Medium 

EPC 

Value 

Route 

EPC 

Units 

EPC 

Selected 

for Hazard 

Calculation (1) 

Chemical 

of Potential 

Concern 

Intake 

(Non-Cancer) 

4.5E-06 

4.5E-06 

4.5E-06 

45E-06 

1.6E-06 

1.6E-07 

5.2E-07 

1.6E-07 

Units 

tenzo(a)pyrene 

luminum 

rsenic 

‘on 

sgestion Total 

lenzo(a)pyrene 

lluminum 

‘rsenic 

on 

bermal Total 

1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

3.OE-02 

2.2E-02 

8.7E-02 

1.4E-01 

4.OE-03 

2.6E-03 

3.1E-03 

9.75E-03 

1.2OE+OO 

6.67E+03 

1.44E+OO 

677E+03 

ISE-01 
- 

ure Route! ‘athways 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for hazard calculation. 



TABLE 6-7.5.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Sile I6 

Exposure Point: air volalilized from surface soil at Site I6 

Receptor Population: conslruction worker - 
I 
I 7-i 

inhalation - particulate 

Chemical 

of Potential 

Concern 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

- 
8.39E-06 

4.67E-04 

I .OIE-07 

4.04E-04 

I.39E.I3 

Route 

EPC 

Unils 

EPC 

Selected 

for Hazard 

Calculation (I) 

Reference 

Dose 

Reference 

Dose Units 

Reference 

Zoncentratior 

Units 

Hazard 

Duotlent 

Reference 

Zoncentratior 

Intake 

(Non-Cancer) 

Intake 

(Non-Cancer) 

Unils 

mglm3 

mgrm3 

mgrm3 

mglm3 

mglm3 

1.9E-01 

I .9E-01 

1.9E-01 

1.9E-01 

I .9E-01 

6.8E-02 

oenzo(a)pyrene 

aluminum 

srsenic 

ran 

senzo(a)pyrene 

I .20E+OO 

6.67E+03 

I .44E+OO 

577E+03 

I .20E+OO 

m3rkg-day 

m3kg-day 

m3lkg-day 

m3rkg-day 

m3lkg-day 

rotal Hazar 

inhalation -particulate 

inhalation -particulate 

inhalation - particulate 

inhalation -volatile (2) 

I .OE-03 

- 
ndex ACI 

mgrlrg-day 

- 
s All EXF 

350E-03 

ure Route 

mglm3 

‘athways 6.6E-02 
- 

(1) Specify Medium-Specific(M) or Route-SpeciRc (R) EPC selected for hazard calculation. 

(2) Note: benzo(a)pyrene was the only COPC evaluated for the inhalation-volatile pathway 



TABLE 6-7.6.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site I6 

Scenario Timeframe: future 

Medium: soil 

Exposure Medium: surface soil 

Exposure Point: surface soil at Site I6 

Receptor Population: resident 

Rnrrntnr Ann. ad,dt - 
I 

b 

a 

a 

ir 

II 

Chemical 

of Potential 

Concern 

enzo(a)pyrene 

luminum 

rsenic 

on 

igestion Total 

b enzo(a)pyrene 

a luminum 

a rsenic 

ir on 

c lermal Total 

- 

- 
Reference Reference 

Dose Units ( Zoncentratior I - 

mglkg-day 

mg/kg-day 

mglkg-day 

I 
mglkg-day 

mglkg-day 

mglkg-day 

s All Exposure KOU~ 

Intake 

(Non-Cancer) 

Units 

Exposure 

Route 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC 

Selected 

for Hazard 

Calculation (I) 

Intake 

(Non-Cancer) 

Reference 

Dose 

Hazard 

Quotient 

Reference 

:oncentratior 

Units 

igestion 

igestion 

igestion 

igestion 

igestion 

1.20EtOO 

6.67E+03 

1.44E+OO 

577E+03 

m@kg 
mglkg 
wlkg 
wlkg 

1.20E+OO 

6.67E+03 

1.44E+OO 

577lz+03 

1.20E+OO 

6.67E+03 

I .44E+OO 

577E+03 

wm 
wVkg 
@kg 
wdkg 

mglkg 
mgh 
wh 
w/kg 

I .4E-06 

1.4E-06 

I .4E-06 

1.4E-06 

1 6E-06 

1.6E-07 

5.1 E-07 

I .6E-07 

1 .OE+OO 

3.OE-04 

3.0&01 

2.7E-01 

2.9E-04 

3.OE-01 

- 
ndex Acr 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

‘otal Hazan 

9.lE-03 

6.6E-03 

2.6G02 

4.2E-02 

3.9E-03 

25E-03 

3.1E-03 

9.61E-03 

I .ZOE+OO 

6.67E+03 

I .44E+OO 

5.77E+03 

ermal 

ermal 

ermal 

ermal 

ermal 

‘athways 5.2EQ2 

(I) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for hazard calculation 



TABLE 6-7.7.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Exposure Point: surface soil at Site 16 

Receptor Population: resident 

Exposure 

Route 

Chemical 

of Potential 

Concern 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC 

Selected 

for Hazard 

Calculation (1) 

intake 

(Non-Cancer) 

Intake 

(Non-Cancer) 

Units 

Reference 

Dose 

Reference 

Zoncentratior 

Reference 

Concentration 

Units 

Hazard 

Quotient Dose Units 

gestion enzo(a)pyrene 

luminum 

rsenic 

on 

lgestion Total 

1 .ZOE+OO 

6.67E+03 

1.44E+OO 

5.77Ei03 

1 .ZOE+OO 

6.67E+03 

1.44E+OO 

577E+03 

1 .ZOE+OO 

6.67E+03 

1.44E+OO 

5.77Et03 

1.3E-05 

1.3E-05 

1.3E-05 

1.3E-05 

Z.SE-06 

2SE-07 

8.lE-07 

ME-07 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

1 .OE+OO 

3.OE-04 

3.OE-01 

2.7501 

2.9E-04 

3.OE-01 

- 
Index Acr 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

- 
s All Exp 

8.5E-02 

6.1 E-02 

2SE-01 

3.9E-01 

6.3E-03 

4.OE-03 

4.9E-03 

1.52E-02 

- 
4.1E-01 

- 

gestion 

gestion 

gestion 

srmal 

ermal 

ermal 

ermal 

ermal 

enzo(a)pyrene 

luminum 

rsenic 

on 

ermal Total 

1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

‘otal Hazarl ure Route aathways 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation. 



TABLE 67.8.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Exposure Medium: groundwater 

Exposure Point- Site 16 groundwater - water supply well 

Receptor Population: commerciallrndustrial 

Chemical 

of Potential 

Concern 

rngestion 

Ingestion 

ingestion 

ingestion 

Ingestron 

rngeskon 

rngesbon 

ingestion 

ingeslion 

ingestion 

ingestlon 

rngesbon 

Ingestion 

ingestion 

ingestion 

ingestion 

rngestion 

ingestron 

ingestion 

rngestion 

mgeslion 

ingestion 

ingestion 

pes!ion 

1,2dichlroethene (lotal) 

benzene 

ethylbenzene 

telrachloroethene 

toluane 

2-chlorophenol 

2-methylnaphthalene 

4-melhylphenol 

bis(2-elhylhexyl)phthalale 

carbazole 

dibenzofuran 

naphthalene 

phenanlhrene 

4.4’~ODT 

alpha-BHC 

gamma-BHC (lindane) 

aluminum 

antimony 

arsenic 

iron 

lead 

manganese 

thallium 

I 

~;KX!G*~ 

Medium Medium 

EPC EPC 

Vakle Units 

Route 

EPC 

Value 

8.OOE-03 

5.80E-02 

2.80E-01 

5.OOE03 

140E+OO 

9.OOE-03 

2 OOE-01 

4.20E-02 

1.60E-01 

6.09E-03 

3.06E-03 

l.BOE-01 

1.45E-02 

2.3OC04 

2.gOE-05 

6 70E-05 

109E+Ol 

2.94E-03 

8 EZE-02 

3 56E+ol 

6.28E-02 

3.51E+OO 

2.67E-03 
.-,l)lC n9 L.asL-UL 

mg/L 

ML 

mplL 

mg/L 

mg/L 

mg/L 

WL 

WL 

mg/L 

mglL 

mg/L 

mg/L 

mg/L 

mg/L 

mglL 

mslL 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 
-_,I WyrL 

8 OTIE-03 

5 80E-02 

2.80E-01 

5.OOE-03 

1.40E+OO 

9.OOE-03 

2.OOE-01 

4 20E-02 

1.60E-01 

6 OOE-03 

3.00E-93 

1.80E-91 

1.45E-02 

2 30E-04 

29OE-05 

6.70E-05 

l.O9E+Oi 

2 94E-03 

8.82E.02 

3 56E+Ol 

6 28E-02 

3.51E+OO 

2.67E-03 
I “.,- “- ‘.J IL-UC 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for hazard calculalion. 

- 

Route 

EPC 

Umts 

mg/L 

mg/L 

mglL 

mg/L 

mg/L 

mglL 

mg/L 

mg/L 

mg/L 

mN- 

mg/L 

mglL 

mg/L 

mglL 

mg/L 

mg/L 

mglL 

mg/L 

mglL 

mg/L 

mg/L 

mglL 

mglL 
.~ *, lWJ,L 

EPC 

Selected 

for Hazard 

Calculation (1) 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

fi 

Intake 

:Non-Cancer) 

9.8E-03 

9 BE-03 

9 BE-03 

9.8E-03 

9.8E-03 

9 8E-03 

9 EE-03 

9 EE-03 

9.8E-03 

9.8E-03 

9.8E-03 

9 8E-93 

9 8E-03 

9.8E-03 

9.8E-03 

9.8E-03 

9.8E-03 

9.8E-03 

9 EE-03 

9 BE-03 

9.8E-03 

9 EE-03 

9 BE-03 
 ̂ _- ^_ 

Y ix-u3 

- 

Intake 

:Non-Cancer; 

Units 

mglkg-day 

mWW 

mglkgday 

mg/kg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

msI&t-daY 

mg/kg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mgikg-day 

mg/kg-day 

mg/kg-day 

mgikg-day 

mg/kg-day 

mglkg-day 

mgikg-day 

mg/kgday 

mglkgday 

mg/kg-day 

mgikg-g-day 

- 
)tal Hazarc 

Reference 

DOSk? 

9.OE-03 

3.OE-03 

l.OE-01 

1 .OE-02 

2 OE-01 

5.OE-03 

2.OE-02 

5.OE03 

2.OE-02 

N/A 

4 OE-93 

2.OE-02 

3.OE-02 

5.OE-04 

NIA 

3.OE-04 

1 OE+OO 

4.OE-04 

3 OEd4 

3.OE-01 

N/A 

2.OE-02 

7.OE-05 

7 OE-03 

- 
idex Acn 

Reference 

Dose Units 

mglkg-day 

mglkg-day 

w&vh 

mg/kg-day 

w@-W 

mgikg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mg/kgday 

mglkgday 

mglkg-day 

mg/kg-day 

mglkgday 

mg/kgday 

mg/kg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mg/kgday 

mg/kg-day 

mglkg-day 

mglkg-day 

- 
j All EXP 

Reference 

:oncentralior 

- 
Ire Route! 

Reference 

:oncentratior 

Units 

- 
‘athways 

Hazard 

Quotient 

8.7E-03 

1.9E-01 

2.7E-02 

4.9E-03 

6 BE-02 

1.8E-02 

9.8E-02 

8.2E-02 

7.8E-92 

7.3E-03 

8.8E-02 

4.7E-03 

4 5E-93 

2.2E-03 

l.lE-01 

7.2E-02. 

2.9E+90 

1.2E+OO 

1.7E+OO 

3.7E-01 

3 2E-02 

- 
7.OE+OO 

- 



9 OE.03 

3 OE-03 

l.OE-01 

1.0s01 

* OE+OO 

5 OE-02 

2 OE-02 

5 OE-03 

2 OE-02 

WA 

4 OE-03 

2 OE-02 

3 OE-Lx 

5.OE-01 

tw 

3 OE-0-J 

1 OE*oo 

4 OE-04 

3 OE-04 

3 OE-01 

NI.4 

2 OE-02 

z E-05 

7 OE-03 

POE-03 

3 OE-03 

9 ZE-02 

1 OE-0, 

2 OE+W 

5 OE-02 

16E-02 

3 3E-03 

l.lE-02 

2 BE-03 

I SE-OZ 

, YE-02 

3 SE-01 

3 OE-03 

2 7E-01 

4 OE45 

2.9~.04 

3 E-01 

* LIE.04 

7 E-05 

I dE-04 

rard 
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TABLE 6-7.10.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Receptor Age: adult 

Exposure 

Route 

Chemical 

of Potential 

Concern 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

Inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

inhalation 

hhS.!~!iG~ 

inhalation 

inhalation 

1,2-dichlroethene (total) 

benzene 

ethylbenzene 

tetrachloroethene 

toluene 

2-chlorophenol 

Z-methylnaphthalene 

4-methylphenol 

bis(2-elhylhexyl)phlhalate 

carbazole 

dibenzofuran 

naphthalene 

phenanthrene 

4,4’-DDT 

alpha-BHC 

gamma-BHC (lindane) 

aluminum 

antimony 

arsenic 

iron 

lead 
. ..^..“^..^^^ “‘~“‘y”“” 

thallium 

vanadium 

Medium Medium 

EPC EPC 

Value Units 

6.OOE-03 

5.60G02 

2.60E-01 

500E-03 

1.40E tO0 

Q.OOE-03 

2.00~~01 

4 20E-02 

1.60E-01 

6.00E-03 

3.00E-03 

l.BOE-01 

1.45E-02 

2.30E-04 

2.90E-05 

6.70E-05 

1 .OQE+Ol 

2.94E-03 

6.62E-02 

3.56E+Ol 

6.28E-02 

3.5;E+OG 

2.67G03 

2.31E-02 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mglL 

mglL 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mglL 

mg/L 

mg/L 

mg/L 

iii@ 

mglL 

mg/L 

- 

- 

Route 

EPC 

Value 

3.65E-02 

3.10E-01 

1.2QE+OO 

1.65E-02 

6.90E+OO 

3.31E-02 

7.23E-01 

3.26E-03 

8.35E-04 

6.25E-06 

2.0QE-03 

6.7QE-01 

2.lQE-02 

8.44E-05 

1.43E-05 

4.14E-05 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

O.OOE+OO 

(1) Specify Medium-Specific (M) or Route-Specific(R) EPC selected for hazard calculation 

Route 

EPC 

Units 

mglm3 

mglm3 

mg/m3 

mg/m3 

mglm’ 

mg/m3 

mg/m’ 

mg/m3 

mg/m’ 

mglm3 

mglm3 

mglm3 

mglm’ 

mglm3 

mg/m3 

mg/m3 

mg/m3 

mg/m3 

mglm’ 

mg/m3 

mglm3 
-.-o-.3 ,,lQ,,,l 

mg/m3 

mglm3 

- 

EPC 

Selected 

for Hazard 

Calculation (1) 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

Intake 

(Non-Cancer) 

1 .QE-01 

1.9E-01 

l.QE-01 

1 .QE-01 

1 .QE-01 

1 .QE-01 

1 x-01 

1 .QE-01 

1 .QE-01 

1 .QE-01 

1 .QE-01 

1 .QE-01 

1.9E-01 

1 .QE-01 

1 .QE-01 

1 .QE-01 

1 .QE-01 

l.QE-01 

l.QE-01 

1 .QE-01 

1 .QE-01 

1.9E-01 

l.QE-01 

1 .QE-01 

Intake 

(Non-Cancer; 

Units 

mglkg-day 

mglkg-day 

mg/kg-day 

mg/kg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mg/kg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mg/kg-day 

mg/kg-day 

Reference 

Dose 

N/A 

1.7E-03 

2.QE-01 

1.4E-01 

l.lE-01 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

9.OE-04 

N/A 

N/A 

N/A 

N/A 

1 .OE-03 

N/A 

N/A 

N/A 

N/A 

1.4E-05 

N/A 

N/A 

Reference 

Dose Units 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

Hazard 

Quotient 

3.4lE+Ol 

6.32E-01 

2.47E-02 

1.13E+ol 

1.4lE+02 

O.OOE+OO 

O.OOE+OO 

1.67E+02 
- 
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TABLE 6-7.12.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: future 

Medium: groundwater 

Exposure Medium: air 

Exposure Point: water supply welt _ vapor from shower head 

Receptor Population: resident 

Receptor Age: adult II 

Exposure 

Route 

Chemical 

of Potential 

Concern 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC Intake Intake Reference Reference Hazard 

Selected (Non-Cancer) (Non-Cancer) Dose Dose Units Quotient 

for Hazard Units 

Calculation (I) 

halation -volatile 1,2-dichlroethene (total) 

,halation _ volatile benzene 

ihatation - volatile ethylbenzene 

lhalation - volatile tetrachloroethene 

lhalation - volatile toluene 

ihalation - volatile 2.chlorophenol 

lhalation - volatile 2-methylnaphthalene 

lhalatton -volatile 4-methylphenol 

lhalation - volatile bis(&?thylhexyl)phthatate 

ihalation - volatile carbazole 

lhalation - volatile dibenzofuran 

lhalation - volatile naphthalene 

ihalation - volatile phenanthrene 

lhatation - volatile 4.4’-DDT 

lhalation - volatile alpha-BHC 

lhalation -volatile gamma-SK (tindane) 

lhatation - volatile aluminum 

lhalatton - volatile antimony 

lhalation - volatile arsenic 

lhalation - volatile iron 

lhatation -volatile lead 

lhalation _ volatile manganese 

ihalation _ volatile thallium 

ihatation - volatile vanadium 

E.OOE-03 

5.6aE-02 

2.6OE-01 

5.OOE-03 

1.4OE+OO 

Q.OOE-03 

2.OOE-01 

4.2OE-02 

1.6OE-01 

6.OOE-03 

3.OOE-03 

1 BOE-01 

1.45E-02 

2.3OE-04 

2.9OE-05 

6.7OE-05 

1 .OQE+Ol 

2.94E-03 

6.82E-02 

356E+Ol 

6.26E-02 

3.5lE+OO 

2.67E-03 

2.3lE-02 

IngIL 

rng/L 

WL 

mg/L 

mg/L 

mgll 

nIglL 

m9n 

w!k 

wN- 

fwfl 

wA 

mg/L 

mg/L 

mglL 

mglL 

mg/L 

WlfL 

mg/L 

wR 

wL 

mg/L 

mg,L 

mglL 

1.74E-03 mg-min/L-shower 

1.35E-02 mg-minll-shower 

5.66E-02 mg-mm/L-shower 

ti.Q6E-04 mg-minll-shower 

3.OQE-01 mg-minll-shower 

1.21E-03 mg-minR-shower 

ZBOE-02 mg-minll-shower 

465E-05 mg-minll-shower 

Q.%lE-06 mg-min/L-shower 

6.24E-06 mg-minll-shower 

3.19E-05 mg-min/L-shower 

2.58E-02 mg-minll-shower 

4.13E-04 mg-min/L-shower 

N/A mg-minll-shower 

NIA mg-min/L-shower 

NIA mg-minll-shower 

N/A mg-minll-shower 

N/A mg-min/L-shower 

N/A mg-minll-shower 

NIA mg-min/L-shower 

N/A mg-minll-shower 

NIA mg-minll-shower 

N!A rn”.rni”,l -gha:.Je: 

N/A :;-iin-shower 

R 1.4E-01 mg!kg-day N/A mgfig-day 

R 1.4E-01 mgikg-day 1.7E-03 mglkg-day i.O9E+OO 

R 1.4E-01 mglkg-day Z.QE-01 mg/kg-day 2.76E-02 

R 1.4E-01 mgikg-day 1.4E-01 mg/kg-day 6.77E-04 

R 1.4E-01 mgikg-day l.lE-01 mg&g-day 3.71 E-01 

R 1.4E-01 mgikg-day NIA IIIQtkg-day 

R 1.4E-01 mg/kg-day NIA mglkQ-day 

R 1.4E-01 mgIkg-day N/A mg&g-day 

R 1.4E-01 mgkg-day N/A mglkg-day 

R 1.4E-01 mgikg-day N/A mgikg-day 

R 1.4E-01 mgikg-day N/A mgtkg-day 

R 1.4E-01 mg/kg-day Q.OE-04 mglkg-day 3.93E+OO 

R 1.4E-01 mg/kg-day N/A mglkg-day 

R 1.4E-01 mgikg-day NIA mgikg-day 

R 1.4E-01 mglkg-day N/A mgikg-day 

R 1.4E-01 mglkg-day N/A mglkg-day 

R 1.4E-01 mg/kg-day 1 .OE-03 mgikg-day 

R 1.4E-01 mglkg-day NIA mgfkg-day 

R 1.4E-01 mgkg-day N/A mgikg-day 

R 1.4E-01 mglkg-day N/A mgikg-day 

R 1.4E-01 mgikg-day N/A mg/kg-day 

R 1.4E-01 mgkg-day 1.4E-05 mglkg-day 

R I rcwn, _ “̂,̂  .I^._ l.-PL “I “‘y’“~-“rIy N/A mg?Kg-day 

R 1.4E-01 mglkg-day N/A mg/kg-day 

(I) Specify Medium-SpectRc (M) or Route-Specific (R) EPC selected for hazard calculation. 
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TABLE 6-7.14.RME 

CALCULATION OF NON-CANCER HAZARDS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe future 

Medium. groundwater 

Exposure Medium: air 

Exposure Point waler supply well - vapor from shower head 

Receptor Population: resident 

Exposure 

Route 

Chemical 

of Potential 

Concern 

halation-volatile 

halation-volattle 

h&lion-volatile 

halation-volatile 

halation-volatile 

halation-volatile 

halation-volatile 

halation-volatile 

halation-volatrle 

halation-volatile 

hatatlon-volatile 

halation-volatile 

halation-volatile 

halation-volatile 

halation-volatile 

halation-volatile 

halation-volatile 

halation-volatrle 

halatlon-volatile 

halatron-volatile 

halation-volatile 

halatron-volatile 

halation-volatile 

hsls:ion-~va:s:i:e 

1 ,Z-dichlroethene (total) 

benzene 

ethylbenzene 

tetrachloroethena 

tokN3le 

2.chlorophenol 

2.methylnaphlhalene 

4-methylphenol 

bls(Z-ethylhexyt)phthalate 

carbazole 

dibenzofuran 

naphthalena 

phenanthrene 

4.4’-DDT 

alpha-BHC 

gamma-BHC (lindane) 

aluminum 

antimony 

arsenic 

IrOn 

lead 

manganese 

thallium 

VZifiCAdiiiiC 

Medium Medium 

EPC EPC 

Value Units 

B.OOE-03 

5BOE52 

280E-01 

5.OOE-03 

1.40E+OO 

9.00E-03 

2.00E-01 

4 ZOE-02 

160E51 

6.00E53 

3 DOE-03 

1.80E-01 

1.45E-02 

2.30E-04 

2.90E-05 

6.70E-05 

1 09E+Ol 

2 94E53 

8.82E52 

3.56E+Oi 

6.2BE-02 

3.51E+OO 

2.67E-03 

2.3iE-ir2 

mg/L 

m@L 

mg/L 

mglL 

mglL 

mglL 

mg/L 

mgk 

mg/L 

mg/L 

mg/L 

mslL 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mglL 

mg/L 

mg/L 

mg/L 

mg/L 

mgii 

Route 

EPC 

Value 

- 

1.74E53 

1.35E-02 

5 BEE-02 

8 96E-04 

3.09E-01 

1.21E-03 

2.SOE-02 

4.65E-05 

9 5BE-06 

8 24E-08 

3.19E-05 

2.58E-02 

4.13E-04 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

NIA 

- 

Route 

EPC 

Units 

mg-min/L-shower 

mg-min/L-shower 

mg-mirdl-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-minll-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-minll-shower 

mgmin/L-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-minll-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-minlL-shower 

mg-min/L-shower 

mg-minfL-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-ml!VL-ShOwer 

EPC 

Selected 

for Hazard 

Calculation (11 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

Intake 

:Non-Cancer) 

6 4E-01 

6.4E-01 

6.4E-01 

6 4E-01 

6 4E-01 

6 4E-01 

6 4E-01 

6.4E-01 

6.4E-01 

6.4E51 

6.4E-01 

6.4E51 

6.4E-01 

6.4E-01 

6.4E-01 

6 4E-01 

6 4E-01 

6.4E-01 

6 4E-01 

6 4E-01 

6.4E-01 

6 4E-01 

6 4E-01 

6 4E51 

- 

Intake 

,Non-Cancer, 

Units 

mg/kg-day 

mg/kg-day 

mglkg-day 

mglkgday 

mglkg-day 

mg/kg-day 

mglkg-day 

mglkg-day 

mg/kgday 

mglkgday 

mg/kg-day 

mg/kg-day 

mglkg-day 

mgikg-day 

mglkgday 

mglkg-day 

mg/kg-day 

mglkg-day 

mglkgday 

mglkg-day 

mg/kgday 

mg/kg-day 

mg/kg-day 

mg/kg-day 

- 

Reference 

Dose 

N/A 

1 7E-03 

2.9E-01 

1.4E-01 

l.lE-01 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

9.OE-04 

N/A 

N/A 

NIA 

N/A 

l.OE-03 

N/A 

N/A 

N/A 

N/A 

14E-05 

N/A 

N/A 

Reference 

Dose Units 

mglkg-day 

mglkg-day 

mg/kg-day 

mglkgday 

mg/kg-day 

mg/kg-day 

mgntgday 

WWJay 

mglkg-day 

mg/kgday 

mg/kg-day 

mglkgday 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mg/kg-day 

mgikg-day 

mglkg-day 

mg/kgday 

Hazard 

Quotient 

5 OSE+OO 

1 30E51 

4 09E-03 

1.73E+OO 

l.B3E+Ol 

2.53E+Ol 

(1) Specify Medium-Speafic (M) or Route-Specific(R) EPC selected for hazard calculation. 



TABLE 6-6.1.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) _ Site 16 

Scenario Timeframe: current/future 

Medium: soil 

Exposure Medium: surface soil 

Exposure Point: surface soil at Site 16 

Receptor Population: recreational 

Receptor Age: adult 

/I Exposure 
I 

Chemical 

of Potential / Route j oK;;t;l 

Concern 

ingestion benzo(a)pyrene benzo(a)pyrene 

ingestion aluminum aluminum 

ingestion arsenic arsenic 

ingestion iron iron 

ingestion Ingestion Total Ingestion Total 

dermal benzo(a)pyrene benzo(a)pyrene 

dermal aluminum aluminum 

dermal arsenic 

Medium 

EPC 

Value 

1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

Medium 

EPC 

Units 

Route 

EPC 

Value 

1.20E+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

1.20E+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

wdkg M 

i-v/kg M 

---I- 

mgh M 

Wkg M 

Wkg M 

mglkg M 

mglkg M 

mglkg M 

Intake 

(Cancer) 

2.3E-07 

23E-07 

2.3E-07 

2.3E-07 

l.lE-07 

l.lE-06 

3.6E-06 

l.IE-06 

Intake 

(Cancer) 

Units 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

Cancer Slope 

Factor 

7.3E+OO 

l.rTE+OO 

l.tTE+Ol 

1.6E+oo 

Cancer Slope 

Factor Units 

ll(mglkg-day) 

Il(mglkg-day) 

Il(mg/kg-day) 

Il(mglkg-day) 

.- Total Risk Across All Exposure Routes/ratnways 

Cancer 

Risk 

2.OE-06 

5.OE-07 

2.5E-06 

2.4E-06 

a.3E-08 

2.5E-06 

5.lE-06 

(1) Specify Medium-Specific(M) or Route-Specitic (R) EPC selected for risk calculation. 



f 

Scenario Timeframe: currentlfuture 

Exposure Point: surface soil at Site 16 

Receptor Population: recreational 

Receptor Age: child 

Exposure 

Route 

Chemical 

of Potential 

Concern 

rgestion 

rgestion 

rgestion 

rgestion 

rgestion 

ermal 

ermal 

ermal 

ermal 

ermal 

TABLE 6-82.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

I benzo(a)pyrene 

aluminum 

iron 

Ingestion Total 

aluminum 

arsenic 

iron 

Dermal Total 

Medium 

EPC 

Value 

1.20E+OO m!#g 
6.67E+03 mgh 
1.44E+OO Wkg 
5.77E+03 Wkg 

1.20E+OO 

6.67E+03 

1.44E+OO 

5.77Et03 

Medium 

EPC 

Units 

mgM 
Wkg 
wb 
mgh 

Route 

EPC 

Value 

1.20E+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

1.20EtOO 

6.67E+03 

1.44E+OO 

5.77E+03 

Route 

EPC 

Units 

mglkg 

m&g 
mglkg 

@kg 

mg@ 

m#g 

wlkg 

w&J 

EPC Selected 

For Risk 

Calculation (1) 

Intake 

(Cancer) 

1.6E-07 

1.6E-07 

1.6E-07 

1.6E-07 

3.2E-08 

3.2E-09 

1 .OE-08 

3.2C09 

Intake 

(Cancer) 

Units 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mg/kg-day 

mglkg-day 

1 .aE+ol Il(mglkg-day) 

1.6E+oo Il(mglkg-day) 

-otal Risk Across All Exposure Routes/Pathways 

Cancer 

Risk 

- 
1.4E-06 

3.5E-07 

1.8E-66 

7.OE-07 

2.4E-08 

7.2E-07 

2.5E-06 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 6-8.3.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: current/future 

Medium: soil 

Exposure Medium: surface soil 

Exposure Point: surface soil at Site 16 

Receptor Population: commercial/industrial 

Receptor Acre: adult 

ingestion 

ingestion 

ingestion 

ingestion 

ingestion 

dermal 

dermal 

dermal 

dermal 

dermal 

benzo(a)pyrene 

aluminum 

arsenic 

iron 

Ingestion Total 

benzo(a)pyrene 

aluminum 

arsenic 

iron 

Dermal Total 

Medium 

EPC 

Value 

1.20E+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

Medium 

EPC 

Units 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Route 

EPC 

Value 

1.20E+OO 

6.67Et03 

1.44E+OO 

5.77E+03 

1.20E+OO 

6.67E+03 

I .44E+OO 

5.77E+03 

Route 

EPC 

Units 

EPC Selected 

For Risk 

Calculation (1) 

M 

M 

M 

M 

M 

M 

M 

M 

Intake 

(Cancer) 

1.7E-07 mglkg-day 

1.7E-07 mglkg-day 

1.7E-07 mglkg-day 

1.7E-07 mglkg-day 

4.lE-07 

4.1 E-08 

1.3E-07 

4.1E-08 

Intake 

(Cancer) 

Units 

mg/kg-day 

mglkg-day 

mglkg-day 

mglkg-day 

Cancer Slope 

Factor 

7.3E+OO 

15E+OO 

fotal Risk Across All Exposur ?outes/Pathways 

Cancer Slope 

Factor Units 

I/(mglkg-day) 

Il(mg/kg-day) 

I/(mg/kg-day) 

I/(mg/kg-day) 

Cancer 

Risk 

1.5E-06 

3.8E-07 

1.9E-06 

8.7E-06 

3.OE-07 

9.OE-06 

i.lE-05 



TABLE 6-8.4.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: future 

Medium: soil 

Exposure Medium: surface soil 

Exposure Point: surface soil at Site 16 

Receptor Population: construction worker 

Receptor Age: adult 

ingestion 

ingestion 

ingestion 

Ingestion 

ingestion 

dermal 

dermal 

dermal 

dermal 

dermal 

benzo(a)pyrene 

aluminum 

arsenic 

iron 

Ingestion Total 

benzo(a)pyrene 

aluminum 

arsenic 

iron 

Dermal Total 

Medium 

EPC 

Value 

1.20E+OO w&I 
6.67E+03 wW! 
1.44E+OO mglkg 
577E+03 mglkg 

1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

wlkg 
wh 
Wkg 
Wkg 

Medium 

EPC 

Units 

Route 

EPC 

Value 

1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

1.20E+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

Route 

EPC 

Units 

mgh 
mglkg 

Wkg 

fwlkg 

EPC Selected 

for Risk 

Calculation (1) 

- 

Intake 

(Cancer) 

3.2E-08 

3.2E-08 

3.2E-08 

3.2E-08 

1.2E-08 

1.2E-09 

3.7E-09 

1.2E-09 

Intake 

(Cancer) 

Units 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

Cancer Slope 

Factor 

7.3E+OO 

lSE+OO 

l.EE+Ol 

1.6E+oo 

Cancer Slope 

Factor Units 

Il(mglkg-day) 

Il(mglkg-day) 

Il(mglkg-day) 

lI(mglkg-day) 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation, 

Total Risk Across All Exposure Routes/Pathways 

Cancer 

Risk 

2.8E-07 

6.9E-08 

3SE-07 

2.5E-07 

8.5E-09 

2.6E-67 

6.1 E-87 
- 



TABLE 6-8.5.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: future 

Medium: soil 

Exposure Medium: air 

Exposure Point: air volatilized from surface soil at Site 16 

Receptor Population: construction worker 

Receptor Age: adult 

Intake 

(Cancer) 

Units 

- 
I 

1. 

1, 

: 1, 

- 
? RI 

Cancer 

Risk 

Medium 

EPC 

Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

Intake 

(Cancer) 

EPC Selected 

for Risk 

Calculation (1) 

Cancer Slope 

Factor Units 

Chemical 

of Potential 

Concern 

Exposure 

Route 

Cancer Slope 

Factor 

1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

1.20E+OO 

fWkg 
WQ 
WQ 
w&g 
mdkg 

8.39E-08 

4.67E-04 

l.OlE-07 

4.04E-04 

1.39E-13 

mglm3 

mglm3 

mglm3 

mglm3 

mgIm3 

1.3E-03 

1.3E-03 

1.3E-03 

1.3E-03 

1.3E-03 

m3/kg-day 

m3/kg-day 

m3/kg-day 

m3/kg-day 

m3ikg-day 

3.1 E+OO 

15E+Ol 

3. I E+OO 

I(mglkg-day) 

r(mglkg-day) 

r(mg/kg-day) 

3.5E-10 

Z.OE-09 

- 
2.4E-09 

- 

rhalation - particulate benzo(a)pyrene 

ihalation - particulate aluminum 

ihalation - particulate arsenic 

ihalation - particulate iron 

ihalation _ volatile benzo(a)pyrene (2) 

Total Risk Across All Exposun outes/Pathways 

(1) Specify Medium-Specific (M) or Route-Speckic (R) EPC selected for risk calculation 

(2) Note: benzo(a)pyrene was the only COPC evaluated for the inhalation-volatile pathway 



TABLE 6-8.6.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Scenario Timeframe: future 

Medium: soil 

Exposure Medium: surface soil 

Exposure Point: surface soil at Site 16 

Receptor Population: resident 

II Exposure I Chemical 

1 Route 1 ofCPot;zal 

ingestion benzo(a)pyrene 

ingestion 

ingestion 

ingestion 

ingestion 

dermal 

dermal 

dermal 

dermal 

dermal 

aluminum 

arsenic 

iron 

Ingestion Total 

benzo(a)pyrene 

aluminum 

arsenic 

iron 

Dermal Total 

Medium 

EPC 

Value 

1.20E+oo w% 
6.67E+03 mglkg 
1.44E+OO mgh 
577E+03 mgh 

1.20EtOO 

6.67E+03 

1.44E+OO 

577Et03 

wYkg 
m@g 
mglkg 
wh 

Medium 

EPC 

Units 

Route 

EPC 

Value 

1.20E+OO 

6.67E+03 

1.44E+OO 

577E+03 

1.20E+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

Route 

EPC 

Units 

wlkg 
mWg 
mgh 
mglkg 

EPC Selected 

for Risk 

Calculation (1) 

M 

M 

M 

M 

M 

M 

M 

M 

Intake 

(Cancer) 

1.6E-06 

1.6E-06 

1.6E-06 

1.6E-06 

7.6E-07 

7.6E-08 

2.4E-07 

7.6E-08 

Intake 

(Cancer) 

Units 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

Cancer Slope 

Factor 

7.3E+OO 

1.5EtOO 

1 .EE+ol 

1.6E+OO 

Cancer Slope 

Factor Units 

I(mglkg-day) 

I(mglkg-day) 

I(mg/kg-day) 

r(mg/kg-day) 

Total Risk Across All Exposure Routes/Pathways 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation 

Cancer 

Risk 

1.4E-05 

3.4E-06 

1.7E-05 

1.6E-05 

56E-07 

1.7E-05 

3.4E-05 



f 
i 

TABLE 68.7.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Receptor Age: child 

rgestion benzo(a)pyrene 

rgestion aluminum 

rgestion arsenic 

rgestion iron 

igestion ingestion Total 

ermal 

ermal 

ermal 

ermal 

ermal 

benzo(a)pyrene 

aluminum 

arsenic 

iron 

Dermal Total 

Medium 

EPC 

Value 

1.20E+OO 

667E+03 

1.44E+OO 

577E+03 

1.20EtOO 

6.67E+03 

1.44E+00 

577E+03 

Medium 

EPC 

Units 

mg/kg 
wh 
m9h 
mdkg 

mglkg 
mglkg 
mdkg 
wh 

Route 

EPC 

Value 

1.20E+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

1.20E+OO 

6.67E+03 

1.44E+OO 

5.77E+03 

(I) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for risk calculation 

Route 

EPC 

Units 

w/kg 
mglkg 
Wkg 
i-w/kg 

mg/kg 
mglkg 
w#g 
wlkg 

EPC Selected 

for Risk 

Calculation (1) 

intake 

(Cancer) 

l.lE-06 

l.lE-06 

l.lE-06 

l.lE-06 

2.2E-07 

2.2E-08 

7.OE-08 

2.2E-08 

intake 

(Cancer) 

Units 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

mglkg-day 

Cancer Slope 

Factor 

7.3E+OO 

1.5E+OO 

1.8E+Ol 

1.6E+OO 

Total Rusk Across All Exposun Routes/Pathways 

Cancer Slope 

Factor Units 

l/(mglkg-day) 

ll(mglkg-day) 

il(mglkg-day) 

Il(mglkg-day) 

Cancer 

Risk 

9.6E-06 

2.4E-06 

1.2E-05 

4.7E-06 

1.6E-07 

4.9E-06 

1.7E-05 



TABLE 6-6.6.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) -Site 16 

Scenario TImeframe: future 

Medium: groundwater 

Exposure Medium: groundwater 

Exposure Point: Site 16 groundwater - water supply well 

Receptor Population: wmmercialfmdustrial 

Receptor Age. adult 1 

Exposure 

Rout0 

Chemical 

of Potential 

COWC?m 

lgeslion 

lgestion 

lgestion 

lgestion 

lgestion 

lgestion 

lgestion 

lgestion 

igestion 

lgestion 

~gestion 

igestion 

lgestion 

igestion 

Igestion 

lgestion 

tgestion 

lgestlon 

igestion 

igestion 

Igestion 

lgestion 

lgestion 

lgestion 

1 .ldichlroethene (total) 

benzene 

ethylbenzene 

tetrachloroethene 

toklene 

?-chlorophenol 

2.methylnaphthalene 

4.methylphenol 

bis(2.ethylhexyl)phthalate 

aabazole 

dlbenzofuran 

naphthalene 

phenanthrene 

4.4’.DDT 

alpha-BHC 

gamma-BHC (lindane) 

aluminum 

antimony 

arsenic 

iron 

lead 

manganese 

thallium 

vanadium 

Medum Medium 

EPC EPC 

Value Units 

FJ OOE-03 

5 60E-02 

2.60E.01 

5.00E-03 

140E+00 

9.04x-03 

2.OOE-01 

4 ZOE-02 

160E-01 

6.00E.03 

3 OOE-03 

l.EOE-01 

145E-02 

2 30E-04 

2.90E.05 

6 70E-05 

1.09EiOl 

2 94E.03 

S 82E-02 

3.56E+Ol 

6.26E-02 

3.51E+OO 

2.67E-03 

2.31E.02 

msn 

mg/L 

mglL 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mglL 

m@L 

mQk 

ML 

m9n 

mglt. 

mg/L 

ML 

mg/L 

rnQlL 

mglL 

mg/L 

mgk 

mglL 

wn 

ROlkte 

EPC 

Value 

8 WEa3 

5.6OE-02 

2.60E-01 

5.00E-03 

1.40E+OO 

9 OOE-03 

Z.WE-01 

4.20E-02 

1.60E-01 

6.00E-03 

3.OOE-03 

1 SOE-01 

1.45E-02 

2 30E-04 

2.90E-05 

6.70E-05 

l.O9E+Ol 

2.94E-03 

a a2E.02 

3.56E+Ol 

6.26E.02 

3.51E100 

2.67E-03 

2.31E-02 

(1) Specify Medium-Specific (M) or Route-Speci6c (R) EPC selected for risk calculation. 

ROUb 

EPC 

Units 

mslL 

mgk 

mglL 

m* 

mg/L 

mgR 

mg/L 

mg/L 

mg/L 

mglL 

mglL 

mm 

mglL 

mg/L 

mg/L 

mglL 

mg/L 

m@. 

mg/L 

ML 

mgll 

mg/L 

mg/L 

mglL 

- 

- 

IPC Selected 

for Risk 

:alculation (1) 

- 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

- 

- 

tntake 

(Cancer) 

- 

3.49E.03 

3.49E-03 

3.49E-03 

3.49E-03 

3.49E-03 

3.49E-03 

3 49E-03 

3 49603 

3.49E-03 

3.49E-03 

3 49C03 

3.49E.03 

3.49E-03 

3 49E-03 

3.49E.03 

3.49E.03 

3.49E-03 

3 49E-03 

3.49E.03 

3.49E.03 

3.49E.03 

3 4QE-03 

3.49E-03 

3.49E-03 

- 

Intake 

(Cancer) 

Units 

mgllcg-day 

w%-W 

mgikg-day 

mglkg-day 

mg&g-day 

wfWW 

mgikg-day 

mgikg-day 

mgilqday 

mg/kg-day 

w&g-day 

mglkg-day 

mgkg-day 

mglkg-day 

mgikg-day 

mgikg-day 

mgikg-day 

mglkg-day 

mg/kg-day 

mgikg-day 

mgkg-day 

mgikg-day 

mgikg-day 

mglkg-day 

- 
Total Ris; 

Cancer Stopa 

Factor 

NIA 

5 5E-02 

N/A 

5 ZE-02 

N/A 

N/A 

N/A 

N/A 

1.4E-02 

2.OE-02 

N/A 

N/A 

N/A 

3 4E-01 

6.3E+OO 

1.3E+OO 

NIA 

N/A 

15E+OO 

N/A 

N/A 

N/A 

N/A 

N/A 

xoss All Exposure 

- 
I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I: 
Rc 

Cancer Slope Cancer 

Factor Units Risk 

WWWW 

ll(mgkg-day) 

~WgncWw) 

I/(mg/kg-day) 

ll(mgkg-day) 

Wmkda~) 

ll(mglkg-day) 

~MwWda~) 

~WwWW 

l/(mgikg-day) 

~Nwkt-d~yl 

IMmwk-day) 

~WwMw-fa~) 

ll(mgrkg-day) 

l/(mgkg-day) 

~4wWW) 

~W!Pg-W) 

~WW$Q-~~Y) 

I/(mglkg-day) 

~MwWW 

UWWW 

1 WvUW 

m/(mglkg-day) 

~I(mglkg-day) 

utes/Pathways 

1 llE-05 

9.07E.07 

7.62E-06 

4.lQE.07 

2.73E.07 

6.36E-07 

3 04E-07 

4.62E-04 

4.63E-04 
- 



gamma-BHC (sndaoe) 

~i”“l”Y” 

cancer Slope 

Facto, ““air 



TABLE 6.BlO.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facilily (WFF) - Site 16 

b / 

Reoeptor Population: construction worker 

Receptor Age: adult 

inhalation-volatile 

Inhalation-volatile 

inhalation _ volable 

inhalation _ volatile 

inhalation - volatile 

inhalation-volatile 

inhalation -volatile 

inhalation-volatile 

inhalation -volatile 

inhalation - volatile 

inhalation - volattle 

inhalation _ volatile 

Inhalation-volatile 

inhalation - volatile 

inhalation-volatile 

lnhalalion - volatile 

inhalation-volatile 

mhalation - volatile 

inhalabon -volatile 

inhalation _ volatile 

Inhalation-volatile 

Inhalation-volatile 

lnhatation _ volatile 

inhalation - volatile 
II 

1.2-dichlroethene (total) 

benzene 

ethylbenzene 

tetrachtoroethene 

toluene 

Zchlorophenol 

2-methylnaphthalene 

4-methylphenol 

bis(Z-ethylhexyl)phthalate 

carba20le 

dibenzofuran 

naphthalene 

phenanthrene 

4,4’-DDT 

alpha-BHC 

gamma-BHC (kndane) 

aluminum 

antimony 

arsenic 

iron 

lead 

manganese 

thallium 

vanadium 
1 

Medium Medium 

EPC EPC 

Value Units 

- 

BOOE-03 

56OE-02 

2 80E-01 

5 OOE03 

1.40E+OO 

9 O’JE-03 

Z.QQE-01 

4.20E-02 

1.60E-01 

6.00E-03 

3.00E-03 

1.60E.01 

1.45E-02 

2 30E-04 

2.90E-05 

6 70E-05 

l.O9E+Ol 

2 94E-03 

6.62E-02 

3.56E+Ol 

6.26E-02 

3.5lE+OO 

2.67E-03 

2 3lE-02 

mg/L 

mg/L 

mgll 

mg/L 

mg/L 

mg/L 

mg/L 

“IQ/L 

mg/L 

mg/L 

mg/L 

“ML 

mg/L 

mg/L 

mg/L 

wN- 

rnQ/L 

mg/L 

mg/L 

mg/L 

IllgIL 

mg/L 

mg/L 

mg/L 

- 

- 

(1) Specify Medum-Specific (M) or Route-Specific (R) EPC selected for risk calculation 

Route 

EPC 

Value 

3 t35E-02 

3.lOE-01 

1.29E+OO 

1.65E-02 

6.9OEtW 

3.31E-02 

7.23E-01 

3.26E-03 

8 35E-04 

6.25E-06 

2 NE-03 

6.79E-01 

2 18E-02 

6.44E-05 

1.43&05 

4.14E-05 

0 WE+00 

0 MlE+OO 

0 ooE+OO 

O.QQE+OO 

0 OOE+OO 

O.OOE+OO 

O.OOE+OO 

Q.QQE+QO 

- 

Route 

EPC 

Units 

- 

mg/m3 

mglm3 

mglm3 

mg/m3 

mglm3 

mglm3 

mglm3 

mglm3 

mglm3 

mglm3 

mglm3 

mglm3 

mg/m3 

mglmd 

mglm3 

mg/m3 

mglm3 

mglm3 

mglm3 

mg/m3 

mg/m3 

mglm3 

mglm3 

“?grR?3 

- 

EPC Selected 

for Risk 

:alculation (1 j 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

- 

Intake 

(Cancer) 

- 

1.34E-03 

1 34E-03 

1.34E-03 

1.34E-03 

1.34E.03 

1 34E-03 

1 34E-03 

1 34E-03 

134E03 

1 34E-03 

1.34E-03 

1.34E-03 

; .34E-03 

1 34E-03 

1.34E-03 

1 34E-03 

1.34E-03 

1 34E-03 

1.34E-03 

1.34E-03 

1.34E-03 

1.34E-03 

1.34E-03 

1.34E-03 

- 

Intake 

(Cancer) 

Units 

mg/kg-day 

mglkg-day 

mg/kgday 

mg/kg-day 

mg/kgday 

mg/kg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mglkgday 

mg/kg-day 

mglkg-day 

mgikgday 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

mg/kg-day 

mg/kg-day 

mgikgday 

mglkg-day 

mg/kgday 

,i”QiiQ-day 

- 
tal Risk Acr, 

Cancer Slope 

Factor 

N/A 

2 9E-02 

N/A 

2.OE-03 

N/A 

N/A 

N/A 

N/A 

1.4E-02 

N/A 

N/A 

N/A 

N/A 

3 4E-01 

6 3E+QO 

N/A 

N/A 

N/A 

1.5E+Ol 

NIA 

N/A 

N/A 

N/A 

N/A 

i All Exposure 

Cancer Slope 

Factor Units 

l/(mg/kg-day) 

W”Wo-day) 

l/(mg/kg-day) 

l/(mg/kg-day) 

WMo-day) 

l/(mg/kg-day) 

l/(mg/kg-day) 

l/(mg/kg-day) 

W”g/ko-dw) 

WmoWW) 

l/(mg/kg-day) 

l/(mg/kg-day) 

l/(mg/kgday) 

14mg/ko-W) 

l/(mg/kg-day) 

l/(mg/kg-day) 

l/(mg/kgday) 

l/(mg/kg-day) 

l/(mg/kg-day) 

l/(mg/kg-day) 

Wmo~o-day) 

l/(mg/kg-day) 

l/(mg/kgday) 

iijmgiig-day) 

wles/Pathways 

CCS”Cl% 

Risk 

1.20E-05 

4.96E-06 

1.57E-O8 

3.65E-06 

1.21E-07 

- 
1.23E-05 

- 





TABLE 6.B.lZ.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

water supply well - vapor from shower head 

Receptor Population: resident 

Receptor Age: adult 

Medium Medium 

EPC EPC 

I Concern Value Units 

-v 

inhalation - volatile 1.2.dichlroethene (total) 

rnhalatio” - volatile benzene 

inhalation - volakle ethylbenzene 

inhalation - volattle tetrachloroelhene 

inhalakon - volatile toluene 

inhalation _ volatile 2-chlorophenol 

tnhalation -volatile 2.methylnaphthalene 

inhalation - volatile 4-methylphenol 

inhalation - volalile bis(Z-ethylhexyl)phthalate 

inhalation - volatile carbazole 

inhalation _ volatile dtbenzofuran 

inhalation -volatile naphthalena 

mhalatto” -volatile phenanthrene 

inhalation _ volatile 4,4’-DDT 

inhalation -volatile alpha-BHC 

inhalation _ volatile gamma-BHC (lindane) 

inhalation -volatile aluminum 

rnhalatio” -volatile antimony 

inhalation _ volatile arsenic 

tnhalation - volakle iron 

Inhalation-volatile lead 

inhalation - votatite manganese 

mhalation - volatile thalkum 

inhalation -volatile vanadium 

B.OOE-03 mm 

5.BOE-02 m@L 

2.BOE-01 mgrL 

5.00E03 moJ 

1.40E+W m@L 

9.00E-03 m@L 

Z.OOE-01 mgn 

4.20E-02 m@L 

1.60E-01 msn 

6.00E-03 ma 

3 OOE-03 mglL 

l.BOE-01 m@ 

1.45E-02 m@L 

2.30E-04 mgk 

Z.SOE-05 m@L 

6 70E-05 Wt. 

l.O9E+Ol mg/L 

2.94E.03 m@L 

8.BZE-02 m& 

3 56E+Ol mgn 

6.2BE-02 ML 

35lE+OO mgrL 

2.67E-03 m@L 

2.31E-02 mg/L 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for risk calculation 

Route 

EPC 

Value 

1.74E-03 

1.35E.02 

5.BBE-02 

B.96E.04 

3.09E-01 

1.21E03 

2 BOE-02 

4.65E.05 

9 5BE-06 

8.24E-08 

3.19E.05 

2.5BE-02 

4.13E-04 

N/A 

N/A 

N/A 

N/A 

N/A 

NIA 

NIA 

N/A 

NIA 

N/A 

N/A 

Route 

EPC 

Units 

mg-minll-shower 

mg-minll-shower 

mg-min!L-shower 

mg-min/L-shower 

mg-min!L-shower 

mg-miniL-shower 

mg-min/L-shower 

mg-minA-shower 

mg-minll-shower 

mg-min/L-shower 

mgmin/L-shower 

mg-mm/L-shower 

mg-minll-shower 

mg-miniL-shower 

mgminfL-shower 

mg-minll-shower 

mg-mm/L-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-minrL-shower 

mg-minR-shower 

mg-minR-shower 

mg-minfl-shower 

iPC Selected Intake 

for Risk (Cancer) =-l=- :alculation (1) 

R 

R 

d 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

A 

5.87E-02 

5.87E.02 

5.87E.02 

5.87E-02 

5 B7E-02 

5.87E-02 

5.87E-02 

5 87E-02 

5.87E.02 

587E-02 

5.67E-02 

5.87E-02 

5.87E-02 

5.67E-02 

5.87E-02 

5.67E-02 

5.87E62 

5.87E.02 

5.87E-02 

5 07E-02 

5.87E-02 

5.87E-02 

5 87E-02 

5.87E-02 

Intake 

(Cancer) 

Units 

- 

m%tday 

mgnqday 

wW-W 

mgtkg-day 

n?.mdav 

WWW 

m@w-daY 

m@Wdw 

WWJay 

w%!-day 

mgikg-day 

wP.g-day 

mg/kg-day 

mgNc@ 

mgfig-day 

mgikg-day 

m@Q-day 

%!h-day 

mg/kg-day 

mglkg-day 

mglkg-day 

T3W-W 

mg/kg-day 

WWW 

- 

Cancer Slopa 

Factor 

- 

N/A 

2.9E-02 

N/A 

Z.OE-03 

N/A 

N/A 

N/A 

N/A 

1.4E.02 

N/A 

N/A 

N/A 

N/A 

3.4E.01 

6 3E+OO 

N/A 

N/A 

N/A 

1.5E+Ol 

N/A 

N/A 

NfA 

N/A 

N/A 

ttat Rt*k Across All txposun outes/Pathwayt 

Cancer Slope 

Factor Units 

Cancer 

Risk 

2.31E-66 





-- 

Scenario Timeframe: future 

Medum: groundwater 

Exposure Medium: air 

Exposure Point water supply well _ vapor from shower head 

Receptor Population: residenl 

Receptor Age: child I/ 

inhalation - volatile 

mhalation . volatile 

inhalation - volatile 

inhalation volatile 

inhalation-volatile 

mhalation _ volatile 

mhalation - volatile 

inhalation -volatile 

mhalation - volatile 

inhalation - volatile 

Inhalation -volatile 

inhalation. volatile 

inhalalion - volattle 

inhalabon - volatile 

Inhalation _ volatile 

mhalabon _ volatile 

inhalation - vo&tile 

inhalation - volatile 

inhalation - volatile 

fnhalalion . volatile 

inhalation - volatile 

inhalation - volatile 

Inhalation _ volatile 

Inhalation - volatile 

1.2.dichlroethene (total) 

benzene 

ethylbenzene 

tabaChlO~ethene 

1oluene 

L-chloraphenol 

2-methylnaphlhalena 

4.methylphenol 

bis(2ethylhexyl)phthalate 

carbazole 

dtbenzofuran 

naphthalene 

phenanthrane 

4.4’.DDT 

alpha-EHC 

gamm&HC (lindane) 

aluminum 

antimony 

arsenic 

iron 

lead 

manganese 

lhalkum 

vanadium 

Medium 

EPC 

Value 

&OOE-03 

5 60E-02 

2.60E-01 

5 OOE03 

1.40E+OO 

9.00E-03 

2 OOE-01 

4 20E-02 

160E-01 

6.00E-03 

3.00E-03 

1 60E-01 

1.45E-02 

2 30E-04 

2 9OE-05 

6.70E.05 

109E+Ol 

2 94E-03 

6.62E-02 

3 SE+01 

6 26E-02 

3.51E+OO 

2 67E-03 

2.31E-02 

Medium 

EPC 

Unib 

- 

ma 

w3R 

“m- 

mgll 

mg/L 

m3R. 

“w 

mgn 

w* 

mg/L 

mgll 

wR 

mglL 

mgfi 

mgR 

mm. 

mglL 

mg/L 

“w 

mg/L 

mgn 

mg/L 

wL 

mglL 

- 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation 

TAELE6.6.14.RME 

CALCULATION OF CANCER RISKS 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) - Site 16 

Route 

EPC 

Value 

1 74E-03 

1.35E-02 

5.88E.02 

6.95E-04 

3 09E-01 

1.21E63 

2.60E-02 

4 65E-05 

9.58E-06 

6.24E-06 

3.19E.05 

2 56E-02 

4 13E-04 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Route 

EPC 

Umts 

mg-minfL-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-mm/L-shower 

mg-min/L-shower 

mg-minll-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-min/L-shower 

mgmin/L-shower 

mg-minll-shower 

mg-min/L-shower 

mg-mid-shower 

mg-min/L-shower 

mgmin/L-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-min/l-shower 

mg-minJL-shower 

mg-min/L-shower 

mg-min/L-shower 

mg-min/L-shower 

tPC Selected 

for Risk 

xculation (1) 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

Intake 

(Cancer) 

5.46E-02 

5 48E-02 

5.46E-02 

5 46E-02 

5 46E-02 

5.46E-02 

5 46E-02 

5 46E-02 

5 46E-02 

5.46E.02 

5.46E.02 

5 46E-02 

5 46E-02 

5 46E-02 

5.46E-02 

5 46E-02 

5.46E.02 

5.48E.02 

5.46E-02 

5 46E-02 

5 46E-02 

5.46E-02 

5 46E-02 

5.46E-02 

- 

Intake 

(Cancer) 

units 

ww-w 

cP.WY 

mgrkg-day 

wkaday 

mg/kg-day 

“wW-dw 

mghg-day 

mgrkg-day 

WW-W 

mg/Ig-day 

mg/kg-day 

mg/kg-day 

mglkg-day 

mg/kg-day 

WWW 

mg/kg-day 

“Ww-d~Y 

mg/kg-day 

“Wg-day 

wbdw 

w#gd~y 

mgrkg-day 

mgkg-day 

mglkg-day 

Total Risk ACI 

cancer Slope 

Factor 

N/A 

2 9ECQ 

N/A 

2.OE-03 

N/A 

N/A 

N/A 

N/A 

1.4E-02 

N/A 

N/A 

N/A 

NIA 

3.4E-01 

6 3E+OO 

N/A 

NIA 

N/A 

15EiOl 

N/A 

N/A 

N/A 

N/A 

N/A 

Cancer Slope 

Factor Units 

WKmdaY) 
W”glkg-day) 
w-www 
l/(mgrkg-day) 

l/(mgkg-day) 

ll(mglkg-day) 

WmMwW) 

l/(mg/kg-day) 

WWWay) 

WwWW 

l/(mg/kg-day) 

WmWW) 

l/(mg/kg-day) 

l/(mgQday) 

WNwW) 

WWWW 

Ww4-W 

l/(mgRg-day) 

WwWW) 

l/(mgRg-day) 

MxNwJW 

l/(mg/kg-day) 

WwWW) 

WWQI-~W 

outes/Pathways 

CaWSr 

Risk 

2.15E-05 

9.62E-06 

7 35E-09 

- 
2.16E-05 
- 
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TABLE 6-9.1. Total Hazard Indices and Carcinogenic Risks in Site 16 Surface Soil 

Hazard indices 

Receptors I 
I 

I Ingestion I 
Inhalation 

1.4E-01 j 8.8E-02 Construction Workers 

Residential Adults 

Residential Children 

+ 

4.2E-02 -- 95E-03 

3.9E-01 _- 1.5E-02 

Dermal Contact 

9.8E-03 

Carcinogenic Risks 

TOTAL Ingestion Inhalation 

2.4E-01 35E-07 2.4E-09 

4.1E-01 1.2E-05 I __ 

Dermal Contact 
I 

TOTAL (1) I 

2.6E-07 6.1 E-07 

1.7E-05 3.4E-05 

4.9E-06 1 1.7E-05 

1 

Note: Shaded pathways indicate current/future scenarios. Unshaded pathways depict future scenarios. 

(1) Any noted discrepancies between pathway totals and overall totals are due to rounding. 



TABLE 6-9.2. Total Hazard Indices and Carcinogenic Risks in Site 16 Groundwater 

Receptors 

Ingestion 

Hazard indices 

Inhalation Dermal Contact 

Commercial/Industrial Workers 7.OE+OO _- -- 

Residential Adults 2.OE+Ol 5.4E+OO 25E+OO 2.8E+Ol 

Residential Children 4.6E+Ol 2.5E+Ol 4.OE+OO 75E+Ol 

Construction Workers I 1.3E-01 I 1.9E+02 I 5.4E+OO 

Note: All pathways shown are future scenarios 

(1) Any noted discrepancies between pathway totals and overall totals are due to rounding. 

TOTAL 

7.OEtOO 

1.9E+02 

Carcinogenic Risks 1 

Ingestion Inhalation 

4.8E-04 __ 

2.1 E-03 2.3E-05 

7.6E-04 1 2.2E-05 

1.9E-07 ) 1.2E-05 

Dermal Contact TOTAL (1) 

- 1 4.8E-04 

1.6E-04 2.3E-03 

4.6E-05 8.3E-04 

3.1E-06 1.5E-05 



Medum 

Receptor Populabow recreal~onal 

Medum 1 Point I/ 

surface soil 
I 
surface 5011 at Site 16 benzo(a)pyrene 

aluminum 

arsenic 

IWO” 

TABLE 6-10 1 RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) Site 16 

Ingestion 

2 OE-06 

0 OE+OO 

5.OE-07 

O.OE+OO 

Carcinogemc Risk Chemical Non-Carcinogenic Hazard Quotient 

Primary 

Target Organ 

nervous system 

skin vascular 

blood,liver,Gl tract 

Ingestion 

0 OE+OQ 

1.4E-03 

9.7E-04 

3 9E-03 

Total Risk Across[Soil) 5 lE-06 
t t 

Total Risk Across All Media and All Exposure Routes 5.1 E-06 

Routes Total 1 

O.OE+OO 

1.9E-03 

I, 

1 1.3E-03 

4.4E-03 

Total Hazard Index Across All Medm and All Exposure Routes 11 11 7.6E-03 

Total [nervous system] HI = 

12/l/00 



Medium 

Scenario Timeframe. current/future - 
I Exposure Exposure l--ii- 

Medium 1 Po!nt 1 

surface soil 

I 

surface soil at Site 16 

II 

be”zo(a)pyre”e 

aluminum 

// 

arsenic 

fro” 

TABLE 6-10 2 RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Faclkty (WFF) Site 16 

Ingestion 

14E-06 

O.OE+OO 

3 5E-07 

O.OE+OO 

Carcinogenic Risk 

lnhalatton 

- 

Total Risk 

7 OE-07 

0 OE+MI 

2.4508 

O.OE+OO 

oss[Soil] 

Total Risk Across All Media and All Exposure Routes 

Non-Carcinogenic Hazard Quotient 

Primal?/ 

Target Organ 

nervous system 

skin vascular 

blood.liver,Gl tract 

Ingestion 

O.OE+OO 

1.3E-02 

9.iE-03 

3 7E-02 

Inhalation 

- 

- 

Dermal 

Total Hazard Index Across All Media and All Exposure Routes 

O.OE+OO 

9 3E-04 

6.OE-04 

7 3E-04 

1 Routes Total 

0 OE+OO 

1.4E-02 1 9 7E-03 

3 7E-02 

Total [nervous system] HI = IFI 

Total [skin.vascular] HI = -1 

Total [blood] HI = F] 

7 

Total [liver] HI = 171 

Total (GI tract] HI = 11 

12/1/00 



Medium 

3il 

TABLE 610.3.RME 

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs 

REASONABLE MAXIMUM EXPOSURE 

Wallops Flight Facility (WFF) Site 16 

Exposure 

Medium 

Exposure 

Point 

surface soil surface soil at Site 16 

Chemical 

enzo(a)pyrene 

luminum 

rsenic 

on 

1.5E-06 

O.OE+OO 

3.6E-07 

O.OE+OO 

IT 
I - 

Carcinogenic Risk 

nhalation 
I 

Derrnal 

6.7E-06 

O.OE+OO 

3.OE-07 

O.OE+OO 

Total Risk Across[Soil] l.lE-05 

Total Risk Across All Media and All Exposure Routes l.lE-05 

Exposure 

Routes Total 

1 .OE-05 

O.OE+OO 

6.7E-07 

O.OE+OO 

Chemical 

tnzo(a)pyrene 

uminum 

‘senic 

1” 

Primary 

Target Organ 

“eNO”S system 

skin vascular 

blood,liver.Gl tract 

Non-Carcinogenic Hazard Quotient 

Ingestion 

O.OE+OO 

3.3G03 

2.3E-03 

9.4C03 

-- 
Total Hazard Index Across All Media and All Exposure Roules 1 2.2E-02 

Total [nervous system] HI = 

12/1100 



12/12/00 



12/12/00 



a 

1 ..E-06 

0 OE+OO 

3 e-06 

O.OE+W 

0 OElOO 

4 BE.05 

0 DE+00 

3.0~~06 

O.OE+OO 

0 OEIW 

O.OE+OO 

0 OE+OO 

3 PE-05 

ME-06 

O.OE+OO 

0 OEtoo 

0 OEIOO 

1.z06 

2.w00 

,.3E-06 

O.OE+OO 

0 OEIOO 

2 DE-03 

0 OE+Oo 

O.OE*W 

0 OE+OO 

O.OE+W 

0 OE+W 

Carcinasenic Ri*k 

O.OE+W 

2 3E-05 

0 OE+Oo 

1 E-07 

0 Owx 

O.OE+OO 

O.OE+OO 

O.OE+OO 

7.91~09 

O.OE+OO 

0 OEIW 

0 OEIOC 

0 OE+oO 

0 OE.00 

0 DE+00 

O.OE+OO 

0.0E60 

0 OE+OO 

0 OE+W 

0 OEIW 

O.OE+oc 

0 OEIW 

O.OE+OO 

0 DE+00 

Dermal 

16E-05 

O.OE+OO 

5 SE-07 

0 OE+W 

O.OE+OO 

6 ,E-06 

O.OE+OO 

* 2E.06 

0 OE+W 

O.OEIW 

O.OE+OO 

O.OE+OO 

l.ZE-04 

O.OE+OO 

0 OEIOO 

O.OE+OO 

0 OEtOO 

3 2E05 

0 DE.00 

53507 

O.OE*OO 

0 OEIOO 

4 2E06 

O.OE+OO 

O.OE*OO 

0 OE+W 

O.OE+OO 

0 OEtOO 

kidney, mymur 

kdney 

owr 

O.OE+OO 

,.,E+OO 

2.e.E.02 

0 BE-04 

3.7EOI 

O.OE+OO 

O.OE+W 

O.OE+OO 

O.OE+OO 

O.OE+M) 

0 OEtOO 

3 OEtW 

0 OE+W 

O.OE*OO 

0 oE+oo 

O.OE+OO 

O.OEIW 

O.OE+O* 

0 OE+OO 

O.OE+OO 

O.OE+W 

0.0E.00 

O.OE+OO 

O.OE+OO 

0 OEtOO 

3 OE-03 

2SEW 

LIE-03 

2OE~O3 

* 1E02 

5 SE.02 

* OE-03 

0 OE-02 

5 6643 

21E-01 

x21-02 

ME-01 

0 OEIOO 

O.OE*oO 

2.2E-m 

TIE42 

4 OEOl 

O.OE+W 

2,s01 

2 SE03 

4 6E-03 

1,s02 

7.5E-03 

O.OEWl 

3 7E.01 

2 4E03 

XOE-02 

Expoaurc 

Router Tota 

O.OE+OO 

,.3E-02 

O.,E-03 

2.91-02 

5 2E42 

2.6E-02 

1 ,E+OO 

l.sE.0, 

2 3E-oZ 

&LIE-01 

5.5EO2 

5 ZE-01 

2.6E-01 

,.lE+W 

O.OE+OO 

Z.lE-02 

4.4E.00 

0 (E-02 

4 IE-0, 

o.OE*oo 

O.OE.03 

3.OE-01 

2.1E-0, 

0 lE+oo 

ME+00 

O.OE*OO 

5 2E+oo 

1 OEtoo 

1.OE01 

Z.*E+Ol 

12/12/00 



Medium 

Dermal 

- 

0 OESKJ 

6 50, 

4.OE-03 

,.OE-0, 

3 3E.03 

1 3E-01 

O.OE-OZ 

1.4E-02 

11EtN 

O.lE-03 

,.OE-0‘ 

5.1E-02 

tIE+OO 

0 OEIOO 

0 omoo 

3 SE-O, 

l.lE-ol 

0 lE-3, 

O.OE+OO 

,SE-03 

,.IE-03 

7.5E.03 

,.lE-02 

12E02 

O.OE+oo 

WE-01 

3.OE03 

f 7E.02 

- 

O.OE+OO 

0 SE-02 

6.lE-02 

*SE-01 

5 7E-02 

1 2E+O0 

1 BE-O, 

3.2~.02 

,.SE~Ol 

12E.0, 

0 4E.0, 

5 4E-01 

5 IE-01 

0 DE+00 

4 OE-02 

5 BE-01 

3 IE42 

2 9E-02 

O.OE+OO 

14E.02 

7 OE-01 

4 7E.01 

1 oE*OI 

7 oE+oo 

O.OE+OO 

l.lE+Ol 

2 ,E+OO 

2 IE-01 

lngesoo” 

0 OE-06 

0 OEtOO 

2.605 

0 OEtOO 

O.OE+OO 

1 7E-05 

0 0E.W 

1 ,E-06 

O.OE+OO 

O.OE+OO 

0 OE+OO 

0 OEtOO 

1.2E-05 

6.61-07 

0 OE+oo 

O.OE+OO 

0 OE+OO 

4 3E-07 

1 OE-06 

1 BE-07 

O.OE+OO 

O.OE+OO 

7 3E-04 

0 OE+OO 

0 DE+00 

0 OEIOO 

0 OE+OO 

O.OE+OO 

<outes Tc.tal 
- 

0 OE+OO 

9.,E-02 

6.502 

2.5E.01 

4 1E-01 

6.0602 

6 4EaiJ 

4 OE-01 

O.OE02 

2 x+00 

f.ZE-0, 

,.OE+oo 

WE-01 

19E100 

0 OEIOO 

4.8E.02 

1 Et01 

1.5E.01 

0 7E01 

0 OE+OO 

1 .OE-02 

7 OE.01 

4 BE41 

1 OE+OI 

7.6EK-4 

0 OE+OO 

,.2E+O, 

2.4E100 

2 ,E-01 

7 SE+Ot 

,.7E-00 

0 OEIOO 

1 6E-07 

0 OE%-m 

O.OE+OO 

1 .BE-06 

0 oetoo 

6.4E.07 

0 OEIOO 

0 OE+W 

0 OE+OO 

0 OE+OO 

3.,E-05 

O.OE+OO 

O.OE+OO 

O.OE+OO 

*.OE+OO 

0 3Eoo 

0 OE+OO 

1 SE-D, 

0 OEIOO 

O.OE+OO 

,.2E-00 

O.OE+Oo 

0 OEIW 

0 OE.00 

0 OE+OO 

O.OE+oO 

0 OE+OO 

5 lEIO0 

,.,E~O, 

4 (E-0, 

I .7Eao 

O.OE+OO 

O.OE+oo 

O.OE+oo 

0 oE+oo 

0 oE+W 

0 DE.00 

I LIEIO, 

0 OE.00 

0 OE+OO 

O.OE+OO 

O.OE*W 

0 OEIOO 

0 0E.W 

0 otz+oo 

0 OE*OO 

O.OE*OO 

O.OE+OO 

O.OE+OO 

0 OEIOO 

0 OEIOO 

2.,E-05 

O.OE*OO 

0 BE-08 

0 OEiOO 

O.OE+OO 

O.OE+OO 

0 OEIOO 

7.36-09 

O.OE+OO 

O.OE+OO 

O.OE+OO 

0 OE+OO 

O.OE+Oo 

ODE+00 

0 DE+00 

O.OE+OO 

O.oE*OO 

0 OE+oxJ 

O.OE+OO 

0 OEtOD 

0 OE*Oo 

0 OEtOO 

O.OE+OO 

O.OE+OO 

o.OE+OO 

O.OE+OO 

0 BE-06 

1.OE.06 

0 ,E-07 

O.oE+OO 

0 oE+oo 

7 ,E-01 

12/12/00 



TABLE 7-1. INITIAL SCREENING OF ALTERNATIVES 

Retaiireij idi. 
.~<Q&ipd 

I : ̂  Analysis of :.“. 
: Alternaiivks. 

Yes 

EffectivenesS 
,, 

Alternaie 
Number, Implementability ,,I ” 

No Action Not acceptable to the regulators 
and/or the community. 

Not applicable Does not reduce the toxicity of 
mobility of contaminants; no risk 
during cleanup. 

Effective in addressing remedial 
action objectives, limits access of 
potential receptors to the site; 
limited reduction in toxicity or 
mobility of contaminants 

Requires legally binding deed 
restriction be added; long term 
monitoring. 

Minor capital 
cost, minor 
O&M costs 

Yes Not applicable Institutional 
Controls (deed 

restrictions/ 
fence) 

Clay/Sand 
Composite Cap 

Not effective in addressing 
remedial action objectives; will not 
prevent further degradation of 
groundwater; minimal risk during 
cleanup. 

Requires long-term monitoring Moderate 
capital and 
O&M costs 

No Not effective in isolating contaminated soil 
from groundwater. 

Excavation and 
Off-site 

Disposal 

Effective in addressing remedial 
action objectives; effective and 
reliable in removing 
contamination; minimal risk during 
excavation. 

If the soil is shown to be a 
hazardous waste, it would have 
to be taken to a RCRA-permitted. 

High capital 
costs, no O&N 
costs 

Yes Not applicable 

Soil Washing Potentially effective in addressing 
remedial action objectives; 
effective and reliable for treatment 
of organics and metals: treatability 
testing would be required; instate 
would require additional (probably 
off-site) treatment; minimal risk 
during cleanup. 

Multiple treatments would be 
required for organics and metals 

Moderate 
capital and 
O&M costs 

No Difficult to implement due to multiple 
solutions required. 

Readily implementable Low treatment 

costs 

No P&n!ia!!v effective in a&dressing , -..---..- ‘.. 
remedial action objectives; 
effective and reliable for treatment 
of organics and metals; minimal 
risk during cleanup. 

Stahili7ntinn i . - - . . . - -. . - . 

J:\ATLANTIC\WP6I\PKL\PKLO2472.TBL 



I Alternate 
‘. ” Number 

Vapor 
Extraction 

In Situ 
Bioremediation 

On-Site 
Incineration 

Low 
Temperature 

Thermal 
Treatment 

: 
Effectiveness ;~ : 

Not effective in addressing 
remedial action objectives; 
effective and reliable for treatment 
of some organic contaminants; will 
not effectively reduce the toxicity 
or mobility of pesticides or metals; 
minimal risk during cleanup. 

TABLE 7-1. INITIAL SCREENING OF ALTERNATIVES 

Not effective in addressing 
remedial action objectives; 
effective and reliable for treatment 
of some organic contaminants: will 
not effectively reduce the toxicity 
or mobility of metals; minimum risk 
during cleanup. 

Not effective in addressing 
remedial action objectives; 
effective and reliable for treatment 
of organic contaminants; will not 
effectively reduce the toxicity or 
mobility of metals; high risk during 
cleanup. 

Not effective in addressing 
remedial action objectives; 
effective and reliable for treatment 
of some organic contaminants: 
will not effectively reduce the 
toxicity or mobility of metals; 
moderate to high risk during 
cleanup. 

‘. lmpknientability I. 

Not implementable: will not 
effectively treat metals 

Not implementable; will not 
effectively treat metals. 

May not be acceptable to the 
regulators and/or the community. 

May not be acceptable to the 
regulators and/or the community. 

.,I 

~ _,,. Retained for 
I tktailed ’ 

Co& ,, Analysis of-. 
:. :: 

., Altkrnatives 

Moderate No 
capital and 
O&M costs 

Moderate 
capital and 
O&M costs 

High treatmen, 
costs 

High treatmen’ 
costs 

No 

No 

No 

: ‘, ‘, 

;I 1. ‘/ ” ‘,‘, 

I’ R&cGd~ for ExclirSioti,&m Detailed .,. .,,I 
,’ ,Analygis pf Akktives I’ ” 

: ,. 
.,.‘*_ ~, ‘. 

The technology will not effectively reduce thr 
toxicity, mobility, or volume of wastes 
containing metals. 

The technology will not effectively reduce 
the toxicity, mobility, or volume of wastes 
containing metals. 

The technology will not effectively reduce 
the toxicity or mobility of wastes containing 
organics or metals; the technology is very 
costly; technology would be very difficult to 
implement. 

The technology will not effectively reduce the 
toxicity or mobility of wastes containing 
organics or metals; the technology is 
relatively costly; technology could be difficult 
to implement. 



TABLE 7-2. ALTERNATIVES COMPARISON SUMMARY TABLE 

,. ; ., Alteinatitie 
” ‘, Crittia,, 1 

‘. 
,: ‘,I, NO ActJon I -Y ‘,, I I 

I 
Overall Protection of Human Health and 
the Environment 

Compliance with ARARs 

No reduction in risk. Not considered 
adequate protection at Site 16. 

This alternatives does not comply with 
chemical-specific ARARs. 

Reduction of Toxicity, Mobility, and Volume None. 
(Through Treatment) 

Short-Term Effectiveness None. 

Long-Term Effectiveness and Permanence Potential exposure to contaminants would 
remain unabated. 

Implementability No construction or 
operation/maintenance required. 

Total Worth Costs Negligible 

,. 

; 
“ A&&t& 

C” _..II. 
,< “:‘, ’ ::, , : 

; ., ,, y:: lristitutirhai Corkrot+ ;,, L ;,.,:! 

This alternative is considered adequately 
protective. 

Institutional controls will meet ARARs and ARARs and RAOs would be met by this 
RAOs. alternative. 

Limited reduction in toxicity, mobility, or 
volume via natural attenuation and 
microbial degradation. 

Minimal worker precautions required. No 
adverse short-term impacts expected 
from implementation. 

Potential exposure limited while natural 
degradation occurs. Limits potential 
exposure while collecting data to confirm 
that active remediation of Site is not 
required. 

Readily implementable. Monitoring 
program readily implementable. 

$153,800 

:: 
‘.. ,. ., I .’ ExcqvaJlon and Dl?pqsal:,:, 1,. .: ~ 

This alternative would provide a high 
degree of protection to human health and 
the environment. 

Remediated to the fullest extent possible, 
and the CODS are eliminated. 

Worker precautions required. Short-term 
impact on wildlife due to excavation 
operations is expected. RAOs met in 
several months. 

Provides high degree of long-term 
effectiveness and permanence. 

Moderate implementation problems. 
Requires transportation of affected soils 
over large distances. No future monitoring 
required. 

$962,176 

COC = chemical of concern: RAO = remedial action objectives; ARARs - Applicable or Relevant and Appropriate Requirements 

J:\ATLANTIC\WP61\PKL\PKLO2472.TBL 



o SD02 

0 SBOl 

o SSO8 

0 sso7 

\ 

'0 SD01 

\ 

‘SCALE IN FEET 
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-- i .- - - - 
$ 

EPA 

!!!a 
us/l 

tC1 PEStlC1DEWPCBs 

4' 4' WE 

ALUIIMM 
AWTIINJNY 
ARSENIC 
BARIlM 
BERYLLlW 
CAORtlM 
CAlCHR! 
CHR(IWNM 
COBALT 
COPPER 
IRON 
LEAD 
)IACNESllM 
HANGANESE 
NERCURY 
NICKEL 
P0fASSfl.M 
SELEWM 
SILVER 
SWM 
THALLlU4 
VANADW 
ZINC 
CYANIDE 

loz 
10 

50 

50 

2 

:x 

1. M-LJmkttctedl 
J - Estimetc 
R - Rejected 
B - Detected In blank 

2. McL Msximn Contwinent level 
MCLG ~sxinun contaiwt Level Coal (net enforceable) 

1 MCLs and RCLGs eppiy to voter miy. CinhnicriS iOr i&f& MG.,WLtS 6ie EOt ShiW!?, An !!Ot hC!Ve StSW!MdSs 
3. TCL pesticides end PCBs not show were not detected. 
4; ss - Surface Soil Senple 

SD - Sediment Sanple 
se - Subsurface Soil Sarfple 
nu - Hcmitoring Yell Sample 

\- - - 

tABLE 3-36 
NASA 

UALLOPS FLfCHf FAClLfTY 
WASTE 011 

- StfE lNSPECTlOW 
DWP 

nclo ssot ssoa 
w/l w/b w/kg 

48 

104dollJ 

1: 
U 
U 
u 

51115 

1000 15: 
300 6350 

462J 
U 

50 O!?lJ 
U 

: 
U 

: 
17J 

foou 19 
U 

U 

U 
U 
U 
U 
U 
U 
U 

4.9J 
u 

7.4 
1670 
476J 

211 
U 

i 

z 
U 
U 

15J 
17 
U 

SoOl- 
w/b 

se01 J!!m 
us/kg w/L 

U 

M7ORJ 
U 
U 
U 
U 
U 

2:J 

4; 
4260 

655 
u 

i 

: 
U 

1670! 
U 
U 
U 
U 

110 

2OlOOGJ 

1: 
U 
U 
U 
U 

20J 
u 

142 
235 

4: 
U 
U 
U 
U 
U 
U 

4(jlJ 
10 
U 

U 

195ORJ 
U 
U 
U 
U 
U 

4.25 
U 

22: 
2.45 

6.: 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 

229000 
U 

67: 
10 

5,300" 
% 

U 
71 

244000 
118 

16300 
1435 

15: 
1OlW 

U 

829i 
U 

11: 
U 

U 

276000 

:: 
711 

10 

224: 
116 . 

U 

ll5Oz 
131 

11100 
476 

R 

9:; 
U 

Id 
U 

22: 
U 



TABLE ; 

fC1 VWflLES 

METNYLENE CNL~lbE 
ACETONE 
TOLUENE 
4-METNYL-2-PENTAHWE 

TOTAL OTHER VOLATILES 

TCL SEWlVOlAtlLES 

StS(Z-ETRYLNEWYL) PNTNALATE 
D1-I-OCTYL PNTNALATE 

TOTAL OTHER SEHlVOlATILES 

WOfES: 

1. U-fkldetected 
J - E8tirate 
I - Detected In bid 
R - Rejectd 

NASA 
WALLOPS FLIGHT FACILITY - SITE INSPECTIW 

WASTE 011 DWP 

EPA 

m I3 
s&SQL SD01 So02 

w/l w/kg w/kg w/kg 

10 

i 
1: 1k 24k 

5 U U 
U U U U 

U U llaf!a u 

29OJ 168427 U U 3OOJ 
U U U U U 

SBOl 
w/kg 

&I 
U 
U 

U 

2417700 312300 337220 1440000 7879g 

2. TCL orgmlt capowd not rharn were not detected. 

3. SS - Swfece Sol1 Saplc 
SD l sedhent SanplC 

1 - Sdwrfece Soil Saplc(SolI Boring) 
)1v - Ilmitorfng Well Saple(Growckater) 

4. WCle end MCl~ir we not ~llcebk for these cqowds. 

J!!!!a 
uo/l 

7!* 
U 
U 

144 

110 
U 

10 

15k 

rX 

293 

1: 
1365 



OVERBURDEN 
WELL NO.MWO4 

,-.ccz 

MONITORING WELL SHEET 

RoJECT NASA/Site ITlSDeCtion (WFF) DRILLER Hardin-HllhPr; ‘Lnr 
Racy NO- NASW-4301 BORING NO. Mu04 DRILLJNG 

EVAnON 1o-38’ (MSL) DATE April 12, 1989 METHOD Hollow Stem Auger 

0 GEOLOGIST L’ May DELVELOP IFLifting METHOD Ar’ 

, “-- 

‘\ 

. . . . . . . . . . . . . . ... . . . ...... . . . ... . . . ... . . . . . . ... . . . . . .... 
I 

. . . . . . . . . . . . . . . . . . ... . . . . ......... . . . ... . . . . . . . . . . . . . . . . . . . . . . ............. ... . ......... I ... . . . . . . . .... 

NOT TO SCALE 

10.38’ -ELEVATION OF TOP OF SURFACE CASING: 

- ELEVATlON OF TOP OF RISER PIPE: 

--STICK-UP TOP OF SURFACE CASING: 

- STICK-UP RISER PIPE: 

- MPE OF SURFACE SEAL: Concrete 
-- 

-I.D. OF SURFACE CASING: 4’ 

TYPE OF SURFACE CASING: Steel 

-RISER PIPE I.D. 
‘TYE OF RISER PIPE: 

2 I? 

PVC 

- BOREHOLE DIAMETER: 6” 

--E 0~ BACKflu: Grout-go% Cement 
10% Bentonite 

- ELEVATION/DEPlH TOP OF SEAL: ( I 05 ’ ) - 
-WE OF SEAL:Bentonite Pellets 

-DEPTH TOP OF SAND PACK: 

-ELEVATiON/bEPTH TOP OF SCREEN: 

(:2.8’) 

Y-3’) - 

- MPE OF SCREEN: PVC 

SLOT SIZE X LENGTH: -010 X 10’ 

- MPE OF SAND PACK:. Grade t2 Sand 

- ELEVATION/DEPTH BOTTOM OF SCREEN: L2 3 ’ ) 

- ELEVATION/DEPTH BOTTOM Of SAND PACK: ( 23 ’ ) 
TYPE OF BACKFILL BELOW OBSERVATION 

- ELEVAflON/DEPTH OF HOLE (23’) -- 



OVERBURDEN 
WELL NO. MW03 

F---L 

MONITORING WELL SHEET 

DROJECT NASA/Site Inspection (WFF) 

>ROJECT N0.NASW-4301 
EEvAnoN33.96' (MSL) 

BORING NO. MWo 3 

DR,llER Hardin-Huber, Inc. 
DRlLlJNG 

DAK April 12, 1989 METHOD Hollow Stem AuI:er 

-IELD CEOLOGISTH‘ Chernoff &$fWY? Lifting 

t: / v / 

1 . . . . -:. ::. 
f -:. . . . . -:. ::. 
I -:. . . . . :-. .., . . . 
I ‘.‘. .., . . ..I . . ..I . . . .., I ::, . . .., . . ..I . . . ..< I ::. . . - . . . . . . . . . . 
I 
. . . . . . . . . . . . . . . -... 
“““‘ir . . . . . . . 

4 

I 
.............. ............. ............. ............. ............. ............. ............. I .............. 
@*;;;;;I 

NOT TO SCALE 

33.96’ ;ELEVATlON OF TOP OF SURFACE CASING: 

- ELEVATION OF TOP OF RISER PIPE: 

-SllCK-UP TOP OF SURFACE CASING: 

-STICK-UP RISER PIPE: -- 
---E OF SURFACE SEAL: Concrete 

-1.0. OF SURFACE CASING: 4' 
MPE OF SURFACE CASING: Steel 

-RISER PIPE I.D. 2" 

TYPE OF RISER PIPE: PVC 

- BOREHOLE DIAMETER: 6 " 

-l'ypE OF BACKFILL: Grout-go% Cement 
10% Bentonite 

- ELEVATlON/DEPM TOP OF SEAL: 
--TypE: of SEAL: Bentonite Pellets 

(6’) -- 

-DEPTH TOP OF SAND PACK: (8’) m- 

-ELEVATION/DEPTH TOP OF SCREEN: (.lO’). -- 

-TYPE OF SCREEN: PVC 

SLOT SIZE X l.,ENGTH: l olo X 10’ 

-WE w SAND PACK: Grade t2 Sand 

- ELEVATION/DEPTH BOllOM OF SCREEN: (:30') 
-- 

- ELEVATION/DEPTH BOITOM OF SAND PACK; (130 ’ ) 
lYPE OF BACKFILL BELOW OBSERVATlON 

- ELEVillON/DEP7l-l OF HOLE (.30') ; 
-e i 

i 
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SOIL GAS RESULTS 
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s 

SAMPLE CONCENTRATIONS @pm) 

NUMBER OCE 1 DCA 1 TCA TCE l%EmENEl PCE iToLUENEl xnENE 

dC0.02 db2.0 dl-3.3 dbO.01 dl-1 .O dbl .O 

A-l 

t- 

A-l 
A-l.5 8.1 

8.5 
3.1 
5.0 

0.10 
024 
023 
0.11 
0.14 

A-15 
A-2 
A-3 
A-4 
A-5 
A-6 

A&f.5 
m-2.5 
AB-3.5 
ABA.5 

,..a- 
El 
B-2 
B-2 
B-3 
B-4 
8-5 
8-6 

BC-1.S 
Bc-1.5 
m-2.5 
m-3.5 
BG3.5 
BG4.5 c-1 
L c-2 
c-3 
c-4 

3.6 

7.3 
3.9 

6.9 

3.3 
6.7 
6.4 

4.6 

# 
6 

SOIL GAS AWUYSIS RESULTS 
TABLE 1 

Site: Old Waste 01 Dump 

0.07 
0.18 
0.10 
0.17 
0.12 

0.16 
0.18 
0.14 

,.r--” 

NOTES: 
A blank cell indicates that concentrations were below detection Gml’! (cdl) 
A sample listed twice is a field duplicate. 
The acronym ppm stands for parts per rnilliin. 

1.6 



SOIL G4S ANALYSIS RESULTS 
TABLE 1 

Site: Old Waste Oil Dump 

CD-3.5 

D-l 
D-3 
D-35 

DE-l 
DE-4 
tDE-4 

E-2 
‘E-3 
E-3.5 
E-4 

73 

3-3 

3.0 
22 
3.7 

5.3 
4.6 

dI-3.3 

0.07 
0.01 

1.5 

L 

0.09 

0.14 

0.15 

0.12 
0.13 

NOTES: 
A blank cell indicales that concentrations were below detection Iiti (cdl) 
A sample listed twice is a field duplicate. 
the acronym ppm stands for parts per million. 
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HITTMAN EBASCO ASSOCIATES, Inc. 
.-~zz.., VOLATILE ORGANIC ANALYSIS - TABULATED REPORT 

ab Sample Name: rrr;bYtl4 W~~WUlJ333UAUI "ULt: 8uraJ.J 64-u - - -_- 
Soil Date Collected: i&3620 

dilution Factor: Date Received:' 9006" 
*%-mfs TI\Fr\ : CT/MS A:;.: PC.Tn o?06-5~1 IS-28, .Ioul ss-27/5GMs P 
,awprs &*I*“. . --, --- --,y-,---- ----, --- -~ ,- 

U- not detected 
J = estimated value, below detection limit 

MS = Matrix Spike compound 

Concentration Detection 
Compound w/kg Limit 
____________________----------------------------------------- ------,---------- 

1.1 u Chloromethane 
Vinyl Chloride 3.1 u 

IL1 u Bromomethane 
Xl u Chloroethane 

Trichlorofluorometrhane 6 U 

Acetone 

ysethylene l,l-Dichloroethene Chloride 

yrbon Disulfide 
ans-1,2-Dichloroethene 

49 11 
6 U 

30 11 
6 U 
6 U 

Vinyl Acetate 
l,l-Dichloroethane 
2-Elutanone 
cis-1,2-Dichloroethene 
Chloroform 

11 u 
6 U 

11 u 
6 U 
6 U 

' l,I,l-Trichloroethane 
Carbon Tetrachloride 
1,2-Dichloroethane 

- Benzene Trichloroethene 

6 J 4 
6 U 
6 U 
6 U 

4 6 J 

I,2-Dichloropropane 
Bromodichloromethane 
2-Chloroethylvinylether 
4-Methyl-2-Pentanone 
trans.1,3-Dichloropropene 

Toluene 
^ cis-1,3-Dichloropropene 

1,1,2-Trichloroethane 
2-Hexanone 

;X~MX Tetrachloroethene 

6 U 
6 U 
6 U 

11 u 
6 U 

6 U 
6 U 
6 U 

11 U 
6 U 

Dibromochloromethane 
Chlorobenzene 

6 U 
6 U 



HITTMAN EBASCO ASSOCIATES, Inc. 
VOLATILE ORGANIC ANALYSIS - TABULATED RFZORT 

- .J Data File: >AF294 Method Number: 8240 

BE6984 WFFWODSSSOlOl Date Analyzed: 900628 ab Sample Name: 
Jatrix: Soil Date Collected: 900620 
Dilution Factor: 1.1 Date Received:‘ 900621 
Zample Info.: GC/'MS A,LB,ESIO 0306,5ul IS-28, ,lOul SS-27/5GMs 'P 

U = not detected 
J= estimated value, below detection limit 

MS= Matrix Spike compound 

Concentration Detec:tion 
Compound W% Limit 
--_-________-_______-------------------- --------------------- -----m-----w----- 

6 U Ethylbenzene 
6 U m + p-Xylenes 
6 U o-Xylene 
6 U Styrene 
6 U Bromoform 

,,1,1,2,2-Tetrachloroethane 
1,3=Dichlorobenzene 

Ul,4-Dichlorobenzene 
,*+,2-Dichlorobenzene 

6 U 
6 U 
6 U 
6 U 

(page 2) 



HITTMAN EBASCO ASSOCIATES, Inc. 
VOLATILE ORGANIC ANALYSIS - TABULATED REPORT 

7a~ Data File: 
ab Sample Name: 

datrix: 
Dilution Factor: 
iample Info.: GC/MS 

>AF295 Method Number: 8240 

HE6985 WFFWODDSSOlOl Date Analyzed: 900628 

Soil Date Collected: 900620 

1.1 Date Received: 900621 

A,LB,ESIO 0306,5ul IS-28, ,lOul SS-27/5GMs P 

u= not detected 
J = estimated.value, below detection limit 

MS= Matrix Spike compound 
Concentration Detection 

Compound w/W Limit 
------.m---- ---.---------- 

---_---------------------------- --------------------- 
IL1 u 

Chloromethane 3Ll u 
.Vinyl Chloride Xl u 
Bromomethane 11 u 
Chloroethane 6 U 
Trichlorofluoromethane 

39 11 
, Acetone 6 U 

l,l-Dichloroethene 
MMethylene Chloride 

16 11 
6 U 

-Frbon Disulfide 6 U 
ans-1,2-Dichloroethene 

Vinyl Acetate 
l,l-Dichloroethane 
2-Butanone 
cis-1,2-Dichloroethene 
Chloroform 

I,1 ,I-Trichloroethane 
Carbon Tetrachloride 
1,2=Dichloroethane 
Benzene 
Trichloroethene 

1,2-Dichloropropane 
.3romodichloromethane 
2-Chloroethylvinylether 
4-Methyl-2-Pentanone 
trans.1,3-Dichloropropene 

Toluene 
cis-1,3=Dichloropropene 

-- 1,1,2-Trichloroethane 
2-Hexanone 

,-"4-Tetrachloroethene 

11 u 
6 U 

11 u 
6 U 
6 U 

4 6 J 
6 U 
6 U 
6 U 
6 U 

6 U 
6 U 
6 U 

11 U 
6 U 

6 U 
6 U 
6 U 

11 u 
6'U 

Dibromochloromethane 
Chlorobenzene 

6 U 
6 U 
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HITTMAN EBASCO ASSOCIATES, Inc. 
VOLATILE ORGP,.NIC JQiZQ,ySIS - TABULATED REPORT _/a., 

Data File: >AF295 Method Number: 8240 L c-- 900628 ab Sample Name: HE6985 WFFWODDSSOlOl Date Analyzed: 
Soil Date Collected: 900620 ..-atrix: 

Dilution Factor: 1.1 Date Received:' 900621 
-ample Info.: W/MS A,LB,ESIO 0306,5ul IS-28, ,lOul SS-27/5GMs F' 

u= not detected 
J= estimated value, below detection limit 

MS= Matrix Spike compound 

Concentration Detection 
w/kg Limit Compound 

________________~~~~~----~-~~~~----~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
6 U Ethylbenzene 
6 U m + p-Xylenes 
6 U o-Xylene 
6 U Styrene 
6 U Bromoform 

1,1,2,2=Tetrachloroethane 
1,3=Dichlorobenzene 

Wl,4-Dichlorobenzene 
,@"-.2-Dichlorobenzene 

6 U 
6 U 
'6 U 
6 U 

i 

i.. 

T 

t 

(page 2) 
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HITTMAN EBASco ASSOCIATES, Inc. 
,""-. VOLATILE ORGANIC! ANALYSIS - TABULATED REPORT 

,ab Data File: >AF296 Method Number: 8240 

HE6986 WFFWODSSSOZOl Date Analyzed: 900628 .ab Sample Name: 
Matrix: Soil. Date Collected: 900620 
Dilution Factor: 1.1 Date Received:' 900621 
sample Info.: GC/MS A,IB,ESIO 0306,5ul IS-28, ,lOul SS-27/SGMs P 

u= not detected 
J 5 estimated value, below detection limit 

MS= Matrix Spike compound 

Concentration Detection 
Compound w/W Limit 
--------_-_-___ ____________________-------------------------------~---------- 
Chloromethane 
Vinyl Chloride 
Bromomethane 
Chloroethane 
Trichlorofluoromethane 

IL1 u 
11 u 
11 u 
11 u 

6 U 

Acetone 
l,l-Dichloroethene 

.*&ethylene Chloride 
-irbon Disulfide 

- rans-1,2-Dichloroethene 

Vinyl Acetate 
l,l-Dichloroethane 
2-Butanone 
cis-1,2-Dichloroethene 
Chloroform 

1,1,X-Trichloroethane 
Carbon Tetrachloride 
1,2-Dichloroethane 
Benzene 
Trichloroethene 

1,2=Dichloropropane 
Bromodichloromethane 
2-Chloroethylvinylether 
4-Methyl-2-Pentanone 
trans-1,3-Dichloropropene 

Toluene 
cis-1,3-Dichloropropene 
1,1,2-Trichloroethane 
2-Hexanone 
Tetrachloroethene 

53 

14 

5 

11 
6 U 

11 
6 U 
6 U 

11 u 
6 U 

11 u 
6 U 
6 U 

6 J 
6 U 
6 U 
6 U 
6 U 

6 U 
6 U 
6 U 

11 u 
6 U 

6 U 
6 U 
6 U 

11 u 
6 U 

Dibromochloromethane 
Chlorobenzene 

6 U 
6 U 

(page 1 



---‘ia, 

HITTMAN EBASCO ASSOCIATES, Inc. 
,VOLATILE ORGANIC ANALYSIS - TABULATED REPORT 

'Lab Data File: >AF296 Method Number: 8240 
HE6986 WFFWODSSS0201 Date Analyzed: 900628 

iab Sample Name: 
Matrix: Soil Date Collected.: 900620 

Dilution Factor: 1.1 Date Received: 900621 

Sample Info.: CC/MS A,LB,ESIO 0306,Eul IS-28, ,loul SS-27/5GMs P 

u- 
J= 

MS= 

not detected 
estimated value, below detection limit _. 
Matrix Spike compound 

Concentration Detection -. .1 
Compound ug,'kg Lrmit 
-----------_-_-_-- --------_------------................ ----------N----------- 

Ethylbenzene 
m + p-Xylenes 
o-Xylene 
Styrene 
Bromoform 

1,1,2,2-Tetrachloroethane 
u 1,3=Dichlorobenzene 
,X-.,1,4-Dichlorobenzene 

,2-Dichlorobenzene 

6 
6 
6 
6 

U 
U 
U 
U 
U 

U 
U 
U 
U 

, 

(page 2: 
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HITTMAN EBASCO ASSOCIATES, Inc. 
VOLATILE ORGANIC ANALYSIS - TABULATED REPORT 

>I -iF306 Method Number: 8240 

UT ,A26987 WFFWODSSS0301 Date Analyzed: 900629 

Soil Date Collected: 900621 

2.6 Date Received:' 900621 

A,LB,ESIO 0306,5ul IS-28, ,lOul SS-27/2GMs P 

sb Data File: 
ab Sample Name: 

Matrix: 
nilution Factor: 

ample Info.: GC/MS 

U= not detected 
J = estimated value, below detection limit 

MS= Matrix Spike compound 

Chloromethane 
Vinyl Chloride 
Bromomethane 
Chloroethane 

/_ Trichlorofluoromethane 

26 
26 
26 
13 

300 26 
13 Acetone 

til,l-Dichloroethene 
,+&ethylene Chloride 

rbon Disulfide 
;ans-1,2-Dichloroethene 

U 
120 26 

13. 
13 

U 
U 

26 U 
13 U 
26 U 
13 U 
13 U 

7 inyl Acetate 
l,l-Dichloroethane 
2-Butanone 
cis-1,2-Dichloroethene 
Chloroform 

13 
13 
13 
13 
13 

J 
U 
U 
U 

9 
. I,l,l-Trichloroethane 

Carbon Tetrachloride 
1,2-Dichloroethane 

1 Benzene 
Trichloroethene 

31 

13 U 
13 U 
13 U 
26 U 
13 U 

1,2-Dichloropropane 
Bromodichloromethane 
2-Chloroethylvinylether 
4-Methyl-2-Pentanone 

' trans.1,3-Dichloropropene 

Toluene 
L- cis-1,3-Dichloropropene 

1,1,2-Trichloroethane 
2-Hexanone 

".'"Y Tetrachloroethene 

13 U 
13 U 
13 U 
26 U 
13 U 

13 
13 

U 
U Dibromochloromethane 

Chlorobenzene 

. . . (page 1) 
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HITTMAN EBASCO ASSOCIATES, Inc. 
VOLATILE ORGANIC ANALYSIS - TABULATED REPORT l/-x 

I-P Data File: >AF306 Method Number: 8240 
HE6987 WFFWODSSS0301 Date Analyzed: 900629 ab Sample Name: 

datrix: Soil Date Collected: 900621 
Dilution Factor: 2.6 Date Received:' 900621 
iample Info.: GC/MS A,LB,ESIO 0306,5ul IS-28, ,loul SS-27/2GMs P 

U = not detected 
J = estimated value, below detection limit 

MS= Matrix Spike compound 

x,1,2,2-Tetrachloroethane 
1,3-Dichlorobenzene 

u 1,4-Dichlorobenzene 
"~""‘,2-Dichlorobenzene 

-- - 

(page 2) 
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HITTMAN EBASCO ASSOCIATES, Inc. 
SEMIVOLATILE ORGANIC ANALYSIS - TABULATED REPORT 

Lab Data File: >DG050 
Lab Sample Name: HE#8195 WFFWODSSSOl2 Date Analyzed: 900720 

Matrix: Soil Date Collected: 900716 

Dilution Factor: 103.0 Date Received: 900716 
Method Number: CLPQC Date Extracted: 900719 
Sample Info.: GC/MS D,RC,lul inj. ESIO-0306 (DIL 3X) 'BTL# 2 

u= not detected 
J = estimated value, below detection limit 

Compound 
-.............-.......... 
N-Nitroso-di-methylamine 
Phenol 
Aniline 
bis (20Chloroethyl)ether 
2-Chlorophenol 

1,3-Dichlorobenzene 
&k% 1,4-Dichlorobenzene 
,"yenzyl alcohol 

\2-Dichlorobenzene 
---&Methylphenol 

bis(2-Chloroisopropyl)ether 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 

Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic acid 
bis(2-Chloroethoxy)methane 

2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 

i 4-Chloroaniline 
Hexachlorobutadiene 

4-Chloro-3-methylphenol 
A_ 2-Methylnaphthalene 

Hexachlorocyclopentadiene 
,-.2,4,6-Trichlorophenol 

1 ,4,5-Trichlorophenol 

2-ChToronaphthalene 
2-Nitroaniline 

1000 
75 1000 

1000 
1DOO 
1000 

1000 U 
llDO0 U 
llDO0 U 
51200 U 
1000 U 

U 
J 
U 
U 
U 

1000 u 
1000 u 
1000 u 
1000 u 
1000 u 

1000 u 
1000 u 
1000 u 
1000 u 
5200 u 

1000 u 
5200 U 

(page 1) 
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,-*w HITTMAN EBASCO ASSOCIATES, Inc; 
SEMIVOLATILE ORGANIC ANALYSIS - TABULATED REPORT 

Lab Data File: >DG050 
Lab Sample Name: HE#8195 WFFWODSSS012 Date Analyzed: 900720 

Matrix: Soil Date Collected: 900716 

Dilution Factor: 103.0 Date Received: 900716 

Method Number: CLPQC Date Extracted: 900719 

Sample Info.: GC/MS D,RC,lul inj. ESIO-0306 (DIL 3X) BTL# 2 

U = not detected 
J= estimated value, below detection limit 

Compound 
-......-.--........... 

Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 

0-w 

6%2,4-Dinitrophenol 
&-Nitrophenol 

penzofuran 
,;h-Dinitrotoluene 
Diethylphthalate 

4-Chlorophenyl-phenylether 
Fluorene 
I-Nitroaniline 
4,6-Dinitro-2-methylphenol 

', N-Nitrosodiphenylamine 

: 1,2-Diphenyl Hydrazine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 

Anthracene 
Di-n-butylphthalate 

~ Fluoranthene 
3enzidine 

I Pyrex= 

- Butylbenzylphthalate 
3,3n-Dichlorobenzidine 

,-Benzo(a)anthracene . 
I hrysene 

iis (20Ethylhexyl)phthalate 

Di-n-octylphthalate 
Benzo(b)fluoranthene 

Detection 
Limit 

. . . . . . . ..~.-.-..---- 
1000 J 
1000 u 
1000 u 
5200 u 
1000 u 

5200 u 
5200 U 
1000 u 
1000 u 
100'0 u 

1000 u 
1000 u 
5200 u 
5i!OO u 
1000 u 

1000 u 
1000 u 
1000 u 
5200 u 
1000 u 

11000 U 
1000 u 
1000 u 
1000 u 

210 1000 J 

1000 u 
2100 u 

220 1000 J 
1.000 u 

16000 1000 

3.000 u 
1.000 u 
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HITTMAN EBASCO ASSOCIATES, Inc. 
r"- SEMIVOLATILE ORGANIC ANALYSIS - TABULATED REPORT 

Lab Data File: >DGoso 
Lab Sample Name: HE#8195 WFFWODSSSO12 Date 
Matrix: Soil Date 
Dilution Factor: 103.0 Date 
Method Number: CLPQC Date 
Sample Info. : GC/MS D,RC,lul inj. ESIO-0306 (DIL 3X) 

Analyzed: 900720 
Collected: 900716 
Received: 900716 
Extracted: 900719 

u= 
J= 

not detected 
estimated value, below detection limit 

Concentration Detection 

BTL# 2 

Compound 
. . . ..-........................ 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

340 

Limit 
. . . . . . . ..-......--0- 

1000 u 
1000 J 
1000 u 
1000 u 
lot00 u 

(page 3) 



HITTMAN EBA!XO ASSOCIATES, Inc. 
4”-“‘2 

SEMIVOLATILE ORGANIC AlU&ySIS - TABULATED REPORT 

,ab Data File: >BG048 900711 Lab Sample Name: HE7006 WFFWODDSSOlOl. Date Analyzed: 
Matrix: Soil Date Collected: 900621 

Date Received: . 900621 Dilution Factor: 70.0 
dethod Number: CLPQC Date Extracted: 900628 

Sample Info.: GC/MS B,LB,lul inj; ESIO-0306 BTL# 9 

. 
u= not detected 
J = estimated value, below detection limit 

Concentration Detection 
Limit Compound WvKg 

----------- _-_-------------------------------------------- -----------------_- 
700 u N-Nitroso-Di-Methylamine 700 u Phenol 700 u Aniline 700 u bis(-2-ChloroethyljEther 700 U 2-Chlorophenol 
700 u ~ 1,3=Dichlorobenzene 700 u +k1,4-Dichlorobenzene '700 u 'enzyl Alcohol 700 u -. ,2-Dichlorobenzene 700 u 2-Methylphenol 
700 u 
700 u 
700 u 
700 u 
700 u 

700 u 
700 u 
700 u 

3500‘ u 
700 u 

700 u 
700 u 
700 u 
700 u 
700 u 

700 u 
700 u 
700 u 
700 u 

3500 u 

700 u 
3500 u 

(page 1) 

bis(2-chloroisopropyl)Ether 
4-Methylphenol 
N-Nitroso-Di-n-Propylamine 
Hexachloroethane 
Nitrobenzene 

Isophorone 
2-Nitrophenol 
2,4=Dimethylphenol 
Benzoic Acid 
bis(-2-Chloroethoxy)Methane 

2,4=Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 

4-Chloro-3-Methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 

2-Chloronaphthalene 
2-Nitroaniline 



HITTMAN EBASCO ASSOCIATES, Inc. 
e--1\ 

SEMIVOLATILE ORGANIC ANALySIS - TABULATED REPORT 

ab Data File: >BG048 
Lab Sample Name: HE7006 WFFWODDSSOlOl Date Analyzed: 900711 

900621 Matrix: Soil Date Collected‘: 
Jilution Factor: 70.0 

rIethod Number: CLPQC 
Date Received: .;ii;t;; 
Date Extracted: 

Sample Info.: GC/MS B,LB,lul inj, ESIO-0306 BTL# 9 

u- not detected 
J- estimated value, below detection limit 

Compound 
----_-_-_-_---_-_----------- 
Dimethyl Phthalate 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

W4-Nitrophenol 
.Dibenzofuran 

' 4-Dinitrotoluene 
6-Dinitrotoluene 

tiiethylphthalate 

4-Chlorophenyl-phenylether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-Methylphenol 
N-Nitrosodiphenylamine 

X,2-Diphenyl Hydrazine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 

Anthracene 
Di-n-Butylphthalate 
Fluoranthene 
Benzidine 
Pyrene 

Butylbenzylphthalate 
3,31-Dichlorobenzidine 
Benzo(a)Anthracene 
bis(2-Ethylhexyl)Phthalate 
Chrysene 

Di-n-Octyl Phthalate 
Benzo(b)Fluoranthene 

-------------- 

Concentration Detection 
w/w Limit 

,--w------------ _---------,------- 
700 u 
700 u 

3500 u 
700 u 

3500 u 

e-m 

140 

3500 u 
700 u 
700 u 
700 u 
700 u 

700 u 
700 u 

3500 U 
3500 U 

700 u 

'700 u 
700 u 
700 u 

3500 u 
700 u 

700 u 
700 u 
700 u 
700 u 
700 u 

700 u 
1400 u 

700 J 
700 u 
700 I.7 

700 u 
700 u 
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HITTMAN EBASCO ASSOCIATES, Inc. /- SEMIVOLATILE ORGANIC ANALYSIS - TABULATED REPORT 

ab Data File: >BG048 
BE7006 WFFWODDSSOlOl Date Analyzed: 900711 Mb Sample Name: 

900621 Matrix: Soil Date collected: 
70.0 Date Received: . 900621 >iiution Factor: 

A&hod Number: CLPQC Date Extracted: 900628 
Sample Info.: GC/MS B,LB,lul inj, ESIO-0306 BTL# 9 

u= not detected 
3 2: estimated value, below detection limit 

Concentration Detection 
Compound w/m Limit 
-___________________-----------------------------~------- ---------.---_-----_- 
Benzo(k)Fluoranthene 

Benzo(a)Pyrene 
Indeno(l,2,3-cd)Pyrene 
Dibenzo(a,h)Anthracene Benzo(g,h,i)Perylene 

700 u 
360 700 J 

700 u 
700 u 
700 u 

w h 

i 
..- 

? 
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HITTMAN EBASCO ASSOCIATES, Inc. 
SEMIVOLATILE ORGANIC AJJUYSIS - TABULATED REPORT 

mb Data File: >BG049 900711 
Lab Sample Name: HE7007 WFFWODSSS0201 Date Analyzed:' 
latrix: Soil Date Collected: . 900621 

Jilution Factor: 78.0 Date Received: 900621 

Method Number: CLPQC Date Extracted: 900628 

;ample Info.: GC/MS B,LB,lul inj, ESIO-0306 BTL#lO 

u= not detected 
3 = estimated value, below detection limit 

Concentration 
Compound w/w 
________________________---------------------------------------- 
N-Nitroso-Di-Methylamine 
Phenol 
Aniline 
bis(-2-Chloroethyl)Ether 
2-Chlorophenol 

72-3.Dichlorobenzene 
4-Dichlorobenzene 
:nzyl Alcohol 

1,2-Dichlorobenzene 
2-Methylphenol 

bis(2-chloroisopropyl)Ether 
4-Methylphenol 
N-Nitroso-Di-n-Propylamine 
Hexachloroethane 

' Nitrobenzene 
i Isophorone 
2. 2-Nitrophenol 

2,4-Dimethylphenol 
' Benzoic Acid 

bis(-2Xhloroethoxy)Methane 

2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 

\ Naphthalene 
4-Chloroaniline 

: ~ Hexachlorobutadiene 
_ 

4-Chloro-3-Methylphenol 
2-Methylnaphthalene 

+. Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 

2-Chloronaphthalene 
2-Nitroaniline 

Detection 
Limit 

,-----.-W.---- 
780 u 
7:BO U 
780 U 
780 u 
780 u 

w--w- 

780 U 
780 U 
780 U 
780 U 
780 U 

‘780 U 
‘780 U 
‘780 U 
780 U 
780 U 

780 U 
780 U 
780 U 

3900 u 
780 U 

780 U 
780 U 
780 U 
780 U 
780 U 

780 U 
780 U 
780 U 
780 U 

3900 u 

780 U 
3900 u 



/ --. 
HITTMAN EBASCO ASSOCIATES, Inc. 

SEMIVOLATILE ORGANIC ANALYSIS - TABULATED REPORT, 

Lab Data File: >BG049 
',ab Sample Name: HE7007 WFFWODSSS0201 
latrix: Soil 
Dilution Factor: 78.0 
Method Number: CLPQC 
sample Info.: GC/MS B,LB,lul inj, ESIO-0306 

Date Analyzed:' 
Date Collected: . 
Date Received: 
Date Extracted: 

900711 
900621 
900621 
900628 

BTL#lO 

u = not detected 
J= estimated value, below detection limit 

Concentration Detection 
Compound w/m Limit 
____________________--------------------------------------------------------- 
Dimethyl Phthalate 780 u 
Acenaphthylene 780 u 
3-Nitroaniline 3900 u 
Acenaphthene 780 U 
2,4-Dinitrophenol 3900 u 

w 
/,-4-Nitrophenol 

'.benzofuran 
,4-Dinitrotoluene 

2,6=Dinitrotoluene 
Diethylphthalate 

4-Chlorophenyl-phenylether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-Methylphenol 
N-Nitrosodiphenylamine . 
1,2-Diphenyl Hydrazine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 

Anthracene 
Di-n-Butylphthalate 
Fluoranthene 
Benzidine 
Pyrene 

Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo(a)Anthracene 
bis(2-Ethylhexyl)Phthalate 
Chrysene 

3900 u 
780 U 
780 U 
780 U 
780 U 

780 U 
780 U 

3900 u 
3900 u 

780 U 

780 U 
780 U 
780 U 

3900 u 
780 U 

780 U 
780 U 
780 U 
780 U 
780 U 

780 U 
1600 U 

780 U 
780 U 
780 U 

Di-n-Octyl Phthalate 
Benzo(b)Fhuoranthene 

780 U 
780 u 
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HITTMAN EBASCO ASSOCIATES, Inc. 
SEMIVOLATILE ORGANIC ANALYSIS - TABULATED REPORT 

Lab Data File: >BG049 
Xb Sample Name: HE7007 WFFWODSSS0201 Date Analyzed:' 
ilatrix: Soil Date Collected: 
Dilution Factor: 78.0 Date Received: 
Method Number: CLPQC Date Extracted: 
Sample Info.: GC/MS B,LB,lul inj, ESIO-0306 

900711 
900621 
900621 
900628 

BTL#lO 

U= not detected 
J = estimated value, below detection limit 

Concentration Dez,;;ton 
Compound w/xg ---_----------------I_________ ---------c ------------------------------------- 
Benzo(k)Fluoranthene 780 U 

780 U Benzo(a)Pyrene 
Indeno(l,2,3-cd)Pyrene 780 U 
Dibenzo(a,h)Anthracene 780 U 
Benzo(g,h,i)Perylene 780 U 

t;#1 ,,'-..\ 
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HITTMAN EBASCO ASSOCIATES, Inc. 
ORGANIC ANALYSIS - TABULATED REPORT SEMIVOLATILE 

ah Data File: >BG050 
Lab Sample Name: HE7008 
Yatrix: Soil 
bilution Factor: 72.0 

riethod Number: CLPQC 

WFFWODSSS0301 Date Analyzed: 900711 
Date Collected: 900621 
Date Received: . 900621 
Date Extracted: 900628 

Sample Info.: GC/MS B,LB,lul inj, ESIO-0306 
BTL#ll 

U= not detected 
J = estimated value, below detection limit 

Concentration Detection 

Compound w/w Limit 
--m.--w--M---------- ___________-_-_-_-_-------------------- ---------------a--- 

N-Nitroso-Di-Methylamine 
720 u 
720 u 

Phenol 
Aniline 

720 U 

bis(-2Xhloroethyl)Ether 
720 U 

2-Chlorophenol 
720 U 

wl,3-Dichlorobenzene 
720 U 

,,--X,4-Dichlorobenzene 
720 u 

%-nzyl Alcohol 
720 u 

,,2=Dichlorobenzene 
720 u 

2-Methylphenol 
720 u 

bis (20chloroisopropyl)Ether 
4-Methylphenol 
N-Nitroso-Di-n-Propylamine 
Hexachloroethane 
Nitrobenzene 1 

~ lsophorone 
2-Nitrophenol 
2,4=Dimethylphenol 
Benzoic Acid 
bis(-2-Chloroethoxy)Methane 

2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene , I-Chloroaniline 
Bexachlorobutadiene 

L 4-Chloro-3-Methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 

'- 2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 

2-Chloronaphthalene 
2-Nitroaniline 

_. 

720 U 
720 U 
720 U 
720 U 
720 U 

720 U 
720 U 
720 U 

3600 U 
720 U 

720 U 
720 U 
720 U 
720 U 
720 U 

720 U 
720 U 
720 U 
720 U 

3600 u 

720 U 
3600 u 
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HITTMAN EBASCO ASSOCIATES, Inc. 
SEMIVOLATILE ORGANIC ANALYSIS - TABULATED REPORT 

,ab Data File: 7BG050 
Lab Sample Name: HE7008 WFFWODSSS0301 
Matrix: Soil 
Iilution Factor: 72.0 
Xethod Number: CLPQC 
Sample Info.: GC/MS B,LB,lul inj, ESIO-0306 

Date Analyzed: 900711 
Date Collected: 900621 
Date Received: _ 9063621 
Date Extracted: 900628 

BTL#ll 

u= not detected 
J = estimated value, below detection limit 

Concentration Detection 

Compound ug/xg Limit 
____________________----------------------------------------------.----------- 
Dimethyl Phthalate 

720 U 

Acenaphthylene 
720 U 

3-Nitroaniline 
3600 U 

Acenaphthene 
720 U 

2,4+initrophenol 
3600 U 

b 4-Nitrophenol 
,,Dibenzofuran 

.4-Dinitrotoluene 
,6=Dinitrotoluene 

Diethylphthalate 

4-Chlorophenyl-phenylether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-Methylphenol 
N-Nitrosodiphenylamine 

1,2-Diphenyl Hydrazine 
4-Bromophenyl-phenylether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 

Anthracene 
Di-n-Butylphthalate 
Fluoranthene 
Benzidine 
Pyrene 

Butylbenzylphthalate 
3,3'-Dichlorobenzidine 
Benzo (a)Anthracene 
bis (2-Ethylhexyl)Phthalate 
Chrysene 

Di-n-Octyl Phthalate 
Benzo(b)Fluoranthene 

_.- 

1000 

110 

3600 u 
720 u 
720 u 
720 
720 u 

'720 U 
'720 U 

3600 u 
3600 U 

720 U 

720 U 
720 U 
720 U 

3600 U 
720 U 

720 U 
720 U 
720 U 
720 U 
720 U 

720 U 
1400 u 

720 U 
720 J 
720 u 

720 u 
720 u 

(page 2) 



, <i”A\ HITTMAN EBASCO ASSOCIATES, Inc. 
SEMIVOLA,TILE ORGANIC A,)JALySIS - TABULATED REPORT 

,ab Data File: >BG050 
Lab Sample Name: HE7008 WFFWODSSSO301 
Matrix: Soil 
jilution Factor: 72.0 

-1ethod Number: CLPQC 
Sample Info.: K/MS B,LB,lul inj, ESIO-0306 

Date Analyzed: 
Date Collected: 
Date Received: . 
Date Extracted: 

900711 
900621 
900621 
900628 

BTL#ll 

- . 
u = not detected 
J 7 estimated value, below detection limit 

Concentration Detection 
Compound uwxg Limit 
--__________________--------------------------------------------------------- 
Benzo(k)Fluoranthene 720 u 
Benzo(a)Pyrene 720 u 
Indeno(l,2,3-cd)Pyrene 720 U 
Dibenzo( a ,h)Anthracene 720 U 
Benzo(g,h,i)Perylene 720 U 

(page 3) 



Laboratory Mame HITTMAN EBASCO ASSOCIATES. IUC. 

Case MO ESlU 0306 
I 

IJFF-VCOS-SSOY-2 I 1 
Organics Analysis Data Sheet 

)Itm if f&--Y 

(Page 3) 

PesticiBe/PCBs 

Concentration L Q 
Mdiun (Circle me) 

Dare Extracted Prepared 07/20/90 

Date Analyrcd 07/25/90 

CO%/ Dil factor 1 

GPC Cleanup @ Yes q No 

Separatory Funnel Extraction D Yes 

Continuous Liquid - Liquid Extraction 113 Yes 

Percent Hoisturc (decanted) 3.9c 

v, I volune of extract injected Wl) 

vs = vohe of uater extracted (ml) 

us = Ueight of ranple extracted (9) 

u, I VO~UW of total extract (ul) 

10.000 V, 1.0 
or Us 30.02 VT 

FORM 1 .-- 



I swptc wnber 
1 

1 YFFKDS-SSOZ-01 ] 

EEA1 # 7007 

Laboratory Name HITTWAN EBASCO ASSOCIATES. INC. 

Case No ESIO-0306 

Organics Analysis Data Sheet 
Wage 3) 

Pesticide/PCBs 

Concentration Lou 

0 

Wediun (Circle I*K) WC CLccinup 
6 

Yes D No 

Date Extracted Prepared o&28/90 Separatory Funel Extraction 0 Yes 

Oate Analyzed 07/w/90 Cmtinucus Limpid - Lipid Extraction c] Yes 

Cord Dil Factor 1 Percent Hoisturt (decanted) 12.4 

60-57-l Dieldtin 36u 

R-55-9 b C-DDE 36U 

72-20-a Endrin 36U 

33213-65-9 Endosulfan II 36u 

R-U-8 4 L-DDD 36lJ 

1031-07-8 Endosulfan Sulfate 36U 

50-29-3 b C-DDT 36U 

R-0-5 nethoxychlor 180 u 

53&P&70-S Endrin Ketone 36U 

57-74-9 ChLOrQtW 180 u 

8001-n-2 TOXSphcne %OU 

12674-11-2 Aroclor-1016 180 u 

11104-2.8-2 Aroclor-1221 . 180 u 

11141-16-S Aroclor-1232 1KI u 

53469-21-9 Aroclor-1242 180 u 

' 12672-29-6 Arocior-12b% 180 u 

~ 11097-69-l ArocIor-12% 36DU 

11096432-S Aroclor-1260 36OU 

y, c volun of extract injected (ul) 
= vola of water extracted (ml) 

2 i: bight of smpLc extracted (0) 

v, = VO~W~ of totat extract Cull 

us or y 30.54 u, 2.000 V, 1.0 

FORM 1 _ - 



FORM 1 
. . . . ..w....- 

1NDRGMlIC DATA ANALYSIS 

CLIENT: RASA IJALLOPS DATE: 13.Jut-90 

SW #: 789 CASE X:. ESIO-0306 

LAB SAMPLE ID #: 7032 RECEIPT DATE: 6/21/90 

SAMPLE ID #: YFFua)S-SSOI-01 PC REPORT dk WA 
tttlo~t*~~~~*~~~,~~~*~~~~**~~~*~-*~*~~n~,~~*~~+--- --t+.~~,-**~~*****~**-** 

ELEMENTS IDENTIFIED AND MEASURED 
. . . . . . .._.._._...---......~......-.-- 

CQNCENTRATION: LOW . / IEDIIJM 
MATRIX: WATER 

~.ALuHINw 

t.ANTIHONY 

3.ARSENIC 

S.BARIW 

S.BERYLLIU4 

6.CADUIlM 
,m.s., 

7xALCIuH 

8.CHROWIlM 

9.COBALT 

10. WPPER 

?l.IRON 

TZLEAD 

CYANIDE 

/kg DRY WEIGHT 

4270 w 
. . . . . . . . . . . . . . . . . . . . . . ..s.a....... 

< 
l2 rf . . . . . . . . . . . . . . . . . . . . . ..-...-----.. 

7.3 
. . . . .._.......-.....______________ 

‘ LO 
-............_.___..______________ 

< 1 
. . . . . . . . . . . . . .._...---.---.--..... 

< 1 
. . . ..*..._.....--........-~.--.... 

< 1000 
. . . . . . . . . . . . . . . ..__.......--..-.-. 

6.1 r3 
-..............-.._..~..--..*.-.-. 

< 10 
. . . . . . . . . . . . . . . . ..w.w.s.......-.-- 

< 5 
-.........._.._........--..-.---.. 

CD50 3y 
_...............-_*..-.--.-----.-. 

25 v _...............-...______________ 

¶3.#AGNESIU( 

14.1UNtANESE 

lS.MERCURY 

&NICKEL 

17.POTASSIW 

18.SELENIUI 

19.SILVER 

2O.SmIuI 

21 .THALLIW 

ZZ.VANADI~M 

23.tINC 

PCT. SOLIDS 

OTHER- 

__..................-......... 
< 2 
.-..._....-.............-.-..- 

13 
~-..~....~..._....._.....-.-.- 

19 
.~~~.~~.~.-~-......-..--.--- 

99.8 
ww.w..-... 

FWTNOTES: FOR REFTING RESULTS TO EPA, STANDARD RESULT WALIFIERS ARE USED AS DEFINED 
Ow COVER PAGE. ADDITIONAL FLAGS #1 FOOTNOTES EXPLAINING RESULTS ARE ENCOURAGED,, 
DEFINITION OF SUCH FLAGS MUST BE EXPLICIT AND CONTAINED OR COVER PAGE. 

LAB MANAGER 



. 

ITHAN EEASCO ASSOCIATES, INC. 

FORM I 
. . ..s....... 

lNDRtANlC DATA ANALYSIS 

CLIENT: NASA UALLWS DATE: 13.Jul-00 

soua: 789 CASE X:. ESIO-0306 

LAB SAMPLE ID t: 7035 RECEIPT DATE: 6/21/90 

SAWLE ID t: yrryu)s-SSM-01 PC REPORT t: N/A 
Pt-eee+*w ~~mn+~t***~~*-~-~n~*n--~n~~n~~~*~*n*~~~~ 

ELEMENTS IDENTIFIED AND MEAWRED 
.- _._......I_*..........-.-..--........ 

CWCENTRATIOW: WEDIW 

MATRIX: WATER 

l.ALLMINUH 

2.wrInoNY 

3.ARSENIC 

4.MRIW 

5.RERYLLIW 

7.tALcrun 

&mitonIW 

9.C0W.T 

10.009PER 

tll.xnar 

l2A.EAD 

CYANIDE 

SOIL v 

us/L or 

SLWGE 
(CIRCLE ONE) 

4210 Gf -.........s.......-............... 

< 13 d -----...-___-_.._....----..-.-.... 

6.8 
_.-.-....-_-___..--_______________ 

44 
--.-r-.-i-----...---------.-.-...... 

l 1.1 

_._.__.._____.-_-.._...-.---.-.... 

1.5 
_---__..__-_......__..--.---....-. 

1900 
-.--.*e-.s..e .-~~~.--~*~~~.*~---. 

7.7 rl 
-...__..-.._...........---.-.-.-.. 

< 11 
_..-_-_.-..----__._.______________ 

8.6 
--._..._-_-.__..--._------------.- 

17800 qq 
____-_._______-_._._-----..---.--- 

lJ.MAGNESIUCI 

14.UANGANESE 

15 .HERQJRY 

16.NICKEL 

17.WTAssIlRl 

lS.SELENIU4 

lP.SILVER 

2O.sooIlM 

21 .TNALLIuH 

P.VANADIW 

23.ZINC 

PCT. SOLIDS 

OTHER 

FMTWTES: FDR REPORTING RESULTS TO EPA, STANDARD RESULT WALIFIERS ARE USED AS DEFINED 

DN COVER PAGE. ADDITIONAL FUGS OR FOOTNOTES EXPLAINING RESULTS ARE ENKURAGED. 

DEFLNITION OF SUCH FLAGS WSl BE EXPLICIT AND KMTAINED Ow COVER PAGE. 

CUWENTS: 



LEGEND 
0 MON1TORING WELL 

SCALE IN FEET 

T 
13’5 d 135 

BASE MAP SOURCE: 

SITE INSPECTON REPORT 
JANUARY 1990 
EBASCO SERVICES, INC. 

RUNWAY 17-35 

FIGURE 183-3 
WASTE OIL DUMP 
SOURCE AREA MAP 

SCALE: AS SHOWN, REVISION OF SlTE INVESTIGATION 

APPROXIMATE 
NASA/WALLOPS FLtGHT FAClLl7-f 

WALLOPS ISLAND. VlRGlNlA 

l-5 



0 
uw-4 

WFF7WGSBS (1) 

WFITWO-SB4 (1s) 

WFyO-SB3 

0 
uw-3 

1 WFF7WG Dl 

(4) \ 

WFF7WGSB2 

RUNWAY 17-35 

LEGEND 
0 MONITORING WELL (APPROXIMATE LOCATION) 

a SOIL BORING LOCATION (APPROXIMATE) 135 0 135 

(10) SAMPLE DEPTH (FEET) 

BASE MAP SOURCE: 

SITE INSPECTKIN REPORT 
JANUARY 1990 
EBASCO SERVICES, INC. 

FIGtIRE 210 2 
WASTE OIL DUMP 

SAMPLING LOCATlONS 
I 

SCALE: AS SHOWN. REVISION OF SKE UJVESTlGATlON 

APPROXIMATE 
NASA’WAt-LOPS FLIGHT FACILITY 

WALLOPS ISLAND, VlRGlNlA 1 



t 

Total Petroleum Hydrocarbons 
GC/FID - EPA Method 8015 Modified 

Client: METCALF & EDDY, INC./NASA 007 
Client Sample ID: WFF7WO--SD1 
SPECTRALYTIX Sample ID: MET92-001-92050672 Sample Type: Soil 
Date Sampled : 05/20/92 Date Received: 05/21/92 
Date Analyzed : 05/30/92 

- 

Analvte 
Detection 

Result Limit Units 

Total Petroleum Hydrocarbons ND 1.0 mg/kg 

, -“-. 

Units of mg/kg are equivalent to ppm. 
ND = Compound not detected at or above the listed detection limit. 

25 



Total Petroleum Hydrocarbons 
GC/FID - EPA Method 8015 Modified 

Client: METCALF & EDDY, INC./NASA 007 
Client Sample ID: WFF7WO-SB2 
sPECTRALYTIX Sample ID: MET92-001-92050673 Sample Type: Soil 
Date Sampled : 05/20/92 Date Received: 05/21/92 
Date Analyzed : 05/30/92 

Analvte 
Detection 

Result Limit Units 

Total Petroleum Hydrocarbons ND 1.0 w/W 

Units of mg/kg are equivalent to ppm. 
.-ND = Compound not detected at or above the listed detection limit. 

26 



I 

Total Petroleum Hydrocarbons 
GC/FID - EPA Method 8015 Modified 

Client: METCALF & EDDY, INC./NASA 007 
Client Sample ID: WFF7WO-SB3 
SPECTRALYTIX Sample ID: MET92-001-92050674 sample Type: Soi1 
Date Sampled : 05/20/92 Date Received: 05/21/g2 
Date Analyzed : 05/30/92 

Analvte 
Detection 

Result Limit Units 

Total Petroleum Hydrocarbons ND 1.0 mg/kg 

Units of mg/kg are equivalent to ppm. 
~ ND '. = Compound not detected at or above the listed detection limit* 

27 



Total Petroleum Hydrocarbons 
GC/FID - EPA Method 8015 Modified 

Client: METCALF & EDDY, INC./NASA 007 
Client Sample ID: WFF7WO-SB4 
SPECTRALYTIX Sample ID: MET92-001-92050675 Sample Type: Soil 
Date Sampled : 05/20/92 Date Received: 05/21/92 
Date Analyzed : 05/30/92 

AnalYte 
Detection 

Result Limit Units 

Total Petroleum Hydrocarbons ND 1.0 w/kg 

Units of mg/kg are equivalent to ppm. 
ND = Compound not detected at or above the listed detection limit. '"*1 

28 



Total Petroleum Hydrocarbons 
GC/FID - EPA Method 8015 Modified 

Client: METCALF & EDDY, INC./NASA 007 
Client Sample ID: WFFTWO-SB5 
SPECTRALYTIX Sample ID: MET92-001-92050676 Sample Type: Soil 
Date Sampled : 05/20/92 Date Received: o5/21/g2 
Date Analyzed : 05/30/92 

finalvte 

Total Petroleum Hydrocarbons 

Detection 
Result Limit Units 

ND 1.0 w/kg 

Units 0f q/kg ar e equivalent to ppm. 
As c ND = ~o-,~c~~~~ not detected at or above the listed detection 1i:mit. 

29 



,,““W Lancaster Laboratories 
Where quality is a science. 

LLI Sample No. WW 2089405 
Cot lected: 2/16/94 at lo:40 by MB 

Submitted: 2/18/94 Reported: 3117194 
Discard: 3125194 

Sampling Point 1 Unfiltered Grab Uater Sample 
U.O.D. / D-9 

AS RECEIVED 
CAT 
NO. ANALYSIS NAME 

:,::,; .:,:. :::;; ::,::: ,: :,: :... . . . 3. . . . . ;.... LIMIT OF 
i :i: ;: :c: .I x..:: 
. . :. :..: :. :/: ..: RE;*;t;;; G. .:.:. .:......: :...:...:.:. . . . .:. . . . .: .,... :.,.:.,.:.;..:.:.:.:.:. aUAN T * TAT I oN UNITS 

0255 Lead 
): :, :,: ): :.: ,: :.: :; : : : . . . . ., .,. .,_,., .,., . . . . . . . . . . . . . . ,. : : :.: 
_, ,., ,., . . . . . :,: :.: :: : ..: fiq: :::.::A. 

1051 Chromium (furnace method) 
.,. . . . . . . ~, : I .q:::: 0.050 

I:I::'i':liili::ii:i:i:::~:~~~~~~,~~ 
w/L 

., 0.0050 leg/l 

1 COPY TO Nat'1 Aeronautics & Space Adm ATTN: Ms. Brenda Hall 

*.*... Puestions? Contact your Client Services Representative 

Eileen R. Hostetler at (717) 656-2301 
02:34:12 D 0001 8 0 0 409816 

603 15.00 00006400 ASROOO 

Page: lof 1 

P.O. S-09815F/719 
Rel. 

RespectfuLLy Submitted 
Hichele McClarin, B.A. 
Group Leader, GC/C(S Voiatiles 

,.w;.,; /:0’,-*4. 
Lancaster iaborarmes. inc 

2. , - ;, b 2425 he\.; k~olland P!ie 
f -is’ !a~cirv~~ F, lX^,!.‘G’-: 



Lancaster Laboratories 
Page: lof 1 

Where qua&y is a science. 

LLI Sample No. ww 2089406 
Cot Lected: 2/16/94 at TO:40 by MI3 

Sulxnitted: 2/18/94 Reported: 3/17/94 
Discard: 3/25/94 

Sampling Point 1 Filtered Grab Water Sample 
U.O.D. / D-9 

AS RECEIVED 
CAT :.. :y.:;.y::.:y LIMIT OF 
NO. ANALYSIS NAME 

: ,:::::. j,.,.y. .: 
:::,:: .:,,.,: ':... 
.\.: . . . . . . . . . . .REE$&&.::: .y.: . . . ,. .: QUANT I TAT ION UNITS 

:., :.. . 
0255 

,:.,. . . 
Lead ::: :. ..,. ,, !, ::: > . . :. . . . . . . . . . . . . .:.::.::::.:#J : .D: : : :: + ,.;.:,: 0.050 w/L 

1051 Chromium (furnace method) 
;‘:::y $ ; :::..:..yy:‘, ..,:.:,: ( 
: :.:> ,,,, :, .: .F : 
_.. . . . . :.. :: .,: ,.: .;,:i,o,* 0012;;: 0.0010 mg/l 

This sample was field filtered for dissolved metals. 

1 COPY TO Nat'1 Aeronautics & Space Adm ATTN: Ms. Brenda Hall 

Questions? Contact your Client Services Representative 
Eileen R. Hostetler at (717) 656-2301 
02:34:17 D 0001 8 0 0 409816 

603 15.00 00006400 ASROOO 

Respectfully Submitted 
Michele McCLarin, B.A. 
Group Leader, GC/MS Volatiles 



*i 
I 

VOA tug/kg) 
1, 1, 1 -Trichloroethane 
1,1.2.2-Tetrachloroethane 
l,T .2-Trichloroethane 
1,l -Dichloroethane 
1,l -Dichloroethene 
1,2-Dichloroethane 
1,2-Dichloroethene (total) 
1,2-Dichloropropane - ---___ __-___ 
2-Butanone - 
2-Hexanone _- 
4-Methyl-2-pentanone __-. 
Acetone --- 
Benzene 
Bromodichloromethane __- 
Bromoform 
Bromomethane 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene __--- 
Chloroethane _.~____ 
Chloroform 
Chloromethane 
ss-l,3-Dichloropropene -.--~ 
Dibromochloromethane 

Ethylbenzene 
Methylene Chloride __._.____~ 
Stvrene 
Tetrachloroethene 
Toluene 

trans- 1,3-Dichtoropropene 

12 u =E E u 
12 u 
12 u _. 
12 u --- ~__ 
12 u 

3 12 u 
12 u 
12 u 
12 u -__ ~-- .~- 
12 u l--l= 12u -- 
12 u 

12 u 
12 u 

~ 

12 u 
,i2 u 

------%- 
12 u 

12 u -. -13 12 u 
12u - 
12 u 

‘; 
B 

Site 16 ~_..,&round 

13’u -e.-im---m+ 
13 u 

------IIF 
13 u 
13 u 

=,t 
13 u 
13 u 

----%I- 
13lu 

13 u 
13 u =?m!!E 13u 
13 u ~-- 

-----g- 

13 u 
13 u .-~-~ 

13 UT- 
13 u 

~~_ 

13 u 
13 u .- 
13 u 
13 u 

----m---L4!-- 
q+ 

13 u 
13u - 
13 u __...- 
13 u 
13 u 
13 u 
13 u 
13 u 
13 u 
13 u - 
13 u 
13 u 

..~ 

13 u ~__ 
13u 
13 u - 
13 u 
13 u 

~~ 

-13 u - 
1su ____-. 
13 u _______~ 
13u - 

Page 1 



‘& 

Site 16 L -r&round 

rrichloroethene 
AnyI chloride 
qylene (total) __- -. 

13 u 
13 u 

440 u 
440 u 
440 u 
440 u 
440 u 

1100 u 
440 u 
440 u 
440 u 

1100 UJ 
440 u- 
440 u 
440 u 
440 u 
440 u 
440 u 

1100 u 
440 u 
440 u 

1100 u 
1100 u 

410 u ~~ 
41ou- 

‘- 

2 
410 u -~ 
410u - 

410 u 
1000 u 

SVOC (ug/kg) 
1,2,4-Trichlorobenzene ---___ 
i,2-Dichlorobenzene 

--- 

1.3-Dichlorobenzene 
1.4-Dichlorobenzene 
2,2’-oxybis( 1 -Chloropropane) 
2,4,5Trichlorophenol 
2,4,bTrichlorophenol -- ~ ..-- 
2,4-Dichlorophenol ~. ~~_- 

I 

4201 U 

-- 

2,4-Dimethylphenol 
2,4-Dinitrophenol --. 
2,4-Dinitrotoluene ..~___.. 

1000 UJ 
410 u - 
410 u 
410 u 
410 u 

- 410 u 
~410 u 

1000 u . 
410 u 
410 u 

2,bDinitrotoluene 
%Chloronaphthalene 
2-Chlorophenol 
2-Methvlnaehthalene 
2-Methylphenol 
2-Nitroaniline _- 
2-Nitrophenol __~~-...-- 
3,3’-Dichlorobenzidine 
3-Nitroaniline _ __~_____ 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl-phenylether -- ___-- 

1000 u 
t 1000 u 

p---i?& 4-Chloro-3-methylphenol 
4-Chloroaniline 

4-Chlorophenyl-phenylether 
4-Methvlphenol 
4-Nitroaniline 

440/u - .- I 
44UlU I 

1100/u I 

Page 2 



h 
1 

Site 16 L ,tcground 

4-Nitrophenol 
Acenaphthene 
Acenaphthylene 

Anthracene -~ 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g, h,i)perylene 
Benzo(k)fluoranthene 

.- 

I bis(2-Chloroethoxy)methane ---- - -.~ 
bis(2-Chloroethyl)ether 
bis(2-Ethvlhexvl)phthalate 
Butylbenzylphthalate - ---___- .- 
Carbazole 
Chrysene - --____ 
Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenzo(a,h)anthracene --- 
Dibenzofuran 

I Diethylphthalate 
Dimethylphthalate 
Fluoranthene __-~ 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno( 1,2,3-cd)pyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine (1) 
Naphthalene 

41olu 
410 u .- 
410 u 
410 u 
410 u -- 

~ 

410 u --- 
410 u 
410 u 
410 u 
410 u 

t 
___--~---- -- 

410 u 
410 u 
410 u 
410 u 
410 u 

- 410u 
410 u 
410 u .- 
410u 
410 u 
---I- 410 u 

380/U 1 420/U 420/U 

420/U 

Page 3 



‘t 
I 

Site 16 L ,xground 

Nitrobenzene __--- 
Pentachlorophenol 

t 
Phenanthrene _____-..- 
Phenol 

I- Pyrene 

I PEST/PCB tug/kg) 
4.4’-DDD 

4,4’-DDE I- 4.4’-DDT 
Aldrin .~____ 
alpha-BHC 
alpha-Chlordane 
Aroclor- 1016 .~ 
Aroclor- 122 1 --~ 
Aroclor- 1232 -___ 
Aroclor- 1242 

I Aroclor- 1248 
Aroclor- 1254 

IAroclor- 1260 
beta-BHC I- delta-BHC 

IDieldrin 
IEndosulfan I 
Endosulfan II __- 
Endosulfan sulfate -- 
Endrin 
Endrin aldehyde 
Endrin ketone -- 
gamma-BHC (Lindane) 
gamma-Chlordane 
Heptachlor 

41olu 
41olu 

40 u 
40 u 
40 u 

2u 
2u 
4u - 
2u 
4u - 
4u 
6U 
4u 

i 4U 

76/U 1 851U 

-----aA 
3.8lU 

I 
4.2/U 

1.9 u 2.1 u 
1.9 u 2.1 u 
1.9 u 2.1 u 

5.5 J 4.8 J 
1200 CD 650 CD - 
320 D 200 D 
2.1 u 2.2 u 
2.1 u 2.2 u - 

- --___ 2.1 u 2.2 u 
42 U 44 u 
84 U 88 u 
42 U 44 u 

4.2lU 1 4.4lu 

2.1 /u 1 2.2/u 

Page 4 



3 
Site 16 t.- -xground 

19111 Heptachlor epoxide ~~-.~--.~_~ 
Methoxychlor __--__--____ ~--- 
Toxaphene 

METALS, TOTAL (mg/kg) 
Aluminum 9970 

. - 

__- ------- 

7100 
0.35 u 

1.4 
23.3 
0.18 
0.04 u 
559 _--- 
7.1 

IAntimonv I 0.3lu 

I Arsenic -- ~.--.- 
Barium 

_.-___-- 
32.1 I 31.1 ____..-.- 

0.25 
0.04 u 
342 -- 
7.1 -- 
1.6 

2 - 
0.5 u 

4480 
6.3 

589 - .-~-~~~. . 
98.1 
0.04 u 

2.9 
344 

0.57 K 
0.04 u - 
111 

IBervllium I 0.181 0.231 

I Cadmium __~-- 
Calcium 

0.07 I 
8361 

I Chromium 14.1 
Cobalt 

~--___ 
I 

-.-- __--.___ 
/--- 1.7 

---+I- 
1.31 

Copper 
Cyanide .~~.---~.- 
Iron -~ 

24 2.3 
0.53 u 

4460 
5.5 -- 

593 
71.7 - 
0.05 u -__~~~-- ._ 

2.9 
394 

0.86 K 
0.04 u 
69.9 
0.41 u 
10.2 
11.3 

Lead -- ~~ 
Magnesium 
Manganese .~~~~.-.-- - 
Mercurv 

INickel I 5.31 
Potassium 
Selenium __----- 
Silver 
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1 
Site 16 t.-lcground 

OTHERS 
% Solids (Percent) 
Chromium VI (mg/kg) 
Diesel Range Organics (mg/kg) 
Gasoline Range Organics (mg/kg\ 

81.1 86.2 77.1 77.2 74.2 
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Site 16 L,.&round 

dOA tug/kg) 
I, 1,l -Trichloroethane 
1 , 1,2,2-Te trachloroethane __-- 
I, 1.2-Trichloroethane 
I, 1 -Dichloroethane 
I, 1 -Dichloroethene 
I ,2-Dichloroethane 
I ,2-Dichlo[oethene (total) 
I, 2-Dichloropropane 
2-Butanone- 
z-Hexanone 
I-Methyl-2-pentanone 
ketone 
3enzene 
3romodichloromethane __-----.- 
3romoform 
3romomethane 
Carbon Disulfide 
Carbon Tetrachloride 
Zhlorobenzene 
Shloroethane 
Chloroform - 
Chloromethane 
cis-1,3-Dichloroprdpene 
Dibromochloromethane 
Ethvlbenzene 
Methylene Chloride ---- 
Yvrene 
Tetrachloroethene 
foluene _ 
kans- 1,3-Dichloropropene 

13 u 
13 u 
13 u 

-; 

-___ 
13 u 
13 u 
13 u 

- --__.-- 

13 UJ 

I 13 u 

12 u 
12 u 

12 u 

3 12 u 
12 u 
12 u 
12 u 
12 u 

~ 

12 u 
12 u 
12 u ~__ 
12 u 
12 u 3 12 u 
12 u 

----ibE-- 

12lu 
12 u- 
12 u 

i 

12 u 
12 u 

--yL-- 
12ju 
12lu 
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‘j. :-’ ,; 
Site 16 t.-,Kground 

Trichloroethene 
vinvl chloride 
Kylene (total) 

SVOC tug/kg) 
1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2,2’-oxybis( 1 Chloropropane) 
2,4,!5Trichlorophenol -- -___ 
2,4,6TrichlorophenoI 
24Dichlorobhenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene - 
2-Methylphenol -- ___-.~ 
2-Nitroaniline 
2-Nitrophenol -____ 
3.3’-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl-phenylether 
4-Chloro-3-methylphenol 
4Chloroaniline 
4-Chlorophenyl-phenylether ___- 
4-Methylphenol .___ 
4-Nitroaniline 

420 U 
420 U 
420 U - 
420 U 
420/U 

1000 u 
420 U 
420 u 
420 U 

420 U 
420 U 
420 U 
420 U 
420 U 

1000 u 
420 U 
420 U 

420/U 

--A%$+ 
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i 

” Site 16 L ,&round 

4-Nitrophenol 
Acenaphthene 

Acenaphthylene 
Anthracene 
B&zo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 

Benzo(g, h,i)perylene 
Benzo(k)fluoranthene 
bis(2-Chloroethoxv)methane 

Ibis(2-ChloroethvlIether 

1000 u 
4201 U 
420 U 

420 U 
420 U 
420 U 
420 U 
420 U 
420 U 
420 U 

bis(2-Ethylhexyl)phthalate FkiEz~:p=~* 
IDibenzofuran 

Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenzoca. h)anthracene 

Diethvlphthalate 
Dimethvlphthalate 

I 
I 

4201U 
42OtU 

I__---- 

~Hexachloroethane 
I)pyrene Ilndeno( 1,2,3-cc -.___ 

420 U 
420 U 

I 
N-Nitrosodiphenylamine (1) 
Nabhthalene I 

42OjU 
420/U 
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h 
/ 

Site 16 L aground 

I 420/U 
1000lu I Nitrobenzene 

Pentachlorophenol 
Phenanthrene- 420 U 
Phenol 420 U 
Pyrene 420 U 

PESTjPCB @g/kg) 
4,4’-DDD 
4,4’-DDE 
4,4’-DDT 
Aldrin 

2.1 J 
270 D -~ 

74 D 
2.1 u 

kroclor- 1232 42 U 
Aroclor- 1242 42 U _---__ 
Aroclor- 1248 42 U 
Aroclor- 1254 

Endosulfan I --- 
Endosulfan II -.-___- 
Endosulfan sulfate 

..---.-.$- 

gamma-BHC (Lindane) 
Igamma-Chlordane 
IHeptachlor I 2.1 Iu 

41.1 

‘:“HE” 
2u 
2u 

40 u 
81 U 
40 u 
40 u 
40 u 
40 u 
40 u 

2/u 
2u 

/ 4u 

-4-u 
2lu 
2lu 
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‘4 
Site 16 t-’ /&round 

oxide 

IToxaDhene 

METALSJOTAL (mg/\g) 

Aluminum 
Antimony 
Arsenic -__ 
Barium 
Beryllium --- 
Cadmium -__ -----___ 
Calcium 
Chromium 

(Cobalt 

lCwwr 
Cyanide 
Iron - 
Lead - 
Magnesium 
Manganese 
Mercury 
Nickel 

I--- ________ 
Potassium 

ISelenium 
ISilver 

1.9 1.5 

33.2 39.3 

0.21 0.26 

0.09 0.11 

874 829 
- 7.2 6.7 

1.9 1.9 - 
2.9 3.8 --.. 

0.57 u --- ccon 

0.05 u t- 
3.4 

-i 
n%tir -.-- - 

334 
0.8 K ~- 

0.04 u .~ 
94.1 

0.4 u 
11.1 

15.4 I - 
i ; -..-A+ 
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a 
I 1 

Site 16 t, ,xground 
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Site 1 c -.,II I?esutts 

WA tug/kg) 
khloroethane 
Fthvlbenzene I 1llU 

11 u 

~ 

11 u ____ 
11 u 

retrachloroethene I 11/u 320 81 J 
1400 320 
9200 J 6600 J 

roluene 
Yvlene (total) -+ 

SVOC (ug/kg) --- 
2-Methvlnaphthalene 

Acenaphthene 
Benzo(a)pyrene 
Benzo(g, h,i)perylene 
bis(2-Ethylhexyl)phthalate 
Chrysene 
Dibenzofuran 
Fluorene 
Indeno(l.2.3-cd)pvrene 
Naphthalene 
Phenanthrene 

350 UJ 
350 UJ 
350 UJ 

+ 

350 UJ 
350 UJ Pyrene 

PEST/PCB (ug/kg) 
4,4’-DDD - 
4,4’-DDE 
4.4’-DDT 
Aldrin 

gamma-BHC (Lindane) 
Heptachlor epoxide __- 

21 26 
1.5 J 1.9 J 
8.8 4.7 
2.7 J 3.1 J 
10JN 11 J 

1.9 u 1.2 J .---k%-- 
METALS. TOTAL (ma/k& I 

Antimony 

Barium 
0.04/u I 0.04/u 



Lead 
Magnesium 
Manaanese 

INickel 
IPotassium 

I Selenium 
Silver 
Sodium 
Vanadium 
Zinc 

I OTHERS 
% Solids (Percent) 
TPH - DRO (mg/kg) 
TPH - GRO (ug/kg) 

89.91 

\ 
B 

Site lc _ A Results 

52 U 

b 
3 

91.6 32.5 B 148 
3.6 1.4 3.1 

0.74 0.11 u 0.11 u 

t+- i-.-.-I.-.-.------- 
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j 
Site lb ,J~~ Results 

VOA (w/kg) 
Zhloroethane 11 u 

11 u 

I 11 u 
11 u 
11 u -____ 

Ethvlbenzene 
Tetrachloroethene 
Toluene 
Xylene (total) 

SVOC (w/kg) 
2-Methylnaphthalene 

Acenaphthene 
Benzo(a)pyrene 
Benzo(g,h,i)perylene 
bis(2-Ethylhexyl)phthalate 
Chrvsene 

360 B 
370 UJ 
370 UJ __-___ 
370 UJ 

Dibenzofuran 
Fluorene 

Indeno( 1,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pvrene --%q-- --&p-- 

3.7 u 
3.7 u 

% 

3.7 u 
1.9 u 

+I;..-- - 

3.8 U 

-:I- 3.8 U 
3.8 U 
1.9 u 

PEST/PCB (ug/kg) 
4,4’-DDD 361U 1 3.7/u 
4.4’-DDE 
4,4’-DDT 

Aldrin - -- 
1.9 u 
1.9 u 

gamma-BHC (Lindane) -- 
Heptachlor epoxide _ 

, 
METALS, TOTAL (mg/kg) 

i33nl I Akninum 
Antimony 
Arsenic 
Barium 
Bervllium 
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Site 14 - _,, hesults 

23.418 Calcium 
Chromium 
Cobalt -- 
Cower 
Cyanide -- 
Iron 

Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
Silver 

I Sodium 
Vanadium 

0.36 U 
J 10700 

-- 2.31 
0.18/U 5.1 

409 
0.21 u 
0.15 u 

3 439 
19.7 
15.1 

100/B 
0.35/K 

IZinc 

OTHERS 
% Solids (Percent) -*--- 

56 1 U 58 1 U 
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1 

Site lb - _,f x esults 

Ii t---- VOA tug/kg) 
Chloroethane 
Ethvlbenzene 

11 u 

11 u 

~ 

11 u 
11 u 
11 u 

11u - 
11 u -- 
11 u 
11 u 
11 u 

12/u I 1llU 
12 u 11 u __ 
12u ‘- 11 u 
12 u 11 u 
12 u 11 u 

ITetrachloroethene 
Toluene 
Xylene (total) - 

SVOC @g/kg) _---- 
2-Methylnaphthalene 
Acenaphthene 
Benzo(a)pyrene 
Benzo(g, h,i)perylene 
bis(2-Ethylhexyl)phthalate 
Chrvsene 

370 u 

~--~ 
370 u 
370 u 

380 U 

380 U 
380 U 
380 U 
640 
380 U 
380 U 
380 U 

370 u 
1000 

~ 

370 u 
370 u IDibenzofuran 

IFluorene 
Indeno( 1,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 370 u 

*- 
370 u Pyrene 

PEST/PCB tug/kg) 
4,4’-DDD 

4,4’-DDE 
4.4’-DDT 

IAldrin 
laamma-BHC (Lindane) 
IHeptachlor epoxide 

I--.--. METALS, TOTAL (mg/kg) 
6130 

- 

0.77 u 
1.2 

16.8 

1Al1 tminl Irn I \I.., I111 9-a. 0 

Antimony 

! 

Arsenic 
Barium 
Bervllium 

Page 5 



i 
J 

Site 16 _ ,d i?esults 

Copper -~- 
Cyanide __~____ 
Iron 
Lead 
Magnesium 
Manaanese 
Nit kel I- Potassium 
Selenium __- --- ~- 
Silver 
Sodium 
Vanadium --- 
IZinc---..--- 
IOTHERS 

-%I- 

2.8 
183 

0.18 U 
0.14 u 

- 
0.49 u 0.47 u 0.27 U -- 

4760 5440 2720 
9.3 10.5 5.4 
372 515 269 

58.2 87.6 55.5 
3.3 3.7 1.5 

259 283 204 
0.27 0.21 u 0.2 u - -- 
0.15 u 0.16 0.14 u 

- 
90 86.1 90.5 
4 JY 6 JY 98 Y - .- -- 

56 U 58 U 55 u 

213 - 
9.3 
1.3 
3.6 

0.5 u 0.54 u 
3130 6100 

12 60.5 
274 507 

43.2 48.5 
2.6 4.1 

220 437 
0.2 u 0.18 U 

0.48 0.15 u 
165 296 

87.9 90.1 ---.-~ 
56 Y 520 Y 
57 u 56 U 

Page 6 



\ 
I / 

VOA (ug/kg) -- 
Chloroethane 
Ethylbenzene -- 
Tetrachloroethene ~--___ ~-- 
Toluene 
Xylene (total) 

----- 
SVOC tug/kg) 
2-Methylnaphthalene 
Acenaphthene 
Benzo(a)pyrene _----- 
Benzo(g, h,i)perylene 
bis(2-Ethylhzmalate 
Chrysene -- 
Dibenzofuran 
Fluorene 
Indeno( 1,2,3-cd)pyrene -____ 
Naphthalene 
Phenanthrene 
Pyrene - - 

PEST/PCB (ug/kg) 
4,4’-DDD __-- 
4,4’-DDE 
4,4’-DDT ---- 
Aldrin 
gamma-BHC (Lindane) 
Heptachlor epoxide - 

METALS, TOTAL (mg/kg) 

Site 16 _ _ I, kesults 

--/ 

12 u 
12 u 

~ 

12 u 
12 u 
12 u 

_~. 
11 u 
11 u 

--s 
11 u 
11 u 
11 u - 

/ 
10 u 
10 u 

~ 

10 u 
10 u 
10 u 

11 II 
1llU 
1llU 
1llU 1llU 
11/u 1llU 

350 u ==I= 350 u 
1300 

+ 360 U 
360 U 
360 U 
360 U 
740 
360 U 
360 U 
360 U 
360 U 
360 U 
360 U 
360 U 

390 u 

~ 

390 u 

390 u 
390 u 

340 u .-.___ 
340 u 

1500 
230 J - 
340 u -- 
340 u 

3 340 u __. -- 
340 u 
340 u 

390 u 
390 u 
390 u 

j 

390 u 
390 u - 

--- 

3.9 u 

i- 

3.9 u 
3.9 u 

*-- 

2/u 

35 u ---.----r 35 u 
35 u 

35 u 
35 u 
17u -- 

-3 17 u __- 
17 u 

17 u 
k 

r3ge 

1.8 U 
1.8 U 

+ 
1.8 U 

------t---- 

0.1 Iu 
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I Calcium 
Chromium I- Cobalt 

Iron 

% Solids (Percent) 

Site It .I i;esuits 

94.1 
800 Y 

53 u 

22 23.3 
253 201 

23.1 27.7 

2.6 1.6 
221 180 

0.65 0.23 
0.24 0.14 u - 

0.71 I 
1.8 

0.48 U 
2340 

5.4 
176 

33.8 
1.2 

149 
0.27 
0.24 
153 
5.1 

13.2 

--%k 

1.61 

91.7 iEmi!!E 9 Y 
54 u 
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!fOA (q/kg) 
Chloroethane 
Ethylbenzene 

L 
T&trachloroethene 
Toluene 
Xylene (total) 

SVOC @g/kg) _____- 
2-Methylnaphthalene 
Acenaphthene- 
Benzo(a)pyrene 
Benzo(g, h,i)perylene __-. - .- 
bis(2-Ethylhexyl)phthalate 
Chrvsene 

IDibenzofuran 
IFluorene 

I Pyrene 

PEST/PCB @g/kg) _ 

Site It ., kesults 

- -- 
380 U 380 U -__~ 
380 U 380 U 
380 U 380 U 
380 U 380 U 

+$--!----+I$+ 

----t----II-- 

\ 
t 

-----lill 

390 u 
390 u 

- 

390 u 
390 u 
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1 
Site lo _ ,,I Results 

Calcium 184 

Chromium 8.2 

Cobalt 1.9 

I Magnesium 
Manganese 
Nickel 

Potassium 
Selenium 
Silver 

-id 
1.5 
4.3 

-- 

0.47 u 
5070 
19.1 

570 
105 

3921 
11.4 -__ 

~------- 
15.9 

3.1 
1 .l 
2.6 
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Site 16 Gro ‘jkrter Results 

VOA tug/L) --I-- -~ .~ 
1,2-Dichloroethene (total) 10 u 
4cetone -__- 
3enzene 
ithylbenzene -------I 

1ou - 
10 u 
10 u 

Tetrachloroethene 3J -____ 
Toluene 10 u .- 
Yylene (total) 

t 
1ou - -_ 

10 u 
10 u 

+ 

2J 
10 u 

4 .I 

27 K 
23 K 

t 

120 K 
5K 

~I~ii 
2-Methvlnaphthalene 

I 

91UJ 

Anthracene 
bis(2-Ethylhexyl)phthalate 
Carbazole ___~ 
Dibenzofuran 
Fluorene -__ 
Naphthalene 
Phenanthrene 
Phenol 
Pyrene 

aamma-BHC (Lindane) -- 
-.- 

METALS, TOTAL @g/L) 
Aluminum 

I--.--;+$ .----. 

10100 K 
1.6 U 

68.8 
Antimony 
Arsenic 
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-- 

Site 16 Gro “Wer Results 

IBarium 
iBervllium 
icadmium 

81.61 

ICalcium 
Chromium 
Cobalt 
Copper 
Ferrous Iron 
Iron 
Lead -- 
Magnesium 
Manganese 
Nickel 
Potassium 

8.7 8.3 
2.5 8.8 

5B 12.4 B 

4840 58400 
12.2 B 29.7 

10300 7460 

1 48800/K 7660 K 
4.8 J 

3510 
57 

2.2 
1560 J 

3.1 K 
4330 

1.9 u 
17.3 

7K 

ISelenium 

I Sodium 
Thallium 
Vanadium 
Zinc 

-- 
7 15.8 

7.4 K 8.5 K iO.jlK 
---- OTHERS 

Alkalinity (mg/L) 
Chloride (mg/L) --- 
TPH - DRO (mg/L) 
TPH - GRO (ug/L) 
Hardness (Calculated) (ug/L) 

Nitrate, as N (mg/L) - 
Sulfate (mg/L) 
Sulfide (mg/L) 
TOC Test 2 (mg/L) 
Total Dissolved Solids (mg/L) .___ 

67.6 

t 

1.2 Y 
370 Y 

60.2 133 

1.2 Y 83 Y 
410 Y 2400 Y 

0.12 u __~ 
50 u ----I 

-----.--i~--..I~---~...- ---I...- 

=-l= 160 --i”i 
I 
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Site 16 Grot B ter Results 

----I !!5?4~~.--. 
1,2-Dichloroethene (total) .___ 
Acetone ~-- 
Benzene -____- __~-.-- 
Ethylbenzene -__-. .._______ 
Tetrachloroethene -.-.-____ 

--- 

-- 

1ou 10 u 
10 u 

I/ ! 
___- 

10 U 
10 u 10 u 
10 u 10 u ~- 

- 10 u 1ou __ -- 
10 u 10 u -___ 
10 u 10 u ~-. ----~ 10 u 

10 u 
5J I Toluene ___---___---. 

Xylene (total) ____ 

I 

41J 

~__~___ 
svoc @g/L) ___-___ 
2,4-Dimethylphenol 
2-Chlorophenol 
2-Methylnaphthalene __-.__---. 
2-Methylphenol 
4-Methylphenol .-___- .__- 
Acenaphthene 
Anthracene 
bis(2-Ethylhexyl)phthalate -__-. 
Carbazole 
Dibenzofuran 
Fluorene 
Naphthalene -__- 
Phenanthrene ____. .-~~ 
Phenol -. __--- 
Pyrene 

1oU 

I 
9u 

1ou 9u 

- 1ou 9u .__~ 
10 u 9u -__ 
10 u 9u 
10 u 9u 

_--- 
9u 
9u .__~~-.-~ 
1 J 
9u -- 
9u 
2J 
9u 
3B --..-. 
9u 
9u 

2J 
9u 

__-- 
PEST/PCB (ug/L) __- __--- 
4,4’-DDT ___- 
alpha-BHC ___~. __--~ 
gamma-BHC (Lindane) -__ 

I METALS, TOTAL (ug/L) -~-.____~ 

I Aluminum __~ .-~______ 
Antimony --______ 
Arsenic 

5720 _---~ 
1.7 u - 
11 
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Site 16 Grc bter Results 

Barium 
Beryllium --- ~___ ____-.- 
Cadmium _-.-- 
Calcium 

0.6 U 
1.2 u 

- 
29100 

1.5 B 
- 7200B 

118 
1u 

ICorxr>er 

I Ferrous Iron 
iron 

I Lead 
Magnesium 
Manganese __-- 
Nickel 
Potassium ~___ ______ 
Selenium 

I Sodium 
Thallium 

banadium 

6810 B -~-. - 
64.2 

2.5 B 
2780 B 

1.7 UL 
4070 B 

1.6 U _-- 
10.6 
53.1 B 

-8:4’1 
17 B -----I IZinc 

----zqz 40.9 

-__ 
0.11 u 

~ 

50 u 
43.4 

110 

-;&-- 1.4 Y iI= 390 Y 
54 

---I -/-- 

I- / 
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Site 16 Grc ‘\tter Results 

?OA @g/L) 
~i,2-Dichloroethene (total) 10 u 

Acetone 10 u ~.-..- 
Benzene 10 u 
Ethylbenzene 10 u __-____ - 
Tetrachloroethene 10 u 

\/0A (w/L) 
1,2-Dichloroethene (total) 10 u 

Acetone 10 u ~.-..- 
Benzene 10 u 
Ethylbenzene 10 u __-____ - 
Tetrachloroethene 10 u 

Toluene Toluene 10 u __. __. 
Xylene (total) Xylene (total) 1ou - 

10 u 
10 u 
10 u 

z 

10 u 
10 u 
10 u 
10 u 

8J 
10 u 
10 u 
10 u 
10 u 
10 u ___- 
10 u 

1ou 
10 u 
10 u 
10 u 
10 u 
2J 

10 u 
39 
10 u 
10 u 
2J 

-10 u 
10 u 
10 u --~ 
10 u 

___- 
10 u 
10 u 
10 u 

c 1ou - 
10 u 
10 u ~---. 
10 u 

-_ -- ,-=a -, ~ -__-. 

2,4-Dimethylphenol 10 u -.-. -___ 
2-Chlorophenol 10 u 

/ 

2-Methylnaphthalene 10 u 
FMethylphenol 10 u 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
14 B 
10 u 
10 u ___-- 
10 u 
10 u 
10 u 
10 u 
10 u 

i’ I 4-Methylphenol --__ 
Acenaohthene 
Anthracene 
bis(2-Ethylhexyl)phthalate 
Carbazole 

- 

Dibenzofuran ~--..- 
Fir lorene 

2B 
10 u 
10 u 
10 u 

INanhthalene I 1olu 

I Phenanthrene --- 
Phenol l--c 

I Pvrene I 1olu 

PEST/PCB (ug/L) 
4,4’-DDT 
alpha-BHC 
gamma-BHC (Lindane) -__--- 

0.095 u 
0.048 U 
0.048 U 

I 

__:- 

METALS, TOTAL (ug/L) 
Aluminum ___--- 
Antimonv 
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Site 16 Grc ‘pter Results 

49,918 I 1071 Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 

Ferrous Iron 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Selenium 
Sodium -- 

I Thallium 
Vanadium 
Zinc -~ 

I 

- 

--A 466 
1 u 

5760 B 
6.5 B 

1u 
2370 B 

1.7 UL 
3720 B 

1.6 u 
0.5 u 

10.5 B 

2.618 

18600 
3.9 u 

20.8 
13.7 

31.6 __- 
/--- 25 B 

=L 24.4 
IOTHERS 

227 130 
54.6 

0.11 JY 54 Y 
33 JZ 2000 Y 

221 
0.1 u 

77 
10.7 

2Y 
320 Y 

Alkalinity (mg/L) 
Chloride (mg/L) 
TPH - DRO (mg/L) 
TPH - GRO (ug/L) __~ 
Hardness (Calculated) (ug/L) 

Nitrate, as N (mg/L) - 
Sulfate (mg/L) ~__ 
Sulfide (mg/L) 
TOC Test 2 (mg/L) 
Total Dissolved Solids @g/L) 

-Total Oraanic Carbon (ma/L) 

0.12 u 

s 

50 u 
34.4 

I 

I 

I 
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Site 16 Gro ‘F ter Results 

I 
VOA @g/L) .--___~__ 
1.2-Dichloroethene (total) I 

L-- . I L - 

Acetone 10 u 10 u 
Benzene 25 10 u 
Ethylbenzene 48 10 u 
Tetrachloroethene .-lo u 10 u ~.___ 
Toluene 10 u 10 u -- 
Xylene (total) 10 u 10 u -.~ ____~.~-.. .---- - -- 

.- - 
10 u 

=E 

10 u 
10 u 
10 u 

svoc (ug/L) 
2,4-Dimethylphenol 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
4-Methylphenol 
kenaphthene -_____ 
Anthracene .___ 
bis(2-Ethylhexyl)phthalate 
Carbazole 
Dibenzofuran ___- 
Fluorene 
Naphthalene 

Phenanthrene 
Phenol 
Pyrene 

10 u 10 u 
10 u 10 u 
10 u 10 u - - 
10 u 10 u 
10 u 10 u 
10 u 10 u 
10 u 10 u 
11 10 u 
10 u 10 u 
10 u 10 u ---. 
10 u 10 u 
10 u 10 u 
1OU 10 u 
10 u 10 u 
10 u 10 u 

- 

I 

O.&l/L) 

2120 6430 __~-.--- 
4.2 U 4.6 

30.2 5.4 

10 u 
10 u 

-~ 

1ou 
10 u 
10 u 
1olu 

10 u 
10 u 

=E 

10 u 
10 u 
10 u 

=-qF= 

‘10 u 
10 u 
10 u 

~ 

- 
10 u 
10 u 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

0.094 u 
0.047 u 
0.047 u 

~- 792 
4.2 U 
3.4 u 
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Site 16 Gro bter Results 

I Beryllium 
Cadmium 

ICalcium 
IChromium 
ICobalt 
Copper 
Ferrous Iron 
Iron 

ILead.---.-- 

I Magnesium 
Manganese 
Nit: kel 

Potassium 
Selenium 
Sodium 
Thallium 

IVanadium 
IZinc 

OTHERS 
Alkalinity (mg/L) 
Chloride (mg/L) 
TPH - DRO (mg/L) 
TPH - GRO (ug/L) 
Hardness (Calculated) (ug/L) 

Nitrate, as N (mg/L) 
Sulfate (mg/L) --____ 
Sulfide (mg/L) -____ 
TOC Test 2 (ma/L) 

I Total Dissolved Solids (mg/L) 
Tntd nm~nir f’rrrhnn /mn IL) ,l”lUl v,)-l.-., IIV vu, VVI I \3 I .w, 

27.9 
15.6 

1.1 Y 
39 Y 

0.37 
5.1 

0 
1.9 
84 

2 

0.6/U 
0.6/U 

2610 - 
5.3 

1u 
5.2 

4.51 

----z-F 
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Site 16 Ti, .J’2 Blanks 

1,l -Dichloroethene 
i,2-Dichloroethane 
1,2-Dichloroethene (total) 
1,2-Dichloropropane 
2-Butanone 
2-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 

)U 10 u 
-- IU 10 u - 

1ou 10 UL 10 u 10 u 
10 u 10 UL 10 u 10 u 
10 u 10 UL 10 u 10 u 
10 u 10 UL 10 u 10 u 

IBromodichloromethane 1 
IBromoform 1olu I 10/u I 
IBromomethane 1OlU I 
Carbon Disulfide I -- Carbon Tetrachloride 

Dibromochloromethane 
Ethylbenzene -___- 
Methvlene Chloride 

,n,, -- i 1 .n II 

‘IIIE&qgq~ 

IULUL 

trans- 1,3-Dichloropropene 1 1OjUL 
1 

1 
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Site 16 RL-. ,d’2 Blanks 

\ 
f 

Trichloroethene 10 u 10 u 10 UL 10 u 10 u - 
- Vinyl chloride 10 u 10 u 1OUL 10 u 10 u 

Xylene (total) 10 u 10 u 10 UL 10 u 10 u - 

1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 

2,4,&TrichlorophenoI 
2,4-Dichlorophenol 2.4-Dimethvlphenol 

9u - * 1ou 
9u 10 u -- 
9u 10 u 
9u 10 u --~- 
9u 10 u .-.. 

24 U 24 U 
9u 10 u 
9u 10 u _ ___~-~- - ---- -~ 9u ,. u 

l-1- 
, I 

2,4-Dinitrophenol ~--~----~!------~241vI241u-l~~II-iI-/ 

I 

2,bDinitrotoluene 
2-Chloronaphthalene --~- ___- 
2-Chlorophenol - 

2-Nitroaniline 
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/’ 
I 
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Site 16 RL _ .;1 2 Blanks 

I 4-Nitrophenol 
Acenaphthene 

IAcenaphthvlene 
9u 
9u 

~ 

9u 
9u 

10 u 
10 u- 
10 u -__. 
10 u 
10 u 
10 u - 
10 u- 
10 u 
10 u 
10 u 
10 J 
10 u 
10 u 

Benzo(a)anthracene --- 
9u 
9u -___ 
9u 

~-_ 

9 u- 
9u ____. 
9u 

IBenzoCaWrene 
lBenzo(b)fluoranthene 
Benzo(g,h,i)perylene _--.--. 
Benzo(k)fluoranthene 
bis(2-Ch1oroethoxy)methar-w 
bis(2-Chloroethyl)ether 
bis(2-Ethylhexyl)phthalate 
Butylbenzylphthalate 
Carbazole - 
Chrvsene 
Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenzo(a, h)anthracene 
Dibenzofuran 
Diethylphthalate -- 
Dimethylphthalate 
-luoranthene - 
7uorene 
yexachlorobenzene 
iexachlorobutadiene 
iexachlorocyclopentadienl 

iexachloroethane 
ndeno( 1,2,3-cd)pyrene 

91u 1olu 
9u 

t- 9u 
10 u 
+ -.-----to u- 

9lu 10 u 

~ 
10 u 
10 u 

9u ---I1 9u - 
9u II 10 u __- 

f 
10 u 
10 u l 

sophorone 
kt&troso-di-n-propylamine -- 
N-Nitrosodiphenylamine (1) -- 
Naphthalene 

1o’u 
t 10 u 
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Site 16 RL .J 2 Blanks 

Methoxychlor 
Toxaphene ~-- 

METALS, TOTAL tug/L) -~ 
Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 

2u 2u 
19.4 0.41 

- 0.2 u 0.28. 
-~-~ 0.3 u 0.3 u 

21400 32.9 
0.7 u 0.7 u 
0.6 U 0.6 U 
25 1.2 u 
10 u 3.5 

16.6 UL 10 u .- 
3.7 16.6 UL 

3140 1 u 
2.6 12.6 U 

Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
km 

Lead 
Magnesium ~~__ - .-___ 
Manganese 
Mercurv 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium ____--- 
Vanadium 
Z-rc 92.3 

t I- 
0.5 u 
+ 
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Site 16 Ti, A’2 Blanks 

Chromium VI (mg/L) --- 
TPH - DRO (mg/L) _-- 
TPH - GRO @g/L) 
Hardness (Calculated) (ug/L* 

Page 6 



.I .,^I_ .-..--...-.--...-..- 

1,1,2-Trichloroethane 
1.1 -Dichloroethane 10 u 10 u lO!U 
1, l’-Dichloroethene 10 u 10 u 1OlU 
1,2-Dichloroethane 10 u 10 u 10 u 
1,2-Dichloroethene (total) 10 u 10 u 10 u 
1,2-Dichloropropane 10 u 10 u 10 u 
2-Butanone 10 u 10 u 10 u 
7-Hexnnnne 10 u 10 u 10 u _ ._.._.._. .- 
4-Methyl-2-pentanone 

1 
1olu 1 

10 u 
-10 u 
+ 10 u 

-, ,,-, Jbenzene 
Chloroethane 
Chloroform 

Chloromethane 
cis-1,3-Dichloropropene 
~ihrnmnchinrnmethnne 

10 u 10 u 
10 u 10 u 
10 u 10 u 

lO!U 10 u 
1OlU 10 u 
lniu 

1olu 
1olu 

-,-.-, , .--. ..-.-. ..-.. .-. .- 
Fthvlberwww I -.. .,.--. .--. .- 

Methylene Chloride 

~~~~ 

I”,” I I” ” 
- 

10 u 10/u I 
10 u 1oru 
10 u 1ou - IU u 
10 u 10 u 10 u 

Styrene 
Tetrachloroethene 
Toluene I 
tmns-1.3~Dichloronrobene .._.._ .,_ -.-...- -,- -,_- . 
Trichloroethene 
Vinyl chloride 
Xylene (total) 

svoc (ug/L) 
1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2,2’-oxybis(1 -Chloropropane) 
!2,4,5Trichlorophenol 
12,4,6-Trichlorophenol 
2,&Dichlorophenol 
2,4-Dimethylphenol 

! / 1 
I 

10 u y 
10 u 
10 u 
10 u 
10 u 
24 U 
10,u 

l”lu P------t 10 u 
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Site 16 Round 3 Blanks 

12,&Dinitrotoluene I ‘OIU I 

12-Methvlbhenol 

2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 

I I 
2-Nitroaniline 
2-Nitrophenol 
3,3’-Dichlorobenzidine 

I 1olu I 

13-Nitroaniline 

10 u 
10 u 
10 u 

24 U 
10 u 

‘OU 17-f-t 
I 24lU I 

24lU I 14,6-Dinitro-2-methvlphenol I 
4-Bromophenyl-phenylether I lO]U I 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl-phenylether 
4-Methylphenol I 

14-Nitroaniline I 24lU I 
14-Nitrophenol t 241U ! 
Acenaphthene 
Acenaphthylene 

IAnthracene 

I 1olu I IBenzo(a)anthracene 
Benzoiajpyrene 
Benzo(b>fluoranthene 
Benzo(g, h, i)perylene 
Benzo(k)fluoranthene 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-Ethylhexyl)phthalate 

lO]U I 
‘OIU / 

10 u 
10 u 
10 u 
10 u 
10 u 

IE 3utylbenzylphthalate 
Carbazole 
Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenzo(a, h)anthracene 
Dibenzofuran 
Diethylphthalate 
Dimethylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno( 1,2,3-cd)pyrene 

‘OIU / 

1OlU I 

10 u 
10 u I 
‘OiU 
10/u 

I 

‘O/U j 
10/u 
‘OIU 
10/u 
10 u ’ ~* 
10 u 

- 

10 u 
10 u 
10 u 
10 u 
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Site 16 Round 3 Blanks 

IN-Nitroso-di-n-brobvlamine I 

Nitrobenzene I 
Pentachlorophenol 1 

10/u I- 
24/U 

I I 

Phenanthrene 
Phenol 

PEST/PCB tug/L) 
14x4’-DDD 
4,4’-DDE 0.095 u 
4,4’-DDT 0.095 u 
Aldrin 0.048. U 
lalbha-BHC 0.048iU I 

Aroclor- 122 1 
Aroclor- 1232 

IAroclor- 1260 
beta-BHC 
delta-BHC 
Dieidrin 
Endosulfan I 

IEndosulfan II 
lEndosulfan sulfate 

0.0481U 
0.048 U 
0.095 u 
0.048 U 

I 0.095lu I 
! 0.095/u L 

IEndrin I 0*095/u 1 

lHeptachlor 

METALS, TOTAL (ug/L) 
Aluminum 

4.2 U 
3.4 u 
0.7 u 

IBeryllium I 0.61U I 
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Site 16 Round 3 Blanks 

Calcium 54.8 

Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

1 u 
1.2 u 
10 u 

39.4 u 
2.5 U 

42.5 U 
0.8 U 
0.1 u 

2.6 U 
0.8 u 
355 u ’ 
3.9 u 
1.1 u 

3 

OTHERS ,a”*- 
Chromium VI (mg/L) 0.02 u 
Diesel Range Organics (mg/L) 0.12 u 
Gasoline Range Organics (ug/L:, 5OlU 
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APPENDIX A-3 

FULL VERSAR MICROSOFT ACCESS DATABASE 



Laboratory Services 

VERSAR 
WALLOPS ISLAND 

SUNSTAR PROJECT #C-l 

VOLATILE HALOGENATED AND AROMATIC AND TOTAL PETROLEUM HYDROCARBONS (EPA Method 8010/8020/8015) ANALYSES OF WATER 

Sample ID BLANK PWFFlB-DPl LWFFl6-DP2 2WFFl6-DP3 PWFFI 6-DP4 
Date 514198 514198 514198 514198 514198 
Dilution Factor 1 1 1 1 1 
CARBON TETRACHLORIDE ND ND ND ND ND 
CHLOROFORM ND ND ND ND ND 
1 ,I-DICHLORO ETHANE ND ND ND ND ND 
1.2-DICHLORO ETHANE ND ND ND ND ND 
1 ,I-DICHLORO ETHENE ND ND ND ND ND 
CIS-1,2-DICHLORO ETHENE ND ND ND ND ND 
TRANS-1,2-DICHLORO ETHENE ND ND ND ND ND 
DICHLOROMETHANE ND ND ND ND ND 
TETRACHLORO ETHENE ND 15 ND ND ND 
III, 1,2-TETRACHLORO ETHANE ND ND ND ND ND 
1 ,I .2,2-TETRACHLORO ETHANE ND ND ND ND ND 
1 ,I ,l-TRICHLORO ETHANE ND ND ND ND ND 
1 .I ,2-TRICHLORO ETHANE ND ND ND ND ND 
TRICHLORO ETHENE ND ND ND ND ND 
1 ,I ,2-TRICHLOROTRIFLUOROETHANE (FRI 13) ND ND ND ND ND 
GASOLINE RANGE ORGANICS ND 32 ND ND ND 
DIESEL RANGE ORGANICS ND 38 ND 
SURROGATES 
CHLOROBENZENE-d5 85% 88% 96% 
1,4-DICHLOROBENZENE-d4 91% 85% 87% 
ND INDICATES NOT DETECTED AT A DETECTION LIMIT OF 5.0 UG/L FOR EACH COMPOUND, .5 PPM FOR GRO AND DRO 

ND ND 

92% 92% 
88% 90% 

Reviewed and Approved by: 



Laboratory Services 

VERSAR 
WALLOPS ISLAND 

SUNSTAR PROJECT #C-l 

VOLATILE HALOGENATED AND AROMATIC AND TOTAL PETROLEUM HYDROCARBONS (EPA Method 8010/8020/8015) ANALYSES OF WATER 
Sample ID 2WFFl6-DUP 2WFF16-DP5 2WFFl6-DP6 2WFFl5GW7 PWFFl6-DP7 
Date WI/98 514198 514198 5/4/98 514198 
Dilution Factor 1 1 1 1 1 
CARBON TETRACHLORIDE ND ND ND ND ND 
CHLOROFORM 
I,1 -DICHLORO ETHANE 
1 ,ZDICHLORO ETHANE 
1 ,I-DICHLORO ETHENE 
CIS-1,2-DICHLORO ETHENE 
TRANS-1 ,PDICHLORO ETHENE 
DICHLOROMETHANE 
TETRACHLOROETHENE 
1 (1 ,I .2-TETRACHLORO ETHANE 
1 ,1,2,2-TETRACHLORO ETHANE 
l.l,l-TRICHLORO ETHANE 
1 ,I ,2-TRICHLORO ETHANE 
TRICHLORO ETHENE 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
5.0 

,ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
10 

ND 
ND 
ND 
ND 
ND 

1 .I ,2-TRICHLOROTRIFLUOROETHANE (FRI 13) ND ND ND ND ND 
GASOLINE RANGE ORGANICS ND ND ND 3.0 15 
DIESEL RANGE ORGANICS ND ND ND 
SURROGATES 
CHLOROBENZENE-d5 91% 92% 97% 
1,4-DICHLOROBENZENE-d4 85% 86% 93% 
ND INDICATES NOT DETECTED AT A DETECTION LIMIT OF 5.0 UGlL FOR EACH COMPOUND, .5 PPM FOR GRO AND DRO 

14 27 

91% 93% 
86% 85% 

Reviewed and Approved by: 



VERSAR 
WALLOPS ISLAND 

SUNSTAR PROJECT #C-2 

VOLATILE HALOGENATED AND AROMATIC AND TOTAL PETROLEUM HYDROCARBONS (EPA Method 8010/8020/8015) ANALYSES OF WATER 
Sample ID BLANK 2WFFl6-DP8 2WFFl6-DPS 2WFF16-DPIO ZWFFIG-DPI 1 

Date 515198 515198 Ed5198 5/5/98 WY98 
2WFF16-DP12 

5/5/98 
Dilution Factor 1 1 1 
CARBON TETRACHLORIDE ND ND ND 
CHLOROFORM ND ND ND 
1 ,l-DICHLORO ETHANE ND ND ND 
1,2-DICHLORO ETHANE ND ND ND 
1 ,I-DICHLORO ETHENE ND ND ND 
CIS-1,2-DICHLORO ETHENE ND ND ND 
TRANS-1,2-DICHLORO ETHENE ND ND ND 
DICHLOROMETHANE ND ND ND 
TETFUXHLORO ETHENE ND ND ND 
1 ,I ,I ,2-TETRACHLORO ETHANE ND ND ND 
1 ,I ,2,2-TETRACHLORO ETHANE ND ND ND 
l,l,l-TRICHLORO ETHANE ND ND ND 
1 ,l ,P-TRICHLORO ETHANE ND ND ND 
TRICHLORO ETHENE ND ND ND 
1 ,I ,2-TRICHLOROTRIFLUOROETHANE (FRI 13) ND ND ND 
GASOLINE RANGE ORGANICS ND ND 4.0 
DIESEL RANGE ORGANICS ND ND 8.0 
SURROGATES 
CHLOROBENZENE-d5 96% 90% 88% 
1,4-DICHLOROBENZENE-d4 92% 87% 85% 

ND INDICATES NOT DETECTED AT A DETECTION LIMIT OF 5.0 UGlL FOR EACH COMPOUND, .5 PPM FOR GRO AND DRO 

1 1 1 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

89% 89% 91% 
84% 85% 83% 



Laboratory Services 

VERSAR 
WALLOPS ISLAND 

SUNSTAR PROJECT #C-2 

VOLATILE HALOGENATED AND AROMATIC AND TOTAL PETROLEUM HYDROCARBONS (EPA Method 6OlO/8020/8O15) ANALYSES OF WATER 

Sample ID 2WFF16-DP13 2WFF16-DP14 2WFFl J-GWI 5 2WFF16-DP16 ZWFFlG-DP17 
Date 515198 515198 5lY98 515198 5/5/98 
‘Dilution Factor 1 1 1 1 1 
CARBON TETRACHLORIDE ND ND ND ND ND 
CHLOROFORM ND ND ND ND ND 
1 ,I-DICHLORO ETHANE ND ND ND ND ND 
1,2-DICHLORO ETHANE ND ND ND ND ND 
1 ,I-DICHLORO ETHENE ND ND ND ND ND 
CIS-1,2-DICHLORO ETHENE ND ND ND ND ND 
TRANS-1.2-DICHLORO ETHENE ND ND ND ND ND 
DICHLOROMETHANE ND ND ND ND ND 
TETRACHLORO ETHENE ND ND ND ND ND 
1 ,I ,I ,2-TETRACHLORO ETHANE ND ND ND ND ND 
1 ,I ,2,2-TETRACHLORO ETHANE ND ND ND ND ND 
1 ,I ,I-TRICHLORO ETHANE ND ND ND ND ND 
1 ,I ,2-TRICHLORO ETHANE ND ND ND ND ND 
TRICHLORO ETHENE ND ND ND ND ND 

2WFF16-DPi8 
515198 

1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
5.0 
ND 
ND 
ND 
ND 
ND 

1 ,1,2-TRICHLOROTRIFLUOROETHANE (FRI 13) ND ND ND ND ND ND 
GASOLINE RANGE ORGANICS ND ND ND ND ND 18 
DIESEL RANGE ORGANICS ND ND ND 
SURROGATES 
CHLOROBENZENE-d5 87% 92% 93% 
1,4-DICHLOROBENZENE-d4 82% 88% 87% 

ND INDICATES NOT DETECTED AT A DETECTION LIMIT OF 5.0 UGIL FOR EACH COMPOUND, .5 PPM FOR GRO AND DRO 

ND ND 210 

91% 90% 86% 
88% 85% 82% 



VERSAR 
WALLOPS ISLAND 

SUNSTAR PROJECT #C-3 

VOLATILE HALOGENATED AND AROMATIC AND TOTAL PETROLEUM HYDROCARBONS (EPA Method 8010/8020/8015) ANALYSES OF WATER 
Sample ID BLANK 2WFF16-DP20 2WFF16-DPIS 2WFF16-DP21 2WFFl6-DP22 2WFF16-DP23 

Date 516198 516198 516198 5/6/98 5/6/98 516198 
Dilution Factor 1 1 1 
CARBON TETRACHLORIDE ND ND ND 
CHLOROFORM ND ND ND 
1 ,l-DICHLORO ETHANE ND ND ND 
1,2-DICHLORO ETHANE ND ND ND 
1 ,I-DICHLORO ETHENE ND ND ND 
CIS-1 ,BDICHLORO ETHENE ND ND ND 
TRANS-1 ,ZDICHLORO ETHENE ND ND ND 
DICHLOROMETHANE ND ND ND 
TETRACHLORO ETHENE ND ND ND 
1 ,I ,I ,2-TETRACHLORO ETHANE ND ND ND 
1 .I ,2,ZTETRACHLORO ETHANE ND ND ND 
1 ,I ,I-TRICHLORO ETHANE ND ND ND 
1 ,I ,2-TRICHLORO ETHANE ND ND ND 
TRICHLORO ETHENE ND ND ND 
1 ,1,2-TRICHLOROTRIFLUOROETHANE (FRI 13) ND ND ND 
GASOLINE RANGE ORGANICS ND ND ND 
DIESEL RANGE ORGANICS ND ND ND 
SURROGATES 
CHLOROBENZENE-d5 104% 98% 99% 
1,4-DICHLOROBENZENE-d4 97% 91% 95% 

ND INDICATES NOT DETECTED AT A DETECTION LIMIT OF 5.0 UGIL FOR EACH COMPOUND, .5 PPM FOR GRO AND DRO 

1 1 1 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 
ND ND ND 

97% 97% 93% 
91% 92% 89% 



i 

VERSAR 
WALLOPS ISLAND 

SUNSTAR PROJECT #C-3 

VOLATILE HALOGENATED AND AROMATIC AND TOTAL PETROLEUM HYDROCARBONS (EPA Method 8010/8020/8015) ANALYSES OF WATER 

Sample ID 2WFFl6-DP24 2WFF16-DUP2 2WFF15-GW25 2WFF16-DP26 2WFFl6-DP27 
Date 516198 516198 516198 516198 516198 
Dilution Factor 1 1 1 1 1 
CARBON TETRACHLORIDE ND ND ND ND ND 
CHLOROFORM ND ND ND ND ND 
1 ,I-DICHLORO ETHANE ND ND ND ND ND 
1,2-DICHLORO ETHANE ND ND ND ND ND 
1 ,I-DICHLORO ETHENE ND ND ND ND ND 
CIS-1 ,ZDICHLORO ETHENE ND ND ND ND ND 
TRANS-1,2-DICHLORO ETHENE ND ND ND ND ND 
DICHLOROMETHANE ND ND ND ND ND 
TETRACHLORO ETHENE ND ND ND ND ND 
1 ,I ,I .BTETRACHLORO ETHANE ND ND ND ND ND 
1 ,I ,2,2-TETRACHLORO ETHANE ND ND ND ND ND 
l,l,l-TRICHLORO ETHANE ND ND ND ND ND 
1 ,I ,2-TRICHLORO ETHANE ND ND ND ND ND 
TRICHLORO ETHENE ND ND ND ND ND 
1 ,1,2-TRICHLOROTRIFLUOROETHANE (FRI 13) ND ND ND ND ND 
GASOLINE RANGE ORGANICS ND ND ND ND ND 
DIESEL RANGE ORGANICS ND ND ND ND ND 
SURROGATES 
CHLOROBENZENE-d5 92% 97% 93% 93% 94% 
1,4-DICHLOROBENZENE-d4 89% 90% 89% 87% 85% 

ND INDICATES NOT DETECTED AT A DETECTION LIMIT OF 5.0 UG/L FOR EACH COMPOUND, .5 PPM FOR GRO AND DRO 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops Island 

Sample I.D.: Method Blank 
Date Sampled: NA 
Date Received: NA 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Metal Analysis by I.C.P. 

[Element Results R.L. 1 
1 Arsenic ND 50 I 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: Date: 
w 

‘,\ 

3002 Dow Avenue, Suite 408, Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops island 

Sample I.D.: 2WFF16-DPI 
Date Sampled: 514198 
Date Received: 511 l/98 
Date Extracted: 5/20/98 
Date Analyzed: 5/20/98 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Element 

Arsenic 

Metal Analysis by I.C.P. 

Results 

ND 

R.L. 

50 

TALC= Total Threshold Limit Concentration. 

Reviewed and Approved by: Date: c/22 f?y 
w 

3002 Dow Avenue. Suite 406. Tustin. Ca. 92780 Phone: (7141 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops Island 

Sample I.D.: 2WFF16-DP2 
Date Sampled: 5/4/98 
Date Received: 5111 I98 
Date Extracted: 5/20/98 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Metal Analysis by I.C.P. 

Element Results 

Arsenic ND 

R.L. 

50 3 

TALC= Total Threshold Limit Concentration. 

Reviewed and Approved by: Date: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 505-4028 



SunStar Laboratories. Inc. 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops island 

TTLC METAL ANALYSIS 

Sample I.D.: 2WFF16-DP3 
Date Sampled: 5/4/98 
Date Received: 5/l l/98 
Date Extracted: 5/20/98 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Metal Analysis by I.C.P. 

Element 

Arsenic 

Results 

ND 

R.L. 

50 3 

TTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect 
Wallops Island 

Metal Analysis by I.C.P. 

Sample I.D.: 2WFF16-DP4 
Date Sampled: 514198 
Date Received: 5/l l/98 
Date Extracted: 5/20/98 
Date Analyzed: 5/20/98 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

t 
Element 

Arsenic 

Results R.L. 

ND 50 3 

l-TLC= Total Threshold Limit Concentration 

i 

Reviewed and Approved by: 
w 

Date: <b&f7 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

Metal Analysis by I.C.P. 

Sample I.D.: 2WFF16-DP5 
Date Sampled: 5/4/98 
Date Received: 5/l II98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: pglL 

Element Results 

Arsenic ND 

R.L. 

50 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Cli.ent: Versar 
Project Manager: Noel Simmons 

Project Name. 
Wallops Island 

Sample I.D.: 2WFF16-DP6 
Date Sampled: 5/4/98 
Date Received: WI I98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Metal Analysis by I.C.P. 

Element Results 

Arsenic ND 

R.L. 

50 3 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: Date: dd9f 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops Island 

Sample I.D.: 2WFF16-GW7 
Date Sampled: 514198 
Date Received: 5/I 1198 
Date Extracted: 5120198 
Date Analyzed: 5/20/98 
Batch: T-545 Matrix: Water 
Cont. Unit: pglL 

Metal Analysis by I.C.P. 

Element Results I R.L. 1 

Arsenic ND 50 -I 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories. Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Protect Name 
Wallops Island 

Sample I.D.: 2WFF18DUPl 
Date Sampled: 514198 
Date Received: 5/11/98 
Date Extracted: 5/20/98 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Element 

Arsenic 

Metal Analysis by I.C.P. 

Results 

ND 

R.L. 

50 3 

TALC= Total Threshold Limit Concentration. 

Reviewed and Approved by: Date: dJfr 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops Island 

Sample I.D.: 2WFFlGDP8 
Date Sampled: 5/5/98 
Date Received: 5/l II98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Metal Analysis by I.C.P. 

Element Results 

Arsenic ND 

R.L. 

50 3 

l-TLC= Total Threshold Limit Concentration, 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops Island 

Metal Analysis by I.C.P. 

Element Results 

Arsenic ND 

R.L. 

50 3 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tusk, Ca. 92780 Phone: (714) 5054010 Fax: (714) 5054028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops Island 

Metal Analysis by I.C.P. 

Sample I.D.: 2WFFlGDPlO 
Date Sampled: 5/5/98 
Date Received: 5/l I/98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Element Results 

Arsenic ND 

R.L. 

50 

TALC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

Sample I.D.: 2WFF16-DPII 
Date Sampled: 5/5/98 
Date Received: 5/l l/98 
Date Extracted: 5120198 
Date Analyzed: 5120498 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Element 

Arsenic 

Metal Analysis by I.C.P. 

Results 

ND 

R.L. 

50 3 

l-TLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: Date: ddff 

8002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 505-4028 



Suns tar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

Metal Analysis by I.C.P. 

Sample I.D.: 2WFF16-DP12 
Date Sampled: 5/5/98 
Date Received: 5/l 1 I98 
Date Extracted: 5/20/98 
Date Analyzed: 5/20/98 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Element Results 

Arsenic ND 

R.L. 

50 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tusk, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

Sample I.D.: 2WFF16-DP13 
Date Sampled: 515198 
Date Received: 5/l l/98 
Date Extracted: 5/20/98 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Metal Analysis by I.C.P. 

Element Results 

Arsenic ND 

R.L. 

50 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops Island 

Metal Analysis by I.C.P. 

Sample I.D.: 2WFF16-DP14 
Date Sampled: 5/5/98 
Date Received: 5/l II98 
Date Extracted: 5/20/98 
Date Analyzed: 5/20/98 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Element Results 

Arsenic ND 

R.L. 

50 3 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: Date: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 5054028 



SunStar Laboratories. Inc. 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

TTLC METAL ANALYSIS 

Sample I.D.: 2WFF16-DP7 
Date Sampled: 5/4/98 
Date Received: 5111198 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Metal Analysis by I.C.P. 

Element Results 

Arsenic ND 

R.L. 

50 3 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

Metal Analysis by I.C.P. 

Sample I.D.: 2WFF16-DP15 
Date Sampled: 515198 
Date Received: 511 II98 
Date Extracted: 5/20/98 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Element Results 

Arsenic ND 

R.L. 

50 3 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Nam 
Wallops Island 

Metal Analysis by I.C.P. 

Sample I.D.: 2WFF16-DP16 
Date Sampled: 5i5l98 
Date Received: 5/l II98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Element Results 

Arsenic ND 

R.L. 

50 3 

TALC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops Island 

Metal Analysis by I.C.P. 

Sample I.D.: 2WFF16-DP17 
Date Sampled: 515198 
Date Received: 5/l II98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Element Results 

Arsenic 50 

R.L. 

50 3 

TTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tusk, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops island 

Element 

Arsenic 

Metal Analysis by I.C.P. 

Results 

ND 

R.L. 

50 

TTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 505-4028 



SunStar Laboratories. Inc. 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

TTLC METAL ANALYSIS 

Sample I.D.: 2WFF16-DP19 
Date Sampled: 516198 
Date Received: 5/I II98 
Date Extracted: 5120198 
Date Analyzed: 5/20/98 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Element 

Arsenic 

Metal Analysis by I.C.P. 

Results 

60 

R.L. 

50 3 

TLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc: 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops Island 

Sample I.D.: 2WFF16-DP20 
Date Sampled: 516198 
Date Received: 5/I l/98 
Date Extracted: 5120198 
Date Analyzed: 5/20/98 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Element 

Arsenic 

Metal Analysis by I.C.P. 

Results 

90 

R.L. 

50 

TTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 5054028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

Metal Analysis by I.C.P. 

Sample I.D.: 2WFF16-DP21 
Date Sampled: 5l6f98 
Date Received: 5/l I/98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Element Results 

Arsenic 80 

R.L. 

50 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories. Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

Sample I.D.: 2WFF16-DP22 
Date Sampled: 5l6f98 
Date Received: 5fl if98 
Date Extracted: 5f2Ol98 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Metal Analysis by I.C.P. 

Element Results 

Arsenic 60 

R.L. 

50 3 

TTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 5054028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

Metal Analysis by I.C.P. 

Sample I.D.: 2WFF16-DP23 
Date Sampled: 516198 
Date Received: 5l11198 
Date Extracted: 5/20198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Element Results 

Arsenic 50 

R.L. 

50 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 5054028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

Sample I.D.: 2WFF16-DP24 
Date Sampled: 516198 
Date Received: 5111198 
Date Extracted: 5120198 
Date Analyzed: 5l20/98 
Batch: T-545 Matrix: Water 
Cont. Unit: uglL 

Metal Analysis by I.C.P. 

Element Results 

Arsenic ND 

R.L. 

50 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406. Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Prokct.Naux 
Wallops island 

Sample I.D.: 2WFFl6-DP25 
Date Sampled: 56198 
Date Received: 511 II98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: uglL 

Metal Analysis by I.C.P. 

Element Results 

Arsenic ND 

R.L. 

50 3 

l-TLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: Date: fldf 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops Island 

Sample I.D.: 2WFF16-DP26 
Date Sampled: 516198 
Date Received: 5/l II98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: uglL 

Element 

Arsenic 

Metal Analysis by I.C.P. 

Results 

ND 

R.L. 

50 3 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories, Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Proiect Name 
Wallops island 

Sample I.D.: 2WFF16-DP27 
Date Sampled: 516198 
Date Received: 5/l II98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: ug/L 

Element 

Arsenic 

Metal Analysis by I.C.P. 

Results 

ND 

R.L. 

50 3 

l-TLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: Date: 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 505-4010 Fax: (714) 505-4028 



SunStar Laboratories. Inc. 

TTLC METAL ANALYSIS 

Client: Versar 
Project Manager: Noel Simmons 

Project Name 
Wallops Island 

Sample I.D.: 2WFF16-DUP2 
Date Sampled: 516198 
Date Received: 5111 I98 
Date Extracted: 5120198 
Date Analyzed: 5120198 
Batch: T-545 Matrix: Water 
Cont. Unit: pg/L 

Element 

Arsenic 

Metal Analysis by I.C.P. 

Results 

ND 

R.L. 

50 3 

lTLC= Total Threshold Limit Concentration. 

Reviewed and Approved by: Date: dpz/pB’_ &e 

3002 Dow Avenue, Suite 406, Tustin, Ca. 92780 Phone: (714) 5054010 Fax: (714) 505-4028 



NASA Waliops Flight Facility - Site 16 - Wallops Island, Virginia 
LINE: o+ooE Diratim: N 
Date:26498 Time: 9~0 

c2Gmpmt:Beth DiQ&mode:V~ IuaNmmtotieQa~ I 

Sattsbtkm:O Findstation: 110 

sation cond.[stt8~] hphase [ppt] 
O.OCHl 9.RO 20.856 

-> CO5tXUt:NASA 

5.000 10.020 14883 

10.000 7.260 -0.012 

15.000 1.560 -3.142 

2moo 0.300 4.154 
25.ooO 0.360 4.840 

30.000 -3.060 -3.829 

35.000 4.800 -0.433 

40.000 8.700 -0.024 : 

45.000 8.160 O.ooO 

5O.ooO 6.180 -0.313 
55.ooo ‘%080 -1.8% 

6omo 3.840 -1.818 
63.ooO 2.400 -2.625 

m.000 I.140 -3.323 

75.000 0.900 -3.191 

8O.ooO 0.240 -3.492 

85.000 0.660 -3.456 

9o.ooo 0.600 -3.419 

95.m 0.660 -3.443 

1oo.ooo 0.480 -3.456 

105.OOU 0.600 -3.468 

110.000 0.660 -3.431 

LINE:O+lOE DirechxN 

Date: 28- 4-98 Time: 9: 6 

Component: Both Dip&made: Vertical httument Orientatim: 1 

Sart eatiom 125 Fml station: 0 

sation chnd.[ms/m] lIlpbe [ppt] 

125.000 0.540 -3.468 

120.000 0.480 -3.456 

115.m 0.660 -3.443 

110.000 0.480 -3.456 

105.000 0.420 -3.407 

1oo.ooo 0.480 -3.468 

95.000 0.480 -3.456 

9o.ooo 0.660 -3.395 

85.000 0.480 -3.456 

80.000 0.660 -3.371 

75.Ow O.RO -3.407 

70.000 1.440 -3.034 

65.000 1.860 -2.673 

6o.om 7.140 -0.168 
55.000 -9.300 -31.092 

50.000 -14.220 3.142 

-> commmt:h4H 
45.Ooo -9.660 1.192 
40.000 4.920 -2.853 

35.000 -6.840 4587 

30.000 -3.120 -3.643 

25.000 7.260 -0.987 
20.000 16.920 2.480 

15.000 21.060 4.262 

1o.ooo 22.140 5.515 

5.000 17.940 7.490 

O.WO 17.940 17.027 

LmEo+2OE DilWtkN 
Date: 28-4-98 Time: 9: 8 

CQmpownt: Both Dipolenode: vertiul Ipttnrmwt ol.hath 1 
Startstation: Fidstatim: 110 

Sation conb[d~~] lnphEe[ppc] 

5.m 14.100 9.103 
10.000 13.380 4.443 

lJ.ooO 12.420 1.601 

20.000 12.420 1.071 

25.ooo 12.7x0 1.107 

30.000 13.680 1.300 
35.000 16.860 3.275 

40.000 18.960 5.214 

45.OMI 16.140 3.588 
50.000 0.900 -2.059 

55.000 6.540 -2.456 
6o.ooo 5.460 1.168 

65.000 6.600 6.541 

70.000 3.060 -2.504 

75.OMJ 1.620 -3.010 
80.000 1.200 -3.154 

85.000 0.840 -3.215 

90.000 0.600 -3.215 

95.ooo 0.660 -3.251 



1CMOO 0.660 -3.299 

1os.ooo 0.600 -3.347 

110.000 0.480 -3.347 

LINE: 0+3OE Direction: N 

Due:214-98 Time: 9:9 
I% 

chtnpmd: Both DiQoletm&: vetticd Instrument oti!M&a: 

swLmtioaz160 Fd!datiax0 

Station Cond.[mS/m] lnplme Lppt] 

16moO 0.840 -3.311 

155.000 0.660 -3.299 

1so.o@l 0.780 -3.347 

14s.Om 0.660 -333s 

Mo.ooo 0.420 -3.335 

13J.cmO 0.480 -3.347 

130.ooo 0.660 -3323 

125.ooo 0.720 -3.323 

120.000 0.660 -3.33s 

llJ.rmo 0.600 3311 

llO.fMO 0.720 -3.287 

1os.ooo 0.660 -3335 

100.000 0.780 -3.299 

95.000 0.780 -3.299 

9o.olm 0.780 -3.275 

8S.ooO 0.840 3311 

80.000 1.080 -3.215 

7s.000 1380 -3.082 

7o.m 1.740 -2.938 

6Smo 2.340 -2.721 
6o.lm 3.660 -2.263 

SS.000 3.900 -2.227 

so.ooo -5.040 -5.816 

45.000 -10.020 -7.249 

40.000 8.439 1.420 

3S.ooO 18.420 5.129 
3mm 14.100 IA32 

2s.ooo 10.920 5).2x? 

20.m 9.480 -0.349 
1S.000 8.880 5.168 

1o.mO 9.180 O.-M 

s.ooo 7.140 1.204 

O.WO 4.680 5.623 

LINE: O+‘mE Dim&m: N 

Date: 28-4-98 Time: 9:ll 

component: Both Dipole mode: vettid 

Start station: 0 Final station: 21s 

statiml Cmul.[ms/m] hqJhme fppl] 

0.000 0.780 -1.324 
5.000 0.000 -2.74s 

10.000 4.500 -1.408 

15.000 9.240 0.120 

20.000 8.400 -0.602 

25.W 7.8W -0.903 

30.000 8.520 5.578 
35.000 9.840 0.493 

4O.MtO 11.040 2.191 

4s.000 2520 -2.613 
SO.000 -10.260 -8.429 

SS.000 -2.100 -4.262 

6o.ooo 8.580 -0.457 

6S.000 5.460 -1.830 

70.000 2.760 -2.637 

75.000 1.560 -2.938 

80.000 I.140 -3.082 

8S.ooO 0.900 -3.142 

9o.ooo 1.020 -3.191 
95.000 1.020 -3.227 

100.000 0.840 -3.287 

10s.000 0.840 -3.2.R 
llO.aM 0.660 -3.263 

115.000 0.720 -3.299 

120.000 0.780 -3.27s 

125.OMl 0.720 -3323 

130.000 0.660 -3.323 

13S.OW 0.660 -3.299 
wmmo 0.840 -3323 

14s.Oml 0.720 -3.347 

150.000 0.840 -3323 
1ss.ooo, 0.840 -3311 

lfmm 0.840 -3.323 

.e&i-% 16S.000 0.780 -3383 
17o.wO 0.780 -3.532 

175.000 0340 -3383 

180.000 0.900 -3371 

18S.000 1.560 -3383 

wo.ooo IJOO -3.383 
195.000 1.260 -3.275 
2omoo 1.440 -3.022 



205.wa 1.440 -3.167 
21o.wo 1320 -3.239 

215.000 1.200 -333s 

LINE: O+SOE Dinxtion: N 

D&:2%-4-98 Time: 9~12 
I ,---.. Compoacnt:Botb lxpolcmode: vettd Itwtmmd orienuicm: I 

SW station: 235 Fd statim: 0 

Station Caad.[mS/m] lnpluse~t] 

235.ooo 1.380 -3.323 

230.000 LSOO -3.263 

225.000 1.440 -3.130 

225.wo l.WO -3.203 

21s.000 1.200 -3.191 
210.000 1.020 -3.239 

205.000 1.260 -3.407 

200.000 -2.940 -6.912 
19s.000 -3.900 -5.479 

190.000 -8J80 -IS.100 

18S.000 5.780 J.804 

180.000 l.S.00 -2316 

175.000 0.960 -3.191 

1m.ooo 0.840 -3.323 

165.000 0.780 -3.251 

16o.Oa3 0.660 -3.299 

155.000 0.840 -3.299 

150.ooo 0.960 -3.347 

14s.000 0.840 -3.311 

140.000 0.904 -3.275 
l3S.wo 0.780 -3.2% 

13o.m 0.780 -3.215 

125.OW 0.960 -3.215 
12O.CW 0.900 -3.227 

115.000 0.780 -3.215 

110.000 0.600 -3.lW 
10s.000 0.660 -3.191 

1oo.am 0.840 -3.167 

95.wO 1.080 -3.106 

9o.ow 1.080 -3.142 

85.000 1.200 -3.106 

80.000 1.260 -3.010 

7s.m 1.500 -2.926 

7O.WO 1.800 -2.805 

. ..-. 65.000 2580 -2.661 

6o.ooo 3.960 -2.251 

5S.OW 6.OGO -1.S.s; 

5O.OW 1.620 -3.480 
4S.OM -9.720 -7.586 

40.000 4.180 -4.864 

35.000 12.060 3.118 

3O.ooO 14.160 2.312 

2S.WO 10.560 -0.156 

2O.WO 8.219 -0.710 

1J.ooo 7.620 -0.638 

10.000 7.800 -0.4S7 

5.000 6.060 -1344 

0.000 0.120 -3.889 

LINE: (MOE Direction: N 

Date: 2& 4-98 Tii: 9:14 

component: Both Dii1emcde: vemorl Ills- oliellhtiml: 1 

Stat sdatiax 0 Fml staiion: %S 

sa coad.[ms/m] Inphm[ppl] 

o.ow 5.240 -3.564 

-> Gwx uumt : F. .OFTIC 

SD00 5.780 -3.889 

10.000 2.640 -2.179 
lmoo 8.639 -0.132 

20.m 9.420 0.096 

2s.ooa 10.620 0.517 

3o.Ooo 11.940 0.867 

3s.000 12360 2203 

4o.wo 8.100 0.999 
4sJMO &t6o -5.129 

5O.OW -7.980 -6.803 
5S.000 7.800 9.650 
6o.ooo 10.080 -0.156 

6S.000 6.000 -156s 

m.000 3.780 -2.191 
7s.000 3.m -2.456 

80.000 2.520 -2.697 

/+=- 

8S.000 2.100 -2.793 
W.OW 1920 -2.878 

9s.000 I.140 -333s 

loo.ow 0.780 -3.010 
109300 1.260 -2.950 

110.000 1380 -3.106 

i15.000 1.200 -3.070 

120.m 1.140 -3.046 



125.000 1.140 -3.070 
13O.ooO 0.900 -3.058 

13s.ooo 1.32o -3.046 

14O.OOO 1320 -3.082 
145.ooo LOU) -3.082 

150.ooo I.020 -3.179 

lSS.OOO 1.2OO -3.142 

16O.OOO 1.140 -3.203 

16S.OOO 1.020 -3.167 

lm.000 1.080 -3.130 

175.ooo 1.260 -3.154 

180.000 I.200 -3.167 

lSS.OOO 1.020 -3.142 
19o.ooo 1.020 -3.154 

19s.Gao o.%o -3.w 

2w.ooo o.wo -3.167 
2os.ooo 0.960 -3.191 

210.ooo 1.140 -3.191 

2lS.ooo 1.2oo -3.347 
22o.ooa I.140 -3.684 

225.OOO 1.380 -3.106 

23o.oao l.Soo -2.902 
235.ooo I.560 -3.118 

24o.ooo 0.840 -3.39s 

245.OOO 1.680 -3371 
LINE: W7OE DkCtiOCN 

D&:28-4-98 Tim: 9~16 

Compommt: Both Dipole mode: Vettid 

Stat station: 260 Floll station: 0 

Station Cmtd.[mS/m] Inphme ippt] 

26o.ooo 1.620 -3.311 

US.M)o 1.620 -3.299 
2so.ooo l.SOO -3.203 

24S.OOO 1.260 -3.480 

24o.oca 1.440 -3371 

23S.OOO 1.620 -3.323 

23o.ooo 1.680 -3.191 

22s.ooo l.S60 -3.167 
22O.OOO 1.620 -3.167 

21S.ooO I.560 -3.142 

210.ooo 1.440 -3.130 

2os.ooo 1.200 -3.i42 

2OO.ooO 1.140 -3.167 

19S.OOO 1.380 -3.082 

19o.ooa 1.320 -3.070 

185.OOO 1.380 -3.093 

18O.ooO 1380 -3.118 

175.~~10 1.260 -3.070 

17o.ooo 1.380 -3.106 

165.OOO 1.740 -3.082 
160.OOO 1.560 -3.106 

155.ooo l.slM -3.u2.z 

lSO.OOO I.200 -2.938 

14s.ooo 1.380 -3.046 

14O.WJ 1.620 -3.022 

135.ooo I.920 -2.962 

13O.OOO 2.220 -2.805 

125.OOO I.9110 -2.733 

12o.otm 2.1w -2.661 
115.ooo 2.220 -2376 

11o.ooo 2.460 -2.410 

105.ooo 2J80 -2444 
loo.ooo 3.ooo -2.300 

9s.wo 33ofl -2287 

90800 3.180 -2312 
85.ooo 2.880 -2A32 

SO.OOO 3.cmo -2.420 

75.ooo 2.820 -2673 
7o.ooa 2.280 -2,974 

6S.OOO 2340 -3.191 

6o.ooo 2.280 -3.2.sl 
s5.Ooo 3.w -2.637 

so.ooo 4.020 -2.865 

45.ooo -7.140 -7.068 
4o.ow -13”wJ -8.236 
3s.ooo 1.620 AI.830 

3o.ooo IO.140 0.228 

25000 6.780 -2.420 

2O.OOO 3.960 -2.769 

lS.ooo 3.780 -2.360 
lO.ooo 3.780 -2.27s 

s.ooo 3.780 -2300 

0.000 4.200 -2.203 
LINE: WSOE Dir&ion: N 
Date: 2&4-98 Time 9~17 

fGapmat: Both Dipole. tmdc Vmtial Idrmmmt Orictttatioa: 1 
start etatioo: 0 Fiid 8tntkm: 3.50 



station Cood.[mshn] ~[pprl 
0.000 4320 -2203 
5.oW 4.440 -2.2Sl 

10,OOO 4.260 -2.263 

p-=X lS.ooo 4.26o -2251 
2moo 4.980 -1.974 

25.ooo 

3o.Wo 

35.Wo 

4o.ooo 

4s.oW 
5O.OW 

s5.m 

6o.ow 

6s.ow 

7o.oW 

75.ooo 
8O.OW 

8S.WO 

9o.ooo 
9s.ooo 

lW.oLM 

105.ooo 

1 lO.ooO 

llS.Wo 

12o.oW 

125.ooa 

13o.ooo 

13s.Wo 
14O.OW 

14s.Wo 

150.oco 

lSS.OOO 

16omo 

165.OW 

17o.ooo 

17s.owl 

lSO.OOO 

18S.WO 

190.wo 

6.WO -1.709 

7.860 -1.2o4 

9.720 0.325 

4.m -0.686 

-8.94O -6.815 
-7.260 -6.731 

lO.o2o 0.686 

11.160 0.772 
6.240 -1.192 

4.380 -1.830 

3.420 -2.095 

2.820 -2.348 

2.@lO -2.685 

0.480 -3.347 
5.600 -3.901 

-1.5W -4.359 

-1.860 4.6W 
-1.620 4.351 

-1.080 ASIS . 

-0.780 4.286 

-0.120 -3.8S3 

0.960 -3.347 

2.280 -2.613 
3~300 -2.336 

3.4m -2AO8 

3.2&I -2372 
3.060 -2.300 

2.760 -2.769 

2.580 -2.661 

2.520 -2.589 

2wo -2.709 

2.160 -2743 

2.400 -2.733 

2.400 -2.721 

-., 
2os.ooo 

21o.ooo 

21s.ooo 

22o.ocm 

225.Wo 
23o.ow 

23S.000 

24o.ooo 

24S.WO 

25o.m 

255.Wo 
26o.ooo 

19S.ooo 2.160 -2781 

2W.OW 2.160 -2.80s 

2220 -2.853 

2.o4a -2.950 

1.920 -3.022 

1.920 -3.022 

I.800 -3.OJ8 
I.8W -3.383 

I.440 -3311 

1.440 -3.263 

1380 -3.323 

1.440 -3.287 

l.SW -3.203 

l.SoO -3.299 

26XWO 1.620 -3.299 

2m.000 1.500 -3.191 
27S.WO I.440 -3.203 

28O.OOO I.500 -3.203 

28S.OOO I.440 -3.275 

29o.oW I.260 -3.371 

29S.OW I.200 -3.239 

3w.ooo IJW -3.179 
3os.Wo I.500 -3.Ul 

315.ooo 
32O.OOO 

32S.ooo 

33o.Wo 

33s.Wo 

34o.ooo 

34moo 
35o.oW 

LINE: o+9oE Direction: N 
Date: 28-498 T&e: 9~19 

Compoocm: Both Dipole mode: Vatid Itmmmnt Orid 1 

Start shtion: 385 Final sbtim: 0 

I.260 -3.1-w 

l.S6o -3.239 
1.920 -3.311 

I.800 -3.347 

1.980 -3.203 

2.040 -3.215 

2.100 -3.323 

2.100 -3.275 
1.980 -3.203 

Statioo Cdmd.[mS/m] hpltmefpptl 

38S.OOO 1.X0 -3.058 
38O.WO 

,/+- 
37moo 

3m.000 

‘\ 
36S.oW 

36o.Wo 

35s.ooo 
3so.ooo 

345.ooo 

34o.ooo 

1.8OO -3.130 

1.740 -3.142 

2lW -3.263 

2.160 -3.239 

2.220 -3.419 

2220 -3.456 
1.980 -3323 

2.100 -3.167 

I.740 -3.191 



33s.Wo 1.440 -3.239 
33o.WO 1.380 -3371 
325.Wo 1.740 -3.2Sl 

32O.WO 1.860 -3.191 

/“~~~~ 
3lS.WO 1.800 -3.167 

3lO.Wo I.800 .3.227 

3os.Wo 1.800 -3.263 
3OO.WO 1.680 -3.299 

295.OiNI 1.020 -3.335 

290.000 1.320 -3.179 

285.000 l.SW -3.022 

28O.Wa 0.060 -3.480 

275.ooO 0.730 -3.371 

27O.OW 1.560 -3.191 

265.OW 1.260 -3.215 

260.000 1.380 -3.191 
2SS.000 1.740 -2.986 

2so.Wa 2160 -3.046 

24S.000 2.160 -3.046 
24o.ow 2.040 -2986 

235.000 2.520 -2.878 

23O.WO 2.580 -2.853 
22S.000 2.460 -2.817 

22o.OW 2.340 -2769 

2lS.WO 2.400 -2.757 
2lO.OW 2.280 -2.721 

205.000 2.280 -2.697 

2w.OW 2.520 -2.649 
19s.OW 2.760 -2.576 

19O.WO 2.760 -2.SIM 

lSS.OW 2.880 -2.S28 
I80.000 2.700 -2.625 

175.oW 2.460 -2.685 
im.ooo 2.280 -2.8 17 
165.000 I.500 -3.311 

16O.WO 0.900 -3.6% 

155.Wo 0.600 -3.781 
lSO.WO 0.240 4.058 

145.OW 5.540 4.383 

140.000 -1.380 4.672 

135.000 -1.860 4.889 

13o.OW .l.SW 4.551 
,.v I 

125.wo 5.840 4.142 

120.c!m -0.360 4.070 

115.OW 0.060 -3.817 

110.000 0360 -3.624 
105.WO o.wl -3.443 

lW.ooO I.800 -2.793 

95.Wo 2.700 -2312 
9o.ooo 2.820 -2.300 

85.OW 3.120 -2.191 

8O.WO 3.240 -2.251 
75.OW 3360 -2.287 
7o.WO 3.300 -2.m 

65.000 3.780 -2.107 
6o.ooo 4.800 -1.782 

55.OW 6.600 -1.168 

50.000 7.200 -1.168 

4s.000 -2.220 -5.310 

4o.ooo -10320 -7.237 

35.000 4.140 0.m 
30.000 12.420 1.107 
25.ooO 9.059 -1.420 

2O.WO S.%O -2035 
lJ.OW 4.740 -2.203 
10.000 4.260 -2.312 

s.Wa 4.200 -23% 
O.WO 4.500 -2.239 

LINE: l+OOE Dimotioo: N 
Date: 28-4.98 Time: 9~22 
Comooocnt: Boti Diwle mode: Vertical Insttument 

Stat ;itioa: 0 Fmai st&m: 400 
Shtioa coad.[ms/m] lIlphm[ppt] 

25.WO 
3o.oW 

35.lnxl 

4o.ow 

45.000 
5o.Ooa 

55.ooo 

60.m 

65.000 

6.840 -1.661 
5.760 -1.950 
5.460 -2071 

5.040 -2.155 
5.040 -2.119 
5.580 -2.023 

7.320 .l.S6S 
9.180 4.433 
4-500 5.662 

-8.700 -6562 
-7.140 -6.574 
7.860 4.553 
8.460 -0.602 
4.620 -1.974 



m.000 

75.000 

80.000 

85.000 
9o.wo ~~~~ 
95.Wa 

lW.OW 

105.000 

llO.oW 

3.000 -2480 

2340 -2.649 

2100 -2.805 

1.860 -2.865 
1.740 -2.890 

I.800 -28S3 

1.740 -2878 

1.500 -2.938 

1.680 -2.865 

llS.OW 1.740 -t878 
12O.OW I.980 -2.X29 

12S.WO ZIW -2.793 

13o.Wo 2160 -2793 

135.000 2.280 -2.709 

140.000 2.580 -2.661 

145.000 2640 -2.540 

150.OW 3.Wo -2.432 

155.000 3.240 -2.312 

160.000 3.240 -2275 

165X100 3.120 -2360 

170.000 2.760 -2.432 

175.OW 2S80 -2.S28 

180.000 2.460 -2.540 

185.000 1.740 -2.890 

lW.OW 0.720 -3516 

195.000 -0.240 4.070 

2w.Wo -1.080 4.6% 

205.WO -1.200 4.876 

2lO.Oca 5.720 4.612 

2lS.Wa 0.060 4.202 

22o.Wo 1.020 -3.841 

225.000 2.040 -3.130 

230.000 3.180 -2324 

235.Wo 3.600 -1.998 

24o.ootl 3.-w -2.167 

2JS.Wo 3.300 -2.336 

2.5O.OW 2.760 -2649 

us.Mw 2.580 -2.649 

26o.oW 2.580 -2.637 

26S.000 2.340 -2.7x1 

27O.OW 2.100 -2.805 

275.000 1.920 -2.926 

,“. __ 280.000 1.620 -2.974 

285.000 1.920 -2878 

290.000 I.140 -2.878 

29S.000 5.600 -2.853 

3w.000 I.440 -2.998 

3os.oW 1.620 -3.299 

31o.oW I.260 -3.419 

315.000 2.100 -3.094 

32O.WO 1.980 -3.094 

32moo 1.980 -3.082 

330.000 2.160 -3.094 

335.000 2.100 -3.034 

34o.ooo 1.980 -3.082 

345.Wo 2.160 -3.130 

35o.WO 2.220 -3.239 

355.Wo 2340 -3.142 

360.000 1.920 -3.022 

365.WO 1.380 -3.263 

3m.000 1.440 -2986 

375.000 2.580 -3.106 

38O.OW 2.940 -3.287 

385.000 3.WO -3.227 
39O.OW 3.120 -3.082 

395.000 3.120 -3.022 

400.000 2880 -3.058 

LINE: l+lOE Dire&m: N 

Date: 28-4-98 Time: 9~24 

CunnpaumtBoth DipdcmodcVertid - otimhtion: 1 

Start shtioa 400 Find station: 0 

Station Cond.[mS/m] inphase [ppij 

400.000 2.520 -3.046 

39s.000 2940 -3.010 
39O.OW 3360 -3.022 

385.OW 3.120 -3.070 

380.000 3.180 -3.094 
375.000 3.000 -3.046 

370.000 2.220 -3.299 

/““‘ 
365.000 I.500 -3.154 
36O.OW 1.380 -2.986 

\ 355.OW 2.280 -3.142 

350.000 2.400 -3.287 

345.000 2.640 -3.094 

34o.ooo 2.700 -3.034 

335.000 2460 -3.022 

330.000 2.400 -2.986 



32.5.000 2340 -3.010 
32O.WO 2.520 -2.998 

31S.000 2.820 -2.890 

3lO.OW 2.460 -2878 
305.000 2.520 -2.757 

,, aa\ 3CQ.WO 2.760 -2.709 

29s.ooo 2700 -2324 

29O.OW 2.640 -2287 

285.OW 2.520 -2.468 

280.000 2.640 -2552 
275.WO 2.700 -2.360 

27O.WO 2.880 -2.275 

265.000 3.240 -2215 
26O.WO 4.020 -2.095 

US&l0 4.080 -2.119 

25O.WU 2.520 -2986 
245.000 0.660 -3.w9 

24O.WO 5.840 4.768 

235.000 5.960 4.S75 

230.000 5.540 4.274 

2U.000 ~5.060 -3.865 

220.000 I.800 -2.950 

215.WO 2.520 -2.564 

21O.OW 3.120 -2.119 

205.WO 3.420 -2.131 
2oo.wo 3.060 -2.348 

195.000 3.180 -2.420 

190.ow 
185.000 

180.000 

175.OW 

17o.OW 

165.000 

16O.WO 
155.000 

15o.@m 

145.000 

14o.wo 

13s.000 

130.000 

125.ooo 

12omO 
.- _ 1lS.OW 

3.000 -2444 
2.640 -2.552 

2.46a -2.576 

2280 -2.649 

2.100 -2.745 

2.160 -2.829 

1.860 -2841 
1.620 -2.890 

1.560 -2.998 

1560 -3.010 

1.620 -3.022 

1.440 -3.046 

I.440 -3.118 

I.500 -3.130 

1.560 -3.106 

1380 -3.142 
110.000 1.320 -3.191 

105.Wo 1.320 -3.142 

1W.000 1.260 -3.179 
95.Wo 1.320 -3.203 

90.000 1.380 -3.141 

85.WO l..%!l -3.082 
80.000 1.560 -3.034 

7S.000 I.800 -2.962 

70.000 2.280 -2.8S3 
6s.ow 2.820 -2.637 

6O.WO 3.960 -2.155 

ss.ooo 5.640 -1377 

50.000 5.100 -2263 

45.000 4.m -6.334 

40.000 -11.280 -7526 

35.OW 0.540 -1.228 

3o.Wo 12.360 1.276 

u.ow 10.500 -l.Oli 
2O.WO 7.320 -1.818 

15.000 6.300 -1.890 

10.000 5920 -2167 

J.WO 0.900 -3.456 

0.000 -1.080 -3.745 

LINE: 1+2OE Dii: N 

Date: 28.4.98 Tii: 926 

chopoomt: Both Dipole mode: Vettic 

start shtioo: 0 Fd statica: 395 

Station Cond.[mS/m] Inphase Lppt] 
0.000 5.S80 -2.745 

S.WO -8.219 -6.189 
10.000 -12.240 &SO2 

15.OW 4.800 -1.673 

20.000 Il.040 -0.746 

23.ooo 8.lW -1.625 
3o.Wa 7.500 -1.601 

35.000 8.280 -0.927 
40.003 4.680 -0.915 

45.OW -7.980 -6.141 

i 
5o.Wo -8.160 -7.22S 

S5.000 6.&lO -1.276 

6o.ooo 9.360 -0.349 

6S.000 S.220 -1.986 

70.000 3.060 -2.564 

75.OW 2.280 -2.757 



8O.WO 1.920 -2926 
85.000 1.680 -3.058 

9o.ooo 1.440 -3.w 

95.ooo 1380 -3.167 
lW.ooO 1.200 -3.275 

,M _x . 
lOS.000 1.320 -3.179 

110.000 1.260 -3.227 
llS.OW 1.140 -3.191 

12o.Wa 1.140 -3.130 

lU.OW 1.080 -3.239 
130.000 1.080 -3.191 

13s.Wo 1.140 -3.179 

14O.WO 1.140 -3.227 
145.000 I.020 -3.227 
15o.OW 0.960 .3.215 

3ss.ooo I.200 -3.239 

16O.WO 1.200 -3.275 

16S.000 1.260 -3.239 

im.000 1320 -3.203 
175.oW 1.260 -3.191 

lSO.OW 1.320 -3.106 

185.000 1320 -3.142 
lW.OW 1.380 -3.142 

195.000 1.440 -3.094 

200.000 1.380 -3.034 
205.000 1.500 -3.034 

2lO.WO 1.440 -2.998 

215.OW 1560 -2.938 
220.000 1.680 -2.829 

22S.OW I.740 -2.781 

230.000 2040 -2817 
235.000 2.100 -2.865 
24O.OW 2100 -2.841 

245.000 2340 -2601 
250.000 2.400 -2.504 

255.000 2.400 -2.s64 

26O.Wo 2280 -2.S28 
265.OW I.320 -2312 

270~300 -0.180 -2.263 

27S.WO 0.960 

28O.ooO 0.120 

285.CQO 5.540 
,- 29O.Wo 0.240 

295.ooO 5.964 

3w.000 0.240 

305.OW O..W 
310.000 1.860 

315.wO 2.580 

32O.OW 3.240 

325.OW 4.020 

330 ooo 

33s:OOo 

3.540 

3.600 
34o.ooo 3.660 

34S.000 3.840 

35o.OW 4.260 

-2685 
-3.588 

4.347 

-3176 
4.443 

4x7 

-3.913 
-2.950 

-2.215 

-1.866 

-1.8-M 

-2.503 

-2389 
-2.408 

-2.300 

-2191 
355.000 4.500 -2.203 

36O.OW 4.800 -2.131 

365.000 5.100 -2.047 

37O.ooO 4.200 -2.010 

375.OW 1.620 -1.589 

38O.OW -0.180 -1.685 

385.000 l.SW -2.781 

39O.OW 3.600 -3.227 

395.000 4380 -2143 

LINE: 1+30E Dim&on: N 
Date: 28-4.98 Time: 929 

GmpommcBoth Dipolemode:Vettid 
stut.3htioa400 Fd.shtioxO 

Station Cmd[mS/m] hpbse fppt] 

400.000 6.780 -2.649 

395.ooo 5.040 -1.866 
39O.WO 6.060 -3.MQ 

385.WO 6.300 -2.829 

38O.WO 3.600 .1.7%2 
375.000 3.780 -1.866 

370.000 5.040 -2.191 

365.000 5.040 -2.023 
360.000 4.980 -1.986 

355&M 4.680 -2.227 
350.000 4.020 -2492 
345.OW 3.300 -2.576 
34O.WO 3.480 -2.576 

,_-~- 
/ ,.a.-” 

i 

335.WO 3.900 -2420 
330.000 3.300 -2.757 
325.000 0.000 4.214 
32O.WO -2.160 4.901 

315.OW -1.800 4.503 



3lO.Ow -1.680 4.009 

3os.ooo -0.240 -3.841 

300.000 -0.360 4.997 

29S.000 1.560 -2.673 

29O.ooo 2..wo -1.986 
,/P-w 

285.000 2.580 -1.986 

28O.OW 2820 A.328 

275.000 2640 -2.432 

270.000 2.2%0 -2480 

265.ooO 0.780 -2.576 

260.000 -1.080 -2.263 

255.000 0.600 -2.637 

2so.wo 1.800 -2853 

24S.ooa 1.980 -2.974 

24o.ooo I.&so -3.010 

235.ooo 1.680 -3.046 

23o.wll 1.680 -3.094 

225.000 1.620 -3.106 

22o.ooo 1.380 -3.191 

21s.m 1.080 -3.227 

210.000 l3SO -3.215 

205.000 1.500 -3.227 

2OOsml 1.380 -3.275 

195.m 1.140 -3.275 

190.000 I.140 -3.287 

185.000 1.140 -3.359 

1~0.ooo 1.020 -3.335 

175.000 1.020 -3.347 

170.000 1.020 -3.299 

165.000 1.080 -3.347 

160.000 0.900 -3.456 

155.000 0.960 -3.456 

150.004 0.960 -3AS6 

145.000 0.960 -3.431 
14o.ooo 1.020 -3.395 

135.000 1.020 -3.395 

130.000 0.840 -3.407 

lU.000 1.020 -3.383 

120.000 1.080 -3.371 

115.000 1.020 -3323 

110.000 1.500 -3.022 

105.000 2.220 -2.625 

,.“ ,̂ 100.000 1.500 -3.142 

-> co- : w-3 

95.000 1.380 .3.154 

9o.ooo 1.320 -3.191 

85.000 1.440 -3.142 

80.000 1.800 -3.154 

75.000 2.220 -3.142 

7o.wo 2.52J.l -2.998 

65.000 3,240 -2.673 

60.000 4.500 -2.203 
55.000 6.900 -1312 

50.000 6.960 -1.818 

4S.OuO -5.100 -6.827 
4o.ooo -9.360 4394 

35.000 6.660 0.770 

3o.OaO 12.840 0.409 

2moo 9.780 -1.445 

20.000 8.040 -1.721 

15.000 9.180 -1.228 

lO.ooO 7.980 -1.432 

J.ooo -II.2to 4.045 

0.000 -10.860 -6.177 
LINE: 1+4ol? Directii: N 
Date: 28-4-98 Tii: 9~32 

co . ‘.Bo& Dipo1emoda:vsaiclt 

StattstatiaxO Fimalsmioa:400 

Stuion Gmd.[mS/m] IqbseIppt] 
0.000 -5.820 -5.406 

5.000 
10.000 

15.ooo 

20.000 

2s.ooo 

30.000 

35.000 
4o.wo 

45.000 

, NC*-. 50.000 

i 

55.ooo 

6iMoo 

-13.020 -738 1 

-16.620 -7.453 

7.800 -0.409 

14.160 0.108 

9.900 -1.445 

8.700 -1.553 

9599 -0.830 

5.520 -0.999 

-8.040 -6.490 

-5.280 -6.213 

8.700 -0.626 

8.219 -0.891 
‘- 65.000 4380 -2.275 

7o.m 3.000 -2.733 

75.000 2400 -2926 

8o.wo 2.w -3.034 

85.000 1.860 -3.167 



9o.ooo 1.8160 -3.227 
95.000 1.740 -3.142 
100.000 2.340 -2.781 

lOS.Om 1.800 .3.142 
110.000 1.260 -3.299 

/-“- 115.000 1.080 -3.287 

120.000 1.020 -3.347 

125.OfM 1.020 -3359 

130.000 0.900 -3371 

135.000 0.840 -3.431 

14O.ooO 0.840 -3.383 

145.ooo 0.780 -3.395 

150.000 0.660 -3.407 
lSS.lnYJ 0.720 -3.407 

160.000 0.720 -3371 

165.000 0.660 -3.407 
170.000 0.660 -3.419 

175.000 0.720 -3.359 

180.000 0.m -3359 
185.000 0.840 -3.311 

190.000 1.020 3311 

195.000 1.140 -3395 
200.000 1.080 -3.443 

20.5.000 0.960 -3.419 

21o.ooo 0.960 -3371 

2lS.Om 1.200 -3.419 

220.000 1.260 -3.239 

225.000 1.200 -3.516 

230.000 1.320 -3.443 

235.000 1.w -3.371 

240.000 1.380 -3.323 

245.000 l&la -3.323 

250.000 I.140 .3,P9 

255.Om 1.080 -3.359 

260.000 1.560 -3.215 

265.000 1.020 -3.552 

2m.000 -0.060 -3.624 
275.000 0.660 -3.287 

280.000 0.600 -3.299 

285.000 2.100 -3.022 
290.000 2.100 -2.769 

295.ooO I.440 -2.986 
__._.. 3ao.ooo -0.420 -2.78 1 

3osmo -1.620 -3.672 

310.000 0.8.40 -2.239 

315.000 -0.780 -3,106 

320.000 2.460 -2.986 

32S.COO 3.480 -2.528 

330.000 3.240 -2613 

335.000 3.600 -2.589 

340.000 3.600 -2.275 

34s.ooa 3.840 -1.806 
3so.axl 3.420 -2.191 

355.000 4.860 -2.324 

360.000 4.980 -2.155 
365.000 5.280 -2.203 

370.000 J.760 -2.107 

375.000 7.260 -2010 
380.000 8.940 -2.878 

38S.OW 9.780 4.684 

390.000 2.160 4527 
395.000 1.980 -1.168 

400.000 16.320 0.842 

LINE: l+SOE Dil-XhXN 
Date: 28-4-98 Time: 12:17 

Compoocnt: Both Dipole mode: Vertical - olicatation: 1 
Start shtica: 0 Final caatim: 335 

Sti Cod.[mSim] Inphase Ippt] 
o.ooo -19.400 -7.947 

-> -t : NASA 

5.000 -23.600 -7.887 

lO.ooO -lO.@M 4.876 

15.000 11.800 1.119 

20.000 14.000 -0.108 

2S.OW 10.600 -1.216 

3O.GUO 8.600 -0.999 

35.Oml 7.000 -0.939 

4o.wo 1.600 -1.721 

45.000 -10.200 -6.791 

,‘“” SO.OtXl 4.200 -5.756 

55.000 8.400 -0.4S7 

\ 60.000 7.800 -0.758 

\ 65.000 4.000 -2.143 

7O.OW 2.400 -2.456 

75.000 2WO -2.817 

80.000 1.000 -2.938 

85.wo 0.800 -3.046 



9o.wo 0.4w -3.094 
9s.Wo 0.600 -3.106 

1wsxQ bloo -3.130 

105.000 woa -3.191 

/-=- llO.tXO 0.6tXJ -3.118 

115.000 0.600 .3.251 

120.000 0.200 -3311 
12S.000 0.400 -3.287 

130.000 0.200 -3.311 

135.WO 0.200 -3.275 

140.000 0.200 -3.231 

14S.OW o.WO -3.227 

150.000 9.200 -3.275 

155.000 o.Wo -3335 

16O.ooO 0.40 -3.275 

165.000 0.200 -3.251 
170.000 0.200 -3.335 

175.000 0.200 -3.263 

180.Om 0.200 -3.251 
185.000 0.4W -3.263 

19o.WO 0.400 -3.251 

195.000 0.400 -3.275 

2oO.WO 0.200 -3.299 
205.0110 Q.‘tw -3.239 

210.000 o.wl -3.239 
215.000 0.6oQ -3.191 

22o.OW 0.4w -3.191 

225.000 OAOQ -3.179 
23o.ow OAOQ -3.179 

LFmxlQ 0.400 .3.142 

240.000 Q.600 -3.227 
24S.QW 0.8W -3.275 

2SO.ooO 0.800 -3.239 

US.QW 0.800 -3.179 

260.000 0.800 -3.191 

265.WQ 0.800 -3.154 

27O.WO l.QW -3.203 

275.000 0.600 -3.492 

280.000 -0.400 -3.130 

285.ooO 0.2W -3.142 

290.000 I AM) -5.358 

295.OW O.tW 4.852 .-m 
3OO.ooO -13.400 -5.358 
305.000 -30.600 0.782 

310.000 -59.800 -3.684 

315.000 -9.600 -9.489 

320.000 5.2W -2745 

325.000 0.800 -2348 

330.000 0.400 -3.058 
335.000 2.200 -2.914 

LINE: 1+6OE Diexth: N 
Date: 28-598 Time: 12:19 

Compoaeat:Botb Dipoletmde.:Vaticd lnsttummt 

Sbrt station: 335 Faul station: 0 

stati Cond.(ms/m] Inpbsc (ppt] 

335.000 2.400 -3.130 
330.000 1.2w -5.105 

325.000 -28W -3.SW 

320.000 -1.000 -3.130 
31S.000 1.600 -3.853 

310.000 1.200 -2.938 

305.000 0.800 -3.022 

3W.000 0.8W -2.950 

295.000 l.joo -3J40 

29O.oM) 2QW -3.167 
28S.000 1.400 -2.902 

28O.OCMI 0.800 -3.070 

275.OW 0.6W -3.046 

2m.ooo O.OW -3.010 

26S.WO 0.200 -3.480 

260.000 1.000 -3359 

2sJ.ow 0.800 -3.347 

UO.OW 1.200 -3.046 

245.000 1.400 -3.094 
24o.clw 1.2w -3.142 

-:> -nt : Gw-7 

235.QoQ I.wQ -3.227 
23O.WO 0.800 -3.239 

225.000 0.600 -3.299 

; =-w 220.000 -9.‘loo 23.445 

215.WO 3.000 6.261 

210.m 7.200 1.445 

-, 205.000 I.800 -3.492 

2w.000 0.6w -3.492 

195.000 0.400 -3.335 

190.000 0.600 -3383 

185.WO 1.000 -2.890 



1’8O.WQ 0.400 -3383 

175.Oal OAOQ -3383 

lrn.oaQ OAOQ -3359 

165.000 0.400 -3.359 

, --=. 16&JOO 0.600 -3.383 

Iss.wcl om -3.359 

150.000 0.400 -3.347 

145.oW 0.200 -3.275 

140.000 -0.200 -3.395 

135.WO o.wQ -3311 

lM.OW 10.2W 5.876 

125.000 6.000 0313 

12OAOO 0.000 -3.624 
115.000 3.200 -1.059 

llO.WO I.800 -2.456 

105.wQ OAW -3.323 

lOO.@M 0.6W -3.275 

95.000 I.ooo -3.130 

9o.wQ I.2w -2950 

85.000 0.800 -3.046 

80X00 1.200 -3.016 

75.000 2.000 -3.046 

7o.caO 2.600 -2.589 

65.000 3.QoQ -2.143 

6Q.wQ 9.800 18.424 

s5.000 26.800 18.857 

50.000 15.800 Is05 

4S.WQ 2.600 -2263 
4o.QoQ M.400 20.001 

35.000 II.400 2.143 

30.000 13.000 1.493 

2s.wQ 7.600 -0361 

20.000 10.400 -1.143 

15.Om 9.600 -0.240 

1o.OuO 11.600 3.576 

5.ooQ 36.400 4439 

O.QW 34.6W 36.679 
LIIG: 1+7OE Direction: N 

Date: 28- 4.98 Tim: 12:22 

compollent: Both Dipole umde: VmtiaI Imhumwt otimhtiml: 1 
stall station: 0 Fd station: 335 

.--\ 
Station Cond.[mS/m] InpIuseIppt] 

o.Qw -1o.ow -6.057 

.moo 

10.000 

lS.OCHl 

20.000 

2s.ow 

30.000 

35.000 

4o.wo 

4s.oLw 

5o.ooo 

55.OW 

6o.ooo 

65.000 

70.000 

75.000 

8O.WO 

85.000 

9o.wll 

95.WO 
100.000 

105.ow 

1 lO.OW 

115.000 

120.000 

12s.ooo 

130.000 

13S.OiM 

14a.000 

145.ooo 

lSO.caO 

155.000 

160.000 

16S.000 

im.oc4 
175.OW 

18O.WO 

/i”--‘ 185.000 
190.000 

195.000 

200.000 

20s.000 

210.000 

2lmOa 
22omo 

-13.200 -7.357 

-22.200 -7.851 

7.600 -1.866 

13.800 -0.2Q4 

9.6w -0.915 

14.200 -1.457 

13.2W -0.084 

5.400 -0.240 

-10.800 -7574 

-6.400 -6358 

6.800 -1.059 

7.‘ioO -1.023 

4.800 -2227 

2.400 -2.757 

2m -2962 

I.200 -3.118 

0.6W -3.167 

l.ooQ -3.2Sl 

0.400 -3311 

0.600 -3.311 

OAW -3.275 

0.200 -3.395 
-0.200 -3364 

0.200 -3564 

0.2W -3.468 

O.Wl -3.516 

0.2W -3.stM 

0.400 -3.407 

O.WQ -3.456 

0.2W -3.468 

0.200 -3.419 

0.4Otl -3.480 

O.OW .33x 

0.200 -3383 

0.400 -3.492 

0.400 -3.383 

0.400 -3.468 

0.200 -3.456 

0.4W -3.516 

0.6W -3.516 

Moo -3.492 

l.OW -3.516 

OAoll -3.407 

OAW -3.263 



22s.wQ l.ooQ -3.251 

UO.WO I.200 -3.263 

US.OW LOW -3.167 

24moo 2600 -2.444 

24s.Qw 1.600 -3.203 
,,.p ‘w, 

2SO.QW 1.400 -3.383 

2S5.WO 1.ow -3.443 
260.000 0.6oQ -3.480 

26S.ooO 0.800 -3.419 

27O.OW l.Mw) -3383 

275.000 I.200 -3.311 

28O.WQ 0.100 -3.383 

285.000 1.2W -3395 
29o.m 1.4wJ -3371 

295.000 1.400 -3.371 

3w.000 I.6w -3359 

3OS.OW 1.600 -3.323 

310.000 I.600 -3.371 

315.000 1.400 -3323 

320.000 1.200 -3.167 

325.OW 0.800 -3335 

33O.ooO 0.200 -3.167 
335.000 1.800 -3.070 

LINE: l+aoE Dir&ion: N 

Date: 2% 4-98 Time: 1224 

Cmponent: Both Dipole mode: Vmicrl 

start station: 335 F-1 station: 0 

sti cald.[ms/m] lap&e Ippt] 

335.OW 2.400 -2974 
330.000 1.800 -3.010 

325.000 0.800 -3.215 

32O.OUO 0.200 -3.179 
315.000 -MoQ -3.239 

31O.ooO -0.800 -3.431 

305.000 0.800 -3.251 

3W.000 -0.800 -3.203 

295.000 0.400 -3.106 

290.000 1.400 -3.39S 
285.ooQ l.OW -3.383 

28O.OW LOW -3.251 

\ 
\ 

275.WO 

270.000 
._Y 

265.000 

260.000 

255.ooQ 

2SO.OW 

245.000 

24o.wQ 

23s.ow 

23O.OW 
225.OW 

UO.OW 

215.000 
210.000 

205.000 

2w.ow 
195.000 

190.000 

185.000 
180.000 

175.000 

170.000 
165.000 

16Q.wQ 

155.ow 
150.000 

145.000 

140.000 
135.000 

130.000 

12.5.wQ 

120.000 

115.Wo 

1 lO.OW 
105.wo 

lW.ooo 

95.wQ 
9o.ooQ 

85.000 

.-- 80.000 
75.OfM 

m.wo 

65.000 
6wxJQ 

55.000 
5o.ooQ 
4mOo 

0.6oa -3.492 

0.200 -3.997 

0.400 -3.745 

1.000 -3.383 

0.800 -3.371 

0.600 -3.383 

0.800 -3383 

1.wo -3335 

1.200 -3.383 

0.800 -3.275 

0.800 -3.203 

I.000 -3.227 

0.400 -3.203 

0.200 -3.239 

1.000 -3.347 

Moo -3.371 

0.800 -3.395 

0.4W -3395 

0.200 -3.371 

O.‘lW -3.347 

0.400 -3.395 

0.400 -3371 

0.6W -3.443 

0.6W -3.407 

0.200 -3.383 

0.2w -3.395 

0.4oQ -3.359 

0.4oQ -3371 

o.wQ -3.443 

0.2W -3383 

OAOQ -3347 

0.200 -3.371 

o.‘?m -3.323 

0.400 -3.516 
0.800 -3.323 

Odoo 3383 

0.2W -3.456 

0.800 -3.299 

1.800 -3.251 

1.200 -3.167 

I.200 -2.974 

1.200 -2.902 

2mO -2.709 

4.200 -2.203 

7.000 -1.445 

8.OW -1.131 
-3.400 -6.767 



4Q.ow -7.Om -5.575 
35.000 7.200 1.143 

30.000 lO.OOa 0.602 

2s.wQ 13.wJ -1.469 
2O.ooO 12.800 -0.987 

r mL\ 
15.000 9.200 -2131 

10.000 23.600 -1.613 
s.wQ o.ow -9.537 

0.040 -24.800 -12.005 
LlNE:l+WE DiectkzN 

Due: 28- 4-98 Time: 12:28 

cot@meat:Botb lxpolemode:v&l -oci’entrtioo:1 
Statstation: 0 Fimlsbltian: 335 

shtim cooa[ms/m] lqhs.3 Ippt] 

O.OW -19.400 -12.174 

S.WQ -28.600 -15.136 
lO.Olm -14.400 -10.825 

lJ.WO 17.WO -1.216 

20.000 22.200 -0.144 

2s.ow 10.400 -1.083 

3O.WO ., 10.200 -0.578 

35.m i4.4u0 -0.156 
4aooQ 12mfJ 1.107 

45.000 -7.000 -5.w 

SO.WO -6.800 -6.442 
ss.oQQ 6.800 -1.360 

6O.QW 7.400 -1.228 
65.000 4.800 -2263 
7o.Wo 3.400 -2.865 

75.000 2.4W -2986 

80.000 I.000 -3.130 
85.000 1.200 -3.299 

9O.ooO 1.200 -3.167 

95.000 1.000 -3323 
100.000 II&W -3.263 
105,000 0.6m -3335 

110.Om o&Jo -3323 

11S.OW 0.800 -3.347 

120.000 0.600 -3.407 

1zmJOO OAW -3Rl9 
130.000 OAW -3.468 

135.000 0.4oQ -3.443 
Y.1 _ 140.000 0.200 -3.407 

14s.GaO OAW -3.407 

lSO.Ow OAW -3.504 

155.000 0.400 -3.419 

160.000 0.4&l -3.431 

16S.WO 0.200 -3&O 

170.000 0.400 -3.588 
175.WO 0.800 -3.419 
18O.OW 0.600 -3.443 

185.000 0.4W -3.456 
19o.ow 0.6W -3.395 

195.000 0.600 -3395 

2w.000 0.8w -3.480 

2os.OOa 0.800 -3.504 

210.000 0.800 -3.335 

215.000 0.000 -2914 
220.000 o.ooQ -2.841 

W.WQ 0.4Oil -3.142 

UOJJW 0.8W -3.094 
235.OW 1.000 -3.106 

24OmO I.400 -3.311 

245.000 1.400 -3.431 

2so.ow 0.800 -3.359 
2SS.WQ 0.8W -3.4SO 

260.000 1.000 -3.540 
265.000 1.ooO -3.660 

27O.ooO 1.400 -2.528 

275.OW 1.400 -2.384 
2aO.Wo 1.400 -2360 
285.000 1.600 -2.336 

290.000 1.6W -2468 
295.WO I.600 -2.384 
3OO.ooO 1.600 -2.372 

305.000 1.600 -2.107 

310.000 1.600 -2.263 

31s.OOu 2.200 -2.215 

32O.OW 2.000 -1.974 
32.5.WO 1.800 -2.035 ,**-. 

\/ 33O.ooO 2.200 -2.107 

335.OW 2.400 -2.155 
LINE: 2+OOE Dire&m: N 
Due: 2% 4-98 Time: 1232 

camponcar: Both D+okmodo: V&l -toricnution: 1 
Start .%btion: 335 Fd shtioa: 0 

Station cond[mS/m] lnplme [ppt] 



335.000 2400 -3.167 
330.m 2.600 -3.058 

325.OcM 2.400 -3.034 

320.000 I.800 -2926 

,p-\ 31s.OW 2.WO -2.938 

310.000 LOW .2926 

305.000 l.SW -2817 

3W.OfXl 1.600 -2.938 

295.000 1.600 -3.058 

29O.WO 1.600 -3.034 

285.000 1.4w -3.046 

28O.ooQ 1.400 a.926 

275.OW I.400 -3.058 

27O.QW I.200 -2.697 

265.000 0.800 -2.516 

2w.ooQ 0.8oQ -2263 

2SS.CM 0.400 -2.263 

25O.QW 1.000 -2239 

24s.wQ 1.200 -2.167 

24O.WQ l.OW -2336 

235AW 1.400 -2.227 

230.000 11.4OQ -2.143 

22.5.000 1.200 -2.215 

22O.OW l.WQ -1.938 

215.000 o.wQ -1.914 

210.000 -1.ooil -1.637 

205.000 4.400 -1.469 

2w.000 1.000 -1.842 

195.000 1.200 -2.M 

19O.WO LOW -2.191 

185.OOU 0.800 -2.179 

180.000 0.640 -2.107 

175.000 0.600 -2.107 

170.000 0.6oQ -2010 

165.000 0.6W -1.962 

16O.WO 0.800 -2.010 

155.000 0.400 -1.962 

15o.ooQ 0.400 -1.974 

145.000 OAW -2.035 

140.000 0.400 -2.010 

13s.ooo 0.600 -2.010 

130.000 0.400 
/‘ 

-2143 
- 

K!S.QW 0.400 -2.155 

12O.@YJ 0.600 -2.035 

11S.ooO 0.200 -1.998 

110.000 0.600 -1.950 

1os.wQ 0.600 -1.926 

lW.000 0.8W -1.986 

95.WO 0.800 -2.035 

9o.ocm 1.600 -1.998 
85.!loa 1.200 -1.902 

80.000 I.600 -1.746 
75.WO 1.6W -1.673 
7o.OW 1.600 -1.577 

65.000 2.6W -1.420 
6o.wQ 3.200 -1.119 

55.000 6.200 -0.216 

50.000 5.400 -0.578 
45.000 -7.400 -5.527 

4Q.wQ -9.400 -4.551 

3s.Om 7.600 3.046 

30.000 11.600 1.529 

2.5.QW 6.2W -0.541 

20.000 13.800 0.120 
lS.WO 18.800 -1.047 
lO.ooO -9.800 4.045 

S.QW -1l.WO -9.476 
O.WO -8.600 4.310 

LINE: 2+lOE DiFdOEN 
Date: 28- 4-98 The: 1135 

component: Botll Dipole lmde: vatical ltlsmmmt olienntion: 1 
SW statioo: 0 Final statica 310 

St.3tb C-4mWml Inpbgc[pptl 
O.ooO 29.200 0.879 
S.OW 

1O.WQ 

15.000 
M.000 

2s.ooo 

I”., 30.000 
3s.OW 

I 

i 
4aQoQ 

._ ._,’ 45.OW 
5o.wQ 

55.Wa 

6o.ooo 
6s.wQ 

-1.8W -3.588 

-25.2w -9.621 

2200 -3.167 

24.800 1.420 

15.4oQ 1.156 

14.600 0.457 
14.600 2.023 

4AoQ -3.142 

-10.2w 4.117 
-5.4W 4.720 

8.800 0.686 

8.800 0.433 
4.aW -0.818 



m.ow 3.400 -1.445 

75.OW 2.000 -1.649 

8o.ooQ 1.200 -1.758 

85.OCU 1.400 -1.758 
9Q.tJW I.000 -1.830 

95.QW 0.800 -1.938 

100.000 0.800 -1.938 
105.000 0.800 -1.8-M 

110.000 1.000 -1.7S8 

115.000 I.200 -1.914 
120.000 1.2W -1.938 

lU.ooO 0.6W -1.938 

13O.WO 0.800 -1.902 
135.OW 0.8W -1.938 

14O.CQO 0.800 -1.926 

145.OW 0.600 -1.902 
lSO.OW O&JO -1.926 

155.000 0.600 -1.9911 

160.000 0.800 -1.890 
165.000 0.600 -1.8W 

170.000 0.600 -1.938 

175.000 0.600 -1.938 
18O.OW 0.6W -2.010 

185.000 0.600 -2.047 

190.000 0.800 -2.047 

195.000 0.800 -2.047 

200.000 0.600 -2.047 

205.000 1.000 -1.986 

210.000 1.000 -2.023 

215.000 l.WO -1.926 

22O.WO 0.400 -1.673 
22S.ooO -0.200 -1.432 

23o.ca -0.200 -1.601 

US.QW 0.40’3 -1.878 
2-lo.ooQ 1.000 -1.866 

245.000 1.000 -1.914 

2so.ooo 0.m -1.649 

2SS.OW 0.800 -1.709 

260.000 0.800 -2.191 

265.OCd 1.2w -2251 
2m.cao l&U -2.287 

275.000 1.200 -2010 

28O.ooO I.200 -2191 

285.000 moo -2.2lJ 

290.000 l.Joo -2.155 

295.000 1.600 -2.251 

300.000 I.800 -2.119 

305.000 I.600 -2275 

310.000 -0.600 -3395 
LINE:2+20E Dire&ion: N 

Date: 28-4-98 Tii: 12:38 
Cw Both Dipole mode: Vertical Imtnrmwt oliamatioll: 1 

Stat station: 310 F-1 station: 0 

Station Cond.[mS/m] Inphase Lppt] 

3lO.oW 0.200 -2.721 

305.OW 2.200 -2.023 

3w.ooo I.800 -2.155 

29s.ow 1.600 -2167 

290.000 1.600 -2.203 
285.WO IAao -2.661 

280.000 1.000 -2.589 

275.000 Loo0 -2914 
2m.000 l.ow -2552 

26S.WO l.2W -2251 

26O.OW 0.800 -3.179 
WS.OOll 1.000 -2.853 

250.000 0.600 -2.853 

245.000 0.200 -2853 

24o.wo 0.200 -2.950 

23J.ow 0.4W .3.118 

UO.WO 0.800 -3.25 1 
22S.000 l.ouo -3.179 

22oam l&90 -3.251 

215.000 l.ooO -3.2 IS 
21o.OitO 0.6W -3.263 

2QS.Wll O.Wll -3.191 

2W.000 0.800 -3.203 
195.ooO 0.800 -3.167 

190.000 

185.000 
_I-“-.. 

11 180.000 

175.ooo 
\ /’ im.000 

165.000 

16O.OW 

155.000 

0.400 -3.191 

0.400 .3.154 
OAW -3.142 

0.400 -3.167 

0.600 -3.130 

1.000 -3.118 

l.OMI -3.142 

0.600 -3.203 
0.6W -3.191 



145.000 0.600 -3.167 
MO.000 0.400 -3.215 

135.000 0.600 -3.167 

130.000 0.400 -3.130 

1w.wo OAW -3.130 

120.000 l.WO -3.179 

iis.ow 0.800 -3.070 

llO.WO l.WO -3.118 

105.000 1.200 -3.058 

1w.ooo l.ooQ -3.046 

95.000 0.8W -3.058 

9cmoo 1.200 -3.154 

85.WO 0.800 -2890 
1o.ooo l.m -2.841 

75.000 1.600 -2.793 

70.000 2WO -2.805 

6S.WQ 2.400 -2.613 

6Q.ooQ 3.OW -2.312 

55.000 5.4oQ -1.770 
so.ooQ 7.400 -1.493 

45.WO 0.800 4.455 

4O.OW -10.000 -7.658 
35.000 3.400 -0.565 

30.000 19.m 3.793 

25.ow 14.400 -0.457 

20.000 I2.4W -2.227 

15.ooO 17.QOO -1.986 

10.000 IO.200 -2.613 
5.000 -16.400 4587 

O.QW -3.6&l -4.310 

LINE: 2+3OE Dire&m: N 

Daba: 28- 4-98 Tii: 12:41 

connmeot: Botll DiDok ttlodc Vettical Ins-t oricntati 1 
Stat;tltion: 0 Fipj statiom 310 

Station Cond[mS/m] IapWIppt] 
o.ooQ 57.44iO 6.466 -- 
5.004 24.OUO 1.083 
10.000 -29.400 -6.442 

15.000 13.000 4.722 

20.000 27.400 0.505 

2s.ow 14.OW -0.421 

30.000 8.800 -1.107 

3s.ooo 10.200 0.132 
4o.wQ -1mO -2.890 

45.000 -7.400 -7.538 

50.000 -2.400 4.w 
5s.wQ 13.200 0.975 

6Q.WO 8.4W -0.794 

65.OGO 4.200 -2.239 
70.000 2.m -2.721 

75.000 1.200 -2.781 

80.000 2.000 -2.685 
85.OW 1.4W -2.998 

9o.wQ I.200 -2926 

95.OW 1.600 -3.142 
lW.ooQ 0.800 -3.070 

105.Ooa 0.800 -3.046 

110.000 0.600 -3.167 
11s.caO o.uw) -3.118 

12O.lw 0.600 -3.010 

125.OW 0.600 -3.058 
130.mO 1.000 -3.094 

135.000 0.600 -3.130 

140.000 0.800 -3.082 

145.WO 0.600 -3.1-u 
150.000 0.600 -3.130 

155.000 0.200 -3.215 
16O.WO 0.4W -3.167 

165.000 0.800 -3.106 

im.000 O.tW -3.154 
17s.OW o&XI -3.203 

180.WO O&M -3.154 

185.000 0.800 -3.130 
19o.ow 0.800 -3.1-w 
195.000 1.000 -3.142 

2W.000 0.800 -3.094 
205.000 0.600 -3.m 

210.000 0.800 -3.m 

2lS.OW Lwo -3.130 
220.000 1.000 -3.082 

225.000 1.200 -3.082 

23o.ooQ I.400 -3.070 

us.ow 1.000 -3.094 

240.000 1.000 -3.142 

245.000 1.000 -3.130 
23O.OW l.wQ -3.142 

25S.OW 0.800 -3.227 



260.000 1.000 -3.203 

265.ow 1.wo -3.130 

270.000 1.200 -3.191 

275.WO Low -3.179 

/ ( ‘-- 
28o.m 1.200 -3.191 

28S.000 1.200 -3.383 

29O.Om 1.400 -3.648 

295.CGO 1.400 -3.516 

3oo.aJO 1.600 -3.564 

305.000 2000 -3.383 
310.000 2.WO -3.287 

LINE:2+4OE DimdimcN 

Due.: 28- 4-98 Tii: 12:44 
Component: Both Dipole mode: Vdcd Iemunwnt orienatiol: 1 

stat statioa: 310 F&l lsuolx 0 
SIltiDa t3m&[ms/m] laphmoIppt] 

310.000 2.600 3371 
305.Ow 2.200 -3311 

300.000 2200 33J9 

29S.000 1.800 -3.323 
290.000 1.800 -3.335 

285.000 1.400 -3.323 

280.000 l.ow -3.443 

275.000 1.200 -3.359 

270.000 l.WO -3.335 

265.OW 1.000 -3.217 

26o.ooo 1.ooo -3.154 
255.ow 1.000 -3.323 

25O.WO I.200 -3.275 

245.ow l.wo -3.335 

240.000 l.ooo -3.371 

235.000 1.000 -3383 

230.000 1.200 -3.359 
225.000 1.6ocl -3.407 

220.000 1.600 -3.371 
215.000 0.800 -2.938 

210.000 0.200 -3.443 

2os.m 0.800 -3.997 
200.000 I.400 -3.419 

195.ooO I.600 -3.227 

l9o.ooo 1.400 -3.311 

l85.000 1.ooo -3.311 ,“.- 
180.wo 0.600 -3.299 

175.ooa 0.800 -3.227 
170.000 0.800 -3.287 

165.000 l.Ooo -3.311 

160.000 0.800 -3.251 

lS5.000 0.600 -3.251 
150.000 0.600 -3.299 

145.000 0.800 -3.275 

14o.ooo 0.600 -3.287 
135.ooO 0.600 -3.251 

130.000 0.600 -3.299 

125.000 0.400 -3.335 
120.000 0.800 -3.215 

115.OWJ 0.800 -3.191 
110.000 0.400 -3.191 

1os.ow 0.800 -3.167 

1oo.ooo 1.400 -3.215 

95.000 1.400 -3.227 

9o.ooo 1.400 -3.191 

85.ooo 1.000 -3.130 

8O.ooO 0.800 -3.058 

75.000 1.8O!l -2.902 

70.000 1.600 -2.733 
65.ooo 2.400 -2.661 

amoo 3400 -2JR 

SS.OiJO 3.800 -2.239 
5O.OW 6.200 -1389 

45.WO 5.200 -1.998 

4o.ooo -8.200 -6.514 
3S.ooO -10.600 -6.610 

30.m 7.m 0.830 

25.ooo 18.600 1.854 
2O.WO 16.000 -1.408 

15.000 14.200 -1.8% 

10.000 13.800 -1.818 
5.ow -14mO -7.550 

o.ow .22.8W J.575 
,*“-.I LINE: 2+5OE DilKdtWN 

Due: 2% 4-98 l-ii: 1247 
(3xnponw Both Dipole mode: Vdcal lllsmmmttitrtioa: 1 

\ ,/: saltsation:o Fiisuti~260 

Static Cwd.[mSlm] Inphase [ppt] 
0.000 63.800 9.934 

5.OW 16.000 -0.602 
1o.wo -35.2m -8.597 



15.000 9.200 -2059 
20.000 27.WJO -0.04.X 

2moo lS.mo -1.3% 

30.000 14.Om -0.674 
35.OWl 8.800 -4.214 

4o.ooo -1.200 -695a 

45.ooO -8.8M) -7.345 

50.000 7.400 -0.903 

55.000 IO.400 .o.oR 

6o.ooo 6.400 -1.758 

65.000 4.000 -2.468 

70.000 1.800 -2.733 

75.WO 1.600 -2865 
80.000 1.000 -3.010 

85.WO 0.800 -2.914 

9o.wo 1.800 -2878 
95.000 I.200 -3.022 

100.000 0.800 -3.022 

105.000 0.600 -3.058 
llo.w 1.m -3.106 

115.000 0.600 -3.154 

120.000 0.800 -3.130 
125.000 1.000 -3.070 

130.000 0.600 -3.167 

135.ow 0.800 -3.251 

14O.oOo 0.600 -3.251 

145.000 0.600 -3.227 

150.000 0.800 -3.203 
155.000 0.600 -3.191 

16o.ow 0.600 -3.227 

165.000 0.600 -3.239 

170.000 o.Mo -3.215 

175.000 l.lm -3.179 

18O.OC’J 1.000 -3.287 
185.wo 0.800 -3.323 

190.000 1.000 -3.275 

195.000 1.2w -3.227 
200.000 1.400 -3.251 

205.WO I.400 -3.275 

2lO.cm 1.200 -3.383 
215.000 0.600 -3.227 

220.000 0.000 -3.118 

225.000 2.000 -3.191 

23o.wo 1.6w -3.141 

235.ow 1.500 -3.179 

240.000 I.200 -3.227 
245.OOil 1.000 -3.287 

250.000 1.400 -3.311 

255.000 1.200 -3.154 

26o.ooo 1.200 -3311 
LINE: 2+6OE Dire&on: N 

Due: 28- 4-98 Tim: 12:49 

Compon~ Botb Dipole mode: Vatid -t ol+ahtioo: 1 
Start station: 250 Final station: 0 

station cood.[ms/m] laqJllw [ppt] 

2w.ooo 1.000 -3.275 
245.000 1.400 -3.263 

-> c-t:* 

240.000 1.200 -3.263 
235.000 l&IO -3.335 

230.000 I.400 -3.215 

225.ooo I.800 -3.058 

220.000 2.000 -2.926 

215.000 1.800 -3.130 

2lO.Ow 0.600 -3.600 
205.000 0.000 -3.636 

200.000 1.600 -3.082 

195.OaJ 1.800 -2986 
1w.ooo 1.400 -3.010 

185.Doo 1.000 -3.022 

180.000 Imo -3.058 

175.000 1.000 -2.998 
im.ooo 1.050 -3.010 

165.000 0.800 -3.094 
160.000 0.800 -3.022 

155.mO 0.604 -2.998 

15o.ooo 0.600 -2.998 
145.000 0.400 -3.010 

140.000 0.400 -2.938 

135.oca 0.400 -3.034 
130.0@3 0.800 -2.914 

125.000 0.800 -2.902 

120.000 0.800 -2986 
115.000 1.@OO -3.010 

110.000 1.W -29SO 

105.000 1.2QO -2.902 
1oo.wo I.600 -2.890 



95.000 1.000 -2.926 

9o.ow 0.800 -2.986 

85.000 l.Joo -2.890 

XO.WO 1.800 -2733 

.“_ 75.OW 2.250 -2.649 
,/ ‘, 

70.000 2.200 -2.649 

65.OW 2600 -2.324 

6o.wll 3.8W -2300 

SJ.WO 5.200 .1.x30 

50.000 6.200 -1.601 

45.000 2.600 -3311 

4o.ow -9.400 -6.177 

35.OW -9.000 -5.491 

30.000 9.200 1.866 

25.000 16.800 2432 

20.000 16.200 -1.950 

15.000 IS.200 -2.589 

10.000 13.200 -2.745 

5.WO -16.600 -6.081 
0.000 -36.400 -9.067 

LINE: 2+7OE Directian: N 

Date: 2P- 4-98 Tii: 13:26 

Caw: Both Dipolemode: V&id lnsttummt oriemJti00: 1 

Start station: 0 Final station: 245 

St&m Cond.[mS/m] lqhse Lppt] 

o.wo 3.0& -203i -- 

s.OW -18.2W -5.467 

lO.OW -35.400 -8.080 

lS.WO -3.600 -3.889 
2o.Wo 23.440 -1.023 

25.ow IX.zw -1.505 

3o.OW 13.2w -1.047 

35.000 10.600 0.879 

4o.ow 1.600 -2.Mo 

45.Wo -9.600 -7.742 
so.Wo -3.800 -5.539 

55.wo 8.W .1.095 

6o.ow 7.400 -1.5n 

65.000 4.200 -2.528 

70.000 2.600 -2.865 

75.Wo 1.8W -3.034 

_-.-._ 8o.wo 1.800 -3.106 

85.000 1.600 .3.203 

90.000 I.200 -3.287 
95.Wo l.Wo -3.311 

lW.wo 0.8W -3.359 

lOS.Wo 0.800 -3359 

110.000 l.Wo -3.395 

115.000 0.600 -3.419 

120.000 0.m -3.395 

125.OW 0.600 -3.407 

13o.WO 0.6Qo -3.407 

135.OW 0.600 -3.419 

140.000 0.400 -3.395 
145.OW 0.m -3.407 

15o.ow 0.400 -3.443 
lSS.oW 0.600 -3.431 

160.000 0.600 -3.443 

165.000 0.4W -3.431 

im.000 0430 -3.468 

175.000 0.600 -3.443 

180.wo 0.600 -3.443 
185.OOll 0.600 -3.443 

19o.ow 0.600 -3.395 

195.000 0.8W -3.395 

2w.Wo 1.2w -3.43 1 
205.000 1.600 3.419 

210.000 1.8W -3.347 

2lS.WO 2.400 -3.311 

22o.OW 2.WO -3.480 

225.ooO -0.600 -2914 

23o.ow 0.600 -3.034 
23s.ow -0.200 -2.962 

240.000 I.200 -2.974 
24s.ow 1.800 -3.275 

LINE: 2+8OE Direction: N 
Date: 2% 4-98 Thne: 13:29 

Cement: Both Dioole mode: Vertical InslmmmttoriwElrion: 1 

24UOO 2.000 -it+5 

24aow l.XW -3.251 

‘__J 235.000 0.60 -3.142 

23o.ow 0,400 -3.118 

225.Wo 0.000 -2.757 

22O.WO 2.800 -3.130 

215.WO 4.400 -2059 



2IO.OW -19.2W 1.637 
205.000 -lO.llW 0.060 

2OO.WO 4.200 -2.853 

195.000 3.600 -3.395 

190.ow 1.m -3.383 
“‘” 

l85.WO 0.8W 3.383 

1X0.000 0.600 -3.431 

175.OW 0.400 -3.431 

17o.Wo 0.600 -3.407 

165.OW 0.400 -3371 

16O.OW 0.4w -3.407 

155.Wo 0.400 -3.456 

150.OW OAW -3.431 

145.WO 0.600 -3.407 

Mom0 0.600 -3.371 

135.OW 0.800 -3.335 

13o.WO 0.600 -3.359 

1u.Wo o&Jo -3.359 

12o.WO 0.800 -3.299 

llS.OW 0.8W -3.335 

110.oW l.Wo -3.299 

lOS.OOa 1.2w -3.299 

lW.WO 13w -3.299 

95.WO 1.m -3.299 

90300 1.200 -3.239 
85.ow 1.200 -3.203 

80.000 I.600 -3.251 

7S.OW 2.WO -3.167 

m.ow 2.200 -3.034 

65.000 2.600 -2805 

6o.wo 4.200 -2468 

55.OW 6.000 -1.914 

so.Oc@ 8.‘loo -1.348 

45.OW I.800 4.166 
4o.wo -8.XW -7.682 

35.OW 0.600 -2312 

30.000 12000 1.782 

25.ooO 14.400 -0.999 

~20.000 14.800 -2.083 

15.000 18.600 -1.746 
lO.WO 16.2W -2.287 

s.wo .zs.zw -6.863 
_, ._ 

0.000 -6.600 -2.3% 
LINE: 2+9OE llinxtion: N 

Date:‘28-4-98 Timz: 13:3l 

Compooem: BoL Dip&mode: V&l Ins~nnoeor olieohtioo: 1 

Start station: 0 Fiaal station: 245 

Station Cond.[ms/m] Inp~Ippt] 
O.ooO 4.200 -2.769 

5.ow -24.8W -6.297 

10.000 -2PAW -6.863 

lS.oW 16.6QO -1.649 

20.000 24.400 -1.047 

25.ow 15.600 -1.734 

34mm 12.400 -0.927 

35.000 9.600 0.903 

4o.wo 0.600 -3.034 

45.WO *9.600 -7.947 

saow -0.800 4323 

55.000 11.@lO -0.385 

6o.ow 8.wo -1.565 

65.WO 4.200 -2.564 

7o.OW 2.8W -2781 

75.OW 2m -2986 

8o.wo l.XW -3.082 

85.000 l.oW -3.191 

9o.ow l.ooO -3.239 

95.000 I.200 -3.239 

100.000 0.400 -3.612 

105.WO 0.400 -3.468 

11o.ooo 0.600 -3335 

115.000 1.000 -3.215 

12o.WO l.ooO -3.311 

125000 l.wo -3335 

l3O.OW 0.600 -3.395 

135.ooo O.XW -3383 

140.000 0.600 -3335 

145.WO 0.600 -3.371 

150.000 0.600 -3.371 

155.000 0.600 -3359 

16O.OW 0.600 -3.371 

165.000 0.600 -3.371 

im.000 0.600 -3359 

175.OW 0.600 -3.347 

180.ooo 0.600 -3359 

185.000 0.600 -3323 
19Q.UW 1.wo -3.383 



195.WO 1.400 -3335 
2w.ow 1.8M) -3.504 

205.OW 0.200 -5.262 

210.000 -2.000 -5.743 

215.WO 4.000 -3.227 
,.--. 

22O.ooO 8.500 -1.962 

225.000 5.200 -2829 
23o.ow 2.8W -3.251 

235.ow azoo -3.263 

24o.ow -0.400 -3.118 
245.OW 2800 -3395 

LINE: 3+OOE Diioo: N 

Date: 28-4-98 Time: 1392 

tIhmpm&: Both Dipole mode: Vmtical lmmlmom~on: 1 

SW statica: 250 Fiii station: 0 

s~g&-wd 1.000 -3.239 fnp~tP@l 
245:OOO 1.2W -3.215 

24O.WO I.600 -3.263 

US.ooO I.600 -3.287 
230,ow l&o -3.335 

2.2W -3.227 

2.200 -3.142 

225.lxx 

220.000 
215.000 

210.000 

205.000 
2w.Wo 

195.OW 

190.000 

185.Wo 

180.oW 

175.000 

17o.WO 

165.000 

160.wo 

155.000 

I50.OW 

145.000 
14O.WO 

135.Ocm 

130.000 

I25.000 
.- ,“. 

120.000 

1 lS.OW 

110.000 

105.000 

1W.000 

95.OW 

m.wo 

85.000 

80.000 
75.WO 

m.ow 
65.000 

6o.ow 

55.000 
so.OW 

45.WO 

4o.wo 

35.WO 

3o.WO 

25.wo 
20.000 

2.WO -3.167 

2.000 -3.142 

-3.179 
-3.203 

-3.215 

-3.347 
-3.323 

-3.31 I 

-3.311 

2WO 
I.800 

IAM] 

I.200 
Low 

0.800 

0.600 
0.600 

0.600 

0.400 
0.8W 

0.600 

0.600 

0.600 

0.8W 

0.8W 

l.OW 

l.oW 

1.ow 

l.WO 

I.200 

l.WO 

1.2W 

1.200 

1.600 

I.400 
1.600 

2.000 
2.600 

3.6W 

s.2w 
8.ow 

3.000 

-8.600 

3.OW 

13.400 

14.2W 
14.2aO 

-3.311 

-3335 

-3359 

-3311 

-331 I 

-3323 

-3335 

-3.347 

-3347 
-3.323 

-3.323 

-3.299 

-3.263 

-3.239 

-3.287 
-3.287 

-3.251 

-3.167 
-3.142 

3.094 

-2.998 
-2.853 

-2.601 

-1.878 

-1.216 

3.781 

-7.658 
-1.685 

2.504 

-0.517 

-2.203 
lS.OW 16.800 -2083 

lO.OW 23.600 -1.264 
s.WO 2.400 4.058 

o.wo 0.600 -1.649 
LINE: 3+1OE Dinction: N 

lhtet 28-498 Time: 13:34 

conoonent:Bodl Dioolomode: Vottical IfJsmmmtolicn~l 

Stat-shtimx 0 Fii .shtiac 280 

Ststim Cmd.@Slm] hpha.s.3Ippt] 

0.000 26.600 n371 - 

5.000 -23.wo -5.731 
lO.OW -5.600 4.070 
15.m 26.200 -1.071 

2o.oW 19.200 -1.830 
25.ow 13.4aO -2.095 

30.m 12.400 -1.192 

,~“‘-- 3s.000 10.600 0.999 
4o.wo 4.800 -2.251 

i 45.OW .x.zw -7.742 

-,/ 50.000 2.800 -3.082 
SS.ooO 11.800 6.361 

60.000 8.000 -1.589 

65.000 4.800 -2.468 
70.000 3.2W -2.793 



,/“” 

_.. 

75.000 2800 -2986 
XO.OW 2.200 -3.046 

85.000 2.WO -3.118 
9o.ow l.XW -3.179 

95.wo 1.600 -3.263 

loO.OW 1.200 -3.395 

105.OW 1.000 -3.504 
1 lO.WO 1.200 -3.323 

115.OW 1.200 -3.407 

120.000 l.Wa -3323 
125.000 1.000 -3.371 

130.WO l.WO 3347 

135.WO lmo -3311 
l‘mmo 0.800 -3323 

145.OW 0.800 -3.395 

150.000 O.LW -3.407 
155.WO o.xw -3.383 

160.000 0.8W -3335 

165.WO 0.600 -3371 
im.000 0.400 -3383 

175.OW 0.600 -3.383 

lXO.OaO 0.800 -3359 

185.WO l.OW -3.347 

19O.WO l.ooO -3.395 

195.000 1.000 -3.335 
2w.WO I.200 -3.407 

205.OW I.400 -3335 

21o.OW 1.600 -3,347 
215.WO 1.600 -3.359 

22o.ow I.600 -3.323 

22moo 1.600 -3335 
23o.wo 1.8w -3.323 

235.OW I.800 -3.371 

24o.ow I.800 -3.383 
245.000 1.600 -3.395 

uo.ow l.XW -3359 

255.000 l.8W -3395 
26o.Wo 1.2w 4.046 

265.WO -2.WO -5.984 

z-mm 0.2w 4.034 

275.WO 1.800 -2.902 

280.000 1.4w -3.299 

LINE: 3+20E Diion: N 

Date: 2% 4-98 Time: 13:36 

Gnnponent: Both Diik mode: V&cd htnment Orientation: 

start shtioo: 280 Fii station: 0 

stati coad.[ms/m] lnph&e(ppt] 

280.000 1.4JM -3.371 

275.000 I.600 -3.263 
270.000 1.600 -3.106 

265.WO I.800 -3.082 

260.000 1.8W -3.022 

255.000 2.OW -3.179 

25o.ow l.XW -3.323 

245.OW I.800 -3323 
24o.ow 1.600 -3347 

235mO I.600 -3.311 

2.30.000 1.8W -3.299 
225mo 1.8IM -3.263 

22mm l.PW -3.383 

215.000 I.800 -3.407 

210.000 1.600 -3.335 

205.000 I.400 -3.383 

200.000 1.400 -3359 
195.ooo 1.000 -3.395 

19O.WO 1.000 -3395 

185.000 0.800 .3.443 
1 PO.OW 0.800 -3.359 

175.OW 0.800 -3.299 

17o.WO 0.600 -3371 

165.UW o.xw -3.371 

Mmoo 

155.000 
150.000 

145.ofM 
14O.OW 

135.OW 

13o.OW 

125,ow 
.,“-.._ 120.000 

llS.OW 

1 lO.WO 

-._ lOS.WO 

lW.WO 

95.WO 
9o.wo 

85.000 

o.tw -3.383 

0.800 -3.299 
O.PW -3335 

l.ooO -3.347 

1.000 -3383 
0.8W -3.395 

l.WO -3371 

l.WQ -3.347 
l.WO -3.347 

1.2w -3.299 

1.400 -3371 
I.200 -3.347 

1.200 -3.263 

1.400 -3.215 
1.600 -3.191 

1.800 -3.215 



80.000 2300 -3.179 

75.000 2200 -3.130 

7o.oOa 2.600 -3.022 

65&M 3.400 -2841 

6o.wo 4.600 -2.528 
/x.-m. 

55.000 6.ooO -2.119 

5o.ooo 8.200 -1.649 

45.000 s.200 -3.167 

40.m -8.600 -7.417 

35.000 .6.ooo -5.093 

30.000 II.400 2.613 

25.ooo 14.600 0.553 

20.000 14.ooO -2.287 

15.000 15.ooO -2.3% 

lO.oM) 18.400 -1.962 

5.ooo 7.600 -2841 
O.ooO -lS.M)o -4.816 

LINE: 3+3OE -N 

Date: 28- 4-98 l-ii: 1397 

comwlwnt: Both Diik nmde: Velihl IQshummt oriahtion: 1 

Stat-station: 0 Fiiistation: 280 

.shtiott coad.[Ias/m] Iaphse Ippt] 

0.000 -13.200 -2.432 
5.000 -10.400 -3.094 

10.000 13.200 -1.517 

15.ooO 26.8M) -1.372 
2o.OOa 17.800 -2.203 

25.OCd 13.200 -2.360 

3o.oOu 11.600 -1.445 
35.OlxJ 9.800 0.734 

4o.ooo 2.400 -2.420 

45.Ooa -9.400 -7.815 
50.000 -2.800 4.901 

55.000 11.m -0.662 

6o.wo 9.400 -1.384 

6S.ooO 5.2W -2.444 

7o.Ooa 3.800 -2.805 

75.m 3.000 -2.974 

8o.wJo 2.400 -3.058 

85.000 2.000 -3.1-U 

PO.ooO 1.800 -3.215 
95.lYxl 1.800 -3.335 

loO.OtX3 I.600 -3.275 

105.m 1.400 -3.251 

110.000 1.200 -3.323 

115.000 1.200 -3.383 

120.000 l.OcM -3371 

125.otN 1.000 -3.431 

130.000 l.Om -3.468 

135.000 1.000 -3.431 

14o.wJo 0.800 -3.395 

145.OCQ 0.800 -3.395 

150.000 0.800 -3.395 

155.ooo 0.600 -3.371 

160.000 0.800 -3.431 

165.WO 0.800 -3.383 

170.000 0.m -3.359 

175.ooO 0.800 -3.383 

180.000 1.000 -3371 
185.000 1.000 -3.335 

190.ooo l.lm 3371 

195.000 1.000 -3383 

2OO.OMl 1.000 -3.407 

205.000 1.200 -3359 

210.000 1.400 -3.431 
215.000 1.600 -3.395 

22mMo I.&lo -3371 

225mo 1.600 -3371 
23o.ooo 1.600 -3.335 

235.cMl 1.800 -3.347 

240.000 1.600 -3359 
245.rmo 1.800 -3.275 

25oJYJo 1.600 -3335 

255.COO 1.400 -3.287 
26O.OW 1.400 -3.299 

265.ooO I.400 -3.347 

2m.000 I.600 -3.347 
275.ooO 1.400 -3.347 

280.000 1.600 -3371 

.ji 

cc_.. LINE: ?+lOE Direction: N 
Date: 28- 4-98 Time: 13:39 

compoacat: Fkdl Dipole mode: vmicd Ins-t oriencirioa: 1 

j_ Start station: 275 Final statica 0 

station Cond.[ms/m] lqllw[ppt] 

275.WO 1.800 -3.431 

270.000 I.600 -3.407 

265.000 I.400 -3.407 



260.000 bloo -3371 

255.wo 1.400 -3.419 

25o.ooo l.MNl -3.443 

245.000 I.800 -3.431 
2rM.oao 1.800 -3383 

225.WO 

22n.ooo 

215.000 
210.000 

205.OW 

200.000 
195.000 

lPO.ooO 

185.OW 

180.000 

175.ooo 

1m.ow 
165.000 

160.000. 

155.WO 
. 150.000 

145.OW 

140.000 

135.000 
13o.OOiI 

125.ooo 

2.000 -3d07 

1.8W *3.492 

1.800 -3.443 
1.600 -3.456 

1.6W -3.468 

1.400 -3395 

1.400 -3.419 

I.2w -3.456 

1.2QO -3.43 1 
uoo -3.431 

I.200 -3.407 

1.2W -3.443 

1.000 -3.456 

l.ooO 5.407 

1.000 -3335 
0.8W -3395 

0.800 -3.371 

0.800 -3.407 

0.800 -3.431 

1.200 -3.395 

1.200 -3.443 
12O.ooO I.200 -3.552 

115.000 I.200 -3.504 

110.000 I.400 -3395 
105.000 1.400 -3.395 

lW.Wo I.600 -3.431 

95.000 1.800 -3311 

Po.ow 1.800 -3.263 

85.000 2.WO -3.239 

8O.OW 2.200 -3.239 
75.000 2.m -3.191 

70.000 3.000 -3.058 

65.WO 3.800 -2.914 
60.000 5.000 -2.649 

55.000 6.800 -2.107 

50.000 9.2W -1.697 
45.000 3.600 -3.853 

4O.OW -8.400 -7.502 

35.000 2400 -2697 
3O.WO 14.000 2.709 

25.OW 14.400 4.987 

20.000 13.600 -2938 
15.OW 13.800 -2.673 

10.000 16.800 -2.179 

5.000 21.600 -1.288 
O.OW 15.600 -1.156 

LINE: 3+-ME lIhU+tKN 
Date: 28- 4-98 Time: 13:41 

Componeot: B&I Dipole mode: Vertical 

Stat strtioa: 0 Fimsl statioa: 245 

statim concr[ms/m] lnplu¶a [ppt] 

0.000 -2600 -2805 
5.000 9.800 -0.409 

10.000 30.2W 0.216 

15.000 23.000 -1.962 
20.000 14.400 -2.564 

25.000 11.600 -2.408 

30.000 lO.OUO -1.276 
35.WO 8.OW 0.493 

4o.ooo 5.400 4.130 

45.000 -5.800 -7.971 
50.000 7.400 -1.697 

55.WO 14.800 0.228 

60.000 SAW -1.854 
65.OW 4.800 -2.769 

70.000 3.600 -2950 

75.OW 3.000 -3.OP4 
8O.OCCI 2.600 -3.203 
85.000 2.200 -3.275 

Po.ooo 2.000 -3335 
95.000 I.800 -3.311 100.m I.600 -3.431 

105.OW I.400 -3.480 
110.000 1.200 -3.504 

115.000 I.200 -3.516 

120.000 1.200 -3.456 
lU.000 I.200 -3.480 

130.000 1.200 -3.456 

135.Om 1.000 -3.419 

140.000 1.000 -3.456 



145x00 1.ow -3,419 

15O.OW 0.800 -3.468 

155.ooO 0.800 .3.5&I 

160.000 0.800 -3.371 

165.OW 0.800 -3.504 

170.000 l.ooo -3.504 

175.000 l.WO -3.456 

180.000 1.000 -3.431 

185.000 I.200 3.431 

190.000 1.200 -3.492 
195.bW 1.400 -3.528 

2w.000 I.400 -3.504 

205.000 I.400 -3.456 
210.000 1.600 -3.504 

215.WO 1.8W -3.468 

220.000 l.SW -3.492 

225.Wo 1.800 -3.540 

23o.wJ 1.800 -3.492 

235.WO 1.8W -3.468 

24o.ooo I.800 -3.492 

245.OOt 1.800 -3.456 

LJNE: 3+60E Dire&on: N 
Dste: 28.4-98 Tii: 13:42 

Compoaent: Both Dipole& Vertical 
Stattsutioo:225 FidstatiaO 

stati cond.(ms/m] lqhseIppt] 

225.OW 2.200 -3.480 

220.000 2.200 -3.407 
215.000 2.000 -3.383 

2lO.OW 2000 -3.395 

205.000 2200 -3.443 
2w.000 2.OW -3.431 
195.WO 2.200 5.419 

lPO.oW 2Wa -3.407 
185.000 1.800 -3.468 

18O.ooO I.800 -3.516 

175.OW 1.000 -3.456 
170.000 O.WO -3.937 
165.ooO I.200 -3.480 

160.000 1.400 -3.492 
155.0&l 1.4ao -3.492 

150.000 I.200 -3.456 

145.000 1.200 -3.43 1 
14moo l.2W -3.431 

135.OW 1.200 -3.443 

130.000 1.200 -3.468 
125.WO 1.200 -3.419 

12o.Wo 1.200 -3.419 

IlS.cdO 1.200 -3395 
1 lO.OW 1.400 -3.468 
105.000 1.400 -3.480 

lW.000 1.600 -33SP 
95.Oca I.800 -3.371 

90.000 1.800 -3.407 

8S.000 2200 -3371 
80.000 2.400 -3.299 
75.000 2.m -3.239 

70.000 3.200 -3.179 
65.ooO 3.800 -2.998 

6O.WO 5.OW -2745 

55.WO 6.600 -2384 

5O.WO 8.000 -2179 

45.ooO 4.2W -3.576 

4O.OW -7.000 6.936 
35.WO 2.OW 4.lu) 

3o.WO 17.600 3.564 

25.000 15.200 -0.180 
20.000 15.2W -3.383 

15.WO 14.200 -2.853 

10.000 15.600 -2.312 
5.WO 20.600 -1.300 

o.ow 11.600 -1.697 

LINE: 3+70E IXredoa: N 
Date: 28- 4-98 Tii: 1344 

companeat: Both Dipole tllosk Vcltiul llkmmmt~~ 1 
SM-0 Fidstatim:225 

5.OW 20.400 1.156 

.*- 10.000 28AW a.216 

15.WO 19.2W -2.336 

2O.OW 13.800 -2.601 
i 25.OW 12.200 -1.914 

30.000 9.6w 0.325 

u.OW 5.600 -1.806 
40.000 4.800 -7.598 

45.000 -8.400 -6.827 



50.000 9.200 -1.216 
55.OW 13.000 -0.686 

60.000 7.200 -2.275 
65.000 4.600 -2.890 

70.000 3.600 -3.082 

/-- 75.0&I 3.000 -3.179 

8O.OW 2600 -3.215 
85.000 2200 -3.287 

mm0 2.Wo -3.323 

95.004 l.SW -3359 
100.000 1.600 -3.395 

105.Wo 1.600 -3.347 

110.000 1.600 -3.443 
ll5.Wo 1.200 -3383 

12O.ooO 1.2W -3.431 

125.ooo 1.200 -3359 
130.Ow 1.2w -3.456 

135.000 I.&IO -3.492 

140.000 I.2W -3.492 
145.000 OAW -3.443 

150.Wo 0.600 -3.383 

155.000 1.400 -3371 

16O.Wo ldW -3.431 

165.ooO 1.200 -3.419 

170.000 I.200 -3395 

175.000 tAoo -3.480 

18O.WO 1.600 -3395 

185.OW 1.6ou -3.443 

1Qo.wo 1.600 -3.443 

195.000 1.800 -3.443 

2w.000 2200 -3.407 

205.WO 2.4W -3.383 

210.000 2.600 -3.43 1 

215.000 2.400 -3383 

22O.Wo 2.600 -3.540 

W.OW 2.800 -3.468 

LINE: 3+8OE DiiaN 
Date: 28- 4-98 Tii: 13:46 

compmmot: Both Dipole n&e: Vetticsl InstNtnetlt orieoe 1 

SMststiaK229 Fiirtuton:o 

Station Cmd.[d/m] hpiwe~] 

225.WO 3.200 -3.407 

220.000 3.4W -3.419 
215.oM) 3.Wa -3.395 

2lO.WO 3.m -3.468 

205.000 3.000 -3395 

2w.ooo 2.600 -3.468 

195.000 2.400 -3.540 

19o.ooo 2.400 -3.456 
185.WO 2.200 -3.443 

1 8O.WO 2.QOo -3.528 

175.000 1.8W -3.43 1 
im.000 1.600 -3.395 

165.000 1.600 -3.395 

160.000 1.8W -3.395 
1s5.000 1.600 -3.468 

lSO.000 mm -3.456 

145.000 1.600 -3.407 

14O.OW 1.600 -3.431 

135.000 I.400 -3.419 

130.000 1.4w -3.456 

125.000 1.600 -3395 

12O.WO 1.6W -3.407 

115.000 1.600 -3.480 

1 lO.WO 1.600 -3.443 

105.000 I.600 -3.468 

lW.OW 1.8W -3395 
95.000 2.000 -3.383 

Po.ooo 2.200 -3.407 
85.WO 2200 -3.468 

SOB00 

75.000 

m.oM) 

65.000 

6o.wo 

55.000 

5O.WO 

45.oW 

4o.ooo 

,- -. 35.000 

3o.WQ 

25.ow 

2.200 
2.600 

3.OaO 
3.400 

4.‘iW 

6.000 
9.ooo 

8.2W 

-5.400 
-7.400 

-3.39s 

-3.3 1 I 

-3.275 
-3.191 

-2.974 

-2781 
-2.W7 

-2.432 

-6.249 

6.936 

1.3% 

2.865 

17.000 

16.400 
2O.OW 14.800 -2.372 

15.000 14.8W -3.323 

10.000 15.200 -2.625 

5.000 17.600 -1.770 

O.OW 17.800 -0.565 



.,, *;a-, 

LINE: 3+QOE lliwtim:N 

Due: 2&&98 Tii: 14~13 

compoaent: Both Dipole mode: Vertical lasmmmatDfka~ 1 

Stat z.wioa 0 Fii station: 215 

Station Cond.@S/m] Inphase [ppt] 

o.ooo 10.400 -1.107 

5.OW 
10.000 

15.000 

20.000 
25.ooo 

30.000 

35.000 
4o.ooo 

45.000 

50.000 

55.Wo 
6o.wo 

65.000 
mm3 
75.ooo 

12800 
19.600 

17.ooo 

14.2W 

13.200 

11.800 

13.200 
-1.000 

.12.400 

4.200 
11.X00 

7.200 

4.600 

3.6W 

3.400 

-0.95 1 
-1.216 

-2.528 

-2974 

-1.866 

1926 

1.734 
-6.334 

-7.923 

-2733 
-1.156 

-2.420 

-2926 
-3.094 

-3.215 

8O.ooO 2.800 -3335 
85.000 2.200 -3395 

PO.WO 2.WO -3.468 

95.000 I.800 -3.419 

lW.OlXi 1.8W -3.359 

105.OOa 1.6w -3.419 

110.000 1.600 -3.468 

I lJ.ooo 1.6oQ -3.480 

120.000 MOO -3.516 

125.000 1.600 -3.468 
13O.WO l&IO -3.468 

135.WO I.400 -3.516 

140.000 1.600 -3.516 
145.OW 1.400 -3.516. 

15o.oGa 1.400 -3.480 

155.OW 1.400 -3.588 
16O.OMJ I.200 -3.588 

165.000 0.800 -3.492 

170.000 0.400 4.431 
175.WO I.800 -3.600 

1 SO.tNM 1.800 -3.588 

185.000 l.8W -3.588 

1Po.ooo 2.200 -3.528 

195.Wo 2.2lm -3..w 

2W.OW 2.600 -3.468 

205.000 2.600 -3.528 

2lO.ooo 2.800 -3.492 

215.000 3.000 -3.480 
LINE: 4+wE Ditution: N 

Due: 28.&98 Tii: 14~15 

Coaqmeat: Both Dipokmode: V&t lashummt otimti 1 
Start station: 210 Fii swim: 0 

Station Cond.(m.Wm] InpbseIppt] 

21O.ooO 3.400 -3.552 

205.WO 

2oo.ooo 

195.Ooo 

lPO.000 

185.000 

lSO.WO 

175.000 
17o.OW 

165.OW 

160.000 

155.000 
150.000 

145.OW 

14o.ooo 

135.Oao 

130.000 

125.000 

12O.OW 

115.000 
1 lO.OW 

105.OW 

lW.000 
95.wo 

9o.ow 

,.-=. 85.ooO 
SO.OW 

75.Wo 

70.000 
6S.WO 

6o.ow 
55.000 

JO.oW 

3.400 -3.468 

3.200 -3.431 

2800 -3.516 

2.600 -3.468 

2dW -3.480 

2ooo -3.456 

2.000 -3.480 

2.000 -3.419 

2.WO -3.456 

2200 -3.468 
2.000 -3.528 

1.800 -3.552 

12.400 -2263 
5.000 -2.890 

1.200 -3.564 

1.800 -3.540 

2.000 -3.504 

1.800 -3.504 

2.OW -3.468 

2.000 -3.419 

2.200 -3.431 

2.000 -3.456 
2.000 -3.443 

2.200 3.39s 

2.400 -3.419 
2.400 -3.456 

2.800 -3.359 

3.000 -3.299 
3.600 -3.179 

4.400 -3.010 

6.OW -2661 

7.800 -2.227 



45.000 7.Wa -2.781 
4o.ooo -6.ow -6.394 

35.OW .6.8W A.743 

30.000 18.2W 0.313 

,e-‘ z 

,_ I., ‘, 

25.000 16.6W 3.-w 

2o.Wo 14.200 a.975 

15.000 15.600 -3.480 

lO.WO 16.Mx) -2.757 
5.OW lS.ooO -1.457 

O.OW 16.800 -0.879 

LINE: 4+lOE -: N 

Dstc: 28-4-98 Tii: 14:17 

C2nqmmt: Bath Dipokmodez Vex&l Ilxtmadorim~l 

Start station: 0 Fii stltion 170 
Ststioo Cond.~nWm] lnphssebt] 

0.000 8.200 -0.915 

5.000 15.000 -0.7x2 
10.WO 17.800 -1.818 

15.000 15.400 -2914 

2O.WO 14.200 -2384 
25.ooo 11.Wo 1.264 

3O.WO 12.400 0.867 

35.WO 10.600 4.876 
40.000 -7.200 -7.875 

45.WO &500 4.094 

50.000 12200 -0.903 
55.OW 9.800 -1.794 

60.040 4.600 -3.022 

65.000 4.2W -3.082 
70.000 3.200 -3.227 

7S.000 2.800 -3.311 

80.000 2800 -3.383 

85.000 2.600 -3.371 

Qo.wo 2.4&o -3.359 

95.000 2200 -3.371 
lW.WQ 2.200 -3.443 

105.ooo 2Wo -3.504 

llO.OW 2WO -3328 
II5.OW 2.000 -3.492 

120.000 2.000 -3504 

125u.ooO 2.000 -3.492 
130.000 1.800 -3.528 

135.000 I.400 -3.528 

140.000 1.600 -3.540 
I45.000 I.800 -3.528 

150.000 1.800 -3.516 

155.000 1.800 -3.552 
16o.oclo 2.000 -3.4.80 

165.ooO 2.WO -3.376 

im.000 2.000 -3361 
LINE: 4+2OE Direaion: N 

D&:28-4-98 Tim: 14~18 
ComponentBoth Dipokmde:Venial Immmm~~orionarion:~ 

stat St&ion: 145 Fiil statism 0 
Station Cod.[mS/m] hplme (ppt] 

145.000 I.800 -3.624 

140.000 l.SW -3.492 
135.900 1.800 -3.552 
13o.OW I.800 -3.564 

125.000 1.800 -3.504 
120.000 2.000 -3.492 

115.Wo 2.000 -3.492 

110.000 2OW -3.480 
105.000 2.200 -3.528 

lW.000 2.200 -3.516 

95.000 ZOO -3.468 
Qo.ooo 2.600 -3.4-M 

85.000 2.600 -3.419 

80.000 2.600 -3.431 
75.WO 2.600 -3.383 

m.000 2600 3x8 

65.000 2800 -3.407 
6O.OW 3.800 -3.191 

55.OW 4.6W -3.094 

50.000 5.800 -2853 

45.WO 8,400 -2.251 
40.000 8.400 -2.552 

35.000 -3.800 -5.984 
30.000 2.8W 4.768 

,F-. 

_ i 

25.000 24.200 4,238 

20.000 18.600 2.817 
15.000 18.800 -3.022 

lO.ooO 16.400 -3.383 

5.WO 14.600 -2.649 
0.000 10.800 -2.312 

LINE: 4+3OE Dimtioo: N 
L&c: 28- 4-98 Time: 14:19 



M Both D&k mode: Vatid b&UU%OtOfklltil 

start=shtion: 0 Fii ssstimx 135 

ststioo ccma[ms/m] Inpit= Lp!4 
o.ooo 3.8W -3.720 

,,-v 5.000 Il.800 -3.154 
10.000 16.200 -2.697 
15.ooO 15&d -2.456 

2O.OW 14.600 -0.036 

25.000 9.600 6.638 

3o.ooo 264m -8.188 

35.000 3.000 4.250 

4o.ow 17AW 0.349 

45.OW 13.m -1.143 

50.000 7.200 -2.468 
55.000 4,600 -2.938 

6o.wo 4.000 -3.106 

65.000 3.400 -3.287 
70.000 3.Wo -3.443 

75.OW 2600 -3.468 

80.000 2.400 -3.468 

85.000 2dW -3.480 

m.ooo 2.400 -3.468 

95.000 2.2W -3.468 

100.000 2.200 -3.528 

105.Wo 2.000 -3.504 

llO.OW 2.000 -3.516 

115.WO 1.600 -3.636 

12O.OW 1.800 -3.600 

125.000 1.600 -3.564 

130.000 1.600 -3.528 

135.OW 2.WO -3.552 

LINE: 4+4OE Din: N 
Date: 28- 4-98 Tii: 14~20 
Compoaenr: Both Dipole mode: Vettiul Instmmat Chientatioa 1 

stsrtststimc 125 FiilStltion:O 

Station CoadJmSh] Inphase [ppt] 

125.ow 1.600 -3.576 

120.000 
115.000 

1 lO.OW 

105.000 

*_d . 100.000 

95.OW 

m.wo 

85.000 

80.000 

75.000 
70.000 

65.OW 

6o.ooo 

l.SW -3.516 
l.SW -3.492 

2.200 -3.492 

22w -3.504 
I.800 -3.-w 

2.2W -3.504 

l.SW -3.456 

2.6W -3.443 

2.400 -3.443 

2.400 -3.480 

2.800 -3.43 1 

3.Wo -3.287 

3.400 -3.359 
55.000 3.200 -3.287 
50.000 4.Wo -3.179 

-\ 

45.WO 5.000 -2.974 
4o.ooa 6.600 -2.661 

35.000 8.OW -2.528 

30.000 4.200 -3.973 
25.ooo -7.8W -6.984 

2o.ooo 17AW 0.590 

15.000 23.400 4.154 

10.000 22.600 -2.769 

5.Wo 19.8W -3.708 

0.000 15.400 -2.878 

LINE: 4+5OE Ditcction: N 
Due: 2ECP8 Tii: 14:21 
tlwnpm&Botll Dipoklm&:v&l IIxavmdorionhtion:l 

smtstrticn:o Fistatim 120 

ststioo ch&[ms/m] lltpbw [ppq 

o.ow 12.m 0.012 

5.000 14.Wo l.ST8 
1o.ooo 15.400 -0.602 

15.OW 5.600 -7321 

20.000 4.200 -7.297 

25.000 13.800 -0.529 

30.000 19.8w 0.541 

35.000 11.200 -1.673 
40.000 6.200 -2.649 

45.000 4.600 -2.950 

50.000 3.800 -3.082 
55.000 3.200 -3.191 

fio.tml 2.600 -3.335 

65.000 2.600 -3.419 

70.000 2.200 -3.456 

75.OcM 2.200 -3.347 

SO.WO 2.OW -3.468 
85.000 1.800 -3.492 

Po.ow 2.oW -3.468 
95.OW 1.600 -3.504 



lW.ooO 2.WO -3.516 

105.OW 2.200 -3.492 
110.000 l.uy) 3359 

115.000 1.800 -3.516 

120.000 I.600 -3.480 

LINE: 4+6OE DilMiOKN 
Date: 28.4-98 Tine 14~22 
&mpment:Botb Dipokde:Vertiul Inahummtm 1 

Stat statioaz 115 F-1 station: 0 

St600 C-dWW lnpbrrc[pptl 
115.Wa 2000 -3.540 
110.000 1.800 -3.480 
lOJ.WO 1.8W -3.443 

lW.WO 2.200 -3.480 
95.OW 2.000 -3.468 

9MOO 2.000 -3.516 

85.000 2.200 -3.443 
SO.WO 2.2W -3.552 

75.Wo 2.800 3.540 

maw 2.2w -3.540 

65.ooo 2030 -3.480 

60.000 2.400 -3.383 

55.Mx) 2.800 -3383 
JO.OW 3.200 -3.407 

45.WO 3.200 -3.287 

4o.ow 4.Wo -3.154 
35.OW 4.600 -3.106 

30.000 5.200 -2.986 

25.000 7.000 -2.576 
2O.WO 9.600 -2.095 

15.OW 11.400 -1.661 

i0.000 6.800 4.070 
5.OW 16.800 -3.142 

0.000 38.400 0.096 

LINE: 4+70E Direct& N 
Date: 28- 4-98 Time: 1423 

Compotmt: Both Dipole mode: Vertical Instnament Orientatkt~ 1 
Start statiox 0 Find station: I15 

station cMuL[ms/m] inpb lppt] 

0.000 19.800 0.349 

5.OmI 20.200 0.457 

lO.OW 18.200 -0.036 

15.000 13.4W -1.071 

20.000 9.2w -1.950 
25.WO 6.200 -2.528 

30.000 s.ooo -2.914 

35.000 4.WO -3.058 
40.000 3.000 -3.227 

45.000 2.800 -3.323 

5o.ooo 2.400 -3359 
55.000 2.200 -3.335 

6o.ooo 2.000 -3.443 

65.000 2.200 -3.407 
70.000 2.200 -3323 

75.000 2.WO -3.468 

80.000 LOW -3.431 

85.000 1.8W -3.419 

Po.ow 2.lIlM -3.504 

95.000 2.OW -3.359 

lW.000 I.800 -3.215 

105.000 I.800 -3.492 

110.000 I.800 -3.468 
115.Wo 1.800 -3.480 

LINE: 4+8OE Dinxtioc N 
Da& 2& 4-98 Timx 14:24 

Component: Both Dipole mode: Vertid lnstmmmt olientation: 1 

Start statioc 105 Final statkaz 0 
Sh cad.[ms/m] lnphmlo[ppt] 

105.000 I.800 -3.564 
lW.OW 2&O -3.456 

95.ooo 2.600 -3.395 

9o.ooo 2.600 -3.359 

85.000 2.4Otl -3.383 

80.000 2.400 3.407 

75.000 2.4W -3395 
ma00 2.200 -3.516 

65.ooO 2.200 -3.492 

60.000 2.400 -3.468 
55.000 Z&JO -3.383 

,-,-‘-r, 50.000 3.ooO -3.383 

45.000 3.WO -3.275 
4o.ooo 3.2W -3.299 

35.000 2800 -3.335 

30.000 3.000 -3.275 
25.WO 3.WO -3.239 

2O.WO 3.600 -3.058 
15.000 4.600 -3.010 



lO.OW 5.400 -2.865 
J.WO 6.200 -2.661 

O.WO 8.200 -2155 
LINEz4+POE Dire&m: N 

Date: 28.4-98 Time: 14~26 

Chmpment: Both Diik made Vertical Ituwmeaorieahttil 

swstalimco Fidstath:rn 

Station thid.[mS/m] Inphase lppt] 

o.ooo 4.200 -3.046 

5.000 4.200 -3.022 
10.000 3.600 -3.118 

15.000 3.600 3.154 

2o.ooo 2600 -3.299 
25.ow 2.800 -3.335 

30.000 2.800 -3.347 

35.OW 2.600 -3383 
4o.wo 2.400 -3AO7 

45.000 2.600 -3383 

5O.WO 2.400 -3.588 

55.OW 2.400 -3.576 

6O.OW 2.200 -3.516 

65.OW 2200 -3.516 

70.000 2.2aO -3.480 

LINE: 5+OOE Directian: N 

Date: 28-4-98 Tim: 14~28 

Componmu: Both Diik mode: Vettid baunxmtt Orienhtimt: 1 

Stat station: 0 Find stath: 30 

Station. Cond.[mS/m] Inphase fppt] 

o.wo 3.400 -3.311 

S.ooO 3.400 -3.263 

lO.OW 2.800 -3.347 

15.000 2.8W -3.383 
2O.WO 2.800 -3.383 

2%WO 2600 -3.383 
3o.ow 2.400 -3.456 



APPENDIX C 

GEOLOGIC LOGS 



APPENDIX D 

AQUIFER TEST RESTS 



! 
. 

CI~ ent: NASA WALLOPS FLIGHT FACILITY Company: VhRSAR INC. 

-ocation: SITE 14 Pro j ec t: 3394.004 

WFF14GW7 FALLING HEAD SLUG TEST 
OATA SET: 
14GW7F.COR 
07/23/9? 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bower-Rice 

PROJECT DATA: 
test date: MAY 8. 1997 

TEST DATA: 
HO = I.35 ft 
r-c = 0.083 ft 
rw = 0.33 ft 

L = 4.61 ft 
II = 4.61 ft 
H = 4.61 ft 

PARAMETER ESTIMATES: 
K = 4.639E-05 ft/min 

YO = 0.5055 ft 



:li ent: NASA WALLOPS FLIGHT FACILITY Company: VERSAR INC. 

-ocation: SITE 14 Pro j ec t: 3394.004 

WFFlQGW7 RISING HEAD SLUG TEST 
DATA SET: 
14GWi’R.COR 
07/23/97 

AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PkOJECT DATA: 
test date: HAY 6. 1997 

TEST DATA: 
HO = 1.35 ft 
rc = 0.083 ft 
rw = 0.33 tt 
L = 4.61 ft 
b - 4.61 ft 

H - 4.61 ft 

PARAMETER ESTIMATES: 
K = 0.03662 ft/min 

YO = 1.296 ft 

. . . , . . . 

. . . . . . . . . . . . . . . . . . 

AOTESOLV 



:li ent: NASA WALLOPS FLIGHT FACILITY' Company: VERSAR INC. 

-ocation: SITE 14 Project: 3394.004 

WFF14GWl FALLING HEAD SLUG TEST 
DATA SET: 
14GWlF.COR 

07/23/g? 

AQUIFER MOOEL: 
Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
test date: MAY 0. 1997 

TEST DATA: 
HO = 1.35 ft 
rc - 0.083 ft 
rw = 0.33 ft 
L - 13.29 tt 
b = 13.29 ft 
Ii - 13.29 ft 

PARAMETER ESTIMATES: 
K - 0.01803 ft/min 

YO - 1.929 ft 

. . . . 

0. 4. 6. 16. ZO. 
Time (m$ 

AOTESOLV 



I ient: NASA WALLOPS FLIGHT FACILITY Company: .VERSAR INC. 

ocat ion: SITE 14 Project: 3394.004 

WFF14GWl RISING HEAD SLUG TEST 
OATA SET: 
14GWlR.COR 
07/23/97 

10.-l I I , AQUIFER MODEL: 
I I I I I I I I I I I I Ill I- 

Unconfined 

SOLUTION METHOD: 
Bower-Rice 

PROJECT DATA: 
test date: MAY 8. 1997 

TEST DATA: 

1. - 
HO - 1.35 ft 
rc = 0.083 ft 
rw = 0.33 ft 
L = 13.29 ft 
b * 13.29 ft 
H - 13.29 ft 

PARAMETER ESTIMATES: 
K = 0.001549 ft/min 

YO - 0.4726 it 
-0.. 

**. 
-**.. 

Q.... 
a.* . . . . . . 

.-.A.,~.** 
. . 

"'I 1""'1 I' 'I I I' 'I I' 
0. 4. 6. 12. 16. 20. 

Time (mtn) ---. 
AOTt>uLv 



21 ien t: NASA WALLOPS FLIGHT FACILITY Company: VERSAR INC. 

-acation: SITE 15 Project: 3394.002 

WFFlSGW3 FALLING HEAD SLUG TEST 
DATA SET: 
15GW3F.COR 
07/23/97 

10. , , , , 
AQUIFER MODEL: 

I I I I I I I I I I I I I I I I 
Unconfined 

SOLUTION METHOD: 
Bower-Rice 

PROJECT DATA: 
test date: MAY 8. 1997 

TEST DATA: 
HO = 1.35 ft 
rC = 0.083 ft 

; rw - 0.33 ft 
: 
1 L - 5. ft 
I b - 7.4 ft 

1 l.- n = 7.4 ft 

I 
I 
iI 

PARAMETER ESTIMATES: 
K - 0.0001354 ft/min 

I YO = 0.8295 ft 

0.1 “‘1’1111’1111’1111’11”- 
0. 4. a. 12. 16. ZO. 

Time (mln) 
- AQTESOLV 



: I i ent: NASA WALLOPS FLIGHT FACILITY Company: VERSAR INC. 

-ocation: SITE 15 Project: 3394.005 

WFFlSGWl RISING HEAD SLUG TEST 
DATA SET: 
15GWlR.COA 

07/23/97 

,,,,,,,,,,,,,,,,,A AQUIFER MODEL: 
Unconfined 

SOLUTION METHOD: 
Bower-Rice 

PROJECT DATA: 
test date: MAY 9. 1997 

TEST DATA: 
HO - 1.35 ft. 
PC = 0.083 ft 
rw - 0.29 ft 

L = 5. ft 
b = 6.79 ft 
H - 6.79 ft 

PARAMETER ESTIMATES: 
K = o.ooi783 ft/min 
YO - 0.9977 ft 

” ” ” ” ” ” ” ’ ” 
0. 4. 6. IQ 20. 

Time (md2* 
AQTESOLV 
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~1 ient: NASA WALLOPS FLIGHT FACILITY Company: VERSAR INC. 

-ocation: SITE 15 Project: 3394.002 

WFFlSGW3 RISING HEAD SLUG TEST 
DATA SET: 
lSGW3R.COA 
07/23/97 

10. ’ , , , AQUIFER MODEL: 
I II, I I I I I I I II I I I I- 

Unconfined 

SOLUTION METHOD: 
Bouwer-Rice 

PROJECT DATA: 
test date: MAY 9. 1997 

TEST DATA: 
HO = 1.35 ft 
PC - 0.083 ft 

, rw = 0.33 ft 
L = 5. ft 

I b - 7.4 ft 

/ 1. n = 7.4 ft 

PARAMETER ESTIMATES: 
: K = a.i4eE-05 ft/min 
1 

YO - 0.9764 ft 

0.1 ” ” ” ” ” ” ” ” ” ” “I” 
0. 4. a. 12. 16. 20. 

Tlme (mln) 
AOTESOLV 



APPENDIX E 

FEASIBILITY STUDY COSTING WORKSHEET 



WALLOPS FLIGHT FACILITY -- ~- 
SITE 16 ENGINEERING COST ESTIMATE ___-.~ _ -- 

-- 
ITEM DESCRIPTION UNITS MATERIAL LABOR EQUIP. TOTAL QUANTITY BASE COST _r___~-.-- ~-~ 

- - 
ALTERNATIVE Long Term Monitoring 
Site 16 - Altern&ve 

~___ ---~ 
-..---___ 
Environmental Sampler(s) to Sa~%%%%Annual HR 70 - 70 __- 40 $ 
Travel Expenses Meals/Lodging 

2800.00 
Day 30 30 2s 60.00 _--. .-~ 

Personal Protective Equipment for Samplers including Gloves/Suits 
Equipment Small Hand Tools, Well Purge Pumps, Disposable Tubing, Bailers 

bay 30 30 2$ 60.00 
Well 60 60 9 $ 540.00 

for Field Sampling Team 60 60 120.00 .__ Day 2s 
Shipping of Samples from Field to Laboratory per Cooler EA 40 40 - 11 $ 440.00. 
Laboratory Analysis TCLP. TAL, TPH-GRO for 9 Wells plus Dupe and Blank Sample 1200 1200 11 $ 
Geologist to Prepare and Update Annual Monitoring Report - 

13,200.OO 
HR 85 85 40 $ 

senior QAK!C-Review Annual Mon%nng%fpor-t 
~-.--~ 3,400.od 

I-G 
-__ 

125 125 2 $ 250.00 

-___-- 
Subtotal of Base Costs 3 -- 
Adjustments for Engineering, Management, Bonding,Jermitting, and Legal Work 

20,870.00 
$ -___~~~ - 

Deed Restriction Fixed Cost (Initial Year Only) $ -.- - 
Initial Year Project Cost -. $ 

Present Value (Monitoring) (5 Years with a 6% Annual Adjustment) _____~ 
Total Project Cost 

.- 
$114,928.44 .-~ 
$153,800.18 

NASA-1 6-5yr-x 
Page 1 of 6 

3ft3lol 



WALLOPS FLIGHT FACILITY -__ 
SITE 16 ENGINEERING COST ESTIMATE - - --__ 

.- 
ITEM DESCRIPTION UNITS MATERIAL LABOR. EQUIP. TOTAL 

-__ 
- QUANTITY BASE COST 

-- 
ALTERNATIVE REMOVAL AND DISPOSAL 
Site 16 - Alternative 6975sf x avg depth of 20.5 ft (5300 CY or 7975 Tons) 
Laborers (Assume 2 Laborers for the Crew for 8-Weeks)- - HR 45 _-- 45 -____ 
Project Foreman (Assumes 4 Weeks to Excavate Soil and 4 Weeks Backfill) HR 

640 $ 28,800.OC 

~-- 95 95 --..- ~~_________~ 320 $ 30,400.0c 
Small Hand Tools 50 50 - Day 40 5 2,ooo.oc Field Office Trailer 5O’xlO’ MONTH 

300 300.00 
Field Storage Box 28’xtO’ 

-__--. ___- 3$ 9oo.oc 
MONTH 95 95.00 285.OC -. 

Field Porta Potties Week -~ 
3 5 

100 
Property Survey With-Corner Stakeout of Boundary 

~100 
LS - 

8s 8OO.OC 
1500 1500 1 5 ~-. 1,500.oc 

Excavator MobIDemob Fee LS 600 
Excavator with Operator ICY with a Production Rate of 300 CY/Day (5,300 CY) 

600 
Week 

1 5 600.00 
500 2600 1500 ___- 4600 4$ - 18,400.OO 

Profile of Soil TCLP For Disposal with QA/QC samples IperlOOCY estimated 
Hauling and Disposal of Contaminated-Soil to Landfill 20 Mile Round Trip 20CY Truck ________ - 

SAMPLE 
Tons 

840 840.00 5 53 44,520.OO _____- 
30 3.00 7 40.00 7950 5 318,OOO.OO 

_--- -___ 
Bulldozer Mob/Demob Fee LS 600 600 15 600.00 
Bulldozer 140 hp with Articulating Blade and Operator for Regrading Week 660 2600 1800 5060 

-- 
4 5 

Roller 9 Ton Mob/Demob Fee 
20,240.OO 

LS 600 600 .___ 15 600.00 
Roller 9 Ton for Compaction Week 660 1800 1200 3660 

- 
45 14 640.00 

Backfill Excavation with Compacted Clean Engineered Select Fill 5300CY - x 1.2 Fluff CY 20 0.63 
Chemical Profile of Backfilled Soil By TCLP 

20.63 SAMPLE 6360 5 131,206.80 -. 
Soil 2 2” lift Assume 20 Lifts 

840 840.00 
- 15 840.00 

Testing samples/l Density/Moisture 

-- 
SAMPLE i5.00 50 65.00 40 5 

-- 
2,600.OO 

Top Soil Addition 4” for Vegetative Cover CY 20 0.5 20.5 -...______- 86 - __ ~.._ 5 
Hydroseeding of Area with Tall Grass 

- 1,763.OO 

~_.~___ 0.21 0.36 775 5 279 .oo 
Mulching with Oat Straw and Poly-Mesh 0.25 

-~ 

Watering by Truck for Plant Establishment 
0.6 - 775 $ 465.00 

- 100 --__ 330 4 5 1,320.00 

Subtotal of Base Costs 
Adjustments for Engineeringzanagement, Bonding, Permitting, and Legal Work -_- -. - 
Total Project Cost 

5 - 620,758.80 

__. 341,417.34 
962,176.14 
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