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Executive Summary 

A remedial investigation (RI) was conducted for groundwater associated with five sites at Plum 

Brook Ordnance Works (PBOW). These sites are TNT Area A (TNTA), TNT Area B (TNTB), 

TNT Areas C (TNTC), the Pentolite Road Red Water Pond (PRRWP) Area, and the West Area 

Red Water Pond (WARWP) Area. This investigation and evaluation also includes areas 

downgradient of the TNT Areas and Red Water Pond (RWP) Areas, as represented by 

monitoring wells near the downgradient PBOW facility boundary. Both the upper, 

overburden/shale groundwater unit and the underlying bedrock groundwater have been 

investigated and evaluated as part of this RI. 

 

The results of the RI have been previously reported in the 2004 Groundwater Data Summary and 

Evaluation Report (2004 Groundwater Report) and the baseline human health risk assessment 

(BHHRA). This RI report summarizes the information from these sites presented in the 2004 

Groundwater Report and the BHHRA and includes recommendations based on their findings. No 

additional investigation results, evaluation, or information is presented in this RI report. Thus, the 

purpose of this RI report is to consolidate the investigative and evaluation information for 

groundwater associated with these sites into one report.  

 

2004 Groundwater Report. RI activities were conducted by Shaw Environmental, Inc. 

(Shaw) at to investigate the groundwater associated with the TNT and RWP Areas. The RI 

samples include those collected from the groundwater monitoring wells and temporary 

piezometers from November 1997 through August 2004. These samples were evaluated in the 

2004 Groundwater Report. The types of wells/piezometers sampled for the RI are summarized as 

follows: 

 
 TNTA – overburden temporary piezometers (9 in 2000; 2 in 2001), overburden/shale 

monitoring wells (5 wells), and bedrock monitoring wells (2 wells) 
 
 TNTB – overburden temporary piezometers (2 in 2001), overburden/shale monitoring 

wells (2 wells), and bedrock monitoring wells (4 wells) 
 
 TNTC – overburden temporary piezometers (9 in 2000; 2 in 2001), overburden/shale 

monitoring wells (3 wells), and bedrock monitoring wells (2 wells) 
 
 PRRWP – overburden temporary piezometers (20 in 1998) and bedrock wells (2 

wells) 
 
 WARWP – overburden temporary piezometers (14 in 1998) and bedrock wells (2 

wells) 
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 Downgradient Perimeter – bedrock wells (8 wells). 
 

A summary of the evaluation of groundwater in each area is presented in the following 

paragraphs. This summary focuses on nitroaromatics, because these are the main contaminants 

that were generated by the TNT Areas. Please note that based on sampling results from PBOW 

as well as other sites, analytical results from direct-push groundwater samples tend to be biased 

high for metals and nitroaromatics. This has been attributed both to the higher turbidity in direct-

push groundwater samples and to contamination from overlying soil being dragged down into 

the groundwater. For these reasons, direct-push groundwater samples are not regarded as being 

of adequate quality for quantitative evaluation of groundwater contamination. 

  

TNTA Overburden/Shale Groundwater. A total of 11 nitroaromatics were detected at 

concentrations above risk-based screening concentration (RBSC) levels in the overburden/shale 

temporary piezometer and monitoring well groundwater samples at TNTA. The maximum 

nitroaromatic concentration in the piezometer samples was trinitrotoluene (TNT) at 32,400 

micrograms per liter (µg/L),and the maximum concentration among nitroaromatics detected in 

overburden/shale monitoring wells was TNT at 110 µg/L.  

 

Benzene, toluene, and chloroform were the only volatile organic compounds (VOC) detected in 

the groundwater above RBSC or applicable background screening concentration (BSC) values. 

Three semivolatile organic compounds (SVOC) were detected as SVOCs above RBSC levels: 

bis(2-ethylhexyl)phthalate and the nitroaromatics 2,4-dinitrotoluene (DNT) and 2,6-DNT. 

Unfiltered metals aluminum, arsenic, iron, and manganese have been most commonly detected in 

the overburden/shale groundwater above both RBSC and BSC values during both the wet and 

dry seasons. Filtration removed most of the metals above RBSC and BSC values.  

 

TNTA Delaware Limestone Bedrock. Nine nitroaromatic compounds were detected at 

concentrations above RBSC levels in the bedrock groundwater at TNTA. The maximum detected 

concentration was that of 2,6-DNT, which was detected only once in TNTA bedrock 

groundwater at a concentration of 3.6 µg/L.  

 

VOCs have consistently been detected in all site wells since 1997 with benzene, toluene, 

ethylbenzene, and xylenes (BTEX) and methylene chloride commonly above RBSC and (for 

BTEX) BSC values. SVOCs exceeding the RBSCs are bis(2-ethylhexyl)phthalate and the 

polycyclic aromatic hydrocarbons naphthalene, chrysene, dibenzofuran, and phenanthrene. The 
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BTEX and polycyclic aromatic hydrocarbons parameters appear to be naturally occurring free-

phase petroleum hydrocarbons.  

 

The following metals were detected at concentrations exceeding both the RBSCs and BSCs: 

aluminum, arsenic, barium, iron, manganese, and nickel. Of these, only barium concentrations 

exceeded the screening values in the filtered samples, indicating that the metals were associated 

with suspended particulates. 

 

TNTB Overburden/Shale. Nitroaromatic compounds have consistently been present in the 

overburden/shale groundwater in monitoring well MK-MW17 during all sampling events, with 

five at concentrations exceeding the RBSCs. The nitroaromatic detected at the maximum 

concentration was TNT (68 µg/L); TNT was the only nitroaromatic detected in the direct-push 

piezometer groundwater but was detected at a concentration less that the RBSC.  

 

VOCs have not been detected at concentrations above RBSC or BSC values in TNTB 

overburden/shale groundwater. The SVOC parameter indeno(1,2,3-cd)pyrene was detected at a 

concentration above the RBSC value, and the two nitroaromatics 2,4-DNT and 2,6-DNT 

likewise were detected as SVOCs. Metals typically present in unfiltered groundwater samples at 

concentrations above RBSC and BSC levels include aluminum, arsenic, cobalt, iron, manganese, 

and nickel. In the filtered groundwater samples, iron, manganese, and nickel concentrations have 

fairly consistently been above the RBSC and BSC values.  

 

TNTB Shale Bedrock. Nitroaromatic compounds have not been detected in the groundwater 

from the shale bedrock monitoring wells at TNTB.  

 

The BTEX compound benzene was detected at concentrations exceeding the BSC and the RBSC. 

The SVOC naphthalene was detected once above the RBSC but was not detected in any of the 

other TNTB bedrock groundwater samples. Detections of metals in unfiltered samples exceeding 

both RBSCs and BSCs include aluminum, arsenic, iron, and manganese. Filtration of the 

groundwater generally removed much of the metals from all of the wells. Remaining metals in 

filtered samples above both the RBSC and BSC are iron and manganese. The benzene and 

naphthalene are likely related to naturally occurring petroleum hydrocarbons that are common in 

the Delaware Limestone. 

 

TNTC Overburden/Shale. Nine nitroaromatics were detected above the RBSCs, but only in 

temporary piezometer samples. The maximum detected concentration in the direct-push 

piezometer samples was TNT at 20,100 µg/L. In the same event, the nitroaromatics 2,4-DNT 
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(37,600 µg/L) and 2,6-DNT (1,130 µg/L) were detected as SVOCs in the piezometer samples. 

TNT was detected once among the wells samples but at a concentration less than the RBSC. 

 

Benzene was the only VOC detected above the RBSC and BSC values in groundwater. The 

metals aluminum, arsenic, cobalt, copper, iron, nickel, manganese, and zinc have been detected 

in the overburden/shale groundwater at concentrations above both RBSC and BSC values. 

Manganese and nickel are the only metals that were detected above the RBSC and BSC in any of 

the unfiltered samples.  

 

TNTC Delaware Limestone Bedrock. No nitroaromatic compounds were detected in the 

bedrock groundwater samples from TNTC.  

 

BTEX compounds have been detected consistently above BSCs and RBSCs in both TNTC wells. 

Methylene chloride was detected in one sample at a concentration exceeding the RBSC. The 

SVOCs bis(2-ethylhexyl)phthalate, 2-methylnaphthalene, and naphthalene were detected at 

concentrations above RBSCs in every sampling event. No metals exceeded both the RBSC and 

BSC values. The BTEX, naphthalene, and 2-mentylnaphthalene are likely related to naturally 

occurring petroleum hydrocarbons that are common in the Delaware Limestone. 

 

PRRWP Area Overburden/Shale. A total of nine nitroaromatic compounds were detected 

above RBSC levels in the 20 groundwater samples collected from temporary piezometers during 

the wet season of June 1998. The maximum detected concentration of any compound detected as 

a nitroaromatic explosive was that of 2,4-DNT at 6,900 µg/L. The nitroaromatic 4,6-dinitro-2-

methylphenol was detected as an SVOC at 20,000 µg/L. 

 

The VOCs detected at concentrations exceeding the RBSC values at the PRRWP Area are 

tetrachloroethene and trichloroethene. The SVOC naphthalene was detected in one sample at a 

concentration that exceeded the RBSC. Most of the metals were detected above the RBSCs and 

BSCs in one or more of the unfiltered samples. The metals most frequently detected at 

concentrations above both RBSC and BSC values in the unfiltered samples included aluminum, 

iron, and manganese. Filtering removed most of the exceedances in most samples, indicating that 

the metals are mostly associated with suspended particulates associated with the direct-push 

sampling method. Total cyanide and nitrate were also detected above the RBSC in the 

groundwater.  

 

PRRWP Area Delaware Limestone Bedrock. A total of four nitroaromatic compounds (4-

amino-2,6-DNT, 2,4-DNT, 2,6-DNT, and nitrobenzene) were detected at concentrations 
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exceeding the RBSCs. The highest concentration of nitroaromatics found in the PRRWP Area 

bedrock well samples was TNT at a concentration of 1.6 µg/L.  

 

BTEX parameters were consistently found exceeding the screening RBSC and BSC values in 

both wells. Acetone was the only other VOC detected at a concentration that exceeded the RBSC 

value during both sampling events in well BED-MW23. The SVOCs 2-methylnaphthalene, 

naphthalene, 4-methylphenol, and bis(2-ethylhexyl)phthalate were detected at concentrations that 

exceeded the RBSCs. Iron and manganese are the only metals that exceeded the RBSCs and BSC 

values in the unfiltered samples and in the filtered samples.  

 

WARWP Area Overburden/Shale. A total of seven nitroaromatic compounds were detected 

at concentrations above RBSC levels in the 14 groundwater samples from temporary piezometers 

during the wet season of June 1998. The maximum detected concentration of nitroaromatics 

among the overburden/shale groundwater samples was 2,4-DNT at 950 µg/L (660 µg/L as an 

SVOC).  

 

Tetrachloroethene is the only VOC detected above the RBSC value. Half (i.e., 11) of the metals 

were detected above the RBSCs and BSCs in one or more of the unfiltered samples. The 

unfiltered metals most frequently detected at concentrations above both RBSC and BSC values 

included aluminum, arsenic, iron, and manganese. Among the filtered samples, only arsenic and 

manganese were detected at concentrations above both the RBSC and BSC values. This indicates 

that most of the metals are present in suspended particulates. In addition, nitrate was detected 

above the RBSC in this area.  

 

WARWP Area Delaware Limestone Bedrock. Five nitroaromatic compounds (4,6-dinitro-

2-methylphenol, 2,4-DNT, 2,6-DNT, 2,4-dinitrophenol, and 3-nitroaniline), all detected as 

SVOCs, were found to be above RBSC levels during the wet season of May 1998. The highest 

concentration among the nitroaromatics was that of 3-nitroaniline at 150 µg/L. 

 

The only VOC detected at a concentration that exceeds the RBSC is benzene, a BTEX 

compound. No SVOCs other than the nitroaromatics were detected at a concentration that 

exceeds the RBSC. Arsenic, cobalt, and nickel were each detected at concentrations exceeding 

the respective RBSC and BSC values. Each of the exceedances of RBSCs/BSCs for arsenic, 

cobalt, and nickel was observed in both the unfiltered and associated filtered groundwater 

samples at similar respective concentrations (i.e., filtered versus unfiltered); this indicates that 

these analytes are in the dissolved phase. Nitrate was also detected above the RBSC.  
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Downgradient Perimeter Overburden/Shale. No downgradient, perimeter overburden/shale 

monitoring wells were scheduled to be sampled during any of the RI sampling events. 

 

Downgradient Perimeter Delaware Limestone Bedrock. In samples from the downgradient 

perimeter wells, four nitroaromatic compounds (nitrobenzene, 2,4-DNT, 2,6-DNT, and 2-

nitrotoluene) were detected at concentrations that exceeded the RBSC. 2,4-DNT had the highest 

detected concentration among the nitroaromatics and was detected at a maximum detected 

concentration of 1.5 µg/L. 

 

A number of VOC compounds (acetone, benzene, chlorobenzene, ethylbenzene, methylene 

chloride, toluene, and total xylenes) were detected at concentrations above RBSCs and BSCs. In 

particular, the BTEX compounds (individually or in various combinations) exceeded the RBSCs 

and BSCs consistently throughout all sampling events in all of the monitoring wells. Three 

SVOCs were detected above the RBSCs:  bis(2-ethylhexyl)phthalate, naphthalene, and 

2-methylnaphthalene. The BTEX compounds, naphthalene, and 2-methylnaphthalene are likely 

associated with naturally occurring petroleum hydrocarbons that are common to the Delaware 

Limestone. The metals detected above RBSCs and BSCs in the unfiltered samples were arsenic, 

iron, and manganese. Two metals, arsenic and manganese, were detected at concentrations above 

RBSC and BSCs in at least one of the filtered groundwater samples. Total cyanide was detected 

above the RBSC only one time in a groundwater sample collected in the 1997 dry season 

sampling event.  

 

Baseline Human Health Risk Assessment. The BHHRA quantitatively evaluated 

exposure to chemicals in bedrock groundwater associated with the TNT Areas and RWP Areas. 

Groundwater in the overlying overburden/shale was found to be spatially discontinuous and of 

very low yield. Therefore, this unit was evaluated qualitatively and used as a source in a 

chemical fate and transport model. The following hypothetical receptors were evaluated for 

exposure to chemicals of potential concern (COPC) in bedrock groundwater as a potable source:  

off-site resident at the downgradient boundary, hypothetical future on-site worker, and future on-

site resident. These receptors are regarded as hypothetical because the groundwater is not 

currently used as a potable source and is highly unlikely to be used in the future for reasons 

including poor natural quality and widespread availability of municipal water. Two separate 

evaluations were performed for each receptor:  one based on concentrations of COPCs measured 

in bedrock groundwater wells, and the other based on modeled future concentrations that assume 

leaching of COPCs from soil to overburden/shale groundwater and transport of contaminants 

from the overburden/shale groundwater to the bedrock groundwater unit, as well as transport 

within the bedrock unit. 
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Risks were characterized for each COPC identified in each area for the relevant receptors. The 

resulting overall noncancer hazard index (HI) was compared to the noncancer hazard criterion 

(HI<1). The incremental lifetime cancer risk (ILCR) values were compared to the PBOW cancer 

risk goal (ILCR>1E-5) and the National Oil and Hazardous Substances Pollution Contingency 

Plan (NCP) risk management range (1E-6 to 1E-4). These comparisons are characterized by area 

in the bulleted statements that follow. The BHHRA reported both overall risks (including 

naturally occurring chemicals in groundwater) and site-related risks (resulting from former U.S. 

Department of Defense activities).  

TNTA 
 

 Site-related cancer risks for the future on-site worker do not exceed the PBOW risk 
goal and are within the NCP risk management range. 

 
 Site-related risks for the resident exceed the PBOW risk goal but are within the NCP 

risk management range. 
 

 Site-related noncancer hazards exceed the noncancer HI goal for all receptors. 
 

 Overall cancer risks exceed the NCP risk management range for all receptors. 
 

 Overall noncancer hazards exceed the HI goal for all receptors.  
 
TNTB 
 

 No site-related COPCs were identified for TNTB; site-related cancer risks and 
noncancer hazards are regarded as negligible. 
 

 Overall cancer risks for the resident exceed the NCP risk management range; overall 
cancer risks for the worker are within the NCP risk management range but exceed the 
PBOW goal. 

 
 Overall noncancer hazards for the resident exceed the HI goal; those for the worker 

do not.  
 
TNTC 
 

 No site-related COPCs were identified for TNTC; site-related cancer risks and 
noncancer hazards are regarded as negligible. 

 Overall cancer risks for the resident exceed the NCP risk management range; overall 
cancer risks for the worker are within the NCP risk management range but exceed the 
PBOW goal. 

 
 Overall noncancer hazards for the resident exceed the HI goal; those for the worker 

do not.  
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PRRWP Area 
 

 Site-related cancer risks for the future on-site worker workers do not exceed the 
PBOW risk goal and are within the NCP risk management range. 

 
 Site-related risks for the resident exceed the PBOW risk goal but are within the NCP 

risk management range. 
 

 Site-related noncancer hazards are less than the noncancer HI goal for all receptors. 
 

 Overall cancer risks exceed the NCP risk management range for all receptors. 
 

 Overall noncancer hazards exceed the HI goal for all receptors.  
 
WARWP Area 
 

 Site-related cancer risks for the future on-site worker exceed the PBOW risk goal but 
are within the NCP risk management range. 

 
 Site-related risks for the resident exceed the PBOW risk goal and the NCP risk 

management range. 
 

 Site-related noncancer hazards exceed the noncancer HI goal for all receptors. 
 

 Overall cancer risks exceed the NCP risk management range for the resident but do 
not exceed the NCP risk management range for the worker.  

 
 The overall cancer risks for the worker exceed the PBOW cancer risk goal. 

 
 Overall noncancer hazards exceed the HI goal for all receptors.  

 
Downgradient Boundary (resident only) 
 

 Site-related cancer risks for the future resident exceeds the PBOW risk goal but are 
within the NCP risk management range. 

 
 Site-related noncancer hazards are less than the noncancer HI goal for all receptors. 

 
 Overall cancer risks exceed the NCP risk management range for the resident. 

 
 Overall noncancer hazards exceed the HI goal for the resident.  

 

As discussed above, the receptors were also evaluated based on modeled future groundwater 

concentrations. This modeling effort and evaluation included only TNT, 2,4-DNT, and 2,6-DNT, 

which are the three primary contaminants in TNT Area and RWP Areas soil and groundwater. 
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Therefore, all modeled risks are site related. The BHHRA results of this evaluation are presented 

below for each area. 

 

TNTA (based on modeled concentrations) 

 
 Site-related cancer risks for the future on-site worker exceed the PBOW risk goal and 

are within the NCP risk management range. 

 Site-related risks for the resident exceed the PBOW risk goal and the NCP risk 
management range. 

 Site-related noncancer hazards exceed the noncancer HI goal for the resident but not 
for the worker. 

 

TNTB (based on modeled concentrations) 
 

 Site-related cancer risks for the future on-site worker are less than the PBOW risk 
goal and are within the NCP risk management range. 

 
 Site-related risks for the resident exceed the PBOW risk goal but are within the NCP 

risk management range. 
 

 Site-related noncancer hazards are less than the noncancer HI goal for the resident 
and the worker. 

 
TNTC (based on modeled concentrations) 
 

 Site-related cancer risks for the future on-site worker and the resident exceed both the 
PBOW risk goal and the NCP risk management range. 

 
 Site-related noncancer hazards for the worker do not exceed the HI goal. 

 
 Site-related noncancer hazards for the resident exceed the noncancer HI goal. 

 
PRRWP Area (based on modeled concentrations) 
 

 Site-related cancer risks for the future on-site worker exceed the PBOW risk goal but 
are within the NCP risk management range. 

 
 Site-related risks for the resident exceed both the PBOW risk goal and the NCP risk 

management range. 
 

 Site-related noncancer hazards are less than the noncancer HI goal for the resident 
and the worker. 
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WARWP Area (based on modeled concentrations) 
 

 Site-related cancer risks for the future on-site worker exceed the PBOW risk goal but 
are within the NCP risk management range. 

 
 Site-related risks for the resident exceed both the PBOW risk goal and the NCP risk 

management range. 
 

 Site-related noncancer hazards are less than the noncancer HI goal for the resident 
and the worker. 

 
Boundary Area Downgradient from TNTA (based on modeled concentrations – 
resident only) 
 

 Site-related cancer risks are less than the PBOW risk goal and the NCP risk 
management range. 

 
 Site-related noncancer hazards are less than the noncancer HI goal. 

 
Boundary Area Downgradient from TNTB/TNTC/PRRWP Area (based on modeled 
concentrations – resident only) 
 

 Site-related cancer risks exceed the PBOW risk goal but are within the NCP risk 
management range. 

 
 Site-related noncancer hazards are less than the noncancer HI goal. 

 
Boundary Area Downgradient from WARWP Area (based on modeled 
concentrations – resident only) 
 

 Site-related cancer risks are less than the PBOW risk goal and are within the NCP 
risk management range. 

 
 Site-related noncancer hazards are less than the noncancer HI goal. 

 
BHHRA Conclusion. At each area, except the WARWP Area, the non-site-related COPCs 

dominate both the cancer risk and noncancer hazards; at the WARWP Area, residential and 

worker ILCR values associated with non-site-related arsenic also exceed the target ILCR. The 

following COPCs are dominant with respect to cancer risk and/or noncancer hazard for the five 

areas of concern and the downgradient areas; site-related COPCs are specifically noted as such: 

 
 TNTA – Naturally occurring petroleum-related organic compounds 
 TNTB – Inorganics and naturally occurring petroleum-related organic compounds 
 TNTC – Naturally occurring petroleum-related organic compounds 
 PRRWP – Naturally occurring petroleum-related organic compounds  
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 WARWP – Site-related nitroaromatics and naturally occurring arsenic 
 Downgradient – Naturally occurring petroleum-related organic compounds. 

 

For each of these areas, even if no site-related COPCs were present, noncancer hazards 

associated with residential groundwater use, cancer risk associated with residential groundwater 

use, and cancer risks associated with worker use would result in respective HI and ILCR values 

that would exceed the target HI criterion (1) and Ohio Environmental Protection Agency target 

cancer risk (1E-5).  

 

Recommendations for TNT Areas and RWP Areas Groundwater.  

Based on the findings of this RI, development of an FS for TNT and RWP Areas groundwater is 

recommended. 
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1.0  Introduction 

 
The U.S. Army is conducting studies of environmental impacts attributable to releases associated with 

historical operations of a property previously owned by the U.S. Department of Defense (DoD), the 

former Plum Brook Ordnance Works (PBOW) in Sandusky, Erie County, Ohio. PBOW is an Army 

Defense Environmental Restoration Program (DERP) project under the Great Lakes and Rivers 

Division (LRD) Formerly Used Defense Sites (FUDS) program. The Louisville District office of the 

U.S. Army Corps of Engineers (USACE) is the program management district for the LRD FUDS 

program. Management support is for PBOW is provided by the USACE Huntington District office 

and technical oversight is provided by the USACE Nashville District office. 

 

This remedial investigation (RI) has been performed to determine if any DoD-related environmental 

impacts have resulted in unacceptable risks to human health or the environment pertaining to 

chemicals in groundwater underlying and/or originating from the following PBOW sites, which 

comprise DERP-FUDS Project No. G05OH001826: 

 
 TNT Area A (TNTA) 
 TNT Area B (TNTB)  
 TNT Area C (TNTC)  
 Pentolite Road Red Water Pond (PRRWP) Area 
 West Area Red Water Pond (WARWP) Area.  

 

The results of the RI have been previously reported in the 2004 Groundwater Data Summary and 

Evaluation Report, referred to hereinafter as the 2004 Groundwater Report (Shaw Environmental, Inc. 

[Shaw], 2005a,b), and the baseline human health risk assessment (BHHRA) (Shaw, 2006). This RI 

report summarizes the information from these sites presented in the 2004 Groundwater Report and the 

BHHRA and includes recommendations based on their findings. No additional investigation results, 

evaluation, or information is presented in this RI report. Thus, the purpose of this RI report is to 

consolidate the investigative and evaluation information for groundwater associated with these sites 

into one report.  

 

The 2004 Groundwater Report and the BHHRA are both included in the PBOW Administrative 

Record (AR). The documents and the AR document numbers are as follows: 

 

 2004 Groundwater Data Summary and Evaluation Report (Shaw, 2005a) Vol. 1, Part 1:  
AR No. G05OH001826_03.10_1020_a 
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 2004 Groundwater Data Summary and Evaluation Report (Shaw, 2005b) Vol. 1, Part 2:  
AR No. G05OH001826_03.10_1019_a 

 
 Baseline Human Health Risk Assessment of Groundwater (Shaw, 2006):  AR No. 

G05OH001826_03.11_1001_a 
 

This RI report, which includes only groundwater that is associated with the former 2,4,6-

trinitrotoluene (TNT) manufacturing areas (TNT Areas) and the red water pond (RWP) areas (RWP 

Areas), was conducted under Delivery Order No. DO02 of Contract No. W912P5-12-D-0001. Please 

note that other environmental media associated with these sites were previously investigated and 

evaluated, as documented in other reports (e.g., IT Corporation [IT], 2000a,b,c,d; 2001a,b,c) under 

other DERP-FUDS projects.  

 

1.1  Report Organization 

As part of the RI effort, each of the five sites listed above in Section 1.0 was previously investigated 

and evaluated in the 2004 Groundwater Report and the BHHRA. The 2004 Groundwater Report and 

the BHHRA are appended to this report in their entirety (Appendices A and B, respectively) in 

electronic format on compact disk. No ecological risk assessments were performed specifically for 

groundwater because each of the TNT and RWP Areas were interpreted to be groundwater recharge 

areas; thus, ecological exposure to groundwater was determined to be an incomplete pathway. Please 

note the other environmental media, including soils, sediment, and surface water have been evaluated 

for ecological receptors (e.g., IT, 2000c,d; 2001c).  

 

The remainder of this chapter provides a description and history of the PBOW facility and of the TNT 

and RWP Areas. Additional information on these sites can be found in the appended 2004 

Groundwater Report, the BHHRA, and documents referenced therein. Chapter 2.0 of this report 

summarizes the physical setting of PBOW and specifically addresses the five site areas 

associated with this groundwater RI. This discussion of physical setting includes the geography, 

topography, drainage, and geology, including hydrogeology and natural groundwater quality.  

 

Chapters 3.0 and 4.0 summarize the 2004 Groundwater Report and BHHRA analytical results, 

evaluation, and conclusions. Chapter 5.0 presents site-specific recommendations for site 

management decisions. These recommendations primarily discuss whether or not a remedial 

action is warranted. These recommendations do not identify a specific technological approach, 

but are provided to help site managers form a basis for determining whether a feasibility study 

(FS) is required or if proceeding to a no-action proposed plan is the appropriate course for a 

given site. References used in the RI are provided in Chapter 6.0.  
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Additional details pertaining to the 2004 Groundwater Report and BHHRA for the various site 

areas are provided in the previously submitted final reports, which are included on compact disk 

as Appendices A and B. 

 

1.2   Facility Location and Description 

The former PBOW is located approximately 4 miles south of Sandusky, Ohio, and 59 miles west 

of Cleveland. It is currently operated and maintained by the National Aeronautics and Space 

Administration (NASA) as Plum Brook Station (PBS), a satellite to NASA John H. Glenn 

Research Center at Lewis Field, Cleveland, Ohio. Although located primarily in Perkins and 

Oxford Townships, the eastern edge of the site extends into Huron and Milan Townships. PBOW 

is in general bounded on the north by Bogart Road, on the south by Mason Road, on the west by 

Patten Tract Road, and on the east by U.S. Highway 250. Public access to PBOW is prohibited 

except during the annual deer hunting season, which is by permit only. The area surrounding 

PBOW is mostly agricultural and residential. Figure 1-1 shows the geographical location of the 

former PBOW site.  

 

1.3  Facility History and Background 

The PBOW facility was built on property totaling 9,009 acres in early 1941 as a manufacturing 

plant for TNT, 2,4-dinitrotoluene (DNT), and pentolite (International Consultants Incorporated, 

1995). Production of explosives at PBOW began in December 1941 and continued until 1945. It 

is estimated that more than 1 billion pounds of nitroaromatic explosives were manufactured 

during the 4-year operating period. The three TNT manufacturing areas were designated TNTA, 

TNTB, and TNTC. Twelve process lines were used in the manufacture of TNT:  four lines at 

TNTA, three lines at TNTB, and five lines at TNTC. The PBOW facility also included 

infrastructure such as power plants and waste water treatment plants. The manufacturing areas 

consisted of widely scattered wood-frame buildings with asbestos and sheet metal coverings. 

These areas also included a series of buried and/or overhead flumes and pipes used to transport 

various liquids associated with the manufacturing process. Some of these waste liquids were 

transported to the PRRWP or WARWP, either prior to or subsequent to treatment. The locations 

of the three TNT Areas and two RWP Areas are shown on Figure 1-2. 

 

After plant operations ceased, the manufacturing lines were decontaminated by the War 

Department in late 1945. During decontamination, all structures, equipment, and manufacturing 

debris were either removed and salvaged or removed and burned. After decontamination, the 

property was initially transferred to the Ordnance Department, then to the War Assets 

Administration after it was certified by the U.S. Army to be decontaminated. In 1949, PBOW 

was transferred to the General Services Administration (GSA). In 1955, the GSA completed 
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further decontamination within the TNT manufacturing areas. This effort included removal of 

contaminated surface and subsurface soil around the buildings and wooden and ceramic waste 

disposal lines containing TNT. Thousands of pounds of TNT were discovered in catch basins; 

this TNT was removed and burned at the burning grounds.  

 

RIs for environmental media other than groundwater were completed for TNTB and the PRRWP 

Area in 2000 and for TNTA and TNTC in 2003. Decision Documents have been signed for soil 

remediation at the three TNT areas, with remediation either completed (TNTB) or ongoing 

(TNTA and TNTC). Please note that the TNTC Decision Document also addresses contaminated 

sediment along a limited area of a drainage ditch. Remediation was also performed at the 

PRRWP Area as part of a non-time-critical removal action completed in 2008, and additional 

remediation is anticipated for the PRRWP Area to address soil contamination that still remains at 

the site. It has been determined that no remediation is necessary at the WARWP Area (IT, 2002). 

 

Two property use agreements were entered into by the National Advisory Committee of 

Aeronautics, the predecessor of NASA, and the Army in 1956 and 1958, respectively. On March 

15, 1963, NASA obtained accountability and custody for the remaining PBOW property, 

approximately 6,030 acres that had been under the accountability and custody of the Department 

of the Army. NASA performed further decontamination efforts in the TNT Areas during 1964. 

The NASA decontamination process included removing contaminated surface soil above the 

drain tiles, flumes, etc.; destruction of buildings by fire; then removal of all soil, debris, sumps, 

and above-grade portions of concrete foundations. Portions of the concrete foundations located 

below grade were left buried, and some that had been previously slightly above grade were 

likewise buried. All materials, including the soil in those areas, were flashed; the area was then 

rough-graded. The decontamination process was also to have included the burning of 

nitroaromatic-filled flumes that were excavated (Dames & Moore, Inc. [D&M], 1997a).  

 

NASA has operated and maintained PBOW since 1963, and the facility is currently the NASA 

Glenn Research Center, Plum Brook Station. NASA operates the former PBOW property as a 

space research facility in support of their John H. Glenn Research Center at Lewis Field, 

Cleveland, Ohio. Most of the aerospace testing facilities built in the 1960s at the site are 

presently on standby or inactive status. On April 18, 1978, NASA declared approximately 2,152 

acres of PBOW as excess. The Perkins Township Board of Education acquired 46 acres of the 

excess acreage and uses this area as a bus transportation area. The GSA retains ownership of the 

remaining excess acreage and currently has a use agreement with the Ohio National Guard for 

604 acres of this land. NASA presently controls approximately 6,400 acres. The details of land 
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transactions are listed in the site management plan (International Consultants Incorporated, 

1995). 

 

Nitroaromatic compounds (i.e., explosives) are generally the contaminants in impacted TNT and 

RWP Areas groundwater that have resulted from past DoD activities. The presence of 

nitroaromatic groundwater contamination has resulted from spills on the surface; leaks from 

holding areas, flumes, and pipelines; and leaching from soils and materials that have infiltrated 

from process water associated with former manufacturing operations. Section 2.4 presents a site 

conceptual model that includes these source types and migration mechanism in the context of the 

site geology, hydrogeology, and other physical characteristics of the PBOW area. 
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2.0  Physical Setting 
 

2.1  Geography, Topography, and Surface Drainage 

PBOW is located within the Eastern Lake Region of the Central Lowland Province (Soil 

Conservation Service, 1971). The facility is on a plain with a slight slope to the north-northeast 

toward Lake Erie at approximately 25 feet per mile. Elevations across the PBOW facility range 

from 680 feet above mean sea level at the intersection of Taylor Road and Patrol Road on the 

southwestern side of the site to 625 feet above mean sea level at the northern portion of the 

installation (Figure 1-2). In general, the topography of PBOW is characterized by a flat ground 

surface with occasional low hummocks caused primarily by glacial scouring and deposition. A 

low escarpment trends from the western to the northeastern portion of the site (Shaw, 2005a).  

 

PBOW lies in the eastern region of the Pickeral Creek-Pipe Creek Basin, which is part of the St. 

Lawrence River drainage basin (D&M, 1997b). Eleven streams exist within PBOW and flow 

north-northeast toward Lake Erie, which is located approximately 3.5 miles north of the site. The 

site is part of four drainage areas:  (1) Sawmill Creek (southern PBOW); (2) Plum Brook (central 

PBOW); (3) Pipe Creek (western PBOW); and (4) Storrs-Hemminger Ditch (north-central 

PBOW). All four drainage areas flow into Sandusky Bay (D&M, 1997b). Four discharge points 

at PBOW (Lindsley Ditch, Ransom Brook, Kuebler Ditch, and Plum Brook) are monitored by 

NASA PBS under a National Pollutant Discharge Elimination System outfall permit (Ohio 

Environmental Protection Agency [OEPA], 2007). In addition to the streams, 17 isolated ponds 

and reservoirs and former red water ponds are located at PBOW (U.S. Geological Survey 

[USGS], 1992; D&M, 1997b). 

 

2.2  Geology  

 

2.2.1  Regional Geology 

The bedrock in northern Ohio and found at PBOW consists of Devonian and Silurian carbonates 

(limestone and dolomite) and clastics (shale, siltstone, and sandstone). These units 

unconformably overlie older sedimentary sequences of Ordovician and Cambrian Age rocks, 

which in turn unconformably overlie pre-Cambrian basement rocks (D&M, 1997b). The local 

bedrock is situated on the eastern flank of the Findlay Arch. In the Devonian and Silurian of 

northern and western Erie County, weathering of the carbonates has produced cavernous porosity 

and karst topography. 
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2.2.2  Local Geology 

Three bedrock units have been encountered during well installation at PBOW:  the Delaware 

Limestone, the Olentangy Shale, and the Ohio Shale. The Delaware Limestone is the lowermost 

formation screened by site wells. It is characterized as a hard, dense, finely crystalline limestone 

and dolomite. The unit is typically buff colored, hard, and massive and usually is described as 

fossiliferous with pyrite crystals. In the vicinity of PBOW, quarries (Hanson Aggregates to the 

north, Hanson-Sandusky Crushed Stone to the southwest, and abandoned Castalia quarry to the 

west) mine limestone from the Delaware. Traces of natural petroleum-derived hydrocarbons and 

hydrogen sulfide are common in all three quarries. Overlying the Delaware Limestone is the 

Olentangy Shale. Two members of the Olentangy Shale have been characterized at the site:  the 

Plum Brook Shale and the overlying Prout Limestone. The Plum Brook Shale is interpreted to 

consist of approximately 35 feet of bluish-gray, soft, fossiliferous shale containing thin layers of 

dark, hard, fossiliferous limestone. The Prout Limestone has been described as an approximate 

15- to 50-foot-thick unit which occasionally outcrops in a 1,000- to 2,000-foot-wide, northeast-

striking band across the middle portion of PBOW. It is described as a dark-gray to blue, very 

hard, siliceous, fossiliferous limestone or dolomitic mudstone. The Olentangy Shale of PBOW 

dips to the southeast at a slope of approximately 21 feet per mile. The uppermost formation at 

PBOW is the Ohio Shale. Geographic Information System data show that the Ohio Shale dips to 

the southeast at a slope of approximately 26 feet per mile (Shaw, 2005a). Only one member of 

the Ohio Shale is present in the PBOW area, the Huron Shale. This unit is described as black and 

thinly bedded, with abundant carbonaceous matter. Some large pyrite/carbonate concretions are 

also present in the Huron Shale, some as large as 6 feet in diameter (D&M, 1997a).  

 

2.2.3  Regional Hydrogeology 

Regional groundwater flow is to the north-northeast towards Lake Erie, although local flow may 

vary due to local topography. Water in the limestone typically occurs in joints and along bedding 

planes or in solutionally enlarged openings. Although some limestone in the middle of the 

county provide well yields of up to 500 gallons per minute (gpm), the overburden and the 

majority of the other formations can sustain groundwater pumping of only 10 gpm or less 

(D&M, 1997b). A hydrogeological study conducted by the USGS on the glacial deposits in 

Sandusky in 1990 reported a horizontal hydraulic conductivity of 0.046 feet per day and a 

vertical hydraulic conductivity of 1.2 feet per day (USGS, 1992).  

 

2.2.4  Local Hydrogeology 

From domestic groundwater wells outside of PBOW boundaries, the bedrock groundwater has 

been divided into three horizontal zones based on location and yield. Zone 1 occurs in the north 
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and northwestern portion of PBOW. It is characterized as yielding from 100 to 500 gpm from 

karstic limestone approximately 100 feet below grade. Zone 2 is in the northern portion of 

PBOW and has yields of 15 gpm or less from limestone approximately 300 feet below grade. 

Zone 3 is located in the eastern and southern portion of the site in predominantly shale bedrock. 

In addition to being found in the shale, groundwater is located in thin sand and gravel horizons 

interbedded with silt and clay deposits. Most Zone 3 wells are poor yielding, many of them 

providing less than 3 gpm (D&M, 1997b). TNTA and TNTB lie within Zone 3, the PRRWP 

Area lies within Zone 2, TNTC appears to lie within Zones 1 and 3, and the WARWP is within 

Zone 1. 

 

Two main water-bearing zones are present underlying PBOW:  one in the overburden/shale and 

one in the Delaware Limestone bedrock. The overburden and shale groundwater units exhibit 

similar water levels, suggesting substantial vertical communication, and are thus considered one 

hydrogeologic unit. Groundwater in the overburden/shale is in discontinuous pockets during dry 

time periods, exemplified by monitoring wells that are typically dry or areas in which wells 

could not be installed due to a lack of water in the overburden soil at the time of drilling. Only 

limited lateral migration of contaminants would typically occur in the overburden due to the lack 

of water. During a wet period, the general flow direction in the overburden/shale water-bearing 

zone (where present) is to the north-northeast, largely mirroring surface topography (Figure 2-1). 

The flow also corresponds somewhat to the topography of the top of the bedrock.  

 

In contrast, the limestone bedrock water-bearing zone is saturated year-round. The conceptual 

model of the site shows that groundwater flow in the Delaware Limestone water-bearing zone 

migrates and is influenced by the frequency, orientation, density, and connectivity of fractures in 

the Delaware. Groundwater flow in the Delaware Limestone bedrock is only indicated by wells 

screened in the Delaware Limestone. Similar to the overburden/shale flow direction, 

groundwater in the Delaware Limestone flows to the north-northeast. A more detailed discussion 

of hydrogeological information is presented in the 2004 Groundwater Report (Appendix A). 

Groundwater flow in the limestone bedrock is depicted on Figure 2-2. Although this figure 

shows flow during a wet period (August 2004), general flow patterns during dry periods appear 

to be essentially the same, although specific localized flow may differ for a specific PBOW site. 

These differences in wet season and dry season do not appear to apply to the TNT and RWP 

Areas (Appendix A).  

  

2.2.5  Influence of Precipitation on Water Levels 

Although earlier investigations have indicated that there is a strong connection between 

precipitation and groundwater elevations, no clear correlation exists between monthly 
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precipitation rates and water level elevations in site wells (refer to Section 6.2 of Appendix A). 

The lack of observed correlation is probably influenced by the amount of precipitation and the 

runoff rate. For example, summer thunderstorms that produce short periods of heavy 

precipitation may result in more surface runoff and less infiltration. Conversely, constant periods 

of precipitation at a lower rate over a period of days may result in more infiltration. Freezing rain 

or snow will also not result in an immediate recharge to groundwater. From review of local 

monthly precipitation data, evapotranspiration and rainfall runoff rates calculations, and a 

comparison table of sitewide monitoring well groundwater elevations verses aquifer recharge 

rates, a seasonal correlation was determined. During the months of January through June, a 

greater volume of groundwater in the overburden/shale monitoring wells was present as 

compared to the months of July through December, when a lesser amount of water was present. 

Therefore, the time period of January through June is termed the “wet” time period, while July 

through December is termed the “dry” time period. 

 

2.3  Groundwater Quality and Use 

 

2.3.1  Groundwater Quality 

Two groundwater aquifer systems are utilized for drinking water in the region:  a carbonate 

aquifer to the west and a shale aquifer to the east. PBOW is located within the transition of the 

two systems. As described in Section 2.2.4, the overburden and shale are regarded as one unit, 

thus, this water-bearing zone is referred to as the overburden/shale unit. The limestone unit 

typically yields an adequate volume of groundwater for a drinking water source but is regionally 

regarded by the Ohio Department of Natural Resources as being of low quality because of high 

mineral content (D&M, 1997a).  

 

Overburden/Shale Groundwater. Groundwater in the overburden is in discontinuous 

pockets during dry time periods. Also, the shallow overburden generally has low yields over 

most of PBOW due to the high percentage of silt and clay. Because of these conditions, the 

overburden/shale groundwater yields insufficient volume for potable use in many areas of the 

underlying PBOW. Additionally, groundwater from background wells in competent shale 

bedrock was found to have elevated concentrations of chloride, sulfate, iron, manganese, and 

total dissolved solids (TDS) (Shaw, 2006). Some of these concentrations, especially those of 

sulfate and TDS, were found at levels that far exceed the respective U.S. Environmental 

Protection Agency (EPA) Office of Groundwater Secondary Drinking Water Regulations 

(SDWR) or health advisories (EPA, 2012). The SDWRs are nonenforceable levels that are based 

on aesthetic properties (e.g., taste, odor, or color) or cosmetic effects (e.g., skin or tooth 

discoloration). The following list compares concentrations of these analytes in samples from off-
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site upgradient background shale unit groundwater wells to the respective Office of Drinking 

Water SDWRs or health advisories. 

 
 Chloride – Fifty percent of the background wells exceeded the chloride SDWR of 

250 milligrams per liter or parts per million (ppm). The maximum background 
concentration (3,540 ppm) was 14 times higher than the SDWR. 

 
 Sulfate – Eleven percent of the background wells exceeded the sulfate SDWR of 

250 ppm. The maximum background concentration (514 ppm) was approximately 
twice the SDWR. 

 
 Iron – Thirty-two percent of the background wells exceeded the iron SDWR of 0.3 

ppm. The maximum background concentration (1.55 ppm) was approximately 5 times 
higher than the SDWR. 

 
 Manganese – Sixty-one percent of the background wells exceeded the manganese 

SDWR of 0.05 ppm. The maximum background concentration (0.728 ppm) was over 
14 times higher than the SDWR. 

 
 Sodium – One hundred percent of the background wells exceeded the sodium health 

advisory level of 20 ppm. The maximum background concentration (1,390 ppm) was 
approximately 70 times higher than the sodium health advisory level. (Note that no 
SDWR exists for sodium.) 

 
 TDS – Eighty-two percent of the background wells exceeded the TDS SDWR of 500 

ppm. The maximum background concentration (6,850 ppm) was nearly 14 times 
higher than the SDWR. 

 

Based on naturally occurring high TDS and other analytes as described above, this groundwater 

unit is consistent with the EPA guidelines for Class III nonpotable groundwater. Therefore, 

overburden/shale groundwater is not a suitable drinking water source based on both low yield 

and naturally poor quality. 

 

Limestone Bedrock Groundwater. The limestone bedrock water-bearing zone yields 

groundwater year round, although specific locations may not produce water due to limited 

bedrock fractures in some areas. During periods of low precipitation, only limited migration of 

contaminants would occur in the overburden due to reduced infiltration. Limestone bedrock 

groundwater underlying most of PBOW is of poor natural quality largely due to naturally 

occurring petroleum hydrocarbons and hydrogen sulfide gas emissions. 

 

As mentioned in Section 2.2.2, the presence of natural petroleum-derived hydrocarbon seeps are 

common along the walls of area quarries. Petroleum hydrocarbons were observed at depth during 
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the drilling of all TNT and RWP Area bedrock wells except TNTC well BED-MW18. This well 

was completed across the contact of the Olentangy Shale and Delaware Limestone. Evidence of 

naturally occurring petroleum included petroleum stains on rock cores, visible petroleum on 

drilling bits, free product detected during groundwater sampling, and detectable levels of 

hydrogen sulfide in boreholes and monitoring wells. The petroleum encountered during drilling 

was always only in the limestone bedrock unit and typically at depth, although petroleum 

hydrocarbon was detected throughout the limestone drilling process. Groundwater from all of the 

wells completed in the limestone (including BED-MW18) had reportable concentrations of 

petroleum-related compounds. In total, 68 percent of samples collected from eight limestone 

bedrock wells exceed the maximum contaminant level for benzene. Note that nitroaromatics 

were not present in most of the limestone groundwater samples; this observation provides 

additional evidence that the petroleum is not site-related. Subsequent petroleum hydrocarbon 

analysis by NASA (Science Applications International Corporation, 2007) of several 

groundwater samples, including one associated with TNTA (TNTA-BEDGW-001) and one 

associated with the PRRWP Area (BED-MW23), verified that the observed petroleum 

hydrocarbons in these samples were naturally occurring.  

 

Naturally elevated concentrations of sulfate were observed in three limestone wells (in TNTA, 

TNTC, and the WARWP Area), and off-gassing of hydrogen sulfide was observed in several 

wells. The maximum sulfate concentration (2,660 ppm) among these wells was over 10 times the 

SDWR of 250 ppm. Additionally, all limestone wells except one exhibited the presence of 

naturally occurring petroleum, and more than two-thirds of limestone groundwater samples were 

found to have benzene (a natural petroleum component) concentrations that exceed the drinking 

water standard (see Section 2.6 of the groundwater FS). The limestone groundwater within the 

TNT and RWP Areas also meets the EPA guidelines for Class III nonpotable groundwater based 

on elevated concentrations of naturally occurring TDS, hydrogen sulfide, metals, and petroleum 

compounds. In summary, the limestone unit generally provides an adequate quantity of 

groundwater, but the natural quality of this water would fail drinking water standards. Therefore, 

groundwater from the limestone unit underlying the TNT and RWP Areas is nonpotable due to 

naturally poor quality that is unrelated to former site activities. This is consistent with the 

findings of the Ohio Department of Natural Resources (D&M, 1997a), which, as mentioned, 

regards this unit as being of low quality because of high mineral content. 

 

2.3.2  Groundwater Use 
The majority of residents in Erie County receive water from public utilities whose sources are 

surface water. Residences to the north and east of PBOW are connected to city, county, or rural 

services. Approximately 170 private drinking water wells permitted by the Erie County Health 
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Department are located within 4 miles of PBOW. USACE conducted a private well survey for 

the area within 1 mile of the downgradient PBOW boundary. Only five private wells were 

identified within the 1-mile radius. Two of these were identified as being used for the irrigation 

of lawns and gardens and washing cars, and the other three were not used at all (please see 

Appendix A of the BHHRA, which is attached as Appendix B). These wells were samples, and 

none were found to have detections of nitroaromatics. Groundwater is not used within the 

PBOW facility. 

 

2.4  Site Conceptual Model 

Figure 2-3 presents a generalized block diagram or conceptual model of PBOW showing the 

possible contaminant sources and migration transport routes, the overburden/shale and bedrock 

water-bearing units, the geologic units, and the interrelationship between the water-bearing 

zones. Groundwater sampling investigations and groundwater monitoring well measurement 

events have found that groundwater in the overburden may be limited to discrete areas during 

dry time periods of little rainfall. During these periods of low precipitation, only limited 

migration of contaminants would occur due to less infiltration of rainwater. The site conceptual 

model illustrates this seasonal, discontinuous nature of the overburden/shale groundwater.  

 

The site conceptual model also illustrates groundwater flow in the Delaware bedrock water-

bearing zone through fractures. Groundwater flowpaths and velocity are dictated by the 

frequency, orientation, density, fracture size, and connectivity of these bedrock fractures. In 

addition to fractures, some solutional cavities may be present in the limestone bedrock. 

Generally, groundwater in the bedrock flows to the north-northeast.   
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3.0  Site Characterization 
 

This chapter provides a summary of the sampling, analyses, results, and evaluation of the TNT 

Area groundwater, RWP Area groundwater, and downgradient perimeter groundwater previously 

presented in the 2004 Groundwater Report, which is included as Appendix A. The 2004 

Groundwater Report was part of the groundwater RI activities for TNTA, TNTB, TNTC, the 

PRRWP Area, the WARWP Area, and the associated perimeter area under DERP-FUDS Project 

No. G05OH001826. The 2004 Groundwater Report also presented the results of 6 years of 

background well sampling as well as groundwater analytical results for several other PBOW 

sites (e.g., Acid Areas, Garage Maintenance Area), each of which is being addressed under other 

PBOW projects. This chapter summarizes only groundwater information related to the TNT and 

RWP Areas, including the downgradient perimeter areas.  

 

The 2004 Groundwater Report summarized field activities and evaluation of groundwater 

associated with the TNT and RWP Areas. These field activities, described in detail in the 2004 

Groundwater Report, include monitoring well installation, monitoring well development, 

monitoring well and temporary piezometer sampling, hydraulic conductivity testing, 

decontamination procedures, land survey, and management of investigation-derived waste. This 

chapter summarizes only the analytical results of groundwater samples, which include both 

monitoring well and temporary piezometer samples that were collected between November 1997 

and August 2004. Samples from this time period are evaluated in the 2004 Groundwater Report 

(Appendix A) as the groundwater RI samples. Please note that groundwater analytical results for 

these site areas dating back as early as 1994 are included in the 2004 Groundwater Report 

historical tables but are not evaluated in the report. The 2004 Groundwater Report also includes 

historical tables that present the analytical results for soil, sediment, and surface water from the 

TNT and RWP Areas; likewise, these results are not evaluated in the 2004 Groundwater Report. 

The historical groundwater analytical results for groundwater and the other environmental media 

are presented in Tables 3-1 through 3-20 of Appendix A.  

 

Please note that this chapter provides no data or other information that has not been previously 

presented and evaluated in the 2004 Groundwater Report (Appendix A). 

 

3.1  Samples and Analyses 

The RI samples were collected consistent with the applicable quality assurance project plan 

(QAPP) (IT, 1996) and sampling and analysis plans (Shaw, 2003; IT, 1996). The groundwater 
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wells and piezometers were sampled and analyzed as described below as part of the RI effort. 

The types of wells/piezometers sampled for the RI are summarized as follows: 

 
 TNTA – overburden temporary piezometers (9 in 2000; 2 in 2001), overburden/shale 

monitoring wells (5 wells), and bedrock monitoring wells (2 wells) 
 
 TNTB – overburden temporary piezometers (2 in 2001), overburden/shale monitoring 

wells (2 wells), and bedrock monitoring wells (4 wells) 
 
 TNTC – overburden temporary piezometers (9 in 2000; 2 in 2001), overburden/shale 

monitoring wells (3 wells), and bedrock monitoring wells (2 wells) 
 
 PRRWP Area – overburden temporary piezometers (20 in 1998) and bedrock wells 

(2 wells) 
 
 WARWP Area – overburden temporary piezometers (14 in 1998) and bedrock wells 

(2 wells) 
 

 Downgradient Perimeter – bedrock wells (8 wells). 
 

The wells were sampled in November 1997, May 1998, September/October 2001, and April 

2002. Each of these well samples was analyzed for filtered metals, unfiltered metals, volatile 

organic compounds (VOC), semivolatile organics compounds (SVOC), explosives, and water 

quality parameters, unless sufficient water volume was not available for each analysis. Also, the 

piezometer samples collected in the RWP Areas were analyzed for this same suite of analytes if 

adequate water volume was available; please note that most of these had insufficient volume for 

water quality parameter analysis.  

 

The 2000 piezometer samples from the TNT Areas were analyzed for filtered metals, nonfiltered 

metals, VOCs, SVOCs, and explosives. A total of 135 piezometer samples were planned in the 

TNT Areas in 2001 for analysis of filtered metals, nonfiltered metals, VOCs, SVOCs, and 

explosives. However, this effort was abandoned due to a lack of water; only 6 of 32 piezometers 

was found to have water, and none of these 6 samples had adequate water volume to analyze for 

all parameters. Groundwater monitoring well locations, including those for the TNT Area, RWP 

Area, and downgradient wells, are shown on Figure 3-1, along with the regional geology and site 

topography as presented in the 2004 Groundwater Report. 

 

All analytical data from these samples were reviewed for accuracy and completeness. One 

hundred percent of the data analyzed were subjected to data validation following the guidelines 

in the EPA Contract Laboratory Program National Functional Guidelines for Superfund 

Organic Methods Data Review (EPA, 1999) and EPA Contract Laboratory Program National 
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Functional Guidelines for Inorganic Data Review (EPA, 2002), the QAPP (IT, 1996), and 

specific analytical method requirements. Data were evaluated against specific criteria to verify 

the achievement of precision, accuracy, representativeness, completeness, and comparability 

goals established to meet the project data quality objectives. The criteria for blank evaluation 

were based on those detailed in Region 3 Modifications to National Functional Guidelines for 

Evaluating Organic Analyses (EPA, 1994) and Region 3 Modifications to the Laboratory Data 

Validation Functional Guidelines for Evaluating Inorganic Analyses (EPA, 1993). Additional 

information on data evaluation, data validation, and data quality are provided in the 2004 

Groundwater Report and information attached therein (Appendix A). 

 

3.2  Summary of Analytical Results 

The analytical results of the RI samples, described in Section 3.1, are summarized in this section, 

with more information provided for nitroaromatics, which are the historical contaminants 

generated at the TNT Areas and associated with the RWP Areas. Please note that based on 

sampling results from PBOW as well as other sites, analytical results from direct-push 

groundwater samples tend to be biased high for metals and nitroaromatics. This has been 

attributed both to the higher turbidity in direct-push groundwater samples and contamination 

from overlying soil being dragged down into the groundwater. For these reasons, direct-push 

groundwater samples are not regarded as being of adequate quality for quantitative evaluation of 

groundwater contamination. 

 

Groundwater sampling locations of the TNT Areas and RWP Areas are shown on Figures 3-2 

through 3-6, respectively. Groundwater monitoring wells for the TNT and RWP Areas are also 

shown on Figure 3-1 in the context of all PBOW monitoring wells and off-site wells that had 

been sampled prior to and during the RI sampling events described in the 2004 Groundwater 

Report. Perimeter boundary monitoring wells identified as being downgradient of one or more of 

the TNT or RWP Areas are shown on Figure 3-1 only. 

 

As part of RI evaluation, analytes detected in the respective environmental media were compared 

to risk-based screening concentrations (RBSC) and background screening concentrations (BSC) 

as points of reference only. These comparisons to BSC and RBSC values are presented in Tables 

7-1 through 7-18 of the 2004 Groundwater Report (Appendix A). RBSCs do not infer a 

regulatory limit or mandated cleanup level, nor is the identification of an exceedance intended to 

indicate an unacceptable human health risk or a need for remedial action. Formal evaluation of 

human health risks was performed in the BHHRA (Appendix B), which is summarized in 

Chapter 4.0 of this RI report.  
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The RBSCs were derived from EPA Region 9 preliminary remediation goals (EPA, 2004) as 

described in the BHHRA (Appendix B). The groundwater RBSCs are based on a generalized 

residential drinking water scenario, assumed to be the most restrictive use of groundwater, and 

they correspond to a one-in-one-million (1E-6) incremental lifetime cancer risk (ILCR) or a 

noncancer hazard quotient (HQ) of 0.1, whichever results in a lower concentration. The 

evaluation of the analytical results of the samples and analyses (Section 3.2.1), as presented in 

the 2004 Groundwater Report, are summarized below for groundwater at each TNT Area, RWP 

Area, and downgradient perimeter. 

 

3.2.1  TNTA 

 
Overburden/Shale. Eleven nitroaromatics were detected at concentrations above RBSC levels 

in the overburden/shale temporary piezometer and monitoring well groundwater samples at 

TNTA during both the wet and the dry season. Two nitroaromatics were detected above RBSC 

levels in November 1997, three in 1998, nine in 2000, seven in 2001, and three in 2002. The 

maximum nitroaromatic concentration in the piezometer samples was TNT at 32,400 

micrograms per liter (µg/L) and the maximum concentration among nitroaromatics detected in 

overburden/shale monitoring wells was TNT at 110 µg/L.  

 

Benzene, toluene, and chloroform were the only VOCs detected in the groundwater above RBSC 

or applicable BSC values. Benzene was detected in the groundwater during October 2000 direct-

push operations at one boring (GW01), toluene was detected in May 1998 (2 wells) and October 

2000 (2 direct-push points), and chloroform was detected in the groundwater during August 2001 

direct-push operations from boring DP01. Three SVOCs were detected above RBSC levels. 

Bis(2-ethylhexyl)phthalate was detected during May 1998 sampling from well MK-MW23 and 

one or both of the nitroaromatics 2,4-DNT and 2,6-DNT were detected in seven direct-push 

samples in October 2000. Unfiltered metals aluminum, arsenic, iron, and manganese have been 

most commonly detected in the overburden/shale groundwater above both RBSC and BSC 

values during both the wet and dry seasons. Filtration removed most of the metals above RBSC 

and BSC values, but manganese was still detected above the RBSC and BSC value in 5 of the 18 

filtered groundwater samples. Iron was also found in the groundwater above RBSCs and BSCs at 

MK-MW24 and TNTA-MW10 and arsenic was detected in the groundwater from MK-MW23 at 

concentrations above both the RBSC and BSC. Sulfate was the dominant anion in most of the 

overburden/shale wells, with the exception of TNTA-MW11. The dominant anion in well 

TNTA-MW11 varied over the sampling period from sulfate to chloride.  
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Delaware Limestone Bedrock. Nine nitroaromatic compounds were detected at 

concentrations above RBSC levels in the bedrock groundwater at TNTA during both the wet and 

the dry seasons. Concentrations of nitroaromatic compounds 1,3-dinitrobenzene, 2,4-DNT, 2,6-

DNT, and nitrobenzene exceeded RBSC values in BED-MW18 during the dry and wet seasons 

of 1997 and 1998. 4A-2,6-DNT concentrations exceeded the RBSC in well TNTA-BEDGW-001 

during October 2001 (dry season) and April 2002 (wet season). The maximum detected 

concentration was that of 2,6-DNT, which was detected only once at a concentration of 3.6 µg/L.  

 

VOCs have consistently been detected in all site wells since 1997 with benzene, toluene, 

ethylbenzene, and xylenes (BTEX) parameters and methylene chloride commonly above RBSC 

and (for BTEX) BSC values. Bis(2-ethylhexyl)phthalate exceeded the RBSC value in TNTA-

BEDGW-001. Naphthalene exceeded the RBSC value during each sampling event from wells 

BED-MW18 and TNTA-BEDGW-001. The polycyclic aromatic hydrocarbon compounds 

chrysene, dibenzofuran, and phenanthrene were detected above the RBSC value in well TNTA-

BEDGW-001 during the October 2001 dry season. 

 

Barium was the only metal to be detected in both the unfiltered and filtered samples from both 

wells during all sampling events. The following metals were detected at concentrations 

exceeding both the RBSCs and BSCs:  aluminum (April 2002), arsenic (October 2001 and 

November 2002), iron (April 2002), manganese (October 2001 and April 2002), and nickel 

(October 2001). Each of these exceedances was detected in well TNTA-BEDGW-001. None of 

the metals in the filtered samples for the TNTA bedrock groundwater samples, including those 

from TNTA-BEDGW-001, exceeded both RBSCs and BSCs in the unfiltered groundwater 

samples. BTEX constituents in monitoring well TNTA-BEDGW-001 remained above RBSC and 

BSC levels during both sampling events, likely due to the free-phase hydrocarbon in the 

groundwater. Anions were dominated by chloride in both bedrock wells during all sampling 

events. The concentration of chloride was as much as two orders of magnitude greater than the 

concentration of sulfate. 

 

3.2.2  TNTB 

 

Overburden/Shale. Nitroaromatic compounds have consistently been present in the 

overburden/shale groundwater in monitoring well MK-MW17 during all sampling events, with 

five at concentrations exceeding the RBSCs. The nitroaromatic detected at the maximum 

concentration was TNT (68 µg/L); TNT was the only nitroaromatic detected in the direct-push 

piezometer groundwater, but was detected at a concentration less than the RBSC.  
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VOCs have not been detected at concentrations above RBSC or BSC values. Three SVOC 

parameters have been detected above RBSC levels during three of the four sampling events. The 

SVOC parameter indeno(1,2,3-cd)pyrene was detected in well MK-MW17 at a concentration 

above the RBSC value; the nitroaromatics 2,4-DNT and 2,6-DNT likewise were detected as 

SVOCs in well MK-MW17. Since sampling in November 1997, unfiltered metals typically 

present in both overburden wells at concentrations above RBSC and BSC levels have included 

iron, manganese, and nickel. Aluminum and cobalt were detected above RBSC and BSC levels 

in well MK-MW17 during two of the four sampling events, and arsenic was detected above both 

the RBSC and BSC during only the wet season sampling event. In the filtered groundwater 

samples from both wells, iron, manganese, and nickel concentrations have fairly consistently 

been above the RBSC and BSC values. Sulfate was the dominant anion present in overburden 

groundwater. The sulfate concentrations are approximately two orders of magnitude greater than 

the chloride concentrations. 

 

Shale Bedrock. Nitroaromatic compounds have not been detected in the groundwater from the 

shale bedrock monitoring wells at TNTB. Benzene concentrations above both the RBSC and 

BSC values were detected in the groundwater from well TNTB-BEDGW-003. Benzene was also 

above the BSC value in groundwater from well TNTB-BEDGW-003, but only during the 

November 1997 sampling event. The SVOC naphthalene was detected once in the groundwater 

sample from TNTB-BEDGW-003 at an estimated concentration above the RBSC, but was not 

detected in any of the other TNTB bedrock groundwater samples. Well TNTB-BEDGW-003 

showed the largest number of unfiltered metals above RBSC and BSC levels. Detections 

exceeding the both RBSCs and BSCs during both sampling events included aluminum, arsenic, 

and iron. Manganese was also detected above the RBSC and BSC only during October 2001. 

Monitoring well TNTB-BEDGW-001 exhibited iron concentrations above RBSC and BSC 

values during both sampling events as well as arsenic during the wet sampling season of May 

1998 and manganese during the dry sampling season of November 1997. The unfiltered 

groundwater sample from well TNTB-BEDGW-004 displayed iron and manganese 

concentrations above both the respective RBSC and BSC values. Filtration of the groundwater 

removed many of the metals from all of the wells. Remaining metals above both the RBSC and 

BSC are iron and manganese in well TNTB-BEDGW-001 (November 1997) and well TNTB-

BEDGW-004 (October 2001 and April 2002). The four bedrock wells showed greater variability 

in terms of anion concentrations. Wells TNTB-BEDGW-001 and TNTB-BEDGW-003 were 

chloride-dominant for all but one sampling event. The remaining two wells (TNTB-BEDGW-

002 and TNTB-BEDGW-004) were sulfate-dominant. Differences of up to two orders of 

magnitude were observed in the chloride and sulfate concentrations. 
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3.2.3  TNTC 

 

Overburden/Shale. Nitroaromatics were detected in the overburden/shale groundwater at 

TNTC only during the dry seasons of 2000 (10 temporary piezometers) and 2001 (1 temporary 

piezometer). The maximum detected concentration in the direct-push piezometer samples was 

TNT at 20,100 µg/L. In the same event, the nitroaromatics 2,4-DNT (37,600 µg/L) and 2,6-DNT 

(1,130 µg/L) were detected as SVOCs in the piezometer samples. Only TNT was detected (once) 

among the wells samples, and at a concentration of 0.61 µg/L. 

 

Benzene was the only VOC detected above RBSC and BSC values in the groundwater, and this 

occurred during the dry season of 2000. The unfiltered metals aluminum, arsenic, iron, and 

manganese have been the analytes most commonly detected in the overburden/shale groundwater 

at concentrations above both RBSC and BSC values during both the wet and dry seasons. Cobalt, 

copper, nickel, and zinc were detected above the RBSC and BSC values in dry season samples. 

Manganese was one of two metals detected at concentrations above the RBSC and BSC values in 

filtered samples. The other metal was nickel, which was detected in the 1997 dry season sample 

from TNTC-MW03. In addition, chloride was detected at concentrations at least one order of 

magnitude greater than the corresponding sulfate concentrations in the groundwater from 

overburden/shale monitoring wells. 

 

Delaware Limestone Bedrock. No nitroaromatic compounds were detected in the dry season 

or wet season bedrock groundwater samples from TNTC. VOCs have been detected consistently 

in both site wells (BED-MW13 and TNTC-BEDGW-001) since 1997. BTEX parameters are 

commonly above RBSC and BSC values in the Delaware Limestone screened monitoring wells. 

Reported concentrations of methylene chloride (a common laboratory contaminant) consistently 

exceeded the RBSC in both wells, although one sample was B qualified. The SVOCs bis(2-

ethylhexyl)phthalate, 2-methylnaphthalene, and naphthalene were detected at concentrations 

above RBSCs in every sampling event, the first two compounds exclusively in BED-MW13, and 

naphthalene in all wells. No metals exceeded both the RBSC and BSC values. The detected 

anions varied in the bedrock wells at the site. In well BED-MW13, chloride is the dominant 

anion, while sulfate is the dominant anion in well TNTC-BEDGW-001. 

 

3.2.4  PRRWP Area 

 

Overburden/Shale. As many as nine nitroaromatic compounds were detected (as explosives 

or SVOCs) above RBSC levels in the 20 groundwater samples collected from temporary 

piezometers during the wet season of June 1998. Two of these (2,4-DNT and 2,6-DNT) were 
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detected as both SVOCs and explosives. The maximum detected concentration of any compound 

detected as a nitroaromatic explosive was 6,900 µg/L. The nitroaromatic 4,6-dinitro-2-

methylphenol was detected as an SVOC at 20,000 µg/L. 

 

VOC compounds above RBSC values at the PRRWP Area included tetrachloroethene from five 

locations. Trichloroethene was detected at two direct-push locations at concentrations that 

exceeded the RBSCs. The SVOC naphthalene was detected at in one direct-push sample at a 

concentration that exceeded the RBSC. Most of the metals were detected above the RBSC and 

BSC in one or more of the unfiltered samples; this is to be expected with the direct-push 

sampling method. The metals most frequently detected at concentrations above both RBSC and 

BSC values in the unfiltered samples included aluminum, iron, and manganese. Filtering 

removed most of the exceedances in most samples, indicating that the metals are mostly 

associated with suspended particulates in the direct-push samples. Manganese was the filtered 

metal most frequently detected at concentrations above both the RBSC and BSC. It was detected 

at concentrations ranging from 818 µg/L to a maximum concentration of 62,500 µg/L. Total 

cyanide was also detected above the RBSC in the groundwater at two locations, and nitrate was 

detected above the RBSC at two locations. In addition to nitrate, sulfate is the dominant anion in 

this area. No temporary piezometers were drilled and no overburden/shale wells were sampled 

during the dry season.  

 

Delaware Limestone Bedrock. A total of four nitroaromatic compounds (4A-2,6-DNT, 

2,4-DNT, 2,6-DNT, and nitrobenzene) were detected above RBSC levels during the wet seasons 

of May 1998 and April 2002 from well BED-MW15. The highest concentration of 

nitroaromatics detected in the PRRWP Area bedrock well samples was TNT at a concentration 

of 1.6 µg/L.  

 

BTEX parameters were consistently detected exceeding the screening RBSC and BSC values in 

both wells during both the wet and dry seasons. Acetone, a common laboratory contaminant, 

exceeded the RBSC value during both sampling events in well BED-MW23. The SVOC 

bis(2-ethylhexyl)phthalate, a common laboratory contaminant, was detected above the RBSC 

value in well BED-MW15 during one (dry season) sampling event and was reported above the 

RBSC in another sampling event at well BED-MW23 (dry season). The concentrations of the 

SVOCs 2-methylnaphthalene and naphthalene exceeded the RBSCs in both wells during all 

sampling events. The SVOC 4-methylphenol was detected above the RBSC during both 

sampling events from well BED-MW23. Iron was detected above the RBSC and BSC values 

once in well BED-MW15, and iron and manganese concentrations were usually above both 

values in the unfiltered and filtered samples from well BED-MW23. Chloride is the dominant 
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anion in the bedrock, detected at concentrations one to two orders of magnitude greater than the 

concentrations of sulfate. 

 

3.2.5  WARWP Area 

 

Overburden/Shale. Seven nitroaromatic compounds were detected (as explosives or SVOCs) 

at concentrations above RBSC levels in the 14 groundwater samples from temporary piezometers 

during the wet season of June 1998. The maximum detected concentration of nitroaromatics 

among the overburden/shale groundwater samples was 2,4-DNT at 950 µg/L (660 µg/L as an 

SVOC).  

 

The VOC tetrachloroethene was detected above the RBSC value at the WARWP and may not be 

related to former DOD operations. Nitroaromatic detections are indicative of former DoD site 

activities. Half (i.e., 11) of the metals were detected above the RBSC and BSC in one or more of 

the unfiltered samples; this is to be expected with the direct-push sampling method. The 

unfiltered metals most frequently detected at concentrations above both RBSC and BSC values 

included aluminum, arsenic, iron, and manganese. Among the filtered samples, only arsenic and 

manganese remained above both RBSC and BSC values. This indicates that most of the metals 

are suspended in particulates. Sulfate was the dominant anion present. In addition, nitrate was 

detected above the RBSC in this area. No temporary piezometers were drilled and no 

overburden/shale wells were sampled during the dry season.  

 

Delaware Limestone Bedrock. Five nitroaromatic compounds (4,6-dinitro-2-methylphenol, 

2,4-DNT, 2,6-DNT, 2,4-dinitrophenol, and 3-nitroaniline), all detected as SVOCs, were found to 

be above RBSC levels during the wet season of May 1998. The nitroaromatics 3-nitroaniline and 

2,4-DNT, detected as SVOCs, were also present above RBSC levels during the April 2002 wet 

season. The highest concentration among the nitroaromatics was that of 3-nitroaniline, at 150 

µg/L. 

 

Benzene was detected only once (November 1997 dry season) at a concentration above the 

RBSC value. Arsenic, cobalt, and nickel were each detected at concentrations exceeding the 

respective RBSC and BSC values. The single exceedance by arsenic occurred during the April 

2002 wet season. Cobalt and nickel were the inorganics most commonly detected at 

concentrations that exceeded screening levels. Both analytes were above RBSC and BSC values 

during the dry season (September 2001) and wet season (April 2002) sampling events. Each of 

the exceedances of RBSCs/BSCs for arsenic, cobalt, and nickel was observed in both the 

unfiltered and associated filtered groundwater samples at similar respective concentrations (i.e., 
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filtered vs. unfiltered); this indicates that these analytes are in the dissolved phase. Nitrate was 

detected above the RBSC in all four of the sampling events. Anions in the bedrock groundwater 

are dominated by sulfate, which was detected at concentrations up to two orders of magnitude 

greater than the concentrations of chloride in all sampling events except September 2001. In this 

latter event, no sulfate data were available. 

 

3.2.6  Downgradient Perimeter 

 

Overburden/Shale. No downgradient, perimeter overburden/shale monitoring wells were 

scheduled to be sampled during the 1997 dry season, 1998 wet season, 2001 dry season, or 2002 

wet season sampling events. 

 

Delaware Limestone Bedrock. In samples from the downgradient perimeter wells, four 

nitroaromatic compounds (nitrobenzene, 2,4-DNT, 2,6-DNT, and 2-nitrotoluene) were detected 

at concentrations that exceeded the RBSC. 2,4-DNT had the highest detected concentration 

among the nitroaromatics and was detected at a maximum detected concentration of 1.5 µg/L. 

Each detection of 2,4-DNT was from well BED-MW27. This well was subsequently abandoned 

because of hydrogen sulfide emissions that were due to naturally occurring groundwater 

chemistry. In the 1997 dry season sampling event (November), nitrobenzene was detected above 

the RBSC. 2,4-DNT was detected in BED-MW27 in the 2001 dry season event (October). In this 

same event, 2,6-DNT concentrations were above the RBSC in BED-MW17 and BED-MW27, 

respectively. In the 2002 wet season sampling event (April), 2-nitrotoluene was detected above 

the RBSC in BED-MW17. In the same event, the concentration of 2,4-DNT was above the 

RBSC in BED-MW27. The compound 2,6-DNT was also detected above the RBSC in BED-

MW24 and BED-MW27. In the 2002 dry season sampling event (October), 2,4-DNT and 2,6-

DNT concentrations were above the RBSCs. The compound 2-nitrotoluene was detected at a 

concentration above the RBSC in BED-MW30.  

 

A number of VOC compounds (acetone, benzene, chlorobenzene, ethylbenzene, methylene 

chloride, toluene, and total xylenes) were detected at concentrations above RBSCs and BSCs. In 

particular, the BTEX compounds (individually or in various combinations) exceeded the RBSCs 

and BSCs consistently throughout all sampling events in all of the monitoring wells. Three 

SVOCs were detected above the RBSCs. The SVOC bis(2-ethylhexyl)phthalate was detected in 

the samples from BED-MW19 in the 1997 dry season sampling event (November) and BED-

MW19 in the 2002 wet season sampling event (April). With the exception of the 2004 wet 

season sampling event (March), naphthalene was detected at concentrations above the RBSC in 

all sampling events, particularly in BED-MW17, BED-MW-19, BED-MW24, BED-MW27, and 
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BED-MW30. Another SVOC (2-methylnaphthalene) was detected at concentrations above the 

RBSC in the 1998 wet season event (May), 2001 dry season event (October), 2002 wet season 

event (April), and 2002 dry season event (October). These detections above the RBSC were 

always in BED-MW17 and BED-MW27. Various metals were detected above screening criteria 

in every well throughout all sampling events. The metals detected above RBSCs and BSCs in the 

unfiltered samples were arsenic (well BED-MW30 during the wet season) iron (six wells during 

both the wet and dry sampling seasons), and manganese (well BED-MW27 in all three sampling 

events). The most prevalent above the screening criteria was iron. Two metals, arsenic and 

manganese, were detected at concentrations above RBSC and BSCs in at least one of the filtered 

groundwater samples. Arsenic was detected in well BED-MW17during the wet season (May 

1998), well BED-MW30 during the wet season (May 2004), and in well BED-MW33 during 

both the wet and dry season (May and August 2004). Manganese was detected in the unfiltered 

and filtered samples from the 2002 wet and dry period sampling events from well BED-MW27. 

Total cyanide was detected above the RBSC only one time in a groundwater sample from BED-

MW17, collected in the 1997 dry season sampling event. In general, chloride was detected at 

higher concentrations than sulfate in all wells except BED-MW17 and private well PT-5912. 
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4.0  Baseline Human Health Risk Assessment 
 

The BHHRA evaluated potential human health risks associated with exposure to groundwater 

associated with the following PBOW sites: 

 

 TNTA  
 TNTB 
 TNTC 
 PRRWP Area  
 WARWP Area 
 Downgradient areas at the facility boundary. 

 

It is important to note that site-specific risk assessment for groundwater was included to satisfy 

administrative requirements.  

 

This chapter summarizes the BHHRA. It identifies the chemicals of potential concern (COPC), 

summarizes the receptors, evaluated exposure pathways, summarizes the risk characterization, 

and presents the BHHRA conclusions for bedrock groundwater. The final BHHRA, submitted 

previously, is attached as Appendix B. The BHHRA was performed consistent with EPA 

guidance and with the procedures established in the BHHRA for TNTA and TNTC soil (IT, 

2001b) and, most specifically, the BHHRA work plan for groundwater underlying the TNT and 

RWP Areas (Shaw, 2005c). It is noted that the scope of work for the BHHRA required the 

summation of groundwater risks with those of other environmental media from the respective 

sites that had been evaluated previously. However, because soil/sediment remediation of the 

various TNT and RWP Areas is either completed or ongoing under different DERP-FUDS 

projects, these aggregate risks discussed in the BHHRA (Chapter 8 of Appendix B) are no longer 

relevant to site conditions and are, thus, not further discussed in the body of this RI report. 

 

This BHHRA used as input the RI analytical results described in the 2004 Groundwater Report 

(Appendix A) and summarized in Chapter 3.0 of this RI report. Because of very low 

groundwater yield in the overburden/shale unit of the TNT and RWP Areas, the Project Delivery 

Team agreed that only a qualitative evaluation was necessary in the BHHRA for this 

groundwater unit. Please note that the PRRWP Area and WARWP Area overburden/shale 

monitoring well analytical data that are included in the “historical” data tables of the 2004 

Groundwater Report were not identified in that report as RI data. Thus, for purposes of the 

qualitative evaluation in the BHHRA, the “historical” data from the PRRWP Area (Appendix A, 

Table 3-20) and WARWP Area (Appendix A, Table 3-16) overburden/shale analytical data were 

included in the BHHRA.  



 

 

KN12/PBOW/GW RIR/F/TNT-RWP.docx/12/10/2012 9:46 AM 4-2 

4.1  Identification of COPCs 

A screening procedure was conducted on the analytical data from the bedrock groundwater unit 

for each site (i.e., TNT, RWP, and downgradient) area. This screening process is used to identify 

COPCs, which are the detected chemical analytes carried through the full risk assessment 

process. The objectives of COPC screening are to focus the risk assessment on those chemicals 

that may contribute significantly to overall risk and to remove from quantification those 

chemicals whose contribution is clearly inconsequential. COPC screening includes a risk-based 

screen which also considers status as a human nutrient, a frequency-of-detection evaluation, and 

a background screen.  

 

The COPC screening process resulted in the generation of a COPC identification and data 

summary table for each detected analyte in the bedrock groundwater underlying each site which 

was subsequently quantitatively evaluated in the BHHRA. The areas and corresponding tables 

are as follows:   

 
 TNTA bedrock groundwater (Table 4-1) 
 TNTB bedrock groundwater (Table 4-2) 
 TNTC bedrock groundwater (Table 4-3) 
 PRRWP Area bedrock groundwater (Table 4-4) 
 WARWP Area bedrock groundwater (Table 4-5)  
 Downgradient boundary well bedrock groundwater (Table 4-6).  

 

These tables provide the following information for each detected chemical in each bedrock 

groundwater data set:  

 
 Chemical name 
 Frequency of detection 
 Range of detected concentrations 
 Range of detection limits 
 Arithmetic mean of site concentrations 
 95th percent upper confidence limit on the arithmetic mean (for COPCs only) 
 Appropriate RBSC 
 Appropriate BSC 
 Selection/exclusion of chemical as a COPC 
 Exposure point concentration (EPC) (for COPCs only). 

 

Additional details of this data summary, including the estimation of the upper confidence limit 

values and EPCs for COPCs, are discussed in the BHHRA (Appendix B). Please note that a 

similar screening process was conducted for overburden/shale groundwater samples, but that as 

mentioned in Section 4.0, the Project Delivery Team agreed that only a qualitative evaluation 
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was necessary for this unit because it does not represent a usable volume of water (please see 

Section 2.3 and Tables 2-10 through 2-19 in Appendix B).  

 

4.2  Exposure Assessment 

Exposure is the contact of a receptor with a chemical or physical agent. An exposure assessment 

estimates the type and magnitude of potential exposure of a receptor to COPCs found at or 

migrating from a site (EPA, 1989). The BHHRA characterizes potential exposures to COPCs in 

groundwater. 

 

The elements of an exposure model include the following: 

 
 Source 
 Source media (i.e., initially contaminated environmental media) 
 Contaminant release mechanisms 
 Contaminant transport pathways 
 Intermediate or transport media 
 Exposure media 
 Receptors 
 Routes of exposure. 

 

Contaminant release mechanisms and transport pathways are not relevant for direct receptor 

contact with a contaminated source medium (e.g., ingestion or dermal contact).  

 

Groundwater is not currently being used at PBOW, and there are no current uses in the vicinity 

of the facility boundary. Therefore, the BHHRA addresses only exposure pathways associated 

with potential future uses. The off-site residents are serviced by municipal water from surface 

water sources. During a groundwater survey conducted by USACE in 2003, owners of five of the 

off-site wells identified as downgradient agreed to have their wells sampled; no nitroaromatics 

were detected in any of these wells. Naturally occurring petroleum hydrocarbons and hydrogen 

sulfate are prevalent in the limestone bedrock; thus, use of this groundwater unit may not be 

plausible. Section 2.3 includes further discussion of groundwater quality and use in the area. 

 

Regardless of concerns regarding the questionable potential for groundwater use, given its 

naturally poor quality (Section 2.3.1), exposure associated with the bedrock groundwater was 

evaluated in the BHHRA using the long-term receptors to represent the upper bound on bedrock 

groundwater exposure for all exposed groups of people at the respective TNT Area sites, RWP 

area sites, and the facility boundary that are listed below. 
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 Current/Future Off Site. Data for all six downgradient wells are combined into a 
single evaluation, assuming a resident who obtains his water from the facility 
boundary. It is emphasized that groundwater at the facility boundary is not currently 
used, but such use may be plausible in the future. 

 
 Future On Site. Five separate evaluations for the five TNT/RWP Areas based on 

analyses from bedrock wells within the respective areas. Both the on-site worker and 
on-site resident were evaluated. 

 
 Modeled Future On Site. Based on modeled future concentrations of TNT, 2,4-

DNT, and 2,6-DNT in bedrock groundwater assuming on-site groundwater would be 
used as a drinking water source. Both the on-site worker and on-site resident were 
evaluated. This model is presented and discussed in the BHHRA (Appendix B). 
Section 4.3.3.7 includes for additional information on this model.  

 
 Modeled Future Off Site. Based on modeled concentrations of 2,4-DNT, 2,6-

DNT, and TNT, assuming that the resident obtains tap water from the downgradient 
PBOW boundary. It is based on the location exhibiting the highest concentrations of 
these analytes. Three downgradient areas were identified and evaluated based on 
groundwater flow directions:  the area downgradient of TNTA, The area 
downgradient of the WARWP Area, and the shared area downgradient of TNTB, 
TNTC, and the area downgradient of the PRRWP Area (Appendix B). Section 4.3.3.7 
includes additional information on this model. 

 

These scenarios and receptors were selected based on current usage of the PBOW facility 

(industrial) and much of the surrounding area (residential/agricultural) to be protective of all 

receptors (e.g., shorter-term construction workers, visitors, etc.,). Only the residential scenario is 

evaluated for downgradient bedrock groundwater for the following reasons:   

 
1) Future land use cannot be restricted off site. 

 
2) Current land use downgradient of the PBOW sites is generally residential. 

 
3) The residential scenario is the most protective.  

 

The equations for the calculations of intake values for each exposure pathway, exposure 

assumptions, and the calculation of EPCs of COPCs for modeled pathways are presented in the 

BHHRA (Appendix B).  

 

4.3  Risk Characterization 

Risk characterization is the process of applying numerical methods and professional judgment to 

determine the potential for adverse human health effects to result from the presence of site-

specific chemicals. This is done by combining the intake rates estimated during the exposure 
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assessment with the appropriate toxicity information identified in the toxicity assessment 

(Chapter 4.0 of the BHHRA [Appendix B]). Noncancer hazards and cancer risks are 

characterized separately, including COPCs that induce both types of effects. 

 

Quantitative expressions are calculated during risk characterization that describe the probability 

of developing cancer (i.e., ILCRs), or the nonprobabilistic comparison of estimated dose with a 

reference dose (RfD) for noncancer effects (i.e., HQs and hazard indices [HI]). Quantitative 

estimates are developed for individual chemicals, exposure pathways, and exposure media for 

each receptor. These quantitative risk characterization expressions, in combination with 

qualitative information, are used to guide risk management decisions. Risk characterization is 

applied only to COPCs. Please note that modeled risks include only those associated with TNT, 

2,4-DNT, and 2,6-DNT. 

 

4.3.1  Cancer Risk 

The risk from exposure to potential chemical carcinogens is estimated as the probability of an 

individual developing cancer over a lifetime and is called the ILCR. Equations for calculating the 

ILCR are presented in the BHHRA (Appendix B). 

 

Total ILCRs in the range of 1E-6 to 1E-4 are regarded as acceptable (EPA, 1990); this range is 

referred to as the “National Oil and Hazardous Substances Pollution Contingency Plan (NCP) 

risk management range.” Risks less than this range are regarded as negligible. A target cancer 

risk goal of 1E-5 is used by OEPA and was selected by the PBOW Project Delivery Team as a 

basis to consider remedial action. Use of this 1E-5 goal represents a departure from the Army’s 

practice of generally using a cancer risk exceeding a value of 1E-4 (the upper end of the NCP 

risk management range) to trigger remedial action considerations.  

 

4.3.2  Noncancer Effects of Chemicals 

The hazards associated with noncancer effects of chemicals are evaluated by comparing an 

exposure level or intake with an RfD. The HQ, defined as the ratio of intake to RfD, is estimated 

by dividing the intake of a chemical by the RfD as described in the BHHRA (Appendix B).  

 

Chemical noncancer hazards are evaluated using chronic RfD values. An HQ of unity indicates 

that the estimated intake equals the RfD. If the HQ is greater than unity, there may be concern 

for potential adverse health effects. In the case of simultaneous exposure of a receptor to multiple 

chemicals or to a given chemical by multiple pathways, an HI is calculated as the sum of the 

HQs.  
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A total HI is calculated as the sum of all HI values, including all media and all COPCs, for a 

given receptor. Calculating a total HI as the sum of HQ values is based on the assumption that 

the potential for noncancer effects is additive. EPA (1989), however, acknowledges that the 

assumption of additivity is probably appropriate only for chemicals that induce adverse effects 

by the same mechanism. Therefore, if the total HI for a receptor exceeds 1, individual HI values 

may be calculated for each target organ, as described in Appendix B. 

 

4.3.3  Risk Characterization Results 

The risk characterization process described in Sections 4.3.1 and 4.3.2 was applied to the COPCs 

identified in Section 4.1 for bedrock groundwater underlying each of the areas evaluated in this 

BHHRA, as described in Section 4.2. The cancer risks and noncancer hazards are presented for 

each receptor in Tables 6-1 through 6-47 of Appendix B. Overall risks and hazards associated 

with groundwater are presented in Table 4-7. 

 

The resultant HI and ILCR values are summarized in bulleted form in the following sections. 

These sections describe the overall risks/hazards (i.e., combining those which are site-related and 

background-related) and the site-related risk/hazards. The site-related risk results should be 

interpreted in light of the associated uncertainties of the site-relatedness selection process as 

described in the uncertainties analysis (Section 7.2.3 of Appendix B). Please note that unless 

otherwise specified, the HI and ILCR values refer to the “total” HI and “total” ILCR in each 

case, as opposed to chemical-specific HQ or ILCR values. In the following bulleted subsections, 

exceedances of the PBOW cancer risk goal (ILCR>1E-5) are shown in italics, and exceedances 

of the noncancer hazard criterion (HI>1) or the NCP risk management range (1E-6 to 1E-4) are 

shown in bold italics. 

 

4.3.3.1  Overall and Site-Related TNTA Groundwater Risk Results 

 
 Site Worker:  

- Overall:  ILCR = 3E-4; HI = 10 
- Site-related:  ILCR = 1E-5; HI = 0.2. All of the ILCR is associated with 2,6-DNT 

and 2,4-DNT.  
 

 On-Site Resident Child:  
- Overall:  HI = 347 
- Site-related:  HI = 2; associated with nitrobenzene, 2,4-DNT, and 2,6-DNT. 

 
 On-Site Resident Adult:  

- Overall:  HI = 149 
- Site-related:  HI = 1. 
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 On-Site Child/Adult Resident:  
- Overall:  ILCR = 3E-3  
- Site-related:  ILCR = 4E-5; associated with 2,6-DNT, 2,4-DNT, and 2-

nitrotoluene. 
   

4.3.3.2  Overall and Site-Related TNTB Groundwater Risk Results 

 
 Site Worker:  

- Overall:  ILCR = 7E-5; HI = 2 (Maximum target organ-specific HI of 0.8 does not 
exceed criterion of 1) 

- Site-related:  None. 
 

 On-Site Resident Child:  
- Overall:  HI = 18 
- Site-related:  None. 

 
 On-Site Resident Adult:  

- Overall:  HI = 8 
- Site-related:  None. 

 
 On-Site Child/Adult Resident:  

- Overall:  ILCR = 3E-4 
- Site-related:  None. 

   

4.3.3.3  Overall and Site-Related TNTC Groundwater Risk Results 

 
 Site Worker:  

- Overall:  ILCR = 9E-5; HI = 1  
- Site-related:  None. 

 
 On-Site Resident Child:  

- Overall:  HI = 65 
- Site-related:  None. 

 
 On-Site Resident Adult:  

- Overall:  HI = 28 
- Site-related:  None. 

 
 On-Site Child/Adult Resident: 

- Overall:  ILCR = 1E-3 
- Site-related:  None. 

   

4.3.3.4  Overall and Site-Related PRRWP Groundwater Risk Results 

 
 Site Worker:  

- Overall:  ILCR = 5E-4; HI = 15 
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- Site-related:  ILCR = 4E-6; HI = 0.07 
 

 On-Site Resident Child: 
- Overall:  HI = 235 
- Site-related:  HI = 0.6  

 
 On-Site Resident Adult:  

- Overall:  HI = 101 
- Site-related:  HI = 0.3  

 
 On-Site Child/Adult Resident: 

- Overall:  ILCR = 7E-3 
- Site-related:  ILCR = 2E-5; associated with 2,4-DNT and 2,6-DNT. 

  

4.3.3.5  Overall and Site-Related WARWP Groundwater Risk Results 

 
 Site Worker:  

- Overall:  ILCR = 1E-4; HI = 9 
- Site-related:  ILCR = 6E-5; HI = 9 

 
 On-Site Resident Child: 

- Overall:  HI = 63 
- Site-related:  HI = 61 

 
 On-Site Resident Adult: 

- Overall:  HI = 27 
- Site-related:  HI = 26 

 
 On-Site Child/Adult Resident: 

- Overall:  ILCR = 5E-4 
- Site-related:  ILCR = 2E-4; associated with 2,4-DNT and 3-nitroaniline.  
  

4.3.3.6  Overall and Site-Related Downgradient Areas Groundwater Risk Results 

 
 On-Site Resident Child:  

- Overall:  HI = 100 
- Site-related:  HI = 0.4  

 
 On-Site Resident Adult: 

- Overall:  HI = 43 
- Site-related:  HI = 0.2  

 
 On-Site Child/Adult Resident:  

- Overall:  ILCR = 4E-4 
- Site-related:  ILCR = 3E-5, associated with 2,4-DNT, 2,6-DNT, and 2-

nitrotoluene.  
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4.3.3.7  Modeled Future Groundwater Risk Results 

Potential future concentrations of the major site-related contaminants 2,4-DNT, 2,6-DNT, and 

TNT were modeled, based on soil and overburden groundwater concentrations, as discussed in 

Section 3.2.4 of Appendix B. Modeling simulated contaminant leaching from the soil into 

groundwater and groundwater transport of contaminants. It should be understood that this model 

has considerable associated uncertainties, and it generally defaults to conservative assumptions 

that tend to overestimate the resulting concentrations. These overestimated concentrations add an 

accordingly high bias to the risk and hazard estimates.  

 

Since preparation of the groundwater model, remediation of several thousand cubic yards has 

taken place and/or is ongoing at TNTA, TNTC, and the PRRWP Area under other DERP-FUDS 

projects based on protection of direct contact with soil. Because the groundwater model does not 

account for the improvement of soil conditions associated with these remediation activities, the 

output from the BHHRA model is outdated and likely overly conservative with respect to soil 

concentration inputs at these sites, as well as the boundary locations that are downgradient from 

these sites.  

 

It was determined that the downgradient flow from TNTB, TNTC, and the PRRWP Areas would 

meet at approximately the same area along the northern facility boundary, and this migration was 

modeled in a single model run. Migrations from the TNTA and the WARWP areas would affect 

separate downgradient areas and were modeled separately.  

 

The modeled risks for each of the five areas of concern (AOC) and the three downgradient 

boundary areas are based on the year in which the combined modeled concentrations of these 

three nitroaromatics are expected to be at a maximum in that AOC or at that downgradient 

location.  

 

The resulting cancer risks and noncancer hazards associated with the modeled concentrations are 

described in bulleted format for each downgradient receptor scenario. Similar to the risk 

characterization results presented in Sections 4.3.3.1 through 4.3.3.6 for the measured 

concentrations, exceedances of the PBOW cancer risk goal (ILCR>1E-5) are shown in italics, 

and exceedances of the noncancer hazard criterion (HI>1) or the NCP risk management range 

(1E-6 to 1E-4) are shown in bold italics. 

 
Modeled TNTA Groundwater Risk Results  
 

 Site Worker:  ILCR = 1E-4; HI = 0.5 
 On-Site Resident Child:  HI = 4 
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 On-Site Resident Adult:  HI = 2 
 On-Site Child/Adult Resident:  ILCR = 5E-4. 

 
Modeled TNTB Groundwater Risk Results  
 

 Site Worker:  ILCR = 6E-6; HI = 0.02 
 On-Site Resident Child:  HI = 0.1 
 On-Site Resident Adult:  HI = 0.05 
 On-Site Child/Adult Resident:  ILCR = 2E-5. 

 
 Modeled TNTC Groundwater Risk Results  
 

 Site Worker:  ILCR = 4E-4; HI = 1 
 On-Site Resident Child:  HI = 8 
 On-Site Resident Adult:  HI = 4 
 On-Site Child/Adult Resident:  ILCR = 2E-3. 

 
Modeled PRRWP Area Groundwater Risk Results  
 

 Site Worker:  ILCR = 4E-5; HI = 0.1 
 On-Site Resident Child:  HI = 0.7 
 On-Site Resident Adult:  HI = 0.3 
 On-Site Child/Adult Resident:  ILCR = 2E-4 (1.5E-5 prior to rounding). 

 
 Modeled WARWP Area Groundwater Risk Results  
 

 Site Worker:  ILCR = 4E-5; HI = 0.09 
 On-Site Resident Child:  HI = 0.6 
 On-Site Resident Adult:  HI = 0.2 
 On-Site Child/Adult Resident:  ILCR = 2E-4. 

 
 Modeled Groundwater Risk Results – Area Downgradient from TNTA  

 
 On-Site Resident Child:  HI = 0.002 
 On-Site Resident Adult:  HI = 0.0009 
 On-Site Child/Adult Resident:  ILCR = 4E-7. 

 
 Modeled Groundwater Risk Results – Area Downgradient from TNTB  
 

 On-Site Resident Child:  HI = 0.08 
 On-Site Resident Adult:  HI = 0.04 
 On-Site Child/Adult Resident:  ILCR = 2E-5. 

 
 Modeled Groundwater Risk Results – Area Downgradient from the WARWP Area  

 
 On-Site Resident Child:  HI = 0.006 
 On-Site Resident Adult:  HI = 0.002 
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 On-Site Child/Adult Resident:  ILCR = 1E-6. 
 
4.4  BHHRA Conclusions 

Currently, there are no groundwater users on the site or at the facility boundary. Based on 

measured groundwater concentrations, the hypothetical residential use of groundwater at each 

TNT Area and RWP Area and the downgradient boundary was found to result in unacceptable 

cancer risks, exceeding both the NCP acceptable range (1E-6 to 1E-4) and the PBOW cancer risk 

criterion (1E-5). Residential use of groundwater would also result in a level of exposure that 

would have the potential to produce adverse noncancer health effects at each TNT and RWP 

Area (i.e., HI>1). The BHHRA results also show that long-term worker use of site groundwater 

would results in levels of exposure that would exceed the OEPA target level at each TNT and 

RWP Area, and would also exceed the NCP acceptable range at TNTA and the PRRWP Area. 

Additionally, exposure to TNTA and the PRRWP Area groundwater would result in a noncancer 

HI that exceeds a value of 1 for the long-term on-site worker. 

 

At each area, except the WARWP Area, the non-site-related COPCs dominate both the cancer 

risk and noncancer hazards; at the WARWP Area, residential and worker ILCR values associated 

with non-site-related arsenic also exceed the target ILCR. The following COPCs are dominant 

with respect to cancer risk and/or noncancer hazard for the five AOCs and the downgradient 

areas; site-related COPCs are specifically noted as such: 

 
 TNTA – Naturally occurring petroleum-related organic compounds 
 TNTB – Inorganics and naturally occurring petroleum-related organic compounds 
 TNTC – Naturally occurring petroleum-related organic compounds 
 PRRWP – Naturally occurring petroleum-related organic compounds  
 WARWP – Site-related nitroaromatics and naturally occurring arsenic 
 Downgradient – Naturally occurring petroleum-related organic compounds. 

 

For each of these areas, even if no site-related COPCs were present, noncancer hazards 

associated with residential groundwater use, cancer risk associated with residential groundwater 

use, and cancer risks associated with worker use would result in respective HI and ILCR values 

that would exceed the target HI criterion (1) and OEPA target cancer risk (1E-5). Site-related 

risks associated with groundwater are specifically summarized in the following paragraphs. 

 

Site-Related Risk/Hazard Results Based on Measured Concentrations. Based on 

hypothetical residential groundwater use, TNTA, the PRRWP Area, the WARWP Area, and the 

downgradient boundary would result in a risk from site-related chemicals that exceeds the 

PBOW cancer risk criterion; the ILCR exceedance for the PRRWP Area is marginal. Of these, 

only the WARWP Area site-related risks would also exceed the NCP acceptable cancer risk 
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range. Only TNTA and the WARWP Area had noncancer HI values that exceed the threshold 

criterion of 1 for the resident. With respect to a worker scenario for groundwater use, only the 

WARWP Area had an ILCR value that exceeds the PBOW cancer risk goal, but this value is less 

than the NCP acceptable cancer risk range. Likewise, only the WARWP Area had an HI value 

for worker groundwater use that exceeds a value of 1. 

 

No site-related COPCs were identified for TNTB or TNTC groundwater. Therefore, site-related 

risks and hazards are acceptable for these two areas with respect to all receptors.  

 

Site-Related Risk/Hazard Results Based on Modeled Concentrations. Based on the 

model results, each of the TNT and RWP areas have ILCRs that exceed the PBOW cancer risk 

goal under residential use; each of these areas except for TNTB also exceed the NCP acceptable 

range for residential use. The noncancer hazard criterion is exceeded only for the resident, and 

only for TNTA and TNTC. The ILCRs for the worker cancer risk exceed the PBOW risk goal for 

TNTA, TNTC, the PRRWP Area, and the WARWP Area; of these worker risks based on 

groundwater modeling, only the ILCR for TNTC exceeds the NCP acceptable risk range. It is 

noted that TNTB is the only area where soil remediation actions were included in the model. In 

the off-site perimeter areas, only residential groundwater use at the single boundary area 

downgradient of TNTB, TNTC, and PRRWP resulted in an ILCR that exceeds the PBOW cancer 

risk goal , albeit marginally (2E-5). Noncancer HI values were all less than a value of 1 for all 

downgradient areas, indicating that adverse noncancer health effects are unlikely.  

 

As stated in Section 4.3.3.7, the groundwater model has considerable uncertainties and generally 

defaults to conservative assumptions. Also, the groundwater model includes the contamination 

associated with thousands of cubic feet of contaminated soil that have been subsequently 

removed and remediated and/or are planned for removal or remediation from TNTA, TNTC, and 

the PRRWP Area. Therefore, the soil-to-groundwater leaching component of the groundwater 

model greatly overestimates current soil contamination, adding an additional high bias to the 

modeled concentrations and the associated risk estimates. 
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5.0  DERP-FUDS Project No. G05OH001826 Recommendations 
 

The purpose of the RI is to gather information concerning the site characteristics so that 

appropriate remedial alternatives may be developed in the FS. However, it is unnecessary to 

perform an FS if the BHHRA indicates that the human health risk goals are met under baseline 

conditions, and the ecological risk assessment indicates a lack of adverse ecological effects 

(DoD, 2004; 2012). Please note that no ecological risk assessment was required for this RI 

because no complete ecological exposure pathways were identified pertaining to groundwater.  

 

Based on the findings of this RI, development of an FS for TNT and RWP Areas groundwater is 

recommended. 

 

 



 

 

KN12/PBOW/GW RIR/F/TNT-RWP.docx/12/10/2012 9:46 AM 6-1 

6.0  References 
 
Dames and Moore, Inc. (D&M), 1997a, TNT Areas Site Investigation, Final Report, Plum 
Brook Ordnance Works, Sandusky, Ohio, April. 
 
Dames and Moore, Inc. (D&M), 1997b, Final Report, Sitewide Groundwater Investigation, 
Plum Brook Ordnance Works, Plum Brook Station/NASA, Sandusky, Ohio, prepared for U.S. 
Army Corps of Engineers, Nashville District/Huntington District, April. 
 
International Consultants Incorporated, 1995, Site Management Plan, Plum Brook Ordnance 
Works, Sandusky, Ohio, Part B, Areas of Concern, U.S. Army Corps of Engineers, Huntington 
District, September. 
 
IT Corporation (IT), 2002, Final Red Water Pond Areas Focused Feasibility Study for Soil, 
Former Plum Brook Ordnance Works, Sandusky, Ohio, December. 
 
IT Corporation (IT), 2001a, TNT Areas A and C Remedial Investigation, Volume I – Report of 
Findings, Final, Former Plum Book Ordnance Works, Sandusky, Ohio, November. 
 
IT Corporation (IT), 2001b, Baseline Human Health Risk Assessment, TNT Areas A and C, 
Former Plum Brook Ordnance Works, Sandusky, Ohio, November. 
 
IT Corporation (IT), 2001c, Screening Level Ecological Risk Assessment, TNT Areas A and C, 
Former Plum Brook Ordnance Works, Sandusky, Ohio, November. 
 
IT Corporation (IT), 2000a, TNT Area B Remedial Investigation, Volume 1, Part 2 Report of 
Findings, Former Plum Brook Ordnance Works, Sandusky, Ohio, November. 
 
IT Corporation (IT), 2000b, TNT Area B Remedial Investigation, Volume 2, Human Health 
Risk Assessment, Former Plum Brook Ordnance Works, Sandusky, Ohio, August. 
 
IT Corporation (IT), 2000c, TNT Area B Remedial Investigation, Volume 3, Ecological Risk 
Assessment, Former Plum Brook Ordnance Works, Sandusky, Ohio, August. 
 
IT Corporation (IT), 2000d, Risk Assessment and Direct-Push Investigation of Red Water Pond 
Areas, Final, Former Plum Book Ordnance Works, Sandusky, Ohio, August. 
 
IT Corporation (IT), 1996, Quality Assurance Project Plan, Plum Brook Ordnance Works, 
Sandusky, Ohio. 
 
Ohio Environmental Protection Agency (OEPA), 2007, Authorization to Discharge Under the 
National Pollutant Discharge Elimination System, (issue date May 22, 2007, effective date July 
1, 2007), on line at http://wwwapp.epa.ohio.gov/dsw/permits/doc/2IO00002.pdf. 
 
Science Applications International Corporation, 2007, NASA Plum Brook Station Monitoring 
Well Determination Task, November. 
 



 

 

KN12/PBOW/GW RIR/F/TNT-RWP.docx/12/10/2012 9:46 AM 6-2 

Shaw Environmental, Inc. (Shaw), 2006, Baseline Human Health Risk Assessment of 
Groundwater, Former Plum Brook Ordnance Works, Sandusky, Ohio, September. 
 
Shaw Environmental, Inc. (Shaw), 2005a, 2004 Groundwater Data Summary and Evaluation 
Report, Volume 1, Part 1: Text, Tables, and Figures, Former Plum Brook Ordnance Works, 
Sandusky, Ohio, April. 
 
Shaw Environmental, Inc. (Shaw), 2005b, 2004 Groundwater Data Summary and Evaluation 
Report, Volume 1. Part 2: Appendices, Former Plum Brook Ordnance Works, Sandusky, 
Ohio, April. 
 
Shaw Environmental, Inc. (Shaw), 2005c, Baseline Human Health Risk Assessment of 
Groundwater Work Plan, Final, Former Plum Brook Ordnance Works, Sandusky, Ohio, 
October. 
 
Shaw Environmental, Inc. (Shaw), 2003, Site-Specific Sampling and Analysis Plan/Site-
Specific Health and Safety Plan, Continued Groundwater Remedial Investigation, 
Background and Off-Site Downgradient Groundwater, Former Plum Brook Ordnance Works, 
Sandusky, Ohio, July.  
 
Soil Conservation Service, 1971, Soil Survey for Erie County, Ohio, Ohio Department of 
Natural Resources, Division of Lands and Soil. 
 
U.S. Department of Defense (DoD), 2012, Defense Environmental Restoration Program 
(DERP) Management Manual, No 4715.20, March 9. 
 
U.S. Department of Defense (DoD), 2004, Formerly Used Defense Sites Program Policy, 
Regulation No. 200-3-1, ER 200-3-1, May 14. 
 
U.S. Environmental Protection Agency (EPA), 2012, Drinking Water Contaminants, online at 
http://water.epa.gov/drink/contaminants/index.cfm#list. 
 
U.S. Environmental Protection Agency (EPA), 2004, Preliminary Remediation Goals (PRG) 
Table, Region 9, San Francisco, California, October. 
 
U.S. Environmental Protection Agency (EPA), 2002, Contract Laboratory Program National 
Functional Guidelines for Inorganic Data Review, EPA/540/R-94/013, July. 
 
U.S. Environmental Protection Agency (EPA), 1999, Contract Laboratory Program National 
Functional Guidelines for Organic Methods Data Review, EPA/540/R-94/012, October. 
 
U.S. Environmental Protection Agency (EPA), 1994, Region 3 Modifications to National 
Functional Guidelines for Evaluating Organic Analyses, September. 
 
U.S. Environmental Protection Agency (EPA), 1993, Region 3 Modifications to the Laboratory 
Data Validation Functional Guidelines for Evaluating Inorganic Analyses, April. 
 



 

 

KN12/PBOW/GW RIR/F/TNT-RWP.docx/12/10/2012 9:46 AM 6-3 

U.S. Environmental Protection Agency (EPA), 1990, “National Oil and Hazardous Substances 
Pollution Contingency Plan,” Federal Register 55(46):  8666-8865. 
 

U.S. Environmental Protection Agency (EPA), 1989, Risk Assessment Guidance for Superfund, 
Volume I, Human Health Evaluation Manual (Part A), Interim Final, Office of Emergency and 
Remedial Response, Washington, D.C., EPA/540/1-89/002. 
 
U.S. Geological Survey (USGS), 1992, Hydraulic Properties of Three Types of Glacial 
Deposits in Ohio, Water-Resources Investigation Report 92-4135. 
 
  



 

 
KN12/PBOW/GW RIR/F/TNT-RWP.docx/12/10/2012 9:46 AM  

TABLES 
  



Table 4-1

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Concentration Values, µg/L Exposure Point

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Units Distribution a µg/L µg/L b µg/L COPC? e,f µg/L
Inorganics
Aluminum 3 / 5 60 79.2 - 8300 200 - 200 µg/L NP 1.77E+03 8.30E+03 3.09E+02 3.65E+03 Y 8.30E+03
Arsenic 2 / 6 33 10.8 - 17.3 10 - 200 µg/L L 3.14E+01 5.31E+02 7.40E+00 4.48E-02 Y 1.73E+01
Barium 6 / 6 100 471 - 1290 200 - 200 µg/L N 9.19E+02 1.14E+03 1.18E+04 2.55E+02 N (b) ---
Beryllium 1 / 5 20 1.1 - 1.1 5 - 5 µg/L NP 2.22E+00 2.50E+00 7.30E+00 N (a) ---
Cadmium 1 / 6 17 1.2 - 1.2 5 - 5 µg/L NP 2.28E+00 2.50E+00 1.82E+00 N (a) ---
Calcium 6 / 6 100 724000 - 12000000 50000 - 500000 µg/L L 3.01E+06 1.93E+07 3.16E+05 Nutrient N (c) ---
Chromium 1 / 6 17 37.2 - 37.2 10 - 10 µg/L NP 1.04E+01 3.72E+01 1.09E+01 h Y 3.72E+01
Cobalt 2 / 6 33 6.4 - 12.7 50 - 50 µg/L NP 1.99E+01 2.50E+01 1.21E+01 7.30E+01 N (a) ---
Copper 2 / 6 33 3.2 - 53.1 25 - 25 µg/L L 1.77E+01 8.43E+01 1.98E+01 1.46E+02 N (a) ---
Iron 4 / 5 80 40 - 33400 100 - 100 µg/L NP 6.76E+03 3.34E+04 1.55E+03 1.09E+03 Y 3.34E+04
Lead 1 / 6 17 18.4 - 18.4 3 - 60 µg/L N 1.23E+01 2.14E+01 1.50E+01 i Y 1.84E+01
Magnesium 6 / 6 100 384000 - 943000 5000 - 50000 µg/L L 6.53E+05 1.02E+06 2.17E+05 Nutrient N (c) ---
Manganese 6 / 6 100 36.8 - 11700 15 - 15 µg/L L 2.30E+03 5.15E+07 6.36E+02 8.76E+01 Y 1.17E+04
Mercury 2 / 6 33 0.067 - 1 0.2 - 0.2 µg/L NP 2.45E-01 1.00E+00 1.09E+00 N (a) ---
Nickel 2 / 6 33 48.8 - 75.7 40 - 40 µg/L NP 3.41E+01 7.57E+01 8.60E+00 7.30E+01 Y 7.57E+01
Potassium 6 / 6 100 94200 - 334000 5000 - 50000 µg/L L 1.78E+05 2.84E+05 1.16E+05 Nutrient N (c) ---
Sodium 6 / 6 100 442000 - 4050000 5000 - 200000 µg/L N 2.40E+06 3.48E+06 1.39E+06 Nutrient N (c) ---
Vanadium 1 / 6 17 36.9 - 36.9 50 - 50 µg/L NP 2.70E+01 3.69E+01 3.65E+00 Y 3.69E+01
Zinc 4 / 6 67 31 - 425 20 - 20 µg/L L 1.37E+02 1.90E+04 5.07E+02 1.09E+03 N (a) ---
Explosives
1,3,5-Trinitrobenzene 1 / 6 17 1.5 - 1.5 0.2 - 0.2 µg/L NP 3.33E-01 1.50E+00 1.09E+02 N (a) ---
1,3-Dinitrobenzene 1 / 6 17 1 - 1 0.2 - 0.36 µg/L NP 2.74E-01 1.00E+00 3.65E-01 Y 1.00E+00
2,4-Dinitrotoluene 1 / 6 17 0.49 - 0.49 0.2 - 1.8 µg/L N 3.56E-01 6.21E-01 9.89E-02 j Y 4.90E-01
2,6-Dinitrotoluene 1 / 6 17 3.6 - 3.6 0.2 - 1.1 µg/L NP 7.64E-01 3.60E+00 9.89E-02 j Y 3.60E+00
2-Amino-4,6-dinitrotoluene 2 / 4 50 0.33 - 0.55 0.2 - 0.2 µg/L NA 2.70E-01 NA 7.30E-01 k N (a) ---
2-Nitrotoluene 1 / 6 17 0.31 - 0.31 0.2 - 8.1 µg/L NP 8.13E-01 4.05E+00 4.87E-02 Y 3.10E-01
3-Nitrotoluene 1 / 6 17 0.3 - 0.3 0.2 - 0.27 µg/L NP 1.40E-01 3.00E-01 1.22E+01 N (a) ---
4-Amino-2,6-dinitrotoluene 2 / 6 33 1.3 - 1.3 0.2 - 1.8 µg/L NP 6.33E-01 1.30E+00 7.30E-01 k Y 1.30E+00
Nitrobenzene 1 / 6 17 2 - 2 0.2 - 1.9 µg/L NP 5.62E-01 2.00E+00 3.40E-01 Y 2.00E+00
Semivolatile Organic Compounds
2,4-Dimethylphenol 6 / 6 100 5.1 - 18 10 - 100 µg/L N 1.11E+01 1.48E+01 7.30E+01 N (a) ---
2-Methylnaphthalene 6 / 6 100 1.6 - 470 10 - 100 µg/L L 8.85E+01 4.07E+05 6.20E-01 l Y 4.70E+02
2-Methylphenol 5 / 6 83 2.6 - 12 10 - 100 µg/L L 1.25E+01 1.44E+02 1.82E+02 N (a) ---
4-Methylphenol 6 / 6 100 1.2 - 15 10 - 100 µg/L L 6.20E+00 3.14E+01 1.82E+01 N (a) ---
Bis(2-ethylhexyl)phthalate 2 / 5 40 3.5 - 8.6 10 - 100 µg/L L 5.42E+00 8.15E+00 4.80E+00 Y 8.15E+00
Chrysene 2 / 6 33 0.62 - 15 10 - 100 µg/L NP 5.94E+00 1.50E+01 9.21E+00 Y 1.50E+01
Dibenzofuran 1 / 6 17 12 - 12 10 - 100 µg/L NP 6.17E+00 1.20E+01 1.22E+00 Y 1.20E+01
Fluorene 2 / 6 33 1.9 - 28 10 - 100 µg/L NP 8.32E+00 2.80E+01 2.43E+01 Y 2.80E+01
Naphthalene 6 / 6 100 3.1 - 170 10 - 100 µg/L L 3.93E+01 2.50E+03 6.20E-01 Y 1.70E+02
Phenanthrene 2 / 6 33 3.4 - 74 10 - 100 µg/L NP 1.62E+01 7.40E+01 1.83E+01 m Y 7.40E+01
Phenol 5 / 6 83 1.4 - 27 10 - 100 µg/L L 1.18E+01 1.57E+02 1.09E+03 N (a) ---
Volatile Organic Compounds
Acetone 3 / 3 100 34 - 290 50 - 1000 µg/L NA 1.37E+02 NA 5.48E+02 N (a) ---
Benzene 5 / 6 83 5.7 - 700 5 - 200 µg/L L 2.12E+02 5.12E+05 3.54E-01 Y 7.00E+02
Carbon disulfide 3 / 6 50 4.8 - 32 5 - 200 µg/L N 4.08E+01 6.96E+01 1.04E+02 N (a) ---

RBSC d

µg/L
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Table 4-1

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of Concentration Values, µg/L Exposure Point

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Units Distribution a µg/L µg/L b µg/L COPC? e,f µg/L

RBSC d

µg/L
Chloromethane 1 / 6 17 35 - 35 10 - 400 µg/L L 5.83E+01 1.10E+04 1.58E+01 Y 3.50E+01
Ethylbenzene 6 / 6 100 32 - 240 5 - 200 µg/L L 1.17E+02 5.53E+02 1.34E+02 Y 2.40E+02
Methylene chloride 3 / 5 60 47 - 330 5 - 400 µg/L L 1.11E+02 1.45E+07 4.28E+00 Y 3.30E+02
Toluene 5 / 6 83 21 - 730 5 - 200 µg/L L 2.60E+02 1.40E+04 7.23E+01 Y 7.30E+02
Xylenes, total 6 / 6 100 150 - 1400 5 - 200 L 6.27E+02 3.60E+03 2.06E+01 Y 1.40E+03
Miscellaneous
Chloride 5 / 5 100 1200 - 12900 0.1 - 200 mg/L N 7.05E+03 1.13E+04 Nutrient N (d) 1.13E+04
Sulfate 4 / 4 100 16 - 388 0.01 - 100 mg/L NA 1.20E+02 NA 5.00E+05 n N (a) ---

COPC - Chemical of potential concern; UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration
ND - No data; µg/L - Micrograms per liter; mg/L - Milligrams per liter.

a Statistical Distribution:  N = Normal distribution; L = Lognormal distribution; NP = Nonparametric distribution; NA = Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1 of the BHHRA).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - essential nutrient with no toxicity value available.
f Y - Chemical is chosen as COPC.
g  Exposure point concentration is chosen based on criteria described in section 3.2.1 of the BHHRA.
h Based on PRG for chromium VI.
i  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
j Based on PRG for dinitrotoluene mixture.
k Based on PRG for aminodinitrotoluene.
l Based on PRG for naphthalene.
m Based on PRG for pyrene.
n  Screening criteria for sulfate based on the Drinking Water Advisory (EPA, 1996) .

Source: Baseline Human Health Risk Assessment (BHHRA)of Groundwater (Shaw, 2006).
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Table 4-2

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Arithmetic Exposure Point

Detection Percent Detected Conc Reporting Limits Statistical Mean 95% UCLb BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Units Distribution a µg/L µg/L µg/L COPC? e,f µg/L
Metals
Aluminum 7 / 7 100 53.1 - 16900 200 - 200 µg/L L 3.77E+03 1.54E+06 3.09E+02 3.65E+03 Y 1.69E+04
Arsenic 3 / 8 38 12.5 - 22.7 10 - 10 µg/L NP 9.14E+00 1.29E+01 7.40E+00 4.48E-02 Y 1.29E+01
Barium 7 / 8 88 39.9 - 1780 200 - 200 µg/L N 8.80E+02 1.36E+03 1.18E+04 2.55E+02 N (b) ---
Calcium 8 / 8 100 76500 - 217000 5000 - 5000 µg/L L 1.20E+05 1.64E+05 3.16E+05 Nutrient N (c) ---
Chromium 3 / 8 38 1.3 - 32.3 10 - 10 µg/L L 9.18E+00 3.03E+01 1.09E+01 h Y 3.03E+01
Cobalt 2 / 8 25 10.1 - 18.7 50 - 50 µg/L NP 2.24E+01 2.50E+01 1.21E+01 7.30E+01 N (a) ---
Copper 5 / 7 71 10.9 - 99.2 25 - 25 µg/L L 4.28E+01 1.79E+02 1.98E+01 1.46E+02 N (a) ---
Iron 7 / 8 88 132 - 41700 100 - 100 µg/L N 1.52E+04 2.56E+04 1.55E+03 1.09E+03 Y 2.56E+04
Lead 4 / 8 50 3.9 - 15.7 3 - 3 µg/L L 4.85E+00 1.54E+01 1.50E+01 i Y 1.54E+01
Magnesium 8 / 8 100 22800 - 72500 5000 - 5000 µg/L N 4.80E+04 6.22E+04 2.17E+05 Nutrient N (c) ---
Manganese 8 / 8 100 32.65 - 1140 15 - 15 µg/L N 5.18E+02 7.91E+02 6.36E+02 8.76E+01 Y 7.91E+02
Mercury 1 / 8 13 0.079 - 0.079 0.2 - 0.2 µg/L NP 9.74E-02 1.00E-01 1.09E+00 N (a) ---
Nickel 4 / 8 50 5.1 - 71.2 40 - 40 µg/L L 2.95E+01 7.48E+01 8.60E+00 7.30E+01 N (a) ---
Potassium 8 / 8 100 851 - 136000 5000 - 50000 µg/L L 4.95E+04 5.15E+06 1.16E+05 Nutrient N (c) ---
Selenium 2 / 8 25 5.6 - 14.4 5 - 5 µg/L NP 4.38E+00 5.60E+00 1.82E+01 N (a) ---
Sodium 8 / 8 100 6660 - 849000 5000 - 50000 µg/L N 3.60E+05 5.71E+05 1.39E+06 Nutrient N (c) ---
Vanadium 3 / 8 38 2.3 - 48.6 50 - 50 µg/L NP 2.49E+01 2.50E+01 3.65E+00 Y 2.50E+01
Zinc 8 / 8 100 3.8 - 184 20 - 20 µg/L L 7.27E+01 9.41E+02 5.07E+02 1.09E+03 N (a) ---
Semivolatile Organic Compounds
2-Methylnaphthalene 1 / 8 13 4.8 - 4.8 10 - 14.5 µg/L NP 5.26E+00 5.00E+00 6.20E-01 j Y 4.80E+00
Bis(2-ethylhexyl)phthalate 2 / 7 29 2 - 3.6 10 - 14.5 µg/L N 4.69E+00 5.87E+00 4.80E+00 N (a) ---
Naphthalene 1 / 8 13 2.8 - 2.8 10 - 14.5 µg/L NP 5.01E+00 5.00E+00 6.20E-01 Y 2.80E+00
Phenanthrene 1 / 8 13 0.73 - 0.73 10 - 14.5 µg/L NP 4.75E+00 5.00E+00 1.83E+01 k N (a) ---
Phenol 2 / 8 25 1.6 - 2.2 10 - 14.5 µg/L N 4.51E+00 5.71E+00 1.09E+03 N (a) ---
Volatile Organic Compounds
1,1-Dichloroethane 2 / 8 25 0.19 - 0.4 1 - 5 µg/L L 7.93E-01 1.80E+00 8.11E+01 N (a) ---
2-Butanone 2 / 4 50 69 - 75 5 - 25 µg/L N 3.73E+01 8.46E+01 6.97E+02 N (a) ---
2-Hexanone 1 / 6 17 0.56 - 0.56 5 - 25 µg/L L 4.47E+00 3.54E+01 1.99E+02 l N (a) ---
4-Methyl-2-pentanone 1 / 8 13 0.7 - 0.7 5 - 25 µg/L L 3.99E+00 1.04E+01 1.99E+02 N (a) ---
Acetone 3 / 3 100 38 - 110 10 - 50 µg/L N 7.77E+01 NA 5.48E+02 N (a) ---
Benzene 5 / 8 63 0.14 - 17 1 - 5 µg/L L 4.38E+00 1.53E+02 3.54E-01 Y 1.70E+01
Carbon disulfide 4 / 8 50 0.37 - 8 1 - 5 µg/L NP 2.39E+00 7.20E+00 1.04E+02 N (a) ---
Ethylbenzene 1 / 8 13 0.52 - 0.52 1 - 5 µg/L NP 8.46E-01 1.00E+00 1.34E+02 N (a) ---
Toluene 3 / 7 43 1.25 - 5.2 1 - 5 µg/L L 1.95E+00 1.01E+01 7.23E+01 N (a) ---
Xylenes, total 2 / 7 29 0.945 - 2.3 1 - 5 µg/L L 1.18E+00 2.79E+00 2.06E+01 N (a) ---
Miscellaneous
Chloride 8 / 8 100 2800 - 3720000 1000 - 1000 mg/L L 9.18E+05 1.21E+10 Nutrient N (d) ---
Nitrate 1 / 7 14 48 - 48 1000 - 1000 mg/L NP 4.35E+02 5.00E+01 1.00E+02 m N (a) ---
Sulfate 8 / 8 100 31100 - 160000 1000 - 1000 mg/L N 9.64E+04 1.29E+05 5.00E+05 n N (a) ---

RBSC d

µg/L

Range of Concentration Values, µg/L
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Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

COPC - Chemical of potential concern; UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter; mg/L - Milligrams per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution 1not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1 of the BHHRA).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - essential nutrient with no toxicity value available.
f Y - Chemical is chosen as COPC.
g  Exposure point concentration is chosen based on criteria described in section 3.2.1 of the BHHRA.
h Based on PRG for chromium VI.
i  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
j Based on PRG as for naphthalene.
k Based on PRG as for pyrene.
l Based on PRG as for 4-methyl-2-pentanone.
m Based on PRG for nitrite.
n Screening criteria for sulfate based on the Drinking Water Advisory (EPA, 1996) .

Source: Baseline Human Health Risk Assessment (BHHRA)of Groundwater (Shaw, 2006).
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Table 4-3

Statistical Distribution and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Concentration Values,g/L Exposure Point
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Concentration g

Chemical Frequency Hits Minimum Maximum Minimum Maximum Units Distribution a g/L g/L g/L COPC? e,f g/L
Metals
Aluminum 1 / 3 33 96.8 - 96.8 200 - 200 µg/L NA 9.89E+01 NA 3.09E+02 3.65E+03 N (a) ---
Arsenic 1 / 6 17 4.1 - 4.1 10 - 10 µg/L NP 4.74E+00 5.00E+00 7.40E+00 4.48E-02 N (b) ---
Barium 5 / 6 83 16.5 - 2680 200 - 200 µg/L L 9.28E+02 5.49E+06 1.18E+04 2.55E+02 N (b) ---
Calcium 6 / 6 100 125000 - 439000 5000 - 5000 µg/L NP 3.48E+05 4.34E+05 3.16E+05 Nutrient N (c) ---
Copper 1 / 6 17 6.1 - 6.1 25 - 25 µg/L NP 1.16E+01 1.25E+01 1.98E+01 1.46E+02 N (a) ---
Iron 4 / 6 67 55.1 - 335 100 - 100 µg/L L 1.37E+02 4.59E+02 1.55E+03 1.09E+03 N (a) ---
Magnesium 6 / 6 100 9250 - 334000 5000 - 5000 µg/L N 1.67E+05 2.43E+05 2.17E+05 Nutrient N (c) ---
Manganese 6 / 6 100 5.1 - 271 15 - 15 µg/L L 9.17E+01 2.84E+03 6.36E+02 8.76E+01 N (b) ---
Nickel 1 / 6 17 2.3 - 2.3 40 - 40 µg/L NP 1.75E+01 2.00E+01 8.60E+00 7.30E+01 N (a) ---
Potassium 5 / 6 83 9610 - 101000 5000 - 5000 µg/L L 4.89E+04 1.46E+06 1.16E+05 Nutrient N (c) ---
Sodium 6 / 6 100 29500 - 1330000 5000 - 50000 µg/L NP 5.52E+05 1.19E+06 1.39E+06 Nutrient N (c) ---
Zinc 3 / 6 50 5.6 - 47.2 20 - 20 µg/L NP 1.43E+01 1.00E+01 5.07E+02 1.09E+03 N (a) ---
Semivolatile Organic Compounds
2,4-Dimethylphenol 4 / 6 67 13 - 22 10 - 10 µg/L N 1.24E+01 1.84E+01 7.30E+01 N (a) ---
2-Methylnaphthalene 6 / 6 100 3.2 - 34 10 - 10 µg/L N 1.67E+01 2.66E+01 6.20E-01 h Y 2.66E+01
2-Methylphenol 4 / 6 67 3.3 - 6.6 10 - 10 µg/L N 5.00E+00 5.87E+00 1.82E+02 N (a) ---
4-Methylphenol 4 / 6 67 3.3 - 6.9 10 - 10 µg/L N 5.10E+00 5.97E+00 1.82E+01 N (a) ---
Bis(2-ethylhexyl)phthalate 4 / 6 67 5.2 - 55 10 - 10 µg/L NP 1.95E+01 5.50E+01 4.80E+00 Y 5.50E+01
Fluorene 2 / 6 33 1 - 1.4 10 - 10 µg/L NP 3.91E+00 5.00E+00 2.43E+01 N (a) ---
Isophorone 1 / 6 17 2.7 - 2.7 10 - 10 µg/L NP 4.67E+00 5.00E+00 7.08E+01 N (a) ---
Naphthalene 6 / 6 100 2.5 - 34 10 - 10 µg/L L 1.38E+01 8.66E+01 6.20E-01 Y 3.40E+01
Phenanthrene 2 / 6 33 1.3 - 1.9 10 - 10 µg/L NP 4.03E+00 5.00E+00 1.83E+01 i N (a) ---
Phenol 4 / 6 67 11 - 69 10 - 10 µg/L NP 2.41E+01 6.20E+01 1.09E+03 N (a) ---
Volatile Organic Compounds
Acetone 1 / 6 17 53 - 53 200 - 200 µg/L NA 5.30E+01 NA 5.48E+02 N (a) ---
Benzene 6 / 6 100 8.4 - 410 20 - 100 µg/L L 1.34E+02 3.55E+03 3.54E-01 Y 4.10E+02
Bromomethane 1 / 6 17 13 - 13 2 - 200 µg/L L 4.41E+01 3.88E+03 8.66E-01 Y 1.30E+01
Carbon disulfide 1 / 6 17 5.8 - 5.8 1 - 100 µg/L L 2.55E+01 8.87E+01 1.04E+02 N (a) ---
Ethylbenzene 6 / 6 100 12 - 130 20 - 100 µg/L L 6.26E+01 2.87E+02 1.34E+02 N (a) ---
Methylene chloride 4 / 5 80 19 - 160 1 - 200 µg/L L 5.03E+01 2.73E+05 4.28E+00 Y 1.60E+02
Toluene 6 / 6 100 8.8 - 300 20 - 100 µg/L L 1.34E+02 3.46E+03 7.23E+01 Y 3.00E+02
Xylenes, total 6 / 6 100 90 - 1300 20 - 100 µg/L L 5.76E+02 3.48E+03 2.06E+01 Y 1.30E+03
Miscellaneous
Chloride 5 / 6 83 242000 - 4290000 50 - 1000000 mg/L L 2.00E+06 6.96E+07 Nutrient N (d) ---
Sulfate 6 / 6 100 5000 - 1340000 10 - 250000 mg/L L 4.22E+05 6.91E+09 5.00E+05 j Y 1.34E+06

RBSC d

g/L
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Table 4-3

Statistical Distribution and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

COPC - Chemical of potential concern; UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; g/L - Micrograms per liter; µg/L - Milligrams per liter

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - essential nutrient with no toxicity value available.
f Y - Chemical is chosen as COPC.
g  Exposure point concentration is chosen based on criteria described in section 3.2.1.
h Based on PRG for naphthalene.
i Based on PRG as for pyrene.
j Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 4-4

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Concentration Values, g/L Exposure Point

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Units Distribution a g/L g/L g/L COPC? e,f g/L
Metals
Aluminum 2 / 3 67 350 - 513 200 - 200 µg/L N 3.21E+02 6.72E+02 3.09E+02 3.65E+03 N (a) ---
Barium 6 / 6 100 64.2 - 1710 200 - 200 µg/L L 6.37E+02 1.46E+04 1.18E+04 2.55E+02 N (b) ---
Calcium 6 / 6 100 199000 - 859000 5000 - 50000 µg/L L 4.43E+05 9.13E+05 3.16E+05 Nutrient N (c) ---
Chromium 3 / 6 50 6.1 - 20.6 10 - 10 µg/L NP 9.45E+00 2.06E+01 1.09E+01 h Y 2.06E+01
Cobalt 1 / 6 17 5.9 - 5.9 50 - 50 µg/L NP 2.18E+01 2.50E+01 1.21E+01 7.30E+01 N (a) ---
Copper 2 / 6 33 4.8 - 39.5 25 - 25 µg/L L 1.57E+01 4.08E+01 1.98E+01 1.46E+02 N (a) ---
Iron 5 / 6 83 142 - 7280 100 - 100 µg/L L 3.14E+03 1.97E+07 1.55E+03 1.09E+03 Y 7.28E+03
Magnesium 6 / 6 100 169000 - 591000 5000 - 50000 µg/L L 2.73E+05 4.63E+05 2.17E+05 Nutrient N (c) ---
Manganese 6 / 6 100 5.6 - 1170 15 - 15 µg/L L 2.61E+02 1.06E+06 6.36E+02 8.76E+01 Y 1.17E+03
Nickel 3 / 6 50 3.8 - 13.6 40 - 40 µg/L N 1.41E+01 2.00E+01 8.60E+00 7.30E+01 N (a) ---
Potassium 6 / 6 100 58800 - 96000 5000 - 50000 µg/L L 7.20E+04 8.56E+04 1.16E+05 Nutrient N (c) ---
Sodium 6 / 6 100 559000 - 1810000 5000 - 50000 µg/L NP 8.40E+05 1.81E+06 1.39E+06 Nutrient N (c) ---
Thallium 1 / 6 17 50.8 - 50.8 10 - 50 µg/L NP 1.26E+01 5.08E+01 2.41E-01 Y 5.08E+01
Zinc 3 / 5 60 3 - 30.6 20 - 20 µg/L L 1.43E+01 1.05E+02 5.07E+02 1.09E+03 N (a) ---
Explosives
2,4,6-Trinitrotoluene 2 / 6 33 1.3 - 1.6 0.2 - 2 µg/L N 8.63E-01 1.30E+00 1.82E+00 N (a) ---
2,4-Dinitrotoluene 1 / 6 17 0.89 - 0.89 0.2 - 2 µg/L N 5.97E-01 9.33E-01 9.89E-02 i Y 8.90E-01
2,6-Dinitrotoluene 1 / 6 17 0.89 - 0.89 0.4 - 6 µg/L L 1.49E+00 2.55E+00 9.89E-02 i Y 8.90E-01
4-Amino-2,6-dinitrotoluene 1 / 6 17 0.97 - 0.97 0.2 - 2.6 µg/L N 7.63E-01 1.11E+00 7.30E-01 j Y 9.70E-01
Nitrobenzene 1 / 6 17 0.35 - 0.35 0.2 - 2 µg/L L 3.76E-01 1.92E+00 3.40E-01 Y 3.50E-01
RDX 1 / 6 17 0.51 - 0.51 0.5 - 5 µg/L L 8.77E-01 4.42E+00 6.11E-01 N (a) ---
Semivolatile Organic Compounds
2,4-Dimethylphenol 6 / 6 100 5.6 - 51 10 - 10 µg/L L 2.04E+01 1.32E+02 7.30E+01 N (a) ---
2-Methylnaphthalene 6 / 6 100 22 - 37 10 - 10 µg/L L 2.90E+01 3.45E+01 6.20E-01 k Y 3.45E+01
2-Methylphenol 6 / 6 100 3 - 37 10 - 10 µg/L L 1.32E+01 1.24E+02 1.82E+02 N (a) ---
4-Methylphenol 6 / 6 100 3.9 - 43 10 - 10 µg/L L 1.42E+01 8.51E+01 1.82E+01 Y 4.30E+01
Bis(2-ethylhexyl)phthalate 5 / 5 100 1.8 - 37 10 - 10 µg/L L 1.03E+01 4.06E+02 4.80E+00 Y 3.70E+01
Butyl benzyl phthalate 1 / 6 17 1.5 - 1.5 10 - 10 µg/L NP 4.42E+00 5.00E+00 7.30E+02 N (a) ---
Diethyl phthalate 2 / 6 33 0.68 - 1.2 10 - 10 µg/L NP 3.65E+00 5.00E+00 2.92E+03 N (a) ---
Di-n-butyl phthalate 1 / 6 17 1.1 - 1.1 10 - 10 µg/L NP 4.35E+00 5.00E+00 3.65E+02 N (a) ---
Fluorene 2 / 6 33 1.4 - 1.7 10 - 10 µg/L NP 3.85E+00 5.00E+00 2.43E+01 N (a) ---
Isophorone 2 / 6 33 3.8 - 4.2 10 - 10 µg/L NP 4.67E+00 5.00E+00 7.08E+01 N (a) ---
Naphthalene 6 / 6 100 21 - 31 10 - 10 µg/L L 2.57E+01 2.99E+01 6.20E-01 Y 2.99E+01
n-Nitrosodiphenylamine 1 / 6 17 0.64 - 0.64 10 - 10 µg/L NP 4.27E+00 5.00E+00 1.37E+01 N (a) ---
Phenanthrene 6 / 6 100 0.98 - 2.4 10 - 10 µg/L L 1.70E+00 2.51E+00 1.83E+01 l N (a) ---
Phenol 6 / 6 100 12 - 150 10 - 10 µg/L L 5.12E+01 3.57E+02 1.09E+03 N (a) ---
Volatile Organic Compounds
1,1,2-Trichloroethane 1 / 6 17 4.9 - 4.9 20 - 200 µg/L L 4.83E+01 9.88E+02 2.00E-01 Y 4.90E+00
Acetone 4 / 4 100 87 - 1600 200 - 2000 µg/L L 8.14E+02 5.03E+06 5.48E+02 Y 1.60E+03
Benzene 6 / 6 100 570 - 2500 20 - 200 µg/L L 1.20E+03 3.07E+03 3.54E-01 Y 2.50E+03

RBSC d

g/L
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Table 4-4

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of Concentration Values, g/L Exposure Point

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Units Distribution a g/L g/L g/L COPC? e,f g/L

RBSC d

g/L
Carbon disulfide 1 / 6 17 3.1 - 3.1 20 - 200 µg/L L 4.97E+01 1.47E+03 1.04E+02 N (a) ---
Chlorobenzene 1 / 6 17 5.5 - 5.5 20 - 200 µg/L L 4.84E+01 8.45E+02 1.06E+01 N (a) ---
Ethylbenzene 6 / 6 100 130 - 230 20 - 200 µg/L L 1.62E+02 2.02E+02 1.34E+02 Y 2.02E+02
Methylene chloride 4 / 4 100 31 - 160 40 - 400 µg/L N 1.03E+02 1.66E+02 4.28E+00 Y 1.60E+02
Toluene 6 / 6 100 460 - 1000 20 - 200 µg/L L 6.73E+02 9.46E+02 7.23E+01 Y 9.46E+02
Xylenes, total 6 / 6 100 880 - 1600 20 - 200 µg/L L 1.10E+03 1.40E+03 2.06E+01 Y 1.40E+03
Miscellaneous
Chloride 6 / 6 100 1400000 - 6400000 50 - 100000 mg/L L 2.75E+06 5.13E+06 Nutrient N (d) ---
Sulfate 5 / 6 83 82000 - 218000 5 - 50000 mg/L N 9.63E+04 1.54E+05 5.00E+05 m N (a) ---

COPC - Chemical of potential concern; UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; g/L - Micrograms per liter; mg/L - Milligrams per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, 1distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - essential nutrient with no toxicity value available.
f Y - Chemical is chosen as COPC.
g  Exposure point concentration is chosen based on criteria described in section 3.2.1.
h Based on PRG for chromium VI.
i Based on PRG for dinitrotoluene mixture.
j Based on PRG for aminodinitrotoluene.
k Based on PRG for naphthalene.
l Based on PRG for pyrene.
m Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 4-5

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Concentration Values, g/L Exposure Point
Detection Percent Detected Concentrations Reporting Limits Statistical Mean BSC b Concentration f

Chemical Frequency hits Minimum Maximum Minimum Maximum Units Distribution a g/L g/L COPC? d,e g/L
Metals
Arsenic 2 / 3 67 6.1 - 9.5 10 - 100 µg/L NA 2.19E+01 7.40E+00 4.48E-02 Y 9.50E+00
Barium 2 / 3 67 49.5 - 51.4 200 - 200 µg/L NA 6.70E+01 1.18E+04 2.55E+02 N (a) --
Calcium 3 / 3 100 99000 - 325000 5000 - 5000 µg/L NA 2.13E+05 3.16E+05 Nutrient N (c) --
Chromium 2 / 3 67 1.6 - 3.4 10 - 10 µg/L NA 3.33E+00 1.09E+01 g N (a) --
Cobalt 2 / 3 67 102 - 267 50 - 50 µg/L NA 1.31E+02 1.21E+01 7.30E+01 Y 2.67E+02
Copper 2 / 3 67 30.7 - 94.8 25 - 25 µg/L NA 4.60E+01 1.98E+01 1.46E+02 N (a) --
Iron 3 / 3 100 164 - 438 100 - 100 µg/L NA 3.43E+02 1.55E+03 1.09E+03 N (a) --
Lead 1 / 3 33 3.6 - 3.6 3 - 30 µg/L NA 6.70E+00 1.50E+01 h N (a) --
Magnesium 3 / 3 100 59700 - 230000 5000 - 5000 µg/L NA 1.45E+05 2.17E+05 Nutrient N (c) --
Manganese 3 / 3 100 32 - 136 15 - 15 µg/L NA 7.77E+01 6.36E+02 8.76E+01 N (b) --
Nickel 3 / 3 100 45.5 - 278 40 - 40 µg/L NA 1.45E+02 8.60E+00 7.30E+01 Y 2.78E+02
Potassium 3 / 3 100 42100 - 56800 5000 - 5000 µg/L NA 4.93E+04 1.16E+05 Nutrient N (c) --
Selenium 2 / 3 67 5.5 - 7.8 5 - 50 µg/L NA 1.28E+01 1.82E+01 N (a) --
Sodium 3 / 3 100 269000 - 1020000 5000 - 50000 µg/L NA 6.39E+05 1.39E+06 Nutrient N (c) --
Vanadium 1 / 2 50 5.5 - 5.5 50 - 50 µg/L NA 1.53E+01 3.65E+00 Y 5.50E+00
Zinc 2 / 2 100 10.8 - 64.8 20 - 20 µg/L NA 3.78E+01 5.07E+02 1.09E+03 N (a) --
Semivolatile Organic Compounds
2,4-Dinitrotoluene 2 / 4 50 16 - 19 10 - 1000 µg/L NA 1.65E+02 9.89E-02 i Y 1.90E+01
4,6-Dinitro-2-methylphenol 1 / 4 25 28 - 28 50 - 5000 µg/L NA 7.88E+02 3.65E-01 Y 2.80E+01
2,4-Dinitrophenol 1 / 4 25 14 - 14 50 - 5000 µg/L NA 7.85E+02 7.30E+00 Y 1.40E+01
3-Nitroaniline 1 / 4 25 150 - 150 50 - 5000 µg/L NA 8.19E+02 1.09E+00 Y 1.50E+02
Nitrobenzene 1 / 4 25 5.8 - 5.8 10 - 1000 µg/L NA 1.59E+02 3.40E-01 Y 5.80E+00
Volatile Organic Compounds
Benzene 1 / 4 25 1.1 - 1.1 1 - 5 µg/L NA 1.65E+00 3.54E-01 Y 1.10E+00
Carbon disulfide 2 / 4 50 0.25 - 1.3 1 - 5 µg/L NA 1.64E+00 1.04E+02 N (a) --
Ethylbenzene 1 / 4 25 0.59 - 0.59 1 - 5 µg/L NA 1.52E+00 1.34E+02 N (a) --
Xylenes, total 1 / 4 25 3.9 - 3.9 1 - 5 µg/L NA 2.35E+00 2.06E+01 N (a) --
Miscellaneous
Chloride 4 / 4 100 3000 - 79000 50 - 20000 mg/L NA 5.75E+04 Nutrient N (d) --
Cyanide, total 3 / 4 75 16 - 44 10 - 10 mg/L NA 2.58E+01 7.30E+01 N (a) --
Nitrate 3 / 3 100 22000 - 79300 2000 - 10000 mg/L NA 4.18E+04 1.00E+03 Y 7.93E+04
Nitrate-Nitrite 1 / 1 100 300 - 300 0.1 - 0.1 mg/L NA 3.00E+02 1.00E+02 j Y 3.00E+02
Sulfate 4 / 4 100 610000 - 2660000 500 - 1000000 mg/L NA 1.34E+06 5.00E+05 k Y 2.66E+06

RBSC c

g/L
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Table 4-5

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

COPC - Chemical of potential concern; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; g/L - Micrograms per liter; mg/L - Milligrams per liter.

a Statistical Distribution:   NA - Not applicable, distribution not determined for sample sets less than 5.
b Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
c Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
d N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - essential nutrient with no toxicity value available.
e Y - Chemical is chosen as COPC.
f  Exposure point concentration is equal to the maximum detected.  
g Based on PRG for chromium VI.
h  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
i Based on PRG for dinitrotoluene mixture.
j Based on PRG for nitrite.
k  Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 4-6

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
Downgradient Areas at the Facility Boundary, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Concentration Values, g/L Exposure Point

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Units Distribution a g/L g/L g/L COPC? e,f g/L
Metals
Aluminum 16 / 19 84 35.7 - 1171 200 - 200 µg/L L 2.44E+02 4.30E+02 3.09E+02 3.65E+03 N (a) ---
Arsenic 3 / 25 12 4.5 - 6.1 10 - 20 µg/L NP 5.24E+00 5.00E+00 7.40E+00 4.48E-02 N (b) ---
Barium 28 / 28 100 86.2 - 1860 200 - 200 µg/L N 8.72E+02 1.03E+03 1.18E+04 2.55E+02 N (b) ---
Cadmium 2 / 28 7 0.25 - 1.1 5 - 10 µg/L NP 2.46E+00 2.50E+00 1.82E+00 N (a) ---
Calcium 28 / 28 100 117500 - 462000 5000 - 5000 µg/L NP 2.12E+05 2.55E+05 3.16E+05 Nutrient N (c) ---
Chromium 5 / 28 18 1.6 - 24.4 10 - 10 µg/L NP 5.76E+00 5.00E+00 1.09E+01 h Y 2.44E+01
Cobalt 5 / 28 18 1.2 - 10.9 50 - 50 µg/L NP 2.14E+01 2.50E+01 1.21E+01 7.30E+01 N (a) ---
Copper 7 / 27 26 13.3 - 94.45 25 - 25 µg/L NP 1.99E+01 1.25E+01 1.98E+01 1.46E+02 N (a) ---
Iron 16 / 27 59 48.3 - 257000 100 - 100 µg/L NP 1.25E+04 2.51E+02 1.55E+03 1.09E+03 Y 2.57E+05
Lead 1 / 28 4 6.8 - 6.8 3 - 14 µg/L NP 2.26E+00 1.50E+00 1.50E+01 i N (a) ---
Magnesium 28 / 28 100 34600 - 279000 5000 - 5000 µg/L NP 1.10E+05 8.45E+04 2.17E+05 Nutrient N (c) ---
Manganese 25 / 27 93 2 - 4660 15 - 15 µg/L NP 2.69E+02 3.04E+01 6.36E+02 8.76E+01 Y 4.66E+03
Mercury 1 / 28 4 0.035 - 0.035 0.2 - 0.2 µg/L NP 9.77E-02 1.00E-01 1.09E+00 N (a) ---
Nickel 7 / 27 26 3.5 - 17.7 40 - 40 µg/L NP 1.76E+01 2.00E+01 8.60E+00 7.30E+01 N (a) ---
Potassium 28 / 28 100 2365 - 67200 5000 - 5000 µg/L N 3.28E+04 3.89E+04 1.16E+05 Nutrient N (c) ---
Sodium 28 / 28 100 18550 - 685000 5000 - 5000 µg/L NP 1.76E+05 1.06E+05 1.39E+06 Nutrient N (c) ---
Thallium 1 / 22 5 3.7 - 3.7 10 - 20 µg/L NP 5.17E+00 5.00E+00 2.41E-01 N (d) ---
Vanadium 1 / 28 4 7.8 - 7.8 50 - 50 µg/L NP 2.44E+01 2.50E+01 3.65E+00 N (d) ---
Zinc 20 / 25 80 3.9 - 139.5 20 - 20 µg/L L 2.97E+01 4.81E+01 5.07E+02 1.09E+03 N (a) ---
Explosives
1,3-Dinitrobenzene 1 / 29 3 0.22 - 0.22 0.2 - 0.41 µg/L NP 1.08E-01 1.00E-01 3.65E-01 N (a) ---
2,4,6-Trinitrotoluene 2 / 29 7 0.081 - 0.27 0.2 - 0.53 µg/L NP 1.17E-01 1.00E-01 1.82E+00 N (a) ---
2,4-Dinitrotoluene 3 / 29 10 0.58 - 1.5 0.2 - 0.41 µg/L NP 1.99E-01 1.00E-01 9.89E-02 j Y 1.50E+00
2,6-Dinitrotoluene 5 / 29 17 0.3 - 1.4 0.2 - 0.44 µg/L NP 2.26E-01 1.00E-01 9.89E-02 j Y 1.40E+00
2-Amino-4,6-dinitrotoluene 1 / 25 4 0.19 - 0.19 0.2 - 0.2 µg/L NP 1.04E-01 1.00E-01 7.30E-01 k N (a) ---
2-Nitrotoluene 2 / 29 7 0.16 - 0.55 0.2 - 6.3 µg/L NP 2.81E-01 1.00E-01 4.87E-02 Y 5.50E-01
3-Nitrotoluene 1 / 29 3 0.62 - 0.62 0.2 - 2.2 µg/L NP 1.58E-01 1.00E-01 1.22E+01 N (a) ---
4-Nitrotoluene 1 / 25 4 0.23 - 0.23 0.2 - 4 µg/L NP 1.91E-01 1.00E-01 6.59E-01 N (a) ---
Nitrobenzene 3 / 29 10 0.32 - 0.34 0.2 - 2.8 µg/L NP 1.94E-01 1.00E-01 3.40E-01 Y 3.40E-01
RDX 2 / 29 7 0.17 - 0.22 0.5 - 6.5 µg/L NP 4.45E-01 2.50E-01 6.11E-01 N (a) ---
Semivolatile Organic Compounds
2,4-Dimethylphenol 8 / 30 27 0.76 - 5.1 5 - 100 µg/L NP 5.88E+00 5.00E+00 7.30E+01 N (a) ---
2-Methylnaphthalene 25 / 30 83 1.4 - 24 5 - 100 µg/L L 9.27E+00 1.31E+01 6.20E-01 l Y 2.40E+01
2-Methylphenol 2 / 30 7 0.89 - 1.1 5 - 100 µg/L NP 6.15E+00 5.00E+00 1.82E+02 N (a) ---
4-Methylphenol 3 / 30 10 1.1 - 2 5 - 100 µg/L NP 6.07E+00 5.00E+00 1.82E+01 N (a) ---
Bis(2-ethylhexyl)phthalate 6 / 27 22 2.3 - 9.7 5 - 100 µg/L NP 6.46E+00 5.00E+00 4.80E+00 Y 9.70E+00
Chrysene 1 / 30 3 1 - 1 5 - 100 µg/L NP 6.28E+00 5.00E+00 9.21E+00 N (a) ---
Naphthalene 21 / 30 70 2.1 - 18 5 - 100 µg/L L 8.54E+00 1.06E+01 6.20E-01 Y 1.80E+01
Phenanthrene 8 / 30 27 0.74 - 1.4 5 - 100 µg/L NP 5.34E+00 5.00E+00 1.83E+01 m N (a) ---
Phenol 10 / 30 33 1.2 - 55 5 - 100 µg/L NP 7.14E+00 5.00E+00 1.09E+03 N (a) ---

RBSC d

g/L
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Table 4-6

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
Downgradient Areas at the Facility Boundary, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of Concentration Values, g/L Exposure Point

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Units Distribution a g/L g/L g/L COPC? e,f g/L
RBSC d

g/L
Volatile Organic Compounds
2-Butanone 3 / 5 60 8.1 - 130 5 - 500 µg/L L 4.60E+01 7.95E+02 6.97E+02 N (a) ---
Acetone 8 / 14 57 19 - 230 5 - 1800 µg/L L 1.20E+02 7.77E+02 5.48E+02 N (a) ---
Benzene 26 / 30 87 0.195 - 130 1 - 180 µg/L NP 3.22E+01 3.60E+01 3.54E-01 Y 1.30E+02
Bromomethane 1 / 28 4 13.95 - 13.95 2 - 360 µg/L L 3.35E+01 1.17E+02 8.66E-01 N (d) ---
Carbon disulfide 15 / 29 52 0.59 - 40 1 - 180 µg/L L 1.57E+01 3.95E+01 1.04E+02 N (a) ---
Chlorobenzene 2 / 30 7 2.2 - 11 1 - 180 µg/L L 1.45E+01 4.17E+01 1.06E+01 Y 1.10E+01
Chloromethane 1 / 30 3 1.3 - 1.3 2 - 360 µg/L L 3.22E+01 9.70E+01 1.58E+01 N (a) ---
Ethylbenzene 27 / 30 90 1 - 120 1 - 180 µg/L L 3.20E+01 8.71E+01 1.34E+02 N (a) ---
Methylene chloride 12 / 26 46 5.95 - 98 1 - 360 µg/L L 2.01E+01 5.95E+01 4.28E+00 Y 9.80E+01
Toluene 25 / 28 89 1.2 - 180 1 - 180 µg/L NP 5.25E+01 7.30E+01 7.23E+01 Y 1.80E+02
Xylenes, total 27 / 30 90 6.4 - 560 1 - 180 µg/L NP 1.66E+02 1.80E+02 2.06E+01 Y 5.60E+02
Miscellaneous
Chloride 30 / 30 100 33400 - 2790000 1000 - 1000 mg/L NP 5.76E+05 2.60E+05 Nutrient N (e) ---
Cyanide, total 2 / 28 7 16 - 320 1000 - 1000 mg/L NP 4.76E+02 5.00E+00 7.30E+01 Y 3.20E+02
Sulfate 25 / 30 83 11300 - 1280000 1000 - 1000 mg/L NP 1.38E+05 4.27E+04 5.00E+05 n Y 1.28E+06

COPC - Chemical of potential concern; UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; g/L - Micrograms per liter; mg/L - Milligrams per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - frequency of detection is less than 5 percent.
         (e) - essential nutrient with no toxicity value available.
f Y - Chemical is chosen as COPC.
g  Because the downgradient wells are in various areas, the maximum detected concentration was selected as the exposure point concentration.
h Based on PRG for chromium VI.
i  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
j Based on PRG for dinitrotoluene mixture.
k Based on PRG for aminodinitrotoluene.
l Based on PRG for naphthalene.
m Based on PRG for pyrene.
n Screening criteria for sulfate based on the Drinking Water Advisory .
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Total Total Total Total Total Total
PBOW Site and Receptors HId ILCRe HI ILCR HI ILCR
TNTA
      Resident 2 4.E-05 4 5.E-04 347 3.E-03
      Worker 0.2 1.E-05 0.5 1.E-04 10 3.E-04
TNTB
      Resident NAf NAf 0.1 2.E-05 18 3.E-04
      Worker NAf NAf 0.02 6.E-06 0.8 7.E-05
TNTC
      Resident NAf NAf 8 2.E-03 65 1.E-03
      Worker NAf NAf 1 4.E-04 1 9.E-05
PRRWP Area
      Resident 0.6 2.E-05 0.7 2.E-04 235 7.E-03
      Worker 0.07 4.E-06 0.1 4.E-05 15 5.E-04
WARWP Area
      Resident 61 2.E-04 0.6 2.E-04 63 5.E-04
      Worker 9 6.E-05 0.09 4.E-05 9 1.E-04
Downgradient Areasg

      Resident 0.4 3.E-05 NAh NAh 100 4.E-04
Areas Downgradient from TNTA
      Resident NAi NAi 0.002 4.E-07 NAi NAi

Areas Downgradient from TNTB, TNTC, and PRRWP Area
      Resident NAi NAi 0.08 2.E-05 NAi NAi

Areas Downgradient from WARWP Area
      Resident NAi NAi

0.006 1.E-06 NAi NAi

aBased on measured groundwater concentrations.
bBased on modeled potential future groundwater concentrations.
cBased on measured groundwater concentrations. Calculated from BHHRA as the total risk/hazard minus the site-related risk/hazard.
dThe hazard index (HI) is a measure of noncancer hazard for an exposed individual. For conservativeness, value shown for the resident is based on childhood exposure.
eThe incremental lifetime cancer risk (ILCR) is the estimated extra cancer risk which an individual encounters based on exposure to a site.
fNot applicable because no site-related chemicals of potential concern were identified in limestone bedrock groundwater in the risk assessment (Shaw, 2006).
gDowngradient HI and ILCR values based on measured groundwater concentrations combined all downgradient locations, using the highest concentrations among these.
hNot applicable because separate downgradient areas were evaluated for the HI and ILCR using the modeled concentrations.
iNot applicable because separate downgradient areas were not evaluated for the HI and ILCR using the measured concentrations.  Please refer to footnote f.

Notes:
1. HI values equal to or less than 1 are unlikely to result in adverse noncancer human health effects for any member of the exposed population and are regarded as accepta
2. ILCR values equal to or less than 1E-5 (1 in 100,000) are generally regarded by the Ohio Environmental Protection Agency (OEPA) as acceptable
3. The NCP identifies ILCR values less than 1E-6 (1 in 1,000,000) as negligible, and ILCR values of 1E-6 (1 in 1,000,000) through 1E-4 (1 in 10,000) are within the NCP acceptabl
    range. It is noted that the average lifetime cancer risk of the general U.S. population is approximately 40,000 in 100,00
4. Italics  (non-bolded) apply only to cancer risks and indicate that the value exceeds the the 1E-5 value that is regarded as acceptable by the OEP
5. Bold intalics  indicates that the noncancer hazard is unacceptable, or that the cancer risk value exceeds the NCP acceptable range (1E-6 to 1E-4

Site-Related                     

(Measured Conc)a
Site-Related                     

(Modeled Future Conc)b
Overall                            

(Measured Conc)c  

Table 4-7

Summary of Overall and Site-Related Hazard Indices and Cancer Risks 
TNT Areas and Red Water Pond Areas

Plum Brook Ordnance Works, Sandusky, Ohio
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Executive Summary 
 
The U.S. Army is conducting studies of the environmental impact of suspected hazardous waste 
sites at properties previously owned by the U.S. Department of Defense (DOD).  The former 
Plum Brook Ordnance Works (PBOW), located in Sandusky, Erie County, Ohio, is currently 
being investigated under the Defense Environmental Restoration Program for Formerly Used 
Defense Sites.  This 9,000-acre facility was used for the manufacture of explosives during World 
War II.  The site is currently owned by the National Aeronautics and Space Administration 
(NASA) and is operated as the Plum Brook Station (PBS) of the John Glenn Research Center, 
located in Cleveland, Ohio. 
 
The investigation is being managed and technically overseen by the Nashville, Tennessee and 
Huntington, West Virginia District Offices of the U.S. Army Corps of Engineers (USACE).  
Shaw Environmental, Inc. (Shaw) (formerly IT Corporation [IT]) was contracted by the USACE, 
Nashville District to conduct a groundwater remedial investigation (RI) for the following site 
areas: 
 

• TNT Area A (TNTA) 
• TNT Area B (TNTB) 
• TNT Area C (TNTC) 
• West Area Red Water Ponds (WARWP) 
• Pentolite Road Red Water Ponds (PRRWP).  

 
This report assimilates data that was generated during the 2003 off-site, background monitoring 
well installation, 4 phases of 2004 field activities, data from the 10th quarterly background 
groundwater sampling event, and data from 2 downgradient groundwater quarterly sampling 
events.  Also included in this report are the background bedrock groundwater screening 
concentrations for benzene, toluene, ethyl benzene, and total xylenes (BTEX) and inorganics that 
were generated from analytical results of the background monitoring wells.  (Note:  BTEX 
concentrations are interpreted to be from natural sources and not site related.  Regardless, BTEX 
and polynuclear aromatic hydrocarbons will not be eliminated in the sitewide groundwater risk 
assessment.  Information concerning the origin of natural hydrocarbons found in the groundwater 
in the Delaware Limestone bedrock monitoring wells is located in Sections 6.2, 6.2.2, and 8.3 in 
this report.)  Groundwater analytical results from 4 site-wide sampling events along with 2 
downgradient groundwater sampling events are compared to October 2004 risk-based screening 
concentrations (RBSC) and calculated background screening concentrations (BSC).  Specific 
field activities that are documented in this report include:  installation of 2 background and 2 
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downgradient monitoring wells; development, groundwater sampling and aquifer testing of the 
newly installed wells; and, 1 round of quarterly background groundwater sampling and 2 rounds 
of downgradient well groundwater sampling.  Field activities were conducted pursuant to the 
following documents:  Site-Specific Sampling and Analysis Plan, Site-Specific Safety and 
Health Plan, the Site-Wide Sampling and Analysis Plan (SAP), Quality Assurance Project Plan 
(QAPP), and Site-Wide Safety and Health Plan. 
 
From rainfall precipitation data and water run-off and groundwater recharge calculations, time 
periods have been established to determine when the greatest volume of groundwater may be 
expected in the monitoring wells at PBOW.  January through June was determined to be the 
period when the greatest amount of groundwater is present at the PBOW site and is, thus, 
referred to as the “wet season”.  July through December was determined to be the time period 
when the least amount of groundwater would be present; therefore, this time period is called the 
“dry season”.  Sampling events at PBOW were scheduled to collect groundwater from 
monitoring wells during the wet and dry seasons to determine if any seasonal trends may be 
present.  Using groundwater sampling analytical results from 10 rounds of background 
groundwater sampling during “wet and dry” time periods along with associated water quality 
parameters, no seasonal trends were evident. 
 
Groundwater samples were collected over a 6-year period from six bedrock wells in assumed 
background locations.  These wells were BED-MW20, BED-MW24, BED-MW25, BED-MW28, 
BED-MW29, and BG8-BEDGW-001.  Review of analytical data, field observations, and 
groundwater flow direction indicated that two of these wells were either downgradient of 
potential source areas (BED-MW24) or were impacted by anomalous natural gas (BED-MW20).  
Therefore, groundwater analytical results from the remaining background wells BG8-BEDGW-
001, BED-MW25, BED-MW28, and BED-MW29 were used to establish background 
concentrations for naturally occurring BTEX and for inorganic constituents.  
 
BSC values were developed for PBOW groundwater using the analytical results only from 
unfiltered background groundwater samples that were collected by the low-flow sampling 
methodology.  Either upper tolerance limit or the maximum detected concentration, whichever 
was lower, of each analyte reported compound was selected as the BSC value. The respective 
BTEX and inorganics BSC values are listed below.   
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VOCs  BSC (µg/L)     
Benzene  2.4      
Ethyl benzene 0.87      
Toluene  1.7      
Total Xylenes 5.5      
       
Metals – Unfiltered BSC (µg/L) Metals – Unfiltered BSC (µg/L) 
Aluminum  309  Iron   1,550 
Arsenic   7.4  Magnesium  217,000 
Barium   11,800  Manganese  636 
Calcium   316,000  Nickel   8.6 
Cobalt   12.1  Potassium  116,000 
Copper    19.8  Sodium   1,390,000 
     Zinc   507 

µg/L – Micrograms per liter. 

 
Overburden/Shale Water-Bearing Zone 
Analytical results from 104 groundwater samples from the overburden/shale at 6 areas of 
concern (AOC) have been evaluated against RBSC and BSC values.  Groundwater samples were 
collected from monitoring wells and direct-push operations during previous investigations.  The 
sporadic, discontinuous, seasonally dependant shallow water-bearing zone at PBOW has been 
impacted as described in the following paragraphs.   
 
Nitroaromatic Compounds.  Nitroaromatic compounds were consistently in the 
overburden/shale groundwater above RBSC values at TNTA, TNTB, TNTC, PRRWP, and 
WARWP during both wet and dry time periods.  Based on the nitroaromatic detections of 2A-
4,6-dinitrotoluene (DNT) and 4A-2,6-DNT, site conditions indicate that a natural biodegradation 
of 2,4,6-TNT, 2,4-DNT, and 2,6-DNT may be taking place. 
 
Organic Compounds.  Organic compounds were consistently detected in the 
overburden/shale groundwater above RBSC and/or BSC values at TNTA, TNTB, TNTC, 
PRRWP, and WARWP during both wet and dry time periods.  Most common organic detections 
at the 4 AOCs were nitroaromatics, detected as semivolatile organic compounds (SVOC).  
Tetrachloroethene and trichloroethene were detected in the groundwater at PRRWP, WARWP, 
and the Additional Burning Ground Area (ABG) during wet season direct-push activities.  Three 
polynuclear aromatic hydrocarbons benzo(a)pyrene, dibenz(a,h)anthracene, and indeno(1,2,3-
cd)pyrene were detected at the ABG above RBSCs during dry season well sampling.  These 
compounds are indicative of previous burning activities and may be attributable to site 
contamination.   
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Inorganic Compounds.  Inorganic compounds were consistently detected above RBSC 
and/or BSC values in the overburden/shale groundwater at TNTA, TNTB, TNTC, PRRWP, and 
WARWP.  In the unfiltered phase, inorganics included aluminum, arsenic, copper, chromium, 
iron, lead, manganese, thallium, and vanadium.  Many of the metals were removed during the 
field filtration process but several metals (arsenic, iron, lead, manganese, and thallium) remained 
above the RBSC and/or BSC values in the groundwater at many of the AOCs.  Lead was 
detected above the RBSC during the wet season at TNTB and PRRWP.  Both lead detections 
may be indicative of site contamination, typically a result from former lead lined building floors. 
 
The shallow water table extends into the upper severely to moderately weathered shale from the 
central portion of the facility to the south-central and southwestern areas.  In the southeastern 
portion of the site, overburden/shale groundwater flow appears to have a relatively uniform 
horizontal hydraulic gradient to the east-northeast.  Overburden/shale groundwater in the central 
portion of the facility generally flows to the north and discharges to both Ransom and Plum 
Brook.  On the north side of the site, the flow is toward Ransom Brook and a wetland area 
located southwest of the Reactor Facility Area.  Groundwater in the western panhandle of 
PBOW flows to the north-northwest and discharges to Pipe Creek.  In the far northwest corner of 
PBOW, a groundwater divide is present (marked by Pipe Creek) where overburden/shale 
groundwater is interpreted to flow in a southwest direction, toward Pipe Creek.  Since the initial 
water level measurements taken in December 1994 (applicable only to wells installed at that 
time), groundwater elevations in the overburden/shale wells have had variable water level 
elevations.  The minimum change was seen in shale bedrock background well BED-MW29 with 
a change of 1.21 feet while the maximum change was 25.03 feet in well TNTC-MW04 (at 
TNTC) (Table 6-1).  The average fluctuation of water levels in the overburden/shale monitoring 
wells was 6.65 feet.  Groundwater elevations in the overburden fluctuate seasonally, irrespective 
of the area of the site.  Consistent fluctuations in other overburden wells may imply a significant 
horizontal connectivity across the overburden water-bearing zone and that water levels are 
controlled by regional fluctuations in the bedrock groundwater elevations. 
 
Delaware Limestone Water-Bearing Zone 
Analytical results from 46 groundwater samples collected from the Delaware Limestone at 10 
AOCs have been evaluated against RBSC and BSC values.  Bedrock groundwater samples were 
collected from monitoring wells during previous investigations.  The Delaware Limestone water-
bearing zone at PBOW has also been impacted by nitroaromatic, organic, and inorganic 
contaminants to different extents by past site activities, although to a lesser degree than the 
overburden/shale water-bearing zone. 
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Nitroaromatic Compounds.  No nitroaromatics were detected in the groundwater of 
monitoring wells located on properties outside of the PBOW facility.  Nitroaromatic compounds 
were consistently detected in the bedrock groundwater above RBSC values at TNTA, TNTB, 
and PRRWP during both wet and dry time periods.  Nitroaromatics were detected at AOCs Acid 
Area 1 (AA1), Acid Area 2 (AA2), Maintenance Shop Area (MNTA), and the Upper Toluene 
Tanks (UTT) Area during previous investigations, but were encountered during only 1 sampling 
event. Additional sampling at these AOCs should be conducted to determine the presence or 
absence of any nitroaromatic contamination. 
 
As noted in the overburden/shale water-bearing zone, nitroaromatic detections of 2A-4,6-DNT 
and 4A-2,6-DNT indicate that a natural biodegradation of 2,4,6-TNT, 2,4-DNT, and 2,6-DNT 
may be taking place. 
 
Organic Compounds.  Organic compounds were consistently detected in the Delaware 
Limestone groundwater above RBSC and/or BSC values at nearly all of the AOCs investigated 
(TNTA, TNTC, PRRWP, WARWP, AA1, AA2, Acid Area 3 (AA3), MNTA, and UTT) during 
both wet and dry time periods.  BTEX compounds, methylene chloride, naphthalene, and 2-
methylnaphthalene at concentrations above RBSC and/or BSC values were encountered in nearly 
all of the bedrock monitoring wells sampled at the AOCs, except at WARWP.  However, these 
compounds are typically found in the Delaware Limestone groundwater due to the presence of 
naturally occurring petroleum hydrocarbon in the Delaware Limestone bedrock formation.  
Benzene concentrations above the RBSC and BSC ranged from 5.7 µg/L (TNTA well BED-
MW18, November 1997 dry season) to 2,500 µg/L (PRRWP well BED-MW23, April 2002 wet 
season).   
 
At the WARWP, monitoring well BED-MW14 exhibited SVOCs that may be site related.  Five 
nitroaromatics recorded as SVOCs (2,4-DNT [May 1998], 4,6-dinitro-2-methylphenol [May 
1998], 2,4-dinitrophenol [May 1998 and April 2002], nitrobenzene [May 1998], and 3-
nitroaniline [April 2002]) may have impacted the bedrock groundwater as a result of past site 
activities.  Other organics exceeding screening levels that may be considered related to former 
DOD site activities are chloromethane (AA2), bromomethane (AA2 and AA3), trichloroethene 
(MNTA), 1,1,2-trichloroethane (PRRWP), and toluene (UTT).  The SVOC detected most 
frequently above RBSCs at all AOCs except the WARWP was bis(2-ethylhexyl)phthalate, a 
common laboratory contaminant.   
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Inorganic Compounds.  Inorganic compounds were consistently detected in the Delaware 
Limestone groundwater above RBSC and/or BSC values at the AOCs investigated.  In the 
unfiltered phase, inorganics included aluminum, arsenic, barium, chromium, iron, manganese, 
nickel, and thallium.  Many of the metals were removed during the field filtration process but 
several metals (arsenic, barium, iron, manganese, and thallium) remained above the RBSC 
and/or BSC values in the groundwater at many of the AOCs. 
 
Groundwater flow direction in the Delaware Limestone bedrock is predominantly to the 
northeast in the eastern half of PBOW and to the northwest in the far western corner and central 
western section.  Groundwater exits PBOW northeast of the reactor facility and flows in a north-
northeast direction toward Lake Erie.  Groundwater flow on the western side of PBOW is 
thought to be influenced by sump pumps at the reactor facility and structure of the Delaware 
Limestone. 
 
Wells monitoring the Delaware Limestone showed significant variability in hydraulic 
conductivity.  Hydraulic conductivity from slug tests completed in wells screened in the range 
from 0.002 (former well BED-MW27) to 1.84 feet per day (ft/day) (BED-MW24).  A downward 
vertical gradient is present between the overburden/shale water-bearing zone and the Delaware 
bedrock.  
 
Three quarries mining the Delaware Limestone in the vicinity north of PBOW are reported to 
have encountered naturally occurring petroleum hydrocarbons and knowingly have encountered 
hydrogen sulfide (H2S) gas.  Free-phase hydrocarbons and ethyl benzene BTEX compounds 
detected in the groundwater of PBOW bedrock monitoring wells are interpreted to have the same 
origin based on the following observations:  
 

• The majority of wells with hydrocarbons detections are screened in the Delaware 
Limestone. 

 
• Hydrocarbon-contaminated monitoring wells are widespread throughout PBOW, 

rather than being limited to only specific site areas.   
 

• Drilling bore log notes indicate that hydrocarbons were encountered while drilling 
in the Delaware Limestone bedrock. 

 
• Photographs show petroleum hydrocarbon on Delaware Limestone rock cores. 

 
• The detection of hydrogen sulfide associated with the hydrocarbon that is found in 

the Delaware Limestone.   



2004 GW Data Summary and Evaluation Report 
Section:  Executive Summary 
Revision No.:  1 

 Date: April 2005 
 

KN5\PBOW\04 GWDS\Final\04 GWDS-Txt-F.doc\6/28/2005\4:08:42 PM ES-7 

 
Discussions with the Ohio Department of Natural Resources, Division of Geological Survey, 
indicated there are producing oil wells in Erie County.  These oil wells reportedly are pumping 
from the Delaware Limestone and the Columbus Limestone. 
 
Based upon conclusions from groundwater analytical results during this investigation, the 
following are recommended: 
 

• Toluene was detected at elevated concentrations in well MK-MW20 in the UTT 
area.  Based on the relative absence of other aromatic hydrocarbons, the source of 
the contamination is interpreted to be from toluene storage used in the production 
of nitroaromatics.  Based on these findings, further evaluation is warranted.   

 
• Monitoring wells have not been installed at the Middle Toluene Tanks Area.  

Based upon the results from the UTT Area, consideration should be given to the 
installation of overburden water-bearing zone wells at the Middle Toluene Tank 
Area (assessment of possible toluene contamination in overburden groundwater) 
and bedrock wells at the Middle and Lower Toluene Tank Areas (assessment of 
possible toluene contamination in bedrock groundwater), if deemed necessary. 

 
• Installation of one additional bedrock monitoring well in the PRRWP Area to 

monitor bedrock contamination. 
 
• With consistent nitroaromatic contamination in overburden/shale well MK-MW17, 

the location of the well at the mouth of Ransom Brook, additional surface water 
samples should be collected in Ransom Brook during periods of groundwater 
discharge to verify no impact to the stream.   

 
• During the 2000 RI soil sampling activities, a total of 9 open manholes (3 at 

TNTA and 6 at TNTC) were discovered.  Several open manholes were also 
discovered in AA3 during recent investigations.  For health and safety reasons, 
Shaw recommends a sitewide sweep of PBOW be conducted to identify the 
location of all former DOD open manholes followed by proper abandonment.   

 
Planned Activities 
 

• Complete site-wide groundwater model (2005). 
• Complete site-wide groundwater risk assessment (2005). 
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1.0  Introduction 
 
The U.S. Army is conducting studies of the environmental impact of suspected hazardous waste 
sites at properties previously owned by the U.S. Department of Defense (DOD).  The former 
Plum Brook Ordnance Works (PBOW), located in Sandusky, Erie County, Ohio, is currently 
being investigated under the Defense Environmental Restoration Program for Formerly Used 
Defense Sites.  Figure 1-1 shows the geographical location of the former PBOW site.  This 
9,000-acre facility was used for the manufacture of explosives during World War II.  The site is 
currently owned by the National Aeronautics and Space Administration (NASA) and is operated 
as the Plum Brook Station (PBS) of the John Glenn Research Center. 
 
The investigation is being managed and technically overseen by the Nashville, Tennessee and 
Huntington, West Virginia District Offices of the U.S. Army Corps of Engineers (USACE).  
Shaw Environmental, Inc. (Shaw), (formerly IT Corporation [IT]) was contracted by the 
USACE, Nashville District to conduct a groundwater remedial investigation (RI) at two red 
water pond areas and three former trinitrotoluene (TNT) manufacturing areas.  The two red water 
pond areas are the West Area Red Water Ponds (WARWP) and the Pentolite Road Red Water 
Ponds (PRRWP).  The three former TNT manufacturing areas are TNT Area A (TNTA), TNT 
Area B (TNTB), and TNT Area C (TNTC).   
 
Initial work was performed under Delivery Order (DO) 0010 of Contract Number DACA62-00-
D-0002 while reporting was conducted under DO 0014 of the same contract number.  In January 
2003, DO 0021 was issued under the same contract number which expanded the investigation 
relative to the TNT manufacturing areas and Red Water Ponds to areas beyond NASA’s PBS 
boundaries in both the upgradient and downgradient groundwater flow direction.  RI reporting 
for this work is conducted under DO 0021. 
 
This document (2004 Groundwater Data Summary and Evaluation Report) is Volume 1 of 2 
planned volumes.  Volume 1 consists of 2 parts; text, tables, and figures are included in Part 1 
and Appendices A through O are included in Part 2.  This volume (Volume 1) presents final 
evaluations, conclusions, and recommendations for the RI and background evaluation from data 
attributable to the TNT manufacturing areas and Red Water Ponds at both on-site and off-site 
areas.  It also presents background screening concentrations (BSC) for PBOW bedrock 
groundwater and their derivation.  These BSCs will be used as a comparison and evaluation tool 
for on-site and off-site analytical results.  Volume 2 will be the Baseline Human Health Risk 
Assessment (BHHRA) of groundwater, which will be submitted under a separate cover.  The 
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BHHRA report will be prepared by Shaw and will describe all points and findings of the 
BHHRA with respect to the TNT manufacturing areas and Red Water Ponds. 
 
Background groundwater analytical results are included in tables of this report; however, full 
data dumps are not included because they have been provided with previously issued quarterly 
reports.  Data collected from 2001 (first quarterly background sampling event) through 2004 
(ninth quarterly background groundwater sampling event) as well as discussion of field activities 
and quarterly background groundwater analytical can be found in the reports as identified below.  
Note that the quarterly background groundwater sampling was timed to monitor seasonal 
changes in groundwater quality.  Precipitation data of the Sandusky area were used to determine 
two general seasons of groundwater recharge (Chapter 6.0): a wet season (January through June) 
and a dry season (July through December).  Reports identifying field activities and analytical 
results completed in 2001 through 2004 are listed below:   
 

• 2001 Groundwater Remedial Investigation (IT, 2002a).  Background bedrock 
monitoring wells were installed and the first quarterly background sampling event 
was conducted in September-October 2001 (dry season). 

 
• Second Quarterly Background Report (IT, 2002b).  Second quarterly background 

groundwater sampling event was conducted in January 2002 (wet season). 
 
• Third Quarterly Background Report (IT, 2002c).  Third quarterly background 

groundwater sampling event was conducted in April 2002 (wet season). 
 
• 2002 Groundwater Data Summary and Evaluation Report (Shaw, 2003a).  Fourth 

quarterly background groundwater sampling event was conducted in July 2002 
(dry season). 

 
• Fifth Quarterly Background Groundwater Report (IT, 2003a).  Fifth quarterly 

background groundwater sampling event was conducted in September 2002 (dry 
season). 

 
• Sixth Quarterly Background Groundwater Report (Shaw, 2003b).  Sixth quarterly 

background groundwater sampling event was conducted in April 2003 (wet 
season). 

 
• Seventh Quarterly (September 2003) Background Groundwater Report (Shaw, 

2003c).  Seventh quarterly background groundwater sampling event was 
conducted in September 2003 (dry season). 
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• Eighth Quarterly (December 2003) Background Groundwater Report (Shaw, 
2004a).  Eighth quarterly background groundwater sampling event was conducted 
in December 2003 (dry season). 

 
• Ninth Quarterly (March 2004) Background Groundwater Report (Shaw, 2004b).  

Ninth quarterly background groundwater sampling event was conducted in March 
2004 (wet season). 

 
In addition, quarterly groundwater elevation measurements were also conducted by International 
Consultants, Inc. (ICI) to support ongoing investigation and remediation activities at PBOW.  
This information, critical to the evaluation of groundwater flow and contaminant transport, is 
incorporated into this report. 
 
The field activities completed by Shaw were conducted pursuant to the following documents:  
Site-Specific Sampling and Analysis Plan, Site-Specific Safety and Health Plan (Shaw, 2003d), 
Site-Wide Sampling and Analysis Plan (SAP) (IT, 1996a), Quality Assurance Project Plan 
(QAPP) (IT, 1996b), and the Site-Wide Safety and Health Plan (IT, 1996c). 
 
1.1  Scope of Work and Project Objectives  
The scope of the RI included the preparation of a quality control plan and site-specific addenda 
to the site-wide SAP and safety and health plan, monitoring well installation, monitoring well 
development, in-situ permeability determination, groundwater sampling, soil sampling, 
analytical work, investigation-derived waste (IDW) management and disposal, and preparation 
and submittal of quarterly background groundwater reports.  Based on the findings of previous 
investigations, this report presents both historical groundwater data (pre-2004) and new 
groundwater data obtained as part of this groundwater RI.  Groundwater information that was 
collected during these investigations will also be used to support groundwater modeling 
activities; the groundwater flow and fate and transport model is scheduled to be submitted in 
2005 (USACE, 2001).  Figure 1-2 identifies the five investigated areas of concern (AOC); 
TNTA, TNTB, TNTC, WARWP, and PRRWP in relation to other AOCs and site features. 
 
The objectives of this investigation included the following: 

 
• Define site physical features and characteristics (background conditions). 
 
• Evaluate fate and transport pathways through sitewide groundwater modeling 

(anticipated to be completed in 2005). 
 
• Define current and future routes of exposure. 
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• Determine if hazardous substances are present at the site at concentrations that 

may exceed risk-based screening values. 
 
• Determine the nature and extent of source areas. 
 
• Determine whether contaminant distribution is consistent with former DOD 

activities. 
 
• Establish naturally occurring levels of inorganics in PBOW groundwater to use in 

screening site data in risk assessments. 
 
1.2  Report Organization 
Chapter 2.0 of this report describes the PBOW site, its physical setting, geology, and 
hydrogeology features.  Previous investigations of TNTA, TNTB, TNTC, WARWP and the 
PRRWP are found in Chapter 3.0.  Sampling strategy and field procedures are described in 
Chapter 4.0.  The analytical program and background comparison data are presented in Chapters 
5.0 and 6.0, respectively.  Chapter 7.0 describes analytical results for each area.  Chapter 8.0 
presents bedrock groundwater conclusions.  Recommendations are provided in Chapter 9.0.  
References that were used in preparing the report are listed in Chapter 10.0. 
 
All appendices are contained in Volume 1, Part 2.  Groundwater sample collection logs 
generated during the investigation are included in Appendix A.  Soil boring and monitoring well 
drill logs and well construction diagrams, site photographs, and well development logs are 
provided in Appendices B, C, and D, respectively.  Appendix E contains hydraulic conductivity 
data while Appendix F contains land survey data.  Appendix G presents copies of waste 
manifests used for disposal of the IDW.  Appendices H through K contain analytical data 
pertinent to the downgradient (May and August 2004) and background (June 2004) sampling 
events.  Appendix L presents the Chains-of-Custody for laboratory analysis.  Background 
groundwater summary statistics are tabulated and described in Appendix M.  Appendix N 
presents a teleconference note on local benzene, toluene, ethyl benzene, and total xylenes 
(BTEX) and an e-mail message on active oil/gas fields.  Appendix O presents recharge 
calculations for PBOW.  Appendix P provides comments and responses from Shaw’s internal 
review. 
 
1.3  Facility Location and Description 
The former PBOW site is currently owned by NASA and is operated as the PBS of the NASA 
John Glenn Research Center, which is located at Lewis Field in Cleveland, Ohio.  Most of the 
aerospace testing facilities built at the site in the 1960s are in standby or inactive status.  The site 



2004 GW Data Summary and Evaluation Report 
Section:  1.0 
Revision No.:  1 

  Date: April 2005 
 

KN5\PBOW\04 GWDS\Final\04 GWDS-Txt-F.doc\6/28/2005\4:08:42 PM 1-5 

is located approximately 4 miles south of Sandusky, Ohio, and 59 miles west of Cleveland.  
Although primarily in Perkins and Oxford Townships, the eastern edge of the site extends into 
Huron and Milan Townships.  PBOW is bounded on the north by Bogart Road, on the south by 
Mason Road, on the west by Patten Tract Road, and on the east by U.S. Highway 250.  The areas 
surrounding PBOW are mostly agricultural and residential.  Public access is restricted at PBOW 
except during the annual deer hunting season. 
 
1.4  Site History and Potential for Contamination 
The PBOW site was built in early 1941 as a manufacturing plant for 2,4,6-TNT, dinitrotoluene 
(DNT), and pentolite (PETN).  Production of explosives began on December 16, 1941 and 
continued until 1945.  It is estimated that more than one billion pounds of explosives were 
manufactured during the 4-year operating period. 
 
The United States Army began decontamination and decommissioning of all TNT, DNT, and 
PETN lines in September 1945.  Three areas manufactured TNT and DNT (TNTA, TNTB, and 
TNTC) and one area manufactured PETN (Figure 1-2).  TNTA consisted of manufacturing lines 
1 through 4, TNTB lines 5 through 7, and TNTC lines 8 through 12.  TNTA is located on the 
northeast side of PBOW, TNTB at the southern central part, and TNTC at the southwestern side 
of PBOW.  The PETN manufacturing area is located in the north-central portion of PBOW and 
lies within the boundaries of Ransom Road on the west, Pentolite Road on the south, and Patrol 
Road on the north and east.  The central portion of the former PETN manufacturing area is 
occupied by NASA’s in-active nuclear reactor.  The PETN Area contained three PETN lines 
with a designated capacity of 7,000 pounds per 24 hours (Morrison-Knudsen Corporation [MK], 
1994; Science Applications International Corporation [SAIC], 1995).  The nuclear reactor is 
presently being decommissioned with a completion date estimated in July 2007.   
 
Typical decontamination and decommissioning methods of all the manufacturing lines involved 
removing and relocating any explosive waste from the buildings or structures to a burning 
ground for open burning.  Above-ground portions of buildings and structures were demolished 
and burned where possible.  Based on soil investigations completed at the TNT areas, at least 
portions of the concrete foundations remain in place.  Steam lines used for facility heating and 
associated building drain lines were flushed and dismantled, but no record was found indicating 
the wash-out location.  By December 1945, it was estimated that 65 percent of the necessary 
decontamination was complete (MK, 1994). 
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From January 1 to June 30, 1946, the USACE assumed responsibility for maintenance and 
custodial activities.  Further decontamination activities were conducted, and the extent of 
contamination was certified (MK, 1994). 
 
In the summer of 1955, a significant effort was made by the USACE through Ravenna Arsenal to 
decontaminate the surface and subsurface soil at the TNT Areas (Dames and Moore, Inc. 
[D&M], 1997a).  Decontamination was performed first at TNTA.  The decontamination process 
at TNTA included the removal of contaminated surface and subsurface soil around the wash 
houses, bi-tri houses, fortifier buildings, DNT sweating and graining building, DNT nitrating 
building and nail houses.  They also removed wooden and ceramic waste disposal lines 
containing from 1.0 to 2.5 inches of TNT.  In addition, concrete catch basins containing 
thousands of pounds of TNT were discovered overlain by wood and scrap lumber.  This lumber 
and TNT was removed and transported to the Burning Grounds where it was burned.  
Decontamination of TNTB and TNTC was supposed to be modified to address only surface 
contamination detected by visual inspection leaving underground flumes in place.  It is unknown 
whether this modification in the procedure took place as part of the 1955 decontamination of 
TNTB and TNTC (D&M, 1997a). 
 
NASA acquired PBOW on March 15, 1963 and currently utilizes the site.  The General Services 
Administration decontaminated the TNT Manufacturing Areas to facilitate transfer.  The 
decontamination is believed to have occurred in 1963 (D&M, 1997a) and work was 
accomplished in five steps: 
 

1. Inspecting then removing contaminated surface soil above the drain tiles, flumes, 
etc. 

 
2. Spot checking of subsurface soil in the vicinity of drain tiles, flumes, etc., to 

determine where the contaminated tiles and flumes were located.  Where 
contamination was found, the flumes, tiles, etc., were removed in sections. 

 
3. Removal of some items previously decontaminated to three X (XXX) condition to 

a storage facility and additional decontamination of the remainder of the items to a 
five X (XXXXX) condition in order to be sold (“X” indicates the Army’s specific 
decontamination level). 

 
4. Destruction of all buildings by fire then removal of all debris and concrete 

foundations.  All the materials were flashed in those areas, including the earth, and 
the area was then rough-graded.  As previously noted, recent soil investigations at 
the TNT areas suggest that at least portions of the concrete building foundations 
remain in place. 
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5. Decontamination of all sump basins and removal of the concrete. 
 
The decontamination process also included the burning of nitroaromatic-filled flumes that were 
excavated.  As shown in the records review (D&M, 1997b) this was performed on July 10, 1963, 
near the intersection of Fox Road and Snake Road. 
 
On April 18, 1978, NASA declared approximately 2,152 acres of land as excess.  The Perkins 
Township Board of Education acquired 46 acres of the excess for use as a bus transportation 
center.  The General Services Administration retains the remaining acreage and currently has a 
use agreement with the Ohio National Guard for 604 acres of the land.  NASA presently controls 
about 6,400 acres and is using the site to conduct space research as a satellite operation of the 
John Glenn Research Center based in Cleveland, Ohio.  The details of these land transactions are 
listed in the site management plan and can be found at NASA PBS. 
 
Based on review of historical use of the site and soil and groundwater findings from previous 
investigations, contaminants related to the manufacture of nitroaromatic explosives are present at 
PBOW.  These potential contaminants include:  nitroaromatic compounds, volatile organic 
compounds (VOC), semivolatile organic compounds (SVOC), cyanide, and inorganics.   
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2.0  Physical Setting 
 
2.1  Geography, Topography, and Surface Drainage 
PBOW is located within the Eastern Lake Region of the Central Lowland Province (Soil 
Conservation Service [SCS], 1971).  Erie County is overlain by lacustrine sediment, glacial 
outwash, and glacial till.  The surface is a plain with a slight slope to the north-northeast toward 
Lake Erie at approximately 25 feet (ft) per mile.  Elevations at the site range from 680 ft above 
mean sea level at the intersection of Taylor Road and Patrol Road on the southwestern side of the 
site to 625 ft above mean sea level at the northern portion of the installation (Figure 2-1).  In 
general, the topography of PBOW is characterized by a flat ground surface with occasional low 
hummocks caused primarily by glacial scouring and deposition.  A low escarpment trends from 
the western to the northeastern portion of the site.   
 
PBOW lies in the eastern region of the Pickeral Creek-Pipe Creek Basin, which is part of the St. 
Lawrence River drainage basin (D&M, 1997a).  Eleven streams exist within PBOW and flow 
north-northeast toward Lake Erie, which is located approximately 3.5 miles north of the site.  
The site is part of four drainage areas:  (1) Sawmill Creek (southern PBOW); (2) Plum Brook 
(central PBOW); (3) Pipe Creek (western PBOW); and (4) Storrs-Hemminger Ditch (north 
central PBOW), all of which flow into Sandusky Bay (D&M, 1997b).  Surface water for TNTA 
specifically drains into ditches that are tributaries to Lindsley Ditch, which eventually drains (off 
site) into Plum Brook.  Surface water on the northern side of TNTB drains to ditches that are 
tributaries to Ransom Brook while surface water on the southern side of TNTB drains to 
tributaries flowing into Plum Brook.  Surface water at TNTC flows into tributaries which flow 
into Pipe Creek.  Surface water drainage at the WARWP flows into tributaries for Pipe Creek 
while surface water at the PRRWP is drained by tributaries for Plum Brook.  The drainage 
pattern is dendritic where streams are incised into bedrock and is poorly developed where they 
have not yet eroded to the bedrock.  Two drainages at the site, Kuebler Ditch and Plum Brook 
are being monitored by NASA PBS for National Pollutant Discharge Elimination System outfall 
permits.  In addition to the streams, 17 isolated ponds and reservoirs and former red water ponds 
are located at PBOW (U.S. Geological Survey [USGS], 1992; D&M, 1997b). 
 
2.2  Geology and Soils 
 
2.2.1  Regional Geology 
The bedrock in northern Ohio consists of Devonian and Silurian carbonates (limestone and 
dolomite) and clastics (shale, siltstone, and sandstone).  These units unconformably overlie older 
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sedimentary sequences of Ordovician and Cambrian Age rocks, which in turn unconformably 
overlie pre-Cambrian basement rocks (D&M, 1997a).  The local bedrock is situated on the 
eastern flank of the Findlay Arch.  In the Devonian and Silurian of northern and western Erie 
County, weathering of the carbonates has produced cavernous porosity and karst topography. 
 
2.2.2  Local Geology 
Three formations, all of Devonian Age, outcrop across the PBOW site (Figure 2-1).  Each of the 
units discussed below were encountered in the upper 100 ft of bedrock along the lines of section 
presented in Figure 2-2.  Two-dimensional cross sections presenting data in three dimensions 
were prepared from the monitoring well and soil boring lithologic data and are shown on Figures 
2-3 through 2-8.   
 
The Delaware limestone is the lowermost formation screened by site wells.  It is characterized as 
a hard, dense, finely crystalline limestone and dolomite.  The unit is typically buff colored, 
massive and usually is described as fossiliferous.  In the vicinity of PBOW, quarries (Hanson 
Aggregates to the north, Hanson-Sandusky Crushed Stone to the southwest, and abandoned 
Castalia quarry to the west) mine limestone from the Delaware.  Traces of natural petroleum-
derived hydrocarbons and hydrogen sulfide (also known as H2S) are common in all 3 quarries.  
Overlying the Delaware Limestone is the Olentangy Shale.  Geographic Information System 
(GIS) data calculations indicate that the Olentangy shale of PBOW dips to the southeast at a 
slope of approximately 21.1 ft per mile.  Two members of the Olentangy Shale have been 
characterized at the site, the Plum Brook Shale and the overlying Prout Limestone.  The Plum 
Brook Shale is interpreted to consist of approximately 35 ft of bluish-gray, soft, fossiliferous 
shale containing thin layers of dark, hard, fossiliferous limestone.  The Prout Limestone has been 
described as an approximate 15 to 50- foot thick unit which occasionally outcrops in a 1,000-to-
2,000-foot-wide, northeast-striking band across the middle portion of PBOW.  It is described as a 
dark-gray to blue, very hard, siliceous, fossiliferous limestone or dolomitic mudstone.  The 
uppermost formation at the site is the Ohio Shale.  GIS data show that the Ohio Shale dips to the 
southeast at a slope of approximately 26.4 ft per mile.  Only one member of the Ohio Shale is 
present in the PBOW area, the Huron Shale.  This unit has been described as black, thinly 
bedded, with abundant carbonaceous matter.  Some large pyrite/carbonate concretions are also 
present in the Huron Shale, some as large as 6 ft in diameter (D&M, 1997a).   
 
To aid in the geologic and hydrogeologic interpretation of the site, lithologic data from 109 off-
site drinking water wells were obtained from the Ohio Department of Natural Resources 
(ODNR) office in Columbus, Ohio, to better determine thickness of the overburden, which 
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overlies the shale and Delaware limestone.  Also, review of this lithologic data assisted in 
gaining a better understanding of off-site groundwater flow.  Table 2-1 presents a summary of 
the data obtained from the wells.  The location of most of the drinking water wells has not been 
surveyed.  An ODNR figure showing the location of each well was transferred to a Shaw map 
permitting approximate survey coordinates to be measured.  Figure 2-1 shows the location of the 
drinking water wells and environmental monitoring wells.  Lithologic information for the 
drinking water wells shown on Table 2-1 was obtained from bore logs that were created during 
well installation by non-Shaw personnel, normally the lead driller.  An area-wide top-of-shale 
elevation contour map is presented in Figure 2-9.  The top-of-shale elevation used in 
construction of the map is the elevation of the first shale encountered in the borehole and may be 
either the Plum Brook shale or the Ohio shale, depending on the location of the borehole.  An 
area-wide top-of-Delaware limestone elevation contour map is presented on Figure 2-10 and an 
area-wide overburden thickness contour map is presented in Figure 2-11.  Contouring of 
elevations of the top-of-shale and top-of-Delaware from private drinking water wells was not 
included on the elevation contour maps where the data appeared questionable when plotted on 
the figure.  
 
2.2.3  Local Soils 
The bedrock overburden in Erie County is predominantly glacial till, glacial outwash, or glacial 
lacustrine (lake) deposits.  In the vicinity of PBOW, the soil has been interpreted as lacustrine.  
In many areas, the overburden also consists of highly weathered shale bedrock.  The thickness of 
the overburden ranges from 1 foot to greater than 25 ft.  As shown on Figure 2-11, overburden 
soil is thickest on the northern portion of the site in the vicinity of the Reactor Facility, where it 
has filled in a bedrock low. 
 
The 1971 SCS Soil Survey for Erie County mapped four soil associations on PBOW (in order of 
areal percentage) as the Prout, Arkport-Galen, Del Rey-Lenawee, and Lewisburg (SCS, 1971).  
More recently, the ODNR revised the soil associations in the county, which also changed the soil 
associations at PBOW.  As shown in the 1994 report (ODNR, 1994), the soil in the northwest 
portion of the PBOW site is now placed within the Kibbie-Elnora-Tuscola-Colwood Association 
that is described as nearly level to gently sloping.  The soil is described as somewhat poorly 
drained, moderately well drained, and very poorly drained soils formed in outwash, lacustrine, 
and deltaic sediments.  Along a strip from west to northeast across the site is the Castalia-
Millsdale-Milton-Ritchey Association.  This association is described as shallow to moderately 
deep, nearly level to moderately steep, well-drained and very poorly drained soils formed in 
glacial till, lacustrine sediments, and limestone residuum.  Across much of the central portion of 
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the site is the Hornell-Fries-Colwood Association, described as moderately deep to deep, nearly 
level to gently sloping, somewhat poorly drained to very poorly drained soils formed in glacial 
till and lacustrine sediments over shale bedrock.  At the extreme southeast portion of PBOW is 
the Pewamo-Bennington Association, described as nearly level to gently sloping, very poorly 
drained and somewhat poorly drained soils formed from glacial till and lacustrine sediments. 
 
2.2.4  Hydrogeology 
 
2.2.4.1  Current Groundwater Usage 
The majority of residents in Erie County receive water from public utilities whose sources are 
surface water.  Residences to the north and east of PBOW are connected to city, county, or rural 
services.  Erie County’s primary groundwater source is from the limestone and dolomite aquifer 
found in the western end of the county.  Groundwater wells in the central and eastern portions of 
the county tap lower yielding shale and sandy zones in the overburden (D&M, 1997a).  Some 
wells surrounding PBOW are used for agricultural purposes, including irrigation, which could 
have an effect on drawdown near the site (ICI, 1995).  A few wells in the vicinity of PBOW were 
determined to be used for private and public consumption (SAIC, 1991); however, none within 
the facility boundary are used.  The nearest private well to PBOW is approximately 840 ft to the 
northeast and the use of the well is unknown (Figure 2-1). 
 
2.2.4.2  Regional Hydrogeology 
Regional groundwater flow is to the north-northeast towards Lake Erie, although local flow may 
vary due to local topography.  Water in the limestone typically occurs in joints and along 
bedding planes or in solutionally enlarged openings.  Although some limestones in the middle of 
the county provide well yields of up to 500 gallons per minute (gpm), the overburden and the 
majority of the other formations can sustain groundwater pumping of only 10 gpm or less 
(D&M, 1997b).  A hydrogeological study by the USGS conducted on the glacial deposits in 
Sandusky in 1990 reported a horizontal hydraulic conductivity of 0.046 ft/day and a vertical 
hydraulic conductivity of 1.2 ft/day (USGS, 1992).  
 
2.2.4.3  General Site Hydrogeology 
At PBOW, the bedrock groundwater has been divided into three zones based on location and 
yield.  Zone 1 occurs in the north and northwestern portion of PBOW.  It has been characterized 
as yielding from 100 to 500 gpm from karstic limestone approximately 100 ft below grade.  Zone 
2 is in the northern portion of PBOW and has yields of 15 gpm or less from limestone 
approximately 300 ft below grade.  Zone 3 is located in the eastern and southern portion of the 
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site in predominantly shale bedrock.  In addition to being found in the shale, groundwater is 
located in thin sand and gravel horizons interbedded with silt and clay deposits.  Most Zone 3 
wells are poor yielding, many of them providing less than 3 gpm (D&M, 1997a). 
  
Two main water-bearing zones at PBOW are present; one in the overburden/shale and one in the 
Delaware Limestone bedrock.  Data from recent investigations (2002 Groundwater Data 
Summary and Evaluation [Shaw, 2003a]; TNT Areas A and C Remedial Investigation [IT, 
2000a,b]; Summary Report, Site-Wide Groundwater Monitoring [IT, 1999]; and the Site-Wide 
Groundwater Investigation Report [IT, 1997]) have found that groundwater in the overburden is 
in discontinuous pockets during dry time periods exemplified by a monitoring wells that are 
typically dry or areas in which wells could not be installed due to a lack of water in the 
overburden soil at the time of drilling.  Figure 2-12 is an isopach map of the overburden 
groundwater in August 2001(dry season) during the TNTA, TNTB, TNTC temporary piezometer 
installation.  Only limited lateral migration of contaminants would typically occur in the 
overburden due to the lack of water.  During a wet period, the general flow direction in the 
overburden/shale water-bearing zone (where present) is to the north-northeast largely mirroring 
surface topography.  The flow also corresponds somewhat to the topography of the top of the 
bedrock.  In contrast, the limestone bedrock water-bearing zone is saturated year-round.  The 
conceptual model of the site is that groundwater flow in the Delaware Limestone water-bearing 
zone migrates and is influenced by the frequency, orientation, density, and connectivity of 
fractures in the Delaware.  Groundwater flow in the Delaware Limestone bedrock is only 
indicated by wells screened in the Delaware Limestone.  Similar to the overburden/shale flow 
direction, groundwater in the Delaware Limestone flows to the north-northeast.  A more detailed 
discussion of hydrogeological information is presented in Section 6.0. 
 
2.3  Climatological Setting 
The climate of Erie County is continental but strongly influenced by Lake Erie, with cold and 
cloudy winters and warm, humid summers.  Wind is from the southwest 55 percent of the time 
(MK, 1994; D&M, 1997c). 
 
Based on 30-year metrological data from the Midwestern Regional Climate Center 
(http://mcc.sws.uiuc.edu/Precip/OH/337447_psum.html), the U.S. Weather Bureau station in 
Sandusky, OH reported the average annual precipitation from 1971 to 2000 was 34.46 inches.  
Within that 30-year time, February had the lowest monthly precipitation average with 1.72 
inches, whereas June had the highest of 4.19 inches.  The maximum daily high temperature in 
Sandusky recorded from 1896 to 2001 was 105 degrees Fahrenheit (ºF) measured on August 6, 
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1918, and July 14, 1936.  The lowest recorded daily temperature in this time period was -20º F 
on January 19, 1994.  On the average, July is typically the warmest month (averaging 81.8º F) 
while January is the coldest (averaging 18.9º F).  The county’s first freezing temperature is 
usually in October, and its last freezing temperature is typically in April.  A discussion of the 
precipitation data and charts generated from 1998 to June 2004 data is presented in Section 6.2.4. 
 
2.4  Site Conceptual Model 
Figure 2-13 presents a generalized block diagram or conceptual model of PBOW showing the 
possible contaminant migration transport routes, the overburden/shale and bedrock water-bearing 
units, the geologic units, and the interrelationship between the water-bearing zones.  
Groundwater sampling investigations and groundwater monitoring well measurement events 
have found that groundwater in the overburden may be limited to discrete areas during dry time 
periods of little rainfall.  During these periods of low precipitation, only limited migration of 
contaminants would occur due to less infiltration of rainwater.  The site conceptual model 
illustrates this seasonal, discontinuous nature of the overburden/shale groundwater.   
 
The site conceptual model also illustrates groundwater flow in the Delaware bedrock water-
bearing zone through fractures.  Groundwater flow paths and velocity are dictated by the 
frequency, orientation, density, fracture size, and connectivity of these bedrock fractures.  In 
addition to fractures, some solutional cavities may be present in the limestone bedrock.  
Generally, groundwater in the bedrock flows to the north-northeast.  A more detailed discussion 
of hydrogeological information is presented in Section 6.0. 
 
Based on historical data, groundwater geochemistry varies between the overburden/shale, shale, 
and limestone.  Geochemistry results show that monitoring wells screened in the 
overburden/shale, typically have higher concentrations of dissolved oxygen with sulfate as the 
dominant anion.  The higher concentrations of sulfate are likely due to the oxidation of residual 
sulfide minerals in the unconsolidated materials and weathered shale.  Monitoring wells that are 
screened in more competent shale and limestone tend to be depleted of dissolved oxygen, and 
chloride is the dominant anion present.  Chloride is dominant partially due to the fact these 
sediments were originally deposited in a marine environment and also due to the lower dissolved 
oxygen that limits the oxidation of sulfide minerals.  The significance of the varying 
groundwater geochemistry is that waste products from the manufacture of TNT include nitrate 
from nitric acid and sulfate from sulfuric acid as well as sellite.  The presence of these 
compounds in groundwater may be indicative of potential impact by waste disposal activities 
(ponds, tanks, etc) even if nitroaromatics are not detected. 
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3.0  Summary of Previous Environmental Studies 
 
Eight previous investigations documenting site hydrogeology and groundwater contamination 
have been conducted at PBOW.  Documents include the Engineering Report of the 
Contamination Evaluation (IT, 1991), Site Inspection Report (MK, 1994), Site Management 
Plan (ICI, 1995), Sitewide Groundwater Investigation Draft Report (D&M, 1997b), Site-Wide 
Groundwater Investigation Report (IT, 1997), Site-Wide Groundwater Monitoring Report (1997-
1998) (IT, 1999), 2001 Groundwater Remedial Investigation (IT, 2002a), and 2002 Groundwater 
Data Summary and Evaluation Report (Shaw, 2003a). 
 
The discussion of existing site data focuses on the primary areas investigated under this RI, 
which include the three TNT Manufacturing Areas (TNTA, TNTB, and TNTC), the WARWP, 
and the PRRWP.  This chapter discusses analytical results of:  1) groundwater analytical data 
collected prior to 1997, and 2) soil, surface water and sediment analytical data.  The results of 
these other environmental media are discussed because they may represent potential groundwater 
contaminant sources or (in the case of surface water and sediment) media that may potentially be 
impacted by groundwater. 
 
3.1 TNT Areas 
TNT was manufactured in three areas, designated TNTA, TNTB, and TNTC (Figure 1-2).  Each 
area had production lines consisting of a mono house, a bi-tri house, a fortifier house, and a wash 
house used in the manufacture of TNT.  In addition, other buildings (e.g., nailing houses, 
wastewater settling tanks, and DNT sweating and graining houses) were present at each site.  
Each TNT area is discussed in the following paragraphs. 
 
3.1.1  TNT Area A 
TNTA occupies approximately 114 acres in the northeastern part of PBOW.  Columbus Avenue 
bisects the site, as shown in Figures 1-2 and 3-1.  NASA constructed its administration building 
on the east side of Columbus Avenue in the central portion of former TNT process buildings at 
TNTA (Buildings 121 and 122).  TNTA was used during World War II as a manufacturing 
facility for TNT and DNT.  During PBOW operations, TNTA had four TNT lines consisting of 
five buildings each, and two DNT lines, each consisting of one building (Figure 3-1).  
Wastewater from TNTA was routed through the wastewater settling tanks and pump house to the 
PRRWP through underground flumes and sewer lines.  Aboveground evidence of the former 
TNTA structures and features include abandoned railroad tracks, portions of foundations, soil 



2004 GW Data Summary and Evaluation Report 
Section:  3.0 
Revision No.:  1 

  Date: April 2005 
 

KN5\PBOW\04 GWDS\Final\04 GWDS-Txt-F.doc\6/28/2005\4:08:42 PM 3-2 

mounds (indicative of former building foundations), roadways, ditches, manholes, drains, and 
water valves.   
 
Significant previous remediation activities have been performed in TNTA.  According to the 
records review report (D&M, 1995), TNTA was decontaminated along with the two other TNT 
areas (TNTB and TNTC) in 1955 and again in 1966.  The decontamination at TNTA was 
reportedly very thorough.  Significant subsurface contamination was removed, including 
underground flumes and sewer lines.  Approximately 16,000 pounds of TNT were removed from 
TNTA.   
 
Previous environmental investigations in this area include a 1993 site inspection by MK (1994); 
a 1994 TNT Areas site investigation by D&M (1997a); groundwater investigations by Shaw in 
1996 (IT, 1996a), 1997 (IT, 1997), 1998 (IT, 1998), 2001 (IT, 2002a), and 2002 (Shaw, 2003a); 
and a soil, surface water/sediment investigation by Shaw in 2000 (Shaw, 2003e).  Historical 
surface water, sediment, soil, and groundwater (1993, 1994, and 1996) analytical results are 
shown on Tables 3-1, 3-2, 3-3, and 3-4, respectively.  Historical groundwater analytical results 
are compared to risk-based screening concentrations (RBSC).  Groundwater analytical results 
from 1997 to 2004 are compared to RBSCs (Section 5.2.1) and BSCs (Section 5.2.2).  The 
results of these comparisons are discussed in Section 7.0.  
 
The 1993 MK inspection of the TNTA site included one soil sample, one collocated sample each 
of surface water and sediment, and three overburden groundwater samples.  No nitroaromatic 
residues were detected in any of these samples (MK, 1994). 
 
During a 1994 site investigation by D&M, a total of 36 soil samples were collected from 28 
borings in TNTA.  Borings were placed in and around former buildings that were associated with 
the TNT production lines.  In addition, one soil boring was installed in a ditch north of 
Maintenance Road.  A wide range of nitroaromatic compounds were detected, including 
concentrations of TNT up to 580 milligrams per kilogram (mg/kg) near the Wastewater Settling 
Tanks and 53 mg/kg near the Fortifier House, Building 143.  One boring located near the Mono 
House, Building 141, exhibited 2,4-DNT and 2,6-DNT concentrations of 45 mg/kg and 47 
mg/kg, respectively (D&M, 1997a). 
 
D&M also collected groundwater samples.  There were seven existing monitoring wells in 
TNTA.  Five are overburden wells (MK-MW22, -MW23, -MW24, and TNTA-MW10, and  
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-MW11) and two are Delaware Limestone bedrock wells (BED-MW17 and -MW18).  Ten 
nitroaromatics were detected, nine above RBSCs in the overburden wells.  Five nitroaromatics 
were detected above RBSCs in the bedrock wells (D&M, 1997a). 
 

Shaw conducted a site-wide groundwater investigation at PBOW during September 1996 (IT, 
1997), November 1997 (IT, 1998), and again in May 1998 (IT, 1999).  Investigations included 
the collection of groundwater samples from the overburden/shale and Delaware Limestone wells 
in TNTA.  Samples were analyzed for nitroaromatics, VOCs, SVOCs, metals, pesticides, 
polychlorinated biphenyls (PCB), and cyanide.  Groundwater analytical results are compared to 
RBSCs and BSCs.  The results of these comparisons are discussed in Chapter 7.0. 
 
During June through October 2000, Shaw conducted an RI of TNTA to determine the nature and 
extent of contamination in surface soil, subsurface soil, surface water, sediment and shallow 
groundwater.  A total of 427 soil samples were collected for field screening analysis of 
nitroaromatics, including 39 confirmation soil samples.  Additionally, 10 (9 on-site, 1 off-site) 
surface water samples, 15 (10 on-site, 5 off-site) sediment samples, and 9 shallow groundwater 
samples were collected.  It was determined that most of the nitroaromatic-impacted soil was 
encountered within 1 to 5 ft of the former building foundations.  The largest nitroaromatic 
concentration of 2,4,6-TNT was located at Wash House, Building 146 (530 mg/kg) in a sample 
collected at 4 to 6 ft below ground surface (bgs) (IT, 2001a). 
 
Of the 9 on-site surface water samples, 8 were collected from drainage areas, and 1 from a 
suspected “red water” puddle at Wash House, Building 146.  Three nitroaromatic compounds 
were detected in 2 samples from the drainage ditches with the highest concentration being 2.34 
micrograms per liter (µg/L) of 4A-2,6-DNT.  Three VOC compounds (acetone [2.95 µg/L], 
carbon disulfide [11.5 µg/L], and methylene chloride [3.75 µg/L]) and one SVOC (di-n-butyl 
phthalate [1.3 µg/L]) were detected.  Analytical results shown in parentheses are the maximum 
detected concentration (MDC) of each analyte.  Twenty metals were also detected.  The surface 
water sample from Wash House, Building 146 was analyzed only for nitroaromatics; TNT was 
detected at a concentration of 11,000 µg/L (IT, 2001a).  
 
As part of the June through October 2000 RI, Shaw collected 9 overburden/shale groundwater 
samples from confirmation soil sample locations which displayed the highest detections for 
PBOW-related contaminants.  Groundwater samples were collected from temporary piezometers 
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and analyzed for VOCs, SVOCs, nitroaromatics, and metals with three samples for metals (GW-
02, GW-06, and GW-10) were filtered (IT, 2001a).   
 
A baseline ecological risk assessment (BERA) was performed by Shaw for TNTA (IT, 2001b).  
The BERA estimated that ecological hazards associated with TNTA surface and total soils were 
elevated.  These estimates are regarded as conservative and are associated with a considerable 
degree of uncertainty; additional investigation and evaluation would be necessary to provide 
more accurate estimates of ecological hazards.  However, it was agreed that TNTA soils be 
remediated to human health-based remedial goal options (RGO) (described  below).  The 
resulting residual soil concentrations evaluated for ecological risk in the focused feasibility study 
(FFS) were found to be protective of the environment (Shaw, 2003e).  Because of uncertainties 
of estimating chemical concentrations in aquatic insects, the limited amount and low quantity of 
aquatic habitat, and the low hazard estimates, neither remedial action nor further study was 
recommended for surface water and sediment. 
 
A BHHRA was also performed for exposure to TNTA soil, surface water, and sediment (IT, 
2001c).  Results of the BHHRA indicate that cumulative human health risks associated with 
TNTA total soil for the potential future resident and construction worker exceed the respective 
risk management criteria for cancer risk (i.e., incremental lifetime cancer risk [ILCR]>1E-5) and 
noncancer hazard (i.e., hazard quotient [HQ] >1).  Exposure to surface water and sediment were 
found to contribute insignificantly to human health risks.  Exposure to surface soil (as evaluated 
for the groundskeeper, indoor worker, and hunter/venison eater) resulted in noncancer and cancer 
risk estimates equal to or less than the risk management criteria.  The chemicals of concern 
(COC) for TNTA total soil are lead, Aroclor 1260, and several nitroaromatics.  Human health 
risk-based RGOs for TNTA soil (presented later in this section)were developed as cleanup 
criteria in the TNTA and TNTC FFS (Shaw, 2003e). 
 
In July 2001 as a continued part of the RI, Shaw conducted direct-push groundwater screening to 
characterize the overburden groundwater at TNTA.  The plan was to place direct-push 
groundwater screening sample locations at historical “hot spot” soil sample locations and use the 
overburden groundwater analytical results to place permanent overburden monitoring wells.  A 
total of 13 direct-push boreholes were drilled but only 2 encountered sufficient overburden 
groundwater for sample collection.  Due to the lack of overburden groundwater at TNTA, in 
agreement with the USACE and Ohio Environmental Protection Agency (OEPA), the direct-
push groundwater screening and permanent overburden well installation was discontinued.  To 
determine the quality of groundwater in bedrock, 1 deep monitoring well (TNTA-BEDGW-001) 
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screened within the Delaware Limestone, was installed at a location selected based on historical 
soil and groundwater data (Shaw, 2003a).   
 
Groundwater sampling for this RI was then conducted during two seasonal time periods: October 
2001 “dry season” and April 2002 “wet season” to monitor any seasonal fluctuations in 
groundwater quality.  Groundwater samples were collected only in October from  the 2 
temporary overburden piezometers that encountered groundwater (TNTA-DP14 and TNTA-
DP21).  Groundwater samples were collected from 2 overburden/shale wells (TNTA-MW10 and 
TNTA-MW11), and from 3 bedrock wells (BED-MW17, BED-MW18, and TNTA-BEDGW-
001) in both October 2001 and April 2002.  Groundwater samples from the temporary 
piezometers were analyzed for nitroaromatics and VOCs by a screening method, and 
groundwater samples collected from the monitoring wells were analyzed for nitroaromatics, 
VOCs, SVOCs, filtered and unfiltered metals, cyanide, and water quality parameters (Shaw, 
2003a).  Groundwater analytical results, compared to background screening results, are discussed 
in Chapter 7.0. 
 
In 2003, Shaw prepared an FFS for soil at TNTA (Shaw, 2003e).  Site-specific RGOs  for the 
TNTA soil COCs, derived in the FFS, are presented in the table below. 
 

Chemical of Concern 
TNTA RGO 

(mg/kg) 
Nitroaromatics  
2-A-4,6-DNT 1.3 
4-A-2,6-DNT 1.7 
2,4-DNT 6.0 
2,6-DNT 1.5 
2-Nitrotoluene 31 
4-Nitrotoluene 9 
2,4,6-TNT  8.0 
Polychlorinated Biphenyls  
Aroclor 1260 1.0 
Inorganics  
Lead 400 

 
The FFS recommended excavation (16,328 cubic yards [yd3]), windrow composting, on-site 
disposal of treated material, and off-site disposal of soil with lead contamination greater than 200 
mg/kg (approximately 708 yd3) and PCB contamination greater than 50 mg/kg (approximately 
119 yd3) at a Subtitle C hazardous waste treatment, storage, and disposal facility.  Note that 200 
mg/kg was used as a criterion for lead in soil that was contaminated with other COCs, so that the 
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material would meet land use restrictions; otherwise, 400 mg/kg served as the lead RGO at or 
below which soil could be left in place.  The total cost of the alternative for TNTA was estimated 
to be $7,688,000.  The estimated cost for simultaneous remediation of TNTA and TNTC would 
be $10,987,000, which includes the cost savings realized for a single mobilization (Shaw, 
2003e).  
 
3.1.2  TNT Area B 
TNTB comprises an area of approximately 55 acres in the south-central portion of PBOW, 
immediately north of West Sheid Road, as shown on Figures 1-2 and 3-2.  TNTB was used 
during World War II as a manufacturing facility for TNT and DNT.  During PBOW operations, 
TNTB had three TNT lines consisting of 5 buildings each, and one DNT line consisting of one 
building.  All of the buildings that were present during the TNT manufacturing period have been 
demolished but most foundations have been located during environmental investigations.  Figure 
3-2 presents a site map showing the locations of all former buildings.  Aboveground evidence of 
former PBOW facilities exists at TNTB in the form of roads, hydrants, and ditches.  In addition, 
aboveground water valves indicate the presence of underground utilities. 
 
Two NASA facilities present at the site are currently active, the Hypersonic Testing Facility and 
the Nitrogen Dewar Tanks (Figure 3-2).  The Hypersonic Testing Facility is located on the site of 
the former Wash House, Building 476 in the northwest portion of TNTB.  The facility consists of 
a single building, aboveground and underground piping and utilities, and paved parking areas.  
The Nitrogen Dewar Tanks are located in the center of TNTB, with aboveground piping and 
underground utilities leading to the northwest and to the northeast off site (D&M, 1997a). 
 
Previous environmental investigations in this area include a 1993 site inspection by MK (1994); 
a 1994 TNT Areas site investigation by D&M (1997a); groundwater investigations by Shaw in 
1996, 1997, 1998, 2001, and 2002; and a soil, surface water/sediment investigation by Shaw in 
2000.  Historical surface water, sediment, soil, and groundwater (1993, 1994, and 1998) 
analytical results are shown on Tables 3-5, 3-6, 3-7, and 3-8, respectively.  Soil analytical results 
for COCs are compared to TNTB RGOs developed in the feasibility study (FS) (IT, 2001d).  
Historical groundwater analytical results are compared to RBSCs.  Groundwater analytical 
results from 1997 to 2004 are compared to RBSCs and BSC values and are discussed in Section 
7.0.  
 
In 1993, MK collected two surface water, two sediment, and two surface soil samples in the 
vicinity of TNTB.  The samples were analyzed for VOCs, SVOCs, nitroaromatics, and dissolved 
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metals.  The surface water and sediment locations were SW07/SD07 and SW08/SD08.  SW07 
and SD07 were collected near the beginning of Ransom Brook, approximately 250 ft north of 
Magazine Road near the former red water settling tanks.  SW08 and SD08 were collected north 
of TNTB, approximately 200 ft south of Fox Road and approximately 3,000 ft downgradient of 
SW07 and SD07 (ICI, 1995).   
 
The surface water samples exhibited no detections of VOCs or SVOCs.  No metals were detected 
in the surface water at concentrations above their maximum contaminant level (MCL) or 
secondary MCL.  The sediment sample collected at SD07 had detections of 5 VOCs and 14 
SVOCs.  The BHHRA (IT, 2000d) assumes that due to reduced exposure, sediment screening 
levels are adjusted to 10 times the soils screening levels.  If this same assumption is applied to 
TNTB soil RGOs, all sediment concentrations of soil COCs are below 10 times the soil RGO 
levels.  The only nitroaromatic detection in SD07 was TNT at a concentration of 25 mg/kg (less 
than 10 times the TNTB soil RGO of 3.36 mg/kg).  Eleven organic compounds were detected in 
sediment sample SD08, all at concentrations of 0.1 mg/kg.  Detected organic compounds 
included two VOCs and nine SVOCs, eight of which were polynuclear aromatic hydrocarbons 
(PAH).  All were less than 10 times the TNTB soil RGO (IT, 2001d). 
 
The two surface soil sample locations were designated SB09 and SS13.  SB09 was collected 
from the borehole for monitoring well MK-MW17.  Sample SS13 was collected in the vicinity of 
the railroad tracks southwest of the Fortifier House, Building 463 (ICI, 1995).  VOCs (toluene 
and xylenes), SVOC (bis[2-ethylhexyl]phthalate), and nitroaromatics (TNT and 2,6-DNT) were 
detected in the surface soil.  Nitroaromatics were present at SB09, with TNT detected at a 
concentration of 12 mg/kg (MK, 1994). 
 
Two overburden/shale monitoring wells were installed at TNTB in July 1993 by MK.  Well MK-
MW16 is located upgradient and well MK-MW17 is located downgradient of TNTB (Figure 
3-2).  Groundwater samples collected from both wells were analyzed for VOCs, SVOCs, 
nitroaromatics, and dissolved metals.  No VOCs or nitroaromatics were detected in either of the 
wells.  Twelve unfiltered metals were detected at levels that exceeded RBSCs.  One SVOC, 
bis(2-ethylhexyl)phthalate, was detected at a concentration of 12 µg/L in MK-MW17 (MK, 
1994). 
 
In October 1994, as part of the TNT Areas site investigation, D&M sampled soil at 26 locations 
at TNTB.  All samples were collected between 0.5 and 3.5 ft bgs.  Eighteen of the 26 locations 
were sampled at one depth, and 8 locations were sampled at two depths.  The samples were 
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analyzed for nitroaromatics and metals.  Nitroaromatics were detected in 18 of the 26 locations, 
and most locations had at least one sample with a concentration greater than 1.0 mg/kg.  
Concentrations of nitroaromatics detected in excess of 10,000 mg/kg were present in soils at the 
Bi-Tri House for Line 5 (Building 452) and the DNT Sweating and Graining House (Building 
412) (D&M, 1997a). 
 
In December 1994, D&M sampled both MK-MW16 and MK-MW17 as part of the TNT Areas 
site investigation.  Samples from the wells were analyzed for nitroaromatics, nitrates, and 
unfiltered and filtered concentrations of 14 metals, the 13 priority pollutant list metals plus 
manganese.  MK-MW16 did not exhibit any detection of nitroaromatics.  The downgradient well 
MK-MW17 contained 6 nitroaromatics (4A-2,6-DNT, 2A-4,6-DNT, 2,4-DNT, 2,6-DNT, 3,4-
DNT, and 2,4,6-TNT) that exceeded RBSCs.  Nitrates were detected, but at concentrations below 
RBSCs.  Five metals were detected above RBSCs in unfiltered overburden groundwater: arsenic, 
cadmium, manganese, nickel, and thallium.  Three of the metals (manganese, nickel, and 
thallium) were detected in both wells.  Four metals (antimony, manganese, nickel, and thallium) 
were detected above RBSCs in filtered groundwater samples.  Manganese and nickel were 
common to both wells (D&M, 1997a). 
 
In September and October 1996, Shaw collected groundwater samples from MK-MW16 and 
MK-MW17 as part of the site-wide groundwater investigation.  Both groundwater samples were 
analyzed for nitroaromatics VOCs, SVOCs, metals, pesticides, PCBs, and cyanide (IT, 1997).  
Groundwater analytical results are compared to RBSCs and presented in historical data Table 
3-7.   
 
In 1997, Shaw installed two bedrock wells near TNTB.  TNTB-BEDGW-001 was installed 
northwest of the site to monitor bedrock groundwater downgradient of TNTB, and TNTB-
BEDGW-002 was installed southeast of TNTB to monitor bedrock groundwater upgradient of 
the site (IT, 1998).   
 
In November 1997 and May 1998, as part of the semiannual monitoring portion of the 
groundwater investigation, overburden wells MK-MW16 and MK-MW17 were sampled by 
Shaw.  Overburden groundwater samples were analyzed for VOCs, SVOCs, nitroaromatics, 
metals (unfiltered and filtered), cyanide, and water quality parameters (alkalinity, chloride, 
hardness, sulfate, nitrate, total dissolved solids, total organic carbon, and total suspended solids) 
(IT, 1999).  Groundwater analytical results, compared to background screening results, are 
discussed in Section 7.0. 
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In October and November 1998, Shaw conducted an RI of TNTB to determine the nature and 
extent of contamination in surface soil, subsurface soil, surface water, and sediment.  A total of 
391 soil samples were collected for field-screening analysis of nitroaromatics, and 40 
confirmation soil samples, two surface water samples, and five sediment samples were collected.  
It was determined that most of the nitroaromatic-impacted soil above TNTB RGOs was 
encountered within 1 to 5 ft of the former building foundations.  A total of 23 soil samples with 
nitroaromatic compounds above TNTB RGOs were recorded, with the highest detected 2,4,6-
TNT concentration (6,900 mg/kg) being located at the Bi-Tri House, Building 452, in a 0 to 1 
foot bgs sample.  Wash House, Building 456, exhibited 6 soil sample concentrations of 2,4,6-
TNT, 4A-2,6-DNT and 2A-4,6-DNT nitroaromatics above RGOs.  Surface water results 
indicated that only VOCs and metals were present, while sediment analytical results showed 
VOCs, SVOCs, and metals (IT, 2000c).   
 
A BHHRA and BERA were performed for TNTB (IT, 2000d).  Total soil was found to exceed 
the cancer (1E-5) and noncancer cumulative risk management criteria for both receptors 
evaluated (potential future resident and construction worker).  Likewise, surface soil was found 
to exceed the respective risk management criteria for both receptors evaluated (groundskeeper 
and indoor worker).  Thirteen human health risk COCs were identified in TNTB surface and total 
soils.  Site-related human health risks associated with surface water and sediment were found to 
be within or less than the risk management criteria (i.e., ILCR<1E-5 and hazard index [HI]<1). 

 
The TNTB BERA estimated that ecological hazards associated with TNTB surface and total 
soils were elevated.  These estimates are regarded as conservative and are associated with a 
considerable degree of uncertainty; additional investigation and evaluation would be necessary to 
provide more accurate estimates of ecological hazards.  However, it was agreed that TNTB soils 
be remediated to human health-based cleanup levels.  The resulting residual ecological risks to 
terrestrial receptors were re-evaluated in the FFS based on cleanup of areas previously exceeding 
the cleanup levels.  The resulting ecological risks were estimated to be reduced an average of 
approximately 750-fold.  The BERA concluded that remediating the site to human health cleanup 
levels would result in residual concentrations that are protective of terrestrial receptors.  
Additionally, the BERA found that due to the limited aquatic habitat and the lack of rare, 
threatened, or endangered species, that the development of remedial action objectives based on 
aquatic receptors was unwarranted (IT, 2000d). 
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Shaw generated an FS for TNTB in July 2001.  Site-specific RGOs for TNTB surface and 
subsurface soil for each of the COCs, which serve as cleanup levels, are as follows (IT, 2001d):   
 

Chemical of Concern 
TNTB RGO 

(mg/kg) 
Nitroaromatics  
2-A-4,6-DNT 0.40 
4-A-2,6-DNT 0.40 
2,4-DNT 7.50 
2,6-DNT 2.75 
2-Nitrotoluene 74 
2,4,6-TNT  3.36 
Polychlorinated Biphenyls  
Total for Aroclor 1254 and Aroclor 1260 1 
Polynuclear Aromatic Hydrocarbons  
Total carcinogenic PAHs 1 

 
Also in July, as part of the 2001 RI, Shaw conducted a direct-push groundwater screening event 
to characterize the overburden groundwater at TNTB.  The plan was to place direct-push 
groundwater screening sample locations at historical “hot spot” soil sample locations and use the 
overburden groundwater analytical results to place permanent overburden monitoring wells.  A 
total of 5 direct-push boreholes were drilled but only 2 encountered sufficient overburden 
groundwater for sample collection.  Due to the lack of overburden groundwater at TNTB, in 
agreement with the USACE and OEPA, the direct-push groundwater screening and permanent 
overburden well installation was discontinued.  To determine the quality of groundwater in 
bedrock, 1 deep monitoring well (TNTB-BEDGW-003) screened within the Delaware 
Limestone, was  installed at a location selected based on historical soil and groundwater data.  A 
second deep well (TNTB-BEDGW-004) was installed to monitor the groundwater leaving TNTB 
(Shaw, 2003a).   
 
Groundwater sampling for this RI was conducted during two seasonal time periods; October 
2001 “dry season” and April 2002 “wet season” to monitor any seasonal fluctuations in 
groundwater quality.  Groundwater samples in the dry season were collected from the 2 
temporary piezometers that encountered groundwater (TNTB-DP02 and TNTB-DP03), from 1 
overburden/shale well (MK-MW17) (overburden/shale well MK-MW16 was dry), and from 4 
existing bedrock wells screened in the shale bedrock: TNTB-BEDGW-001, -002, -003, and -004.  
Groundwater sampling in April was conducted from both overburden/shale wells and all bedrock 
wells (Figure 3-2).  Groundwater samples from the temporary piezometers were analyzed for 
nitroaromatics and VOCs by a screening method and groundwater samples collected from the 
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monitoring wells were analyzed for nitroaromatics, VOCs, SVOCs, filtered and unfiltered 
metals, cyanide, and water quality parameters (Shaw, 2003a).  Groundwater analytical results, 
compared to background screening results, are discussed in Section 7.0. 
 
The FS recommended excavation (estimated at 3,300 yd3), ex situ stabilization, and off-site 
disposal at a nonhazardous waste landfill.  The total cost of the alternative for TNTB was 
estimated to be $358,000 (IT, 2001d).  In September 2002, removal of contaminated soil began 
at TNTB.  Soil above the site-specific clean-up levels was excavated, stabilized, and transported 
off-site for disposal.   
 
3.1.3  TNT Area C 
The former TNTC occupies approximately 119 acres of land in the southwestern portion of 
PBOW, as shown in Figures 1-2 and 3-3.  TNTC was used during World War II as a 
manufacturing facility for TNT and DNT.  During PBOW operations, TNTC contained five TNT 
lines consisting of five buildings each (Figure 3-3).  Wastewater from TNTC was routed to the 
WARWP through underground flumes and sewer lines.   
 
Presently, the area is largely overgrown with trees and brush; however, some of the roads, 
building foundations, manholes, drains, and remnants of utilities from former TNT operations 
are still recognizable.  According to the records review report, TNTC was decontaminated along 
with the two other TNT areas in 1955 and again in 1966 (D&M, 1995).  However, the 
decontamination at TNTC was reportedly not as thorough as that at TNTA, and significant 
subsurface contamination associated with underground flumes and sewer lines is probably still 
present (Shaw, 2003a).   
 
Previous environmental investigations in this area include a 1993 site inspection by MK (1994); 
a 1994 TNT Areas site investigation by D&M (1997a); groundwater investigations by Shaw in 
1996 (IT, 1996a), 1997 (IT, 1997), 1998 (IT, 1998), 2001 (IT, 2002a), and 2002 (Shaw 2003a); 
and a soil, surface water/sediment investigation by Shaw in 2000 (Shaw 2003e).  Historical 
surface water, sediment, soil, and groundwater (1993, 1994, and 1996) analytical results are 
shown on Tables 3-9, 3-10, 3-11, and 3-12, respectively.  Historical groundwater analytical 
results are compared to RBSCs.  Groundwater analytical results from 1997 to 2004 are compared 
to RBSCs and BSC values and are discussed in Section 7.0.   
 
The MK inspection of the TNTC site included two surface soil samples and one collocated pair 
of surface water and sediment samples.  Organic compounds were not detected in the surface 
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water sample nor in the collocated sediment sample.  Toluene was detected in both surface soil 
samples at concentrations below the quantitation limit (MK, 1994). 
 
A total of 30 soil samples were collected from 26 borings within the TNTC site during the 1994 
D&M investigation.  Boring locations were placed in and around former buildings that were 
associated with the TNT production lines (Line 12 - Buildings 626, 612, and 604).  A wide range 
of nitroaromatic compounds were detected, including TNT at concentrations up to 2.7 mg/kg 
(near Building 626) and 2,4-DNT up to 8.7 mg/kg (near Building 626) (D&M, 1997a). 
 
D&M also collected groundwater samples from wells in TNTC.  There were 4 overburden wells 
present (TNTC-MW03, TNTC-MW04, TNTC-MW05, and TNTC-MW06) and one Delaware 
Limestone bedrock well (PB-BED-MW13).  Overburden wells TNTC-MW03 and TNTC-MW04 
were not sampled due to insufficient water present during sampling activities (D&M, 1997a).  
One nitroaromatic (2,4-DNT) was detected slightly (0.1 µg/L) above its RBSC in overburden 
well TNTC-MW05.  No VOCs, SVOCs, nitrates, or water quality parameters were detected 
above RBSCs.  Inorganics above RBSCs included aluminum (filtered) and manganese (filtered 
and unfiltered) in well TNTC-MW05 and chromium (filtered and unfiltered), iron (unfiltered), 
and manganese (filtered and unfiltered) (Shaw, 2003a). 
 
Four nitroaromatic compounds (4A-2,6-DNT, 2,4-DNT, 2,6-DNT, and 3-nitrotoluene) were 
detected above RBSCs in the bedrock well PB-BED-MW13.  VOCs and SVOCs above RBSCs 
included benzene, toluene, total xylenes, 2-methylnaphthalene, and naphthalene.  Antimony 
(filtered) was the only inorganic detected above its RBSC (Shaw, 2003a). 
 
Shaw conducted a site-wide groundwater investigation at PBOW in 1996 (IT, 1997), in 1997 (IT, 
1998), and again in 1998 (IT, 1999).  The 1996 investigation included collection of groundwater 
samples from four overburden/shale monitoring wells (TNTC-MW03, TNTC-MW04, TNTC-
MW05, and TNTC-MW06) and in 1997 and 1998, from five overburden/shale wells (the 
previously sampled four wells and IT-MW09).  One Delaware Limestone bedrock monitoring 
well, PB-BED-MW13, was also sampled during all three events.  Samples were analyzed for 
nitroaromatics, VOCs, SVOCs, metals, pesticides, PCBs, and cyanide.  Groundwater analytical 
results, compared to background screening results, are discussed in Section 7.0. 
 
During June through October 2000, Shaw conducted an RI of TNTC to determine the nature and 
extent of contamination in surface soil, subsurface soil, surface water, sediment, and shallow 
groundwater.  A total of 383 soil samples were collected for field-screening analysis of 
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nitroaromatics, and 40 confirmation soil samples, 10 surface water samples, and 15 sediment 
samples were collected for a confirmatory analysis.  During excavation for soil sample 
placement, most of the former building foundations were located.  As at TNTB, it was 
determined that most of the nitroaromatic-impacted soil was encountered within 1 to 5 ft of the 
former building foundations.  The highest detection was 54,969 mg/kg of 2,4,6-TNT in a sample 
collected from 0.25 to 1.25 ft bgs at the former Bi-Tri House (Building 692).  It should be noted 
that this sample was of a suspected waste product from a clay line that was encountered during 
excavation at the former building.  Surface water results indicated that only VOCs and metals 
were present, while sediment analytical results showed VOCs, SVOCs, and metals.  Based on the 
low concentrations of the contaminants in the soil, surface water, and sediment, concentrations 
were believed not to be attributable to former site activities (IT, 2001e).  
 
As part of the June through October 2000 RI, Shaw collected 9 shallow groundwater samples 
from confirmation soil sample locations that displayed the highest detections of PBOW-related 
contaminants.  Groundwater samples were collected from temporary piezometers and analyzed 
for VOCs, SVOCs, nitroaromatics, and metals.  Only 3 of the 9 groundwater wells (GW-04, 
GW-06, and GW-10) yielded adequate water volume so that a filtered fraction could be collected 
for metals analysis (IT, 2001e).   
 
A BERA was performed for TNTC (IT, 2001c), which estimated that ecological hazards 
associated with exposure to TNTC surface and total soils were elevated for terrestrial receptors.  
These estimates are regarded as conservative and are associated with a considerable degree of 
uncertainty; additional investigation and evaluation would be necessary to provide more accurate 
estimates of ecological hazards.  However, it was agreed that TNTC soils be remediated to 
human health-based RGOs.  The resulting residual soil concentrations evaluated for ecological 
risk in the FFS were found to be protective of the environment (Shaw, 2003e).  Also, neither 
remedial action nor further study are recommended for aquatic receptors exposed to TNTC 
surface water based on the following: uncertainties associated with estimating chemical 
concentrations in aquatic insects, limited area and low quality of aquatic habitat, and relatively 
low hazard estimates especially when using the lowest-observable-adverse-effects-level 
approach. 
 
A BHHRA was also performed for exposure to TNTC soil, surface water and sediment (IT, 
2001c).  Results of the BHHRA indicate that cumulative human health risks associated with total 
soil for the potential future resident and construction worker exceed the respective risk 
management criteria for cancer risk (i.e., ILCR >1E-5) and noncancer hazard (i.e., HQ >1).  
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Similarly exposure associated with surface soil for the groundskeeper, indoor worker, and adult 
hunter exceeded the respective risk management criteria.  Noncancer risks associated with 
exposure to sediment for the potential future resident and construction worker also exceeded the 
risk management range (i.e., ILCR>1E-5), and cancer risks associated with exposure to sediment 
contributed significantly to the overall ILCR of the construction worker and potential future 
resident.  Human health risk-based RGOs for TNTC soil and sediment were developed as 
cleanup criteria in the TNTA and TNTC FFS.  The TNTC RGOs for soil and sediment RGOs are 
presented below.  
 

Chemical of Concern 
TNTC RGO 

(mg/kg) 
Nitroaromatics in Soil  
2-A-4,6-DNT 1.7 
4-A-2,6-DNT 1.3 
2,4-DNT 6.5 
2,6-DNT 1.0 
2,4,6-TNT  8.0 
Polychlorinated Biphenyls in Soil 
Total for Aroclor 1254 and Aroclor 1260 1 
Polynuclear Aromatic Hydrocarbons in Soil 
Total carcinogenic PAHs 1 
Inorganics in Soil  
Lead 400 
Nitroaromatics in Sediment  
2-A-4,6-DNT 12.1 
4-A-2,6-DNT 12.1 
2,4,6-TNT 101 

 
In July 2001 as a continued part of the RI, Shaw conducted direct-push groundwater screening to 
characterize the overburden groundwater at TNTC.  The plan was to place direct-push 
groundwater screening sample locations at historical “hot spot” soil sample locations and use the 
overburden groundwater analytical results to place permanent overburden monitoring wells.  A 
total of 13 direct-push boreholes were drilled but only 2 encountered sufficient overburden 
groundwater for sample collection.  Due to the lack of overburden groundwater at TNTC, in 
agreement with the USACE and OEPA, the direct-push groundwater screening and permanent 
overburden/shale well installation was discontinued.  To determine the quality of groundwater in 
bedrock, 1 deep monitoring well (TNTC-BEDGW-001) screened within the Delaware 
Limestone, was located based on historical soil and groundwater data (Shaw, 2003a).   
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Groundwater sampling for this RI was conducted during two seasonal time periods; October 
2001 “dry season” and April 2002 “wet season” to monitor any seasonal fluctuations in 
groundwater quality.  Groundwater samples in the dry season were collected from the 2 
temporary piezometers that encountered groundwater (TNTC-DP13 and TNTA-DP19); from 2 
overburden/shale wells (TNTC-MW04 and TNTC-MW05) (overburden/shale well TNTC-
MW03 was dry); and from both existing Delaware Limestone screened bedrock wells (BED-
MW13 and TNTC-BEDGW-001).  Groundwater sampling in April was conducted from all three 
overburden/shale wells and both Delaware Limestone bedrock wells (Figure 3-3).  Groundwater 
samples from the temporary piezometers were analyzed for nitroaromatics and VOCs by a 
screening method and groundwater samples collected from the monitoring wells were analyzed 
for nitroaromatics, VOCs, SVOCs, filtered and unfiltered metals, cyanide, and water quality 
parameters (Shaw, 2003a).  Groundwater analytical results, compared to background screening 
results, are discussed in Section 7.0. 
 
In 2003, Shaw prepared an FFS for TNTC.  The study recommended excavation, windrow 
composting, on-site disposal of treated material, and off-site disposal of soil with lead 
contamination greater than 200 mg/kg (approximately 400 yd3) at a Subtitle C hazardous waste 
treatment, storage, and disposal facility.  Note that 200 mg/kg was used as a criterion for lead in 
soil that was contaminated with other COCs, so that the material would meet land use 
restrictions; otherwise, 400 mg/kg served as the lead RGO at or below which soil could be left in 
place.  The total cost of the alternative is estimated to be $5,504,000 (IT, 2003b).  The estimated 
cost for simultaneous remediation of TNTC and TNTA would be $11,099,000, which includes 
the cost savings realized for a single mobilization.  
 
3.2  Red Water Pond Areas 
 
3.2.1  West Area Red Water Ponds 
The WARWP is located on the western edge of PBOW, near the intersection of Campbell Street 
and Fox Road and to the north and west of Pipe Creek, as shown in Figures 1-2 and 3-4.  Two 
former red water ponds in the WARWP have been identified through the use of aerial 
photographs, site reconnaissance, and the presence of nitroaromatic compounds in soil and 
groundwater.  Historical surface water, sediment, soil, and groundwater (1993, 1994, and 1996) 
analytical results are shown on Tables 3-13, 3-14, 3-15, and 3-16, respectively.  Historical 
groundwater analytical results are compared to RBSCs.  Groundwater analytical results from 
1997 to 2004 are compared to RBSCs and BSC values and are discussed in Section 7.0. 
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In 1984, Battelle Laboratories collected a surface soil sample from the spoils area at WARWP.  
Concentrations of nitroaromatics were detected in the low-parts per million (ppm) range (IT, 
2000c) 
 
Prior to 1985, numerous studies were conducted of the surface water and sediment from the red 
water pond areas.  The Ohio National Guard conducted surface sediment screening for TNT and 
DNT.  The highest values found in the screened sediments were less than 1 mg/kg (IT, 2000c).   
 
Shaw was contracted in 1989 to conduct surface water, soil, and groundwater sampling to 
determine the presence or absence of residual chemical contamination from PBOW operations.  
Six surface soil samples were collected from borings IT-MW02, IT-SB07, IT-SB10, IT-SB11, 
and IT-SB12.  Overburden/shale monitoring well IT-MW02 was installed in a downgradient 
location of the WARWP.  Soil sample analysis showed that dinitrobenzene (DNB), 
trinitrobenzene (TNB), DNT, and TNT were present in the soils at the WARWP.  Low-level 
nitroaromatics were also detected in the overburden groundwater from IT-MW02.  In 1991, 
SAIC further confirmed that hazardous substances had been released into the environment at the 
WARWP (USACE, 1997). 
 
A site inspection by MK from June through July 1993 indicated low levels of VOCs and SVOCs 
in the sediments around Pipe Creek near the WARWP area but found no contaminant 
concentrations of VOCs, SVOCs, or nitroaromatics in the surface water.  MK installed four 
overburden/shale groundwater monitoring wells (MK-MW09, MK-MW10, MK-MW11, MK-
MW12) near WARWP.  Groundwater samples were collected from the four newly installed 
wells and IT-MW02 and analyzed for the above contaminants.  Laboratory analysis did not 
indicate the presence of VOCs, SVOCs, or nitroaromatics in the groundwater samples near Pipe 
Creek (MK, 1994). 
 
In 1994, D&M conducted a Focused Remedial Investigation to evaluate groundwater occurrence 
and flow conditions in the overburden and bedrock water-bearing zones; assess groundwater 
quality in the overburden water-bearing zone; and investigate the baseline groundwater quality of 
the bedrock water-bearing zone to evaluate the necessity of additional work at PBOW.  Two 
Delaware Limestone bedrock wells (BED-MW14 and BED-MW19) and two overburden/shale 
wells (WA-MW01 and WA-MW02) were installed in the vicinity of the WARWP area.  
Hydrogeologic data indicated that groundwater flow in the overburden exhibited a strong 
downward vertical component and the presence of groundwater was strongly seasonally 
dependent.  The general groundwater flow in the bedrock water-bearing zone was determined to 
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be to the north toward Lake Erie.  Groundwater samples were analyzed for VOCs, SVOCs, 
nitroaromatics, and metals.  Significant concentrations of nitroaromatics were determined to be 
present adjacent to the ponds in both the residuum and the bedrock water-bearing zones.  VOCs 
and BNAs were also present in the Delaware Limestone bedrock wells.  Some metals (antimony, 
manganese, and nickel) were also detected at concentrations exceeding their MCLs (D&M, 
1997a). 
 
As part of the 1994 Focused RI, to identify and evaluate the source, nature, and extent of 
contamination of former DOD activities, surface and subsurface soil at the Red Water Ponds was 
investigated by D&M.  Soil samples were collected from the WARWP and analyzed for 
nitroaromatics and metals.  Nitroaromatics 1,3,5-TNB and 2,4-DNT were most commonly 
detected (D&M, 1997a). 
 
Shaw conducted groundwater investigations in 1996 and 1997.  Both investigations indicated 
that the overburden/shale had been impacted by nitroaromatic compounds in the central portion 
of the WARWP and that inorganic compounds were present at concentrations exceeding 
screening values throughout the area.  Shaw determined that the bedrock water-bearing zone was 
impacted by nitroaromatics and other organic and inorganic compounds north of the WARWP, 
but not in the central portion of the area.  Shaw recommended additional subsurface 
investigations to determine the nature and extent of contamination in these areas.  Groundwater 
sampling of the WARWP groundwater wells in November 1997 and May 1998 indicated 
continued elevated levels of nitroaromatics (IT, 1999). 
 
Shaw conducted a soil and groundwater risk assessment and direct-push investigation in June 
and November 1998 at the WARWP.  A total of 19 surface soil, 37 subsurface soil, 14 
groundwater, and 6 sediment/surface water samples were collected.  Four nitroaromatic 
compounds were detected in soil samples in direct-push borings DP09, DP10, DP11, and DP18 
(IT, 2000c).  
 
A screening level ecological risk assessment (SLERA) was initially performed for the WARWP 
(IT, 2000c).  Based on the SLERA results which suggested the potential for ecological impact, a 
full BERA (IT, 2001f) was performed to more accurately determine whether ecological receptors 
may be adversely impacted by PBOW-related chemicals in WARWP soil, surface water or 
sediment.  The BERA included revised food-web models based on site-specific bioconcentration 
factors (BCF) derived from tissue sample and site-specific aquatic and terrestrial toxicity testing.  
It was concluded from the BERA that PAH concentrations in one surface soil indicated some 



2004 GW Data Summary and Evaluation Report 
Section:  3.0 
Revision No.:  1 

  Date: April 2005 
 

KN5\PBOW\04 GWDS\Final\04 GWDS-Txt-F.doc\6/28/2005\4:08:42 PM 3-18 

earthworm toxicity; however, survival was decreased by less than 30 percent.  These PAHs may 
be generated by controlled burning which is practiced at PBOW.  Food-chain modeling indicated 
some potential for ecological risk to the shrew associated with PAHs, but only under the most 
conservative assumptions.  Given the weight of evidence, it is unlikely that WARWP Area soils 
represent an unacceptable ecological concern.  Iron concentrations in one sediment sample 
indicated the potential for ecological risk to the raccoon and heron through food chain modeling 
under the most conservative assumptions; more typical central tendency.  Toxicity study results 
suggested some toxicity to benthic invertebrates.  However, the maximum iron concentration 
detected in the sediment samples (24,200 mg/kg) likely results from the native background soil 
which comprises the substrate of the pond.  Iron concentrations in PBOW background soil range 
up to 234,000 mg/kg (mean of 40,100 mg/kg).  Thus, there appear to be no site-related impacts 
to sediment with regard to ecological receptors in the WARWP Area. 
 
A BHHRA was also performed for exposure to WARWP soil, surface water and sediment (IT, 
2000c).  Results of the BHHRA indicate that site-related cumulative human health risks do not 
exceed the respective risk management levels for cancer risk (i.e., ILCR >1E-5) and noncancer 
hazard (i.e., HQ >1) when summed across all media for any of the receptors evaluated.   
 
In December 2002, an FFS was submitted by Shaw for the two Red Water Pond Areas (IT, 
2002d).  It concluded that the cancer risk and the noncancer hazard associated with exposure to 
contaminants in surface soil, total soil, sediment, and surface water are within the risk 
management range or are de minimus for all receptors at the WARWP.  Because no WARWP 
COCs were identified in the BHHRA, the FFS did not identify or evaluate any remedial 
alternatives for the WARWP. 
 
As part of the expanded groundwater RI, Shaw sampled groundwater from two existing 
Delaware Limestone bedrock wells (BED-MW14 and BED-MW19) associated with the 
WARWP.  No pre-existing overburden/shale monitoring wells were sampled.  Groundwater 
sampling was conducted during two seasonal time periods; September-October 2001 “dry 
season” and April 2002 “wet season” to monitor any seasonal fluctuations in groundwater 
quality (Figure 3-4).  Groundwater samples were analyzed for nitroaromatics, VOCs, SVOCs, 
filtered and unfiltered metals, cyanide, and water quality parameters (Shaw, 2003a).  
Groundwater analytical results, compared to background screening results, are discussed in 
Section 7.0. 
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3.2.2  Pentolite Road Red Water Ponds 
The PRRWP are located in the north-central portion of the PBOW facility, north of Maintenance 
Road and south-southeast of the Reactor Facility Area across Pentolite Road, as shown in 
Figures 1-2 and 3-5.  Historical surface water, sediment, soil, and groundwater (1993, 1994, and 
1996) analytical results are shown on Tables 3-17, 3-18, 3-19, and 3-20, respectively.  Historical 
groundwater analytical results are compared to RBSCs.  Groundwater analytical results from 
1997 to 2004 are compared to RBSCs and BSC values and are discussed in Section 7.0. 
 
In April 1977, PBS personnel reported pockets of reddish brown water in the small surface ditch 
east of and adjacent to the PRRWP.  The source of the reddish brown water was discovered to be 
a broken drain tile that was formerly used to drain the ponds.  As a corrective action, retention 
dikes and sump pits were excavated to prevent further leakage of the material to the stream.  
Approximately 60,000 gallons of the red water were removed from the PRRWP by a private 
contractor and grading and drainage improvements were made to the area.  The action also 
included backfilling of the former ponds and excavation of a new drainage ditch approximately 
300 ft east of the ponds to reduce standing surface water (D&M, 1997c). 
 
In 1989, Shaw conducted an evaluation to determine whether residual chemical contamination 
was present from former DOD activities at the red water pond areas.  Soil samples from borings 
IT-SB13 through IT-SB18 were collected at the PRRWP area.  Overburden/shale monitoring 
well IT-MW05 was installed on the northern edge of the PRRWP, in a suspected downgradient 
location.  Nitroaromatic compounds 2,4-DNT and 2,6-DNT were detected in soils at 
concentrations of at least 0.740 part per million (IT, 2000c). 
 
In 1993, MK conducted a site inspection to assess the threat posed to human health and the 
environment and to determine the need for additional investigations.  Surface soil and sediment 
samples were collected and analyzed from a drainage ditch along Pentolite Road, north of the 
PRRWP area.  No samples from the Pentolite Road ditch showed detectable levels of VOCs, 
SVOCs, or nitroaromatics (MK, 1994). 
 
As part of the 1994 Focused RI, to identify and evaluate the source, nature, and extent of 
contamination of former DOD activities, surface and subsurface soil at the Red Water Ponds was 
investigated by D&M.  Soil samples were collected and analyzed for nitroaromatics and metals.  
Nitroaromatics 1,3,5-TNB and 2,4-DNT were most commonly detected (D&M, 1997c). 
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From May to June of 1994, D&M conducted a groundwater investigation to evaluate 
groundwater conditions in several areas at PBOW.  One scope of work (SOW) included the 
assessment of groundwater quality in the overburden/shale and bedrock water-bearing zones at 
the PRRWP area.  Overburden monitoring wells PR-MW7, PR-MW8, and PR-MW9 and 
bedrock monitoring well BED-MW15 were installed.  The investigation found that the 
groundwater flow in the overburden exhibited a strong downward vertical component and the 
presence of groundwater in the residuum was seasonally dependent.  Groundwater sample results 
indicated that nitroaromatics were present in the overburden water-bearing zone, while lower 
levels of nitroaromatics were present in the bedrock water-bearing zone (D&M, 1997b). 
 
A site-wide groundwater investigation performed by Shaw in 1996 determined that the 
overburden/shale water-bearing zone had been impacted by nitroaromatic compounds and that 
the bedrock water-bearing zone had been impacted by BTEX compounds, SVOCs, and 
nitroaromatics (IT, 1997).  Groundwater sampling events in November 1997 and May 1998 
indicated continued elevated concentrations of nitroaromatic compounds (IT, 1999). 
 
Shaw conducted a soil and groundwater risk assessment and direct-push investigation in June 
and November 1998 at the PRRWP.  A total of 20 surface soil, 39 subsurface soil, and 20 
groundwater samples were collected.  Nitroaromatic compounds were detected in soil samples in 
direct-push borings DP01, DP02, DP03, DP06, DP09, DP10, DP11, and DP16.  Maximum 
concentrations included 9.3 mg/kg 1,3-DNB and 25 mg/kg 2,4-DNT in DP03 (4 to 5 ft), 1.7 
mg/kg 2,6-DNT in DP10 (9 to 10 ft), and 2.7 mg/kg 4A-2,6-DNT in boring DP11 (0 to 2 ft).  
Groundwater samples with detected nitroaromatics exceeding RBSCs included DP01, DP03, 
DP04, DP06, DP07, DP08, DP10, DP11, DP12, DP13, DP17 and DP18.  A maximum 
nitroaromatic concentration of 600 µg/L 1,3,5-TNB was detected in DP11, 4,800 µg/L 1,3-DNB, 
6,800 µg/L 2,4-DNT in DP03, and 400 µg/L 2,6-DNT was detected in DP10 (IT, 2000c). 
 
A SLERA was initially performed for the PRRWP (IT, 2000c).  Based on the SLERA results 
which suggested the potential for ecological impact, a full BERA (IT, 2001f) was performed to 
more accurately determine whether ecological receptors may be adversely impacted by PBOW-
related chemicals in WARWP soil, surface water, or sediment.  The BERA included revised 
food-web models based on site-specific BCFs.  It was concluded from the BERA, using the most 
conservative exposure assumptions, only a low potential for adverse ecological effects exists 
upon exposure to PRRWP soil by terrestrial receptors.  No site-related chemicals were identified 
as potentially impacting PRRWP surface water or sediment. 
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A BHHRA was also prepared by Shaw for exposure of PRRWP surface soil and total soil (IT, 
2000c).  Results of the BHHRA indicate that cumulative human health risks associated with total 
soil exceed the respective risk management criteria for cancer risk (i.e., ILCR >1E-5) and 
noncancer hazard (i.e., HQ >1) in the potential future resident.  Also, the noncancer hazards for 
the construction worker also exceed the risk management range for exposure to total soil.  Six 
nitroaromatics and benzo(a)pyrene COCs were identified in the BHHRA. 
 
An FFS was conducted for the two Red Water Pond areas (IT, 2002d).  The FFS evaluation of 
the PRRWP was initially based on the BHHRA and the COCs identified therein.  During the 
FFS, a single location with elevated nitroaromatics concentrations, particularly TNT, was 
identified.  It was determined that if this small “hot spot” was remediated, then the remaining soil 
would not pose a cancer risk nor noncancer hazard for any PRRWP receptor at levels exceeding 
the respective risk management criteria. 
 
In September 2001, as a continued part of the expanded groundwater RI, Shaw installed 
Delaware Limestone bedrock monitoring well BED-MW23 (Figure 3-5).  It was positioned to 
monitor groundwater leaving the PRRWP and entering the Reactor Facility Area.  Shaw also 
sampled groundwater from one pre-existing Delaware Limestone bedrock well (BED-MW15) 
and groundwater from the newly installed well (BED-MW23).  No pre-existing overburden/shale 
monitoring wells were sampled.  Groundwater sampling was conducted during two seasonal time 
periods; September-October 2001 “dry season” and April 2002 “wet season” to monitor any 
seasonal fluctuations in groundwater quality.  Groundwater samples were analyzed for 
nitroaromatics, VOCs, SVOCs, filtered and unfiltered metals, cyanide, and water quality 
parameters (Shaw, 2003a).  Groundwater analytical results, compared to background screening 
results, are discussed in Section 7.0. 
 
3.3  Background Area 
 
3.3.1  Soil 
As part of the SOW for the TNT Areas Site Investigation by D&M, background soil conditions 
were investigated in late October-early November 1994.  Based on historical use of property by 
former DOD and NASA operations, background borings were drilled by hand auger in areas 
where soil contamination was least likely to be present.  Figure 3-6 shows an approximate 
location of each boring.  Soil samples were collected from composite samples from depths of 
0.5-3.0 and 3.0 -5.0 ft bgs except where bedrock was encountered before 5.0 ft.  A total of 9 
borings were drilled and 14 soil samples collected.  Soil samples were analyzed for 
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nitroaromatics, metals, VOCs, and SVOCs.  No nitroaromatics were detected in any of the 
background samples.  Four VOC compounds (toluene, trichloroethene, xylenes, and cis-1,2-
dichloroethene) and 1 SVOC (bis[2-ethylhexyl]phthalate) were detected (D&M, 1997a).  
Historical soil (1994) analytical results are shown on Figure 3-6. 
 
3.3.2  Groundwater 
No background groundwater investigations had been conducted at PBOW prior to September-
October 2001.  As part of the groundwater RI conducted by Shaw in 2001, 3 bedrock monitoring 
wells (BED-MW24, BED-MW25, and BED-MW26) were installed in assumed upgradient, 
background locations (Figure 2-2).  Sampling of the bedrock groundwater was performed on a 
quarterly basis to monitor the seasonal changes in the groundwater quality.  
 
In August 2003, 2 additional background monitoring wells (BED-MW28 and BED-MW29) were 
installed on off-site property to assess background locations and further define the background 
groundwater analytical data.  Monitoring well installation, development, survey, conductivity 
testing, and sampling is discussed in Section 4.0. 
 
In summary, seven wells were installed as potential upgradient bedrock background wells for 
PBOW.  Based on a review of all available site data, the following wells were used for inclusion 
in the PBOW background data set (Shaw, 2004d): 
 

• BG8-BEDGW-001 (10 samples) 
• BED-MW25 (10 samples) 
• BED-MW28 (4 samples) 
• BED-MW29 (4 samples). 

 

Only samples from the above wells collected using low-flow (minimal drawdown) sampling 

were used in the derivation of BSCs, and only these samples will be used in statistical population 

testing or other evaluations (Appendix M), as needed, in the groundwater BHHRA (Shaw 

2004c).   

 

The following wells were excluded from the PBOW background well data set, with the reasons 

for exclusion provided in parentheses (see Attachment M1 in Appendix M for detailed 

explanations): 
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• BED-MW20 (excluded due to the presence of methane) 
 
• BED-MW24 (excluded because location is now interpreted as being downgradient 

from a contamination source; also, presence of multiple nitroaromatics) 
 

• BED-MW26 (insufficient well yield). 
 
A total of 10 quarterly groundwater sampling events have been performed at the monitoring 
wells in the background locations.  Monitoring well installation, development, conductivity, and 
surveying activities along with analytical results for the first 4 quarters were presented in the 
Shaw 2002 Groundwater Data Summary and Evaluation Report (Shaw, 2003a).  Groundwater 
analytical results of the next 5 quarterly sampling events were presented in quarterly background 
reports as documented in Section 1.0. 
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4.0  Field Activities 
 
4.1  Introduction 
In February 2003, a continued RI/FS SOW was issued by the Nashville USACE which expanded 
the present TNT and Red Water Pond Areas groundwater investigation to locations both 
upgradient and downgradient of NASA’s PBS boundaries.  Analytical results of the upgradient 
groundwater was intended to be part of a background data set for metals in various groundwater 
risk assessments and to help describe regional PAH levels.  Downgradient nitroaromatic 
groundwater data was used to show the extent of chemicals beyond the boundary of PBOW 
(USACE, 2003). 
 
Based on the USACE 2003 SOW, 2 background and 5 downgradient bedrock monitoring wells 
were to be installed during 2 separate mobilizations.  The boreholes were located on property 
outside of PBS boundaries on private or government owned property (Figure 2-2).  All drilling 
locations required legal right-of-entry forms, which were obtained by the USACE Huntington 
District.  Background monitoring well BED-MW28 was located on NASA property near the 
intersection of Taft and Mason Roads and well BED-MW29 was located on private property 
south of West Scheid Road and west of Ransom Road.  Drilling of background monitoring wells 
began in August 2003.   
 
Drilling of boreholes at the off-site, downgradient locations began in March 2004.  As noted in 
the 2003 USACE SOW, 5 downgradient monitoring wells were to be installed but because 
groundwater was not encountered in the Delaware Limestone during drilling at 3 of the 5 
boreholes, only 2 (BED-MW30 and BED-MW33) were able to be completed as monitoring wells 
(Figure 2-2).  Monitoring well BED-MW30 is located on the west side of PBOW, near the 
intersection of Bouy and Patten Tract Road and BED-MW33 is located north-northeast of 
PBOW, in Columbus Park.  Downgradient borehole BED-MW31 is located on off-site property 
on the northwest side of PBOW, west of Schenk Road.  Borehole BED-MW32 is located north 
of PBOW on the east side of Columbus Avenue beneath the State Route 2 overpass and borehole 
BED-MW34 is located on NASA owned property, at the abandoned former sewage treatment 
plant area, north of Taylor Road near Botay Road.   
 
Mobilization for both the background and downgradient field events included drilling, well 
installation, development, permeability testing, land surveying, groundwater sampling, and IDW 
management.   
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Four consecutive quarterly groundwater sampling events of the new background monitoring 
wells were conducted in correlation with the existing background wells.  Table 4-1 provides a 
complete summary of the background groundwater sampling investigations.  Background 
groundwater sampling conducted in 2003 included a seventh round (September 16 to 18, 2003 
during the PBOW dry season) and an eighth round (December 9 to 11, 2003 during the dry 
season).  Background groundwater sampling continued in 2004 with the ninth round (March 9 to 
11, 2004 during the wet season) and was completed by the tenth round (June 15 to 17, 2004 
during the wet season).  To make a determination if groundwater quality of the downgradient 
wells fluctuated on a seasonal basis, sampling of the new and existing downgradient wells was 
conducted May 5 to 7, 2004 (wet season) and August 24 to 27, 2004 (dry season). 
 
4.2  Monitoring Well Installation  
Four 2-inch diameter bedrock monitoring wells were installed as part of the continued 
groundwater RI.  Two wells are located in upgradient (background) positions, 1 well (BED-
MW30) is located downgradient of WARWP, and 1 well (BED-MW33) is located downgradient 
of the PBOW facility.  Figure 2-2 (site map with wells and lines of cross-section) shows the site-
wide locations of the newly installed wells along with the pre-existing monitoring wells.  Two 
bedrock background wells, BED-MW28 and BED-MW29, monitor groundwater entering PBOW 
from the south and southwest perimeter areas, respectively.  After well installation and 
monitoring of static groundwater levels, it was interpreted that monitoring well BED-MW30 
monitors groundwater downgradient of the WARWP.  Monitoring well BED-MW33 monitors 
groundwater that has left PBS in the north-northeasterly direction.  As noted in Section 4.1, five 
downgradient bedrock wells were planned to be installed, but because groundwater was not 
encountered in the Delaware Limestone, only 2 of the 5 boreholes were able to be completed as 
monitoring wells.   
 
Monitoring wells were installed in accordance with guidelines specified in the USACE 
Engineering Manual EM-1110-1-4000 (USACE, 1998) and following the procedures in the site-
wide SAP (IT, 1996a).  All monitoring wells were completed as described below.  
 
Background bedrock monitoring well installation began in August 2003 and downgradient 
bedrock well installation began in March 2004.  Prior to drilling, Ohio’s Utility Protection 
Service was notified to locate any underground utility lines at boreholes located on private 
property.  NASA was notified to locate underground utilities at boreholes located on NASA 
property.  The borehole was relocated, if necessary, to avoid buried utilities after the state utility 
protection service and NASA personnel surveyed the locations.   
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All 4 bedrock wells were installed as double-cased monitoring wells.  Although groundwater was 
not encountered during drilling of boreholes BED-MW31, BED-MW32, and BED-MW34, 
drilling procedures and equipment were identical to the drilling procedures for downgradient 
wells BED-MW30 and BED-MW33.  A Schramm 450 air rotary drilling rig was used to drill a 
pilot borehole in the overburden soil of background boreholes while an Ingersoll-Rand T-3 air 
rotary rig drilled the overburden soil of the downgradient boreholes.  As a precautionary 
measure, at each background and downgradient borehole location (even after underground 
utilities were located) the first 4 ft of the borehole was attempted to be manually dug using a 4-
inch outside diameter (OD), decontaminated, stainless-steel posthole digger.  During posthole 
digging of the background wells, weathered shale bedrock was encountered at a depth of 2.3 ft 
bgs at BED-MW28 and 3.8 ft at borehole BED-MW29.  Hazardous, toxic, and radiological waste 
(HTRW) drilling logs for each borehole are included in Appendix B.   
 
At background borehole BED-MW28, since weathered shale was encountered at a depth of less 
than 4 ft, no split-spoon sampling was performed.  Because a severely weathered shale in 
background borehole BED-MW29 was encountered, a split-spoon sample was attempted 
beginning at 4 ft bgs.  Consistency of the shale increased with depth and only 0.7 ft was able to 
be collected.  A pilot hole of each background borehole was drilled with a 6-inch OD roller bit 
for the purpose of identifying the depth to competent shale bedrock and then advancing at least 3 
ft into the competent rock.  The pilot hole was advance to 14 ft in borehole BED-MW28 and 18 
ft in BED-MW29.  The pilot hole was then reamed with a 10-inch OD roller cone enlarging the 
hole for placement of isolation casing and to confirm the competent shale bedrock depth.  The 
10-inch background borehole for BED-MW28 was advanced to 14 ft bgs and to a total depth of 
24 ft in BED-MW29.  Black steel isolation casing (6-inch inside diameter [ID] by 6 5/8-inch 
OD) was installed into the 10-inch borehole, pressure grouted in place, and allowed to cure for a 
minimum of 48 hours.   
 
In downgradient boreholes, bedrock was not encountered during initial post-hole digging 
activities.  Soil core samples were continuously collected from the ground surface to the 
terminating depth using a 2.5-inch ID/3-inch OD stainless steel split-spoon.  After each soil 
sample was collected, a 6 5/8-inch OD roller cone bit cut the soil to the next sample depth.  
Hollow stem augers were not used during drilling.  Soil cores were visually examined by a Shaw 
field geologist and documented on HTRW drilling logs (Appendix B).  No soil overburden 
samples were collected for laboratory analysis because bedrock monitoring wells were installed 
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in suspected “clean” soil areas; thus, overburden soil was not analyzed for chemical parameters, 
except for disposal characterization as described in Section 6.0. 
 
After determining depth to bedrock, the soil borehole was reamed using a 10-inch OD air 
hammer at least 4 ft into competent bedrock to provide a stable base for the isolation casing.  
Black steel casing (6-inch ID by 6 5/8-inch OD) was installed, pressure grouted into the bedrock, 
and allowed to cure for a minimum of 48 hours.   
 
Bedrock was then cored with water using a Schramm or Ingersoll-Rand air rotary drill rig.  
Coring was conducted through the center of the black steel casing using a 4 5/8-inch OD PQ bit 
attached to a 20-foot long core barrel.  The PQ bit was not custom built to cut a 6-inch OD 
borehole so after the desired depth had been reached, the bedrock was reamed using a 6-inch OD 
roller cone.  Rock cores of both the background and downgradient borings were visually 
examined and a lithology description prepared (Appendix B).  Photographs of the rock cores 
were taken and are presented in Appendix C. 
 
If groundwater was encountered during drilling, well completion was accomplished using a 2-
inch diameter Schedule 40 polyvinyl chloride (PVC) riser pipe and 10 to 20 foot sections of 
0.010-inch factory-slotted screen.  Filter packs in screened wells were constructed with sand 
(tremied) beginning at a depth approximately 1-foot below the screen to approximately 2 ft 
above the screen.  Three to six ft of pellet bentonite was then placed above the sand.  The 
remaining annular space between the PVC/borehole and PVC/black steel casing, from the top of 
the bentonite to approximately 2 ft bgs, was filled (tremied) with bentonite-cement grout.  
Because the wells were constructed on private property or property outside of NASA’s security 
fencing and to remove the visual presence associated with the stick-up protective casing, all 
wells were constructed as flush mount wells. 
 
A 2-foot-square, 4-inch-thick, concrete pad with sides sloping away was constructed around all 4 
wells.  No protective steel posts surrounding the wells were necessary.  An identification plate 
that verified the well name, total depth, depth to screen, and survey information was secured 
inside the flush mount access hole.  
 
The construction details for the new monitoring wells at the site are summarized in Table 4-2.  
Drilling logs and well construction diagrams are included in Appendix B. 
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4.3  Monitoring Well Development 
Prior to true well development activities, a “predevelopment” of the well was conducted.  
Predevelopment of the well was performed following the addition of the filter pack but before 
the addition of the bentonite seal.  This was performed to allow compaction of the filter pack, 
prevent any bridging of the sand that may have occurred during installation, and allow placement 
of any additional sand after predevelopment (Shaw 2003d).  Predevelopment activities of each 
monitoring well included surging with a 2-inch OD surge block or Grundfos pump within the 
entire well screen for 20 minutes, followed by removal of 2 casing volumes of groundwater.  
Groundwater was removed using a Grundfos pump which was operated at variable speeds to also 
produce a surging effect on the filter pack.  Following groundwater removal, additional sand was 
added to the filter pack, if necessary, followed by the bentonite.  No water quality readings were 
recorded or logs created during predevelopment. 
 
All newly constructed monitoring wells were developed no sooner than 48 hours and no later 
than 7 days after completion of well construction.  Well development was performed by surging 
and bailing with a polyethylene disposable bailer or surging and pumping using a Grundfos™ 
submersible pump.  The method of development chosen depended upon groundwater yield in the 
well.  A well development log was completed for each well to document well development 
progress, field parameters, and other pertinent information.  Photographs of development water 
and well development logs are included in Appendices D and E, respectively.  One monitoring 
well, PB-BED-MW33, could not be properly developed due to a limited water column and poor 
recharge.  A total of 20 gallons was removed from this well during predevelopment activities but 
groundwater did not recharge during development.  The impact of the limited development may 
present groundwater samples with higher turbidity, not representative of bedrock aquifer 
conditions. 
 
It is noted that following well completion activities, remeasurement of BED-MW30 and BED-
MW33 well depths, and discussion with the drilling firm, it was determined that an incorrect 
sand size had been used for filter pack construction in these two wells.  As a result of using 
Driller Service, Inc. size #1 sand rather than the appropriate size #2 sand, quantities of filter pack 
sand passed through screen slots and into the monitoring well during well development.  This 
influx of sand decreased the total accessible depth of BED-MW30 by approximately 3 ft and 
BED-MW33 by approximately 4.5 ft.  The change in total depth of BED-MW30 was recorded 
following predevelopment but the change was thought to have been caused by raising the well 
during surging actions.  The change in total depth of BED-MW33 was also noted prior to its 
development.  Approximately 2 weeks later, confirmation with the drilling firm was made that an 
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incorrect sand size had been used for filter pack construction.  The needed water column for 
complete sample collection is available in monitoring well BED-MW30 but only a partial sample 
suite can be collected from the groundwater in well BED-MW33.  The Nashville USACE were 
notified and repair was determined unnecessary. 
 
4.4  Monitoring Well Abandonment 
In January 2003, overburden/shale monitoring well PR-MW08 (PRRWP well) and Delaware 
Limestone well BED-MW27 (downgradient well) were abandoned.  Overburden/shale well PR-
MW08 was abandoned for an interim soil remediation action (IT, 2002d) and well BED-MW27 
was abandoned at the publics request due to “nuisance” hydrogen sulfide odors.  Well 
abandonment activities were conducted by Waste Tron, Inc. under contract by the USACE-
Huntington District.  Prior to BED-MW27 abandonment, a groundwater sample was collected by 
Shaw in October 2002.  Groundwater sampling activities are discussed in Section 4.5. 
 
4.5  Groundwater Sampling 
A total of 12 groundwater sampling events have taken place at PBOW since the data presented in 
the 2002 Groundwater Data Summary and Evaluation Report (Shaw, 2003a).  Sampling events 
have included a total of 10 background and 2 downgradient episodes.  As noted in Section 1.0, 
analytical results and field sampling activities from the first background groundwater sampling 
event through the ninth groundwater sampling event are not presented in this report as individual 
reports have already been prepared and submitted for each sampling event.   
 
Information in this report includes groundwater sampling activities during the October 2002 
downgradient monitoring well BED-MW27 sampling, 2004 10th background groundwater 
sampling, and both 2004 downgradient monitoring well sampling events.  Sampling events are 
presented in the order of occurrence.  Groundwater samples from each event were analyzed for 
nitroaromatics, metals (filtered and unfiltered), VOCs, SVOCs, and water quality parameters 
(alkalinity, chloride, cyanide, hardness, nitrate, sulfate, total dissolved solids, total organic 
carbon, total suspended solids, and turbidity). 
 
To obtain additional off-site, downgradient, analytical data for groundwater delineation 
purposes, a privately owned water well (PT-5912) was sampled during the second downgradient 
well sampling event (August 2004).  Well PT-5912 is located at 5912 Patten Tract Road (hence 
the selected well identification name for this report) on private property, northwest of Acid Area 
No. 2 (AA2), and north of well BED-MW30 (Figure 2-1).  It was installed in 1982 for the 
purpose of lawn watering.  Well PT-5912 is constructed of 6-inch OD steel casing set to a depth 
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of 25 ft.  A 5-inch OD open borehole is present from the bottom of the casing to a total depth of 
89 ft into the Delaware Limestone.  The well was never used for any purpose because of the 
hydrogen sulfide odor (i.e., “rotten egg” odor) received when extracting the groundwater (typical 
with groundwater from the Delaware Limestone).  A completed right-of-entry form was obtained 
from the property owner prior to any field work being conducted.  Top-of-casing survey 
measurements were recorded for this well for potentiometric map construction.  Survey data is 
discussed in Section 4.8. 
 
Upon arrival at all monitoring wells and following removal of the security lock, the lid to the 
well was removed and the vapors within the casing were immediately measured using a 
photoionization detector and a 4-gas lower explosive limit meter that measured the lower 
explosive limit, carbon monoxide, oxygen, and hydrogen sulfide content.  Measurement was 
performed as an early indication of the breathing air vapors that may be encountered when 
purging activities began.  Once well purging activities commenced, breathing air concentrations 
were continuously measured and compared with the health and safety requirements (Shaw, 
2003d).  Hydrogen sulfide was one of the hazardous chemicals commonly encountered when 
purging groundwater from the bedrock wells screened within the Delaware Limestone.  If 
hydrogen sulfide within the working area remained above the site action limit of 5 ppm (meaning 
4 instantaneous peaks in any 15-minute period or a sustained reading for 5 minutes), relocation 
of sampling equipment upwind of the vapors was conducted.  If no wind was present or 
relocation did not permit the instrument readings to drop below 5 ppm, then sampling activities 
were discontinued.  During sampling activities at BED-MW17, hydrogen sulfide vapors were 
greater than 500 ppm; therefore, a continuously operating mechanical fan was positioned at the 
top of the well head to evacuate vapors away from the work zone and allow sampling to 
continue. 
 
Two procedures were used for purging and sampling monitoring wells.  Low-flow (minimal 
drawdown) was the preferred purging and sampling method in wells where adequate recharge 
was present.  If a well did not recharge adequately to use the low-flow sampling method (i.e., 
water level dropped 6 inches or more), removal of 3 to 5 volumes of groundwater was performed 
either by continued pumping or bailing followed by sampling. 
 
Filtered and unfiltered samples were collected for metals analysis.  Filtered groundwater samples 
were filtered in the field through a 0.45-micrometer high-capacity filter attached to the discharge 
line of the bladder pump.  If the well was not sampled using the bladder pump (i.e., sampled with 
a disposable bailer), a hand-operated 0.45-micrometer filter was used.  Sample filtration, 
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preservation, packing, and shipment were performed in accordance with Section 5.4 of the site-
wide QAPP (IT, 1996b). 
 
All groundwater that was removed from the wells during purging activities was containerized 
and properly disposed of following the IDW management procedures as identified in the Shaw 
SOW (Shaw, 2003d).  Details of disposal activities are presented in Section 4.9. 
 
Table 4-3 shows a list of the primary groundwater samples collected.  Final field measurements 
recorded immediately prior to groundwater sample collection are shown in Table 4-4.  A final 
water quality reading was not recorded if adequate water volume was not present (BED-MW33) 
or if sample water would have possibly contaminated the recording instrument beyond 
decontamination efforts (BED-MW27).  Monitoring well locations are shown on Figure 2-1. 
 
October 2002 Downgradient Well BED-MW27 Sampling (Prior to Abandonment) 
Monitoring well BED-MW27 was sampled October 18, 2002, prior to scheduled abandonment, 
as part of the fifth quarterly background groundwater sampling activities.  Groundwater samples 
could not be collected by the low-flow (minimal drawdown) sampling method because of 
approximately 0.5 foot of natural petroleum hydrocarbon on the surface of the water.  Water 
within the groundwater column was black in color, continued to exhibit a small amount of 
petroleum hydrocarbon during purging, and contained black, oxidized “flakes” of some material;  
possibly, the flakes resulted  from the metal of the inner steel casing that had been oxidized by 
the hydrogen sulfide gas and fallen into the groundwater).  Due to the visually affected 
groundwater and concern of potential damage to water quality equipment, no water quality 
readings were attempted. 
 
Groundwater was purged from the well using a 3-inch OD, decontaminated, PVC bailer.  The 
well was bailed dry after removing approximately 60-gallons of water.  A groundwater sample 
was collected with a new, disposable, Teflon® bailer.  Dissolved metals were filtered using a 
0.45-micrometer filter hand pump. 
 
May 2004 Downgradient Well Sampling 
The first downgradient monitoring well sampling event was conducted during the wet season, 
May 4 through 7, 2004.  Groundwater samples were collected from existing, on-site, 
downgradient monitoring wells BED-MW17, BED-MW19, and BED-MW22 and from newly 
installed, off-site, downgradient wells BED-MW30 and BED-MW33.  Groundwater was not 
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encountered during drilling activities in 3 of the 5 planned downgradient boreholes which 
prevented installation of a monitoring well. 
 
Groundwater recharge rates permitted 4 of the 5 wells to be sampled with the low-flow sampling 
methodology.  A bladder pump was used to complete the sampling.  The pump was inserted into 
the screened portion of the monitoring well and the well was pumped at a rate that minimized 
drawdown.  Purging rates ranged from 100 milliliters/minute (ml/min) in well BED-MW19 to a 
maximum purge rate of 200 ml/min in well BED-MW22.  The purge rate was set such that 
drawdown in the well was never greater than 0.5 foot in all wells except BED-MW17.  The 
purge rate in well BED-MW17 was approximately 160 ml/min but the water level in this well 
dropped 1.68 ft from the static measurement.  At a drawdown of 1.68 ft, the water level 
stabilized along with the water chemistry parameters.  Water chemistry parameters (pH, 
oxidation-reduction potential, conductivity, temperature, dissolved oxygen, and turbidity) were 
monitored for stability.  Sufficient groundwater recharge was not present in monitoring well 
BED-MW33 to permit low-flow sampling so the well was purged using a 2-inch disposable, 
polyethylene bailer and sampled using a disposable Teflon bailer.  Due to a limited volume of 
groundwater, only nitroaromatics, metals (filtered and unfiltered), and VOCs were collected.  
Dissolved metals were filtered using a 0.45-micrometer filter as described above.   
 
June 2004 Background Well Sampling (10th Quarterly) 
The tenth background groundwater sampling event was conducted during the wet season, June 
15 through 17, 2004.  Groundwater samples were collected from existing on-site and off-site 
potential background bedrock monitoring wells BG8-BEDGW-001, BED-MW20, BED-MW24, 
BED-MW25, BED-MW28, and BED-MW29.  Groundwater samples were collected following 
the same sampling procedures as identified above and were analyzed for the same parameters. 
 
Groundwater recharge rates permitted 6 of the 7 possible background wells to be sampled with 
the low-flow sampling methodology.  A sufficient water column was not present in background 
well BED-MW26 so a sample was not collected.  A bladder pump was used to complete the 
sampling.  The pump was inserted into the screened portion of the monitoring well and the well 
was pumped at a rate that minimized drawdown.  Purging rates ranged from 50 ml/min in well 
BED-MW20 to a maximum purge rate of 400 ml/min in well BED-MW25.  The purge rate was 
set such that drawdown in the well was never greater than 0.5 foot in all wells except BED-
MW20.  At a purge rate of 50 ml/min, the water level dropped 1.23 ft from the static 
measurement.  At a drawdown of 1.23 ft, the water level stabilized along with the water 
chemistry parameters.  Water chemistry parameters as noted above were monitored for stability.   
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August 2004 Downgradient Well Sampling 
The second downgradient monitoring well sampling event was conducted during the dry season, 
August 25 through 27, 2004.  Groundwater samples were collected from existing, on-site, 
downgradient monitoring wells BED-MW17, BED-MW19, and BED-MW22 and from off-site, 
downgradient wells BED-MW30, BED-MW33, and PT-5912.   
 
Groundwater recharge rates permitted 5 of the 6 wells to be sampled with the low-flow sampling 
methodology.  A bladder pump was used to complete the sampling.  The pump was inserted into 
the screened portion of the monitoring well and the well was pumped at a rate that minimized 
drawdown.  Purging rates ranged from 90 ml/min in well BED-MW19 to a maximum purge rate 
of 180 ml/min in well BED-MW17.  The purge rate was set such that drawdown in the well was 
never greater than 0.5 foot in all wells except BED-MW19.  The purge rate in well BED-MW19 
was approximately 90 ml/min but the water level in this well dropped 0.71 ft from the static 
measurement.  At a drawdown of 0.71 ft, the water level stabilized along with the water 
chemistry parameters.  Water chemistry parameters were monitored for stability.  Sufficient 
groundwater recharge was not present in monitoring well BED-MW33 to permit low-flow 
sampling so the well was purged using a 2-inch disposable polyethylene bailer and sampled 
using a disposable Teflon bailer.  Due to a limited volume of groundwater, only nitroaromatics, 
metals (filtered and unfiltered), and VOCs were collected.  Dissolved metals were filtered using 
a 0.45-micrometer filter as described above.  
 
4.6  Hydraulic Conductivity Testing 
A rising and/or falling head slug test was performed at background wells BED-MW28 and BED-
MW29 and newly installed wells BED-MW30 and BED-MW33 on May 4 to 6, 2004 to acquire 
information on the hydraulic conductivity of each water-bearing zone.  Equipment used in the 
test included: 
  

• Ten-pounds-per-square-inch pressure transducer equipped with an atmospheric 
pressure compensation tube 

 
• HERMIT 1000C Environmental Data Logger 
 
• New, disposable five-foot-long or two five-foot-long, 1.5-inch-diameter PVC 

slugs. 
 
Rising and/or falling head tests were completed by performing the following steps: 
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• Measure the static water level from the top of casing. 
 
• Place a pressure transducer at least ½ foot above the bottom of the well and initiate 

the reference information on the data logger.  
 
• Allow the water level to re-equilibrate, then initiate the data logging sequence on 

the recording device and insert the slug to start the falling head test.   
 
After the falling head test was complete and the water level returned to the pre-testing condition, 
the data logger was reset.  The rising head test was begun by removing the slug from the well. 
 
The slug test results were analyzed using AQTESOLV for Windows Pro 3.0 (Geraghty and 
Miller Environmental Services, 1989), which assumes that the aquifer being tested is 
homogenous and isotropic.  Since the aquifer is rarely a homogenous and isotropic media, the 
hydraulic conductivity calculation based on commonly accepted assumption and the Bouwer and 
Rice method will have uncertainties associated with it.  The degree of uncertainty is directly 
proportional to the deviation of the homogenous and isotropic model from the reality.  Such 
uncertainty can only be reduced but not eliminated through specifically designed pumping tests 
with sufficient monitoring coverage and duration.  Pumping tests are not practical for this phase 
of the investigation.  Furthermore, an accurate estimation of hydraulic conductivity in a fractured 
bedrock medium poses more challenge than in porous medium.  Therefore, the calculated 
hydraulic conductivity value using the best available data at the site represents an approximation 
of the aquifer’s “true” hydraulic conductivity.  It is recommended that the slug test data be used 
with caution, knowing the limitations and uncertainties associated with these results.  The 
hydraulic conductivity testing data are included in Appendix E, along with a description of the 
method used in the data analysis. 
 
Based upon the current hydrology understanding, where fractured bedrock is encountered, slug 
test results would most likely be biased low.  Results would probably be low since vertical 
anisotropy is not considered but results are associated with a higher degree of uncertainty with 
using the Bouwer and Rice method.  However, the extent of the uncertainty or the bias is highly 
dependent on the well development, skin effect, and fracture distribution.  Opposite results or 
tendency (biased high) may occur if the fractures are very well developed just in the immediate 
proximity of the well and no skin effect is present, which is a very unlikely situation.  This is 
because any slug test only affects the immediate proximity of the well and not the formation 
farther away.  Unlike the slug test, a pumping test covers a much larger area around the well and, 
therefore, the hydraulic conductivity result is more representative of the site than slug test. 
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4.7  Decontamination Procedures 
Decontamination of drill rigs, downhole tools, and sampling equipment was performed in 
accordance with Section 4.4.3 of the SAP (IT, 1996a).  Specifically, drill rigs, rods, drill bits, and 
augers were cleaned at the decontamination pad using high pressure hot water from a steam-
cleaner before entering the drilling site, between sites, and after completion of the last borehole.  
Other equipment, including water level indicators, slugs, and transducers, was decontaminated 
by rinsing in sequence with phosphate-free soapy water, deionized water, isopropyl alcohol, and 
a final rinse with deionized water.  Equipment was then air dried before use.  The bladder pump 
was decontaminated by running the decontamination fluids through the pump head.  Disposable 
tubing and bailers were used in the sampling.  New tubing and new bailers were used for each 
well.   
 
4.8  Land Survey 
An Ohio-registered professional land surveyor surveyed soil borings and existing bedrock and 
new bedrock monitoring well locations during 3 different mobilizations.  Background bedrock 
monitoring well locations BED-MW28 and BED-MW29 were surveyed in August 2003 along 
with 7 background soil borings (background soil boring data previously submitted under a 
separate cover) and existing well MK-MW17 (top of riser cut to permit lid closure).  
Downgradient monitoring wells (BED-MW30 and BED-MW33) and soil boring locations (BED-
MW31, BED-MW32, and BED-MW34) were surveyed in April 2004.  Vertical coordinates of 
existing, off-site, privately owned well PT-5912 located on Patten Tract Road, were surveyed in 
August 2004.  Horizontal coordinates were surveyed to the closest 0.1 foot and referenced to the 
Ohio State Plane Coordinate System.  Vertical coordinates (land surface elevation and top-of-
casing elevation) were surveyed to the nearest 0.01 foot and referenced to the 1929 National 
Geodetic Vertical Datum.  Complete land survey data are included in Appendix F. 
 
4.9  IDW Management 
IDW generated during the background and groundwater investigations included soil, 
groundwater, rock cores, decontamination water, and personnel protective equipment.  All IDW 
was managed and handled in accordance with procedures described in the SAP (IT, 1996a).  
IDW (soil, groundwater, and rock cores) generated from locations outside of NASA PBS 
property was never transported back onto NASA property.  This IDW was stored in a secured 
truck on Perkins county school property, located adjacent to the entrance of NASA.   
 
Soiled personal protective equipment generated during the project was double-bagged and placed 
in the on-site industrial dumpster.  Decontamination, development, and purge water generated 
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during field activities was labeled and stored in 55-gallon drums.  Soil generated during soil 
boring sampling and monitoring well installation was collected in 55-gallon drums, labeled with 
contained material, content volume, date of generation, and source of origin as applicable.   
 
Following soil and/or groundwater sample collection from on-site or off-site well and boring 
locations and determination of the media being non-hazardous from analytical results, the IDW 
was transported to a registered disposal facility.  Soil, purge and development water, and some 
rock cores from wells BED-MW28 and BED-MW29 were transported to US Liquids of Detroit 
for disposal.  The OEPA was given several rock cores from the nonhazardous, background well 
borings for use in scientific study.  Purge water, development water, and soil generated during 
background sampling (June 2004), drilling of downgradient soil borings (BED-MW30 through 
BED-MW34), and sampling of the downgradient wells (May and August 2004) was transported 
to Evergreen landfill in Toledo, Ohio for disposal.  After rock core lithologic data had been 
recorded and photographs made, a determination was made based on groundwater (if present) 
analytical results if the cores were non-hazardous.  Upon approval from Hanson Quarries 
(formerly Wagner Quarries), rock cores generated during downgradient rock core drilling (BED-
MW30 through BED-MW34) were transported to the quarry to be crushed and used for 
limestone gravel.  Waste manifests and Bills-Of-Lading generated for the IDW disposal during 
the sampling and drilling events are shown in Appendix G.   
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5.0  Analytical Program and Data Review Methodologies 
 
The following sections present the analytical program used in this investigation.  This review 
includes the laboratories used for all samples, the analytical methods used, data quality 
evaluation, and blank analysis.  In addition, a description and derivation of RBSCs,  referenced 
in Chapter 3.0 and included in the analytical results tables (Section 7.0) as points of reference, 
are presented in Section 5.2.1.  The derivation and use of BSCs, also referenced in Chapter 3.0 
and included in the analytical results tables, are presented in Section 5.2.2. 
 
5.1  Analytical Program Methodologies 
 
5.1.1  Sample Analysis and Data Validation 
Primary and field duplicate project samples were analyzed by Severn Trent Laboratories, Inc. of 
Knoxville, Tennessee.  Analyses for water quality parameters were provided by Severn Trent’s 
North Canton, Ohio, laboratory.  Quality assurance samples (field splits) were analyzed by 
Accutest Laboratory of Orlando, Florida.  Complete analytical data for the May 2004, June 2004, 
and August 2004 sampling events are presented.  Shaw performed the data validation.  The 
validation summaries for the May 2004 and August 2004 downgradient samples and July 2004 
background groundwater samples are provided in Appendix H.  The analytical results for the 
samples are summarized in Appendix I.  Tables of detected hits that exclude “B” qualified 
(Section 5.1.3) data are included in Appendix J.  A data quality evaluation is located in Appendix 
K.   
 
All data analyzed were reviewed for accuracy and completeness.  One hundred percent of the 
data analyzed were subjected to data validation following guidelines in the U.S. Environmental 
Protection Agency (EPA) Contract Laboratory Program National Functional Guidelines for 
organic and inorganic data review (EPA, 1999, 2002).  These documents, since they specify 
procedures for CLP protocol, are used as guidelines only.  Method and laboratory quality 
assurance and quality control requirements supersede these guidelines where applicable.  Data 
were evaluated to verify the achievement of precision, accuracy, representativeness, complete-
ness, and comparability goals established to meet the project data quality objectives (DQO).  The 
criteria for blank evaluation mimic those detailed in the EPA’s Region III Modifications to 
National Functional Guidelines for Organic Data Review (EPA, 1994) and Region III 
Modifications to the Laboratory Data Validation Functional Guidelines for Evaluating 
Inorganics Analyses (EPA, 1993).  The procedure is outlined in Section 5.1.4. 
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5.1.2  Analytical Methods 
Chemical analyses for the investigation were performed in accordance with guidelines detailed in 
the EPA’s Test Methods for Evaluating Solid Waste (SW-846), Physical/Chemical Methods, 
Third Edition, September 1986 (EPA, 1986) and subsequent revisions.  The groundwater 
samples and associated quality assurance/quality control samples were analyzed for VOCs, 
SVOCs, filtered and unfiltered metals, nitroaromatics, total cyanide, and water quality 
parameters alkalinity, chloride, nitrate, sulfate, total dissolved solids, turbidity, and hardness.  
Methods used for analysis for all four events are summarized in Table 5-1. 
 
5.1.3  Data Quality Evaluation 
The reliability of the sampling and analytical procedures used during the investigation was 
demonstrated by implementing the project-specific quality assurance procedures specified in the 
site-wide SAP (IT, 1996c) and QAPP (IT, 1996a) and its site-specific attachments.  Successful 
execution of these procedures provides strong supporting evidence that the data are 
representative of the areas under investigation.  
 

The DQOs for this project were to produce scientifically valid data of known accuracy and 
precision that were complete with respect to identified critical samples, comparable with similar 
data types, and representative of the media sampled so as to be useful for the cited purposes.  
Evaluation of the data using the DQOs and the data validation process resulted in the 
determination that most of the data set is valid and of sufficient quality to meet the objectives of 
the investigation.  A complete evaluation of the analytical results is given in the data quality 
evaluations found in Appendix K.   
 

5.1.4  Blank Evaluation 
The purpose of blank analysis is to detect contamination resulting from laboratory and field 
activities.  Blank evaluation involves qualification of data based on the results of associated field 
blanks, trip blanks, equipment rinsates, and laboratory method blanks.  The criteria for blank 
evaluation are as follows: 
 

• If a parameter is found in a blank but not detected in the sample, no action is taken. 
 
• For organics, if the sample result is greater than the practical quantitation limit, but 

is less than 5 times (most analytes) or 10 times (common laboratory contaminants) 
that of the blank result, the sample result is qualified “B.” 

 
• For organics, if the sample result is less than the practical quantitation limit and 

less than 5 times (most analytes) or 10 times(common laboratory contaminants) 
the blank result, the sample result is qualified “B.”  The “J” qualifier is not used. 
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• For inorganics, if the sample result is greater than the method detection limit but 

less than 5 times  the blank result, the sample result is qualified “B.”   
 
• If the sample result is greater than 5 times (most analytes) or 10 times (common 

laboratory contaminants) the blank result, the sample result is not qualified. 
 

In instances where more than one blank is associated with a given sample, qualification is based 
upon a comparison with the associated blank having the highest concentration of a contaminant.  
Blank results are not subtracted from sample concentrations.  Note that data with “B” validation 
qualifiers are included in the Section 7.0 tables, but the associated concentrations are not 
included in the tables’ “MDC” column because “B” qualified data are not used in PBOW risk 
assessments (Shaw, 2004c). 

 
5.2  Comparison to Screening Criteria 
The analytical results tables presented in Section 7.0 include RBSCs and BSCs as points of 
reference.  Concentrations of analytes that exceed the RBSCs are highlighted in the tables.  
RBSCs do not infer a regulatory limit or mandated cleanup level, nor does an exceedance 
necessarily represent an unacceptable human health risk.   
 
Concentrations in individual samples that exceed the respective BSCs are identified in the 
Section 7.0 results tables. 
 
The derivation of RBSCs and BSCs, as well as their intended use in the BHHRA, are provided in 
subsections 5.2.1 and 5.2.2, respectively.  Figure 5-1 depicts a simplified protocol of how RBSCs 
and BSCs will be used for screening in the BHHRA.  This figure is provided for additional 
information and does not directly apply to this report because, as mentioned, RBSCs and BSCs 
are provided herein as points of reference only. 
 
5.2.1  Derivation and Use of RBSCs in the BHHRA 
The groundwater RBSCs are derived from EPA (2004) tap water criteria.  The RBSCs are based 
on a generalized residential drinking water scenario, assumed to be the most restrictive use of 
groundwater, and correspond to a one-in-a-million (1E-6) ILCR or a noncancer HQ of 0.1, 
whichever results in a lower concentration (Shaw, 2004c).  In the BHHRA, the groundwater 
MDC of each chemical (for each study area) will be compared to the corresponding RBSC for 
each chemical.  Essentially, those chemicals with MDCs exceeding the corresponding RBSCs 
(unless characterized as infrequently detected and nonsite-related [Shaw, 2004c]) will be further 
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evaluated in the BHHRA (see Figure 5-1); those with MDCs less than the RBSC will not.  It is 
again emphasized that RBSCs do not infer a regulatory limit or mandated cleanup level, nor does 
an exceedance necessarily represent an unacceptable human health risk or indicate the need for 
remedial action.  
 
5.2.2  Background Screening 
BSCs were derived from PBOW background groundwater concentrations of inorganics and 
BTEX compounds.  The derivation of BSCs is detailed in Appendix M.  In summary, the BSC 
represents either the calculated upper tolerance limit of the background data set or the MDC, 
whichever is less, for each relevant analyte.   
 
In the BHHRA, the groundwater MDC of each inorganic (for each study area) will be compared 
to the corresponding BSC (Shaw, 2004c).  Those chemicals with MDCs exceeding the 
corresponding BSCs will be further evaluated in the BHHRA, unless already screened out on the 
basis of RBSC comparison or frequency of detection.  This further evaluation may include 
statistical population testing or other statistical analysis (Appendix M) as deemed appropriate.  
Based on the results of the statistical analysis, the chemical is either carried forward into the risk 
assessment process (refer to Figure 5-1) or is excluded from further evaluation.  Inorganic 
chemicals with MDCs less than the BSCs will be screened out. 
 
Although BSCs were derived for BTEX compounds, organic compounds will not be screened 
out of the groundwater BHHRA based solely on a comparison to BSCs.  Instead, these BSCs will 
be used in the BHHRA only as a qualitative comparison.  It is noted that BSCs would also have 
been derived for PAHs, had these rather ubiquitous compounds been detected in PBOW 
background groundwater. 
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6.0  Investigation Results 
 
6.1  Quarterly Groundwater Level Measurements 
A total of 10 site-wide quarterly groundwater level measurement events have taken place since 
the last groundwater summary report was presented in June 2003 (Shaw, 2003a).  Nine of these 
site-wide measuring events were conducted by ICI for the USACE and 1 (September 2003) was 
conducted by Shaw.  The additional groundwater level measurement events were conducted in 
August and November 2002, March, May, August, September and November 2003, and March, 
May and August 2004.  Shaw received the water-level data and used it to assist in better defining 
the groundwater hydrology.  Table 6-1 lists a summary of the groundwater elevation 
measurements.  Note that elevations were corrected for those wells with free-phase hydrocarbon 
product. 
 
6.2  Geologic and Hydrogeologic Investigation Results 
This section presents updated information and revisions of interpretations made of geologic and 
hydrogeologic data presented since the last site-wide groundwater summary investigation report 
(Shaw, 2003a).  As during the 2001 monitoring well installation and sampling events, petroleum 
hydrocarbons were again encountered during the borehole drilling and groundwater sampling 
events conducted in 2004.  Petroleum hydrocarbons, believed to be natural, were encountered in 
the rock cores and measured in the breathing-zone air during drilling of all the Delaware 
limestone bedrock boreholes (BED-MW30, BED-MW31, BED-MW32, BED-MW33, and BED-
MW34).  Also, prior to abandonment of borehole BED-MW34, approximately 0.03 to 0.08 ft of 
free-phase hydrocarbon was measured on the less than 1 foot of groundwater in the bedrock 
borehole.   
 
As noted on the teleconference log generated November 18, 1998 regarding BTEX (Appendix 
N) and in Section 2.2.2, traces of natural petroleum are common in the local quarries mining the 
Delaware Limestone.  An e-mail message was received in August 2002 from the OEPA stating 
that an actively producing oil and gas field was present in the Delaware Limestone in Florence 
and Berlin Townships in Erie County (Appendix N).  Review of documents (Herdendorf, 1966; 
Stout, 1941) and discussions with OEPA and ODNR personnel (Appendix N) indicated that the 
Delaware and Columbus (Columbus bedrock unit located stratigraphically below the Delaware 
bedrock limestone) bedrock units contain active and abandoned natural gas and petroleum 
hydrocarbon wells.  During review of off-site drinking water well bore logs, hydrogen sulfide 
gas was noted to have been encountered during the drilling process of 11 wells, natural gas 
encountered in 2 boreholes, and natural petroleum encountered in 1 boring.  No records between 
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the association of the hydrogen sulfide odor and natural petroleum have been found.  However, 
based on drilling experience at PBOW and correlation of the hydrogen sulfide odor with 
groundwater analytical results and visual detections, petroleum hydrocarbon is usually present in 
the Delaware Limestone bedrock unit.  Table 2-1 identifies off-site wells that have encountered 
hydrogen sulfide gas, natural gas, and petroleum hydrocarbon while Figure 2-1 shows well 
locations.  Figure 6-1 shows the active/inactive natural oil and gas wells near the PBOW facility.  
A total of 29 monitoring wells on PBOW property are screened within the petroleum 
hydrocarbon containing Delaware geologic bedrock unit.  Therefore, it is important to note that 
some VOCs (primarily BTEX) and SVOCs may be naturally occurring in site groundwater.  
Table 6-2 shows the hydrocarbons detected during the former 2001 and present 2004 drilling 
activities.   
 
Hydraulic conductivity tests were conducted on background (BED-MW28 and BED-MW29) and 
downgradient (BED-MW30 and BED-MW33) bedrock wells on May 2004.  Hydraulic 
conductivity results from the new bedrock monitoring wells are shown on Table 6-3 along with 
results from the other bedrock wells.  Vertical gradients calculated on existing paired monitoring 
wells are provided on Table 6-4. 
 
Contour maps of water level elevations in the overburden and bedrock water-bearing zones have 
been generated from May 2004 (wet season) and August 2004 (dry season) data to show 
seasonal variations in the groundwater flow.  Contours of water level elevations in the shallow 
overburden/shale (where present) and Delaware Limestone bedrock water-bearing zones are 
presented in Figures 6-2 through 6-5.  Figures 6-2 and 6-3 show data from overburden/shale 
wells for May 2004 and August 2004, respectively.  Figures 6-4 and 6-5 show data from bedrock 
wells screened in the Delaware Limestone for May 2004 and August 2004, respectively.  The 
generalized block diagram of PBOW depicting the relationship of the overburden/shale 
groundwater-bearing zone with the bedrock water-bearing zone has not changed since the 2002 
Groundwater Data Summary and Evaluation Report but is shown again to illustrate the 
hydrogeology and contaminant relationship (Figure 2-13). 
 
6.2.1  Hydrogeology of Overburden/Shale Water-Bearing Zone 
The shallow water-bearing zone at the former PBOW is encountered within the unconsolidated 
glacial, lacustrine, alluvial deposits, and severely to moderately weathered shale.  An area-wide 
top-of-shale elevation contour map is presented in Figure 2-9.  The water table extends into the 
upper severely to moderately weathered shale from the central portion of the facility to the south-
central and southwestern areas.  Based on all monitoring wells installed at PBOW, a total of 87 
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wells monitor the overburden/shale.  The total includes 76 overburden wells and 11 wells 
screened in the shale bedrock (5 wells screened in the Olentangy Shale, and 6 wells in the Ohio 
Shale).  Table 4-2 shows the geologic unit of each overburden/shale well.  This total includes 
overburden wells at NASA’s Reactor Area, near upgradient and downgradient perimeter 
locations, and at the NASA hazardous storage and space research facilities.  Groundwater levels 
from 11 of the 76 wells were not measured for this event due to well access.  Groundwater 
elevations in the shallow water table fluctuated an average of 6.48 ft since initial measurements 
began in overburden/shale wells in December 1994.  The greatest change in groundwater levels 
was recorded in well TNTC-MW05 with a fluctuation of 20.53 ft.  The least measured change in 
water levels recorded during the measurement events was found in shale screened monitoring 
well BED-MW29 (1.21 ft).   
 
Groundwater flow in the shallow water-bearing zone presents a downward gradient and trends 
toward the north.  However, there is a strong seasonal component to the overburden, and the 
water-bearing zone is highly discontinuous.  The northern flow direction of the overburden 
largely mirrors the surface topography and corresponds to the topography of the top of the 
bedrock.  This is demonstrated by comparing the top-of-Delaware Limestone bedrock map 
(Figure 2-10) with the water table elevation contour maps (Figures 6-2 and 6-3).  In the 
southeastern portion of the site, groundwater flow appears to have a relatively uniform horizontal 
hydraulic gradient to the east-northeast.  Groundwater in the central portion of the facility 
generally flows to the north and discharges to both Ransom Brook and Plum Brook.  On the 
north side of the site, the flow is toward Ransom Brook and a wetland area located southwest of 
the Reactor Facility Area.  Groundwater in the western portion of the site flows to the north-
northwest and discharges to Pipe Creek.  In the western corner, northwest of the WARWP, 
groundwater flows east-southeast toward Pipe Creek.  Connectivity between groundwater in the 
shallow water-bearing zone and surface water is particularly evident during the spring wet 
season. 
 
Figures 6-6 and 6-7 show groundwater flow in both the overburden and bedrock (Delaware 
Limestone) water-bearing zones in the vicinity of the Reactor Facility Area for November 2001 
and August 2004, respectively.  Figure 6-6 of the November 2001 groundwater level 
measurements (submitted in the 2002 RI report), interprets the overburden and Delaware 
Limestone groundwater to be flowing in opposing directions.  After installation of additional 
overburden and Delaware screened limestone bedrock monitoring wells in the Reactor Area, 
groundwater flow of the overburden zone has been reinterpreted to be basically toward the 
northeast, the same as the groundwater in the bedrock zone (Figure 6-7).  A convex groundwater 
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flow pattern is evident however in the bedrock groundwater believed to be caused by the 
pumping of the bedrock Reactor wells and the bedrock pumping treatment system at Buildings 
1111, 1131, and 1134.   
 
Based on information obtained from the installation of bedrock wells in 2001, 2003, and 2004, 
the interpretation of the overburden water-bearing zone including the upper portions of the Ohio 
and Olentangy Shale remains basically the same.  This interpretation was based on 1) the 
similarity of shale and overburden groundwater elevations at well pairs, 2) depth similarity of 
groundwater encountered in soil (overburden) and shale wells site-wide, and 3) the merging of 
overburden and bedrock groundwater contours along the shale outcrops and the shale/limestone 
contact.  However, more recently, the overburden has been demonstrated to be more strongly 
seasonal and less continuous than previously believed. 
 
Overburden/shale horizontal hydraulic gradients were calculated for three transects across the 
site from the May 2004 (wet season) and August 2004 (dry season) groundwater level surveys.  
Flow along the western side of the site is toward the north to Pipe Creek at a gradient of 
approximately 0.0087 ft/ft.  Flow in the center of the site is to the north at a gradient of 
approximately 0.0043 ft/ft and groundwater from the east-central portion of the site moves to the 
northeast at a gradient of approximately 0.0051 ft/ft.  For comparison, previous hydraulic 
gradient calculations (August and November 1997, February and May 1998, and November 2001 
and May 2002) for the groundwater flow on the west side of the facility were to the north-
northwest at 0.012 ft/ft.  In the central portion of the site, north at 0.0053 ft/ft and in the eastern 
side, flowed northeast at a gradient ranging from 0.0054 to 0.0059 ft/ft.  These measurements 
were taken at locations and during time periods when overburden groundwater was present.  
However, it should be understood that because the overburden unit is highly discontinuous and 
seasonal, the representativeness of these measurements should not be overstated. 
 
Hydraulic conductivity of wells completed within the surficial deposits measured by slug tests 
ranged from 0.74 ft/day (AA1-GW-002) to 212 ft/day (ABG-GW-002), as shown in Table 6-3.  
The calculated geometric mean for the five wells tested was 8.75 ft/day.  The hydraulic 
conductivity of wells completed in the shale units ranged from 0.002 (TNTB-BEDGW-003) to 
22.2 ft/day (ABG-BEDGW-001).  The geometric mean for the shale portion of the water table 
was calculated to be 0.963 ft/day.  The occurrence of water within the deeper zones of the shale 
is limited with variable conductivity.  Well BED-MW26 has been essentially dry since 
installation, purge rates of well BED-MW25 have been as great as 450 ml/min, while BED-
MW20 has shown slow to moderate recharge with purge rates of 0 to 200 ml/min during 
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groundwater sampling.  Slug test data for new, background monitoring wells BED-MW28 and 
BED-MW29 that are screened in the shale bedrock are included in the totals above and are 
presented in Appendix E. 
 
Groundwater elevations in the overburden/shale fluctuate seasonally, irrespective of the area of 
the site.  Hydrographs have been prepared to show the similarity between groundwater 
fluctuations in the overburden and in the shale bedrock.  Figure 6-8 shows fluctuations in site-
wide wells in the overburden.  Figure 6-9 shows groundwater fluctuations in the overburden 
wells and wells specifically screened in the Ohio Shale and Figure 6-10 shows fluctuations in 
overburden wells and wells specifically screened in the Olentangy Shale.  As the graphs show, 
groundwater fluctuations in overburden wells correspond to groundwater fluctuations in wells 
screened in shale, and indicate a significant vertical connectivity between the overburden and 
shale wells.  Groundwater levels in the shallow water-bearing zone are believed to be controlled 
by regional fluctuations in the shale groundwater elevations.   
 
6.2.2  Geology and Hydrogeology of Delaware Limestone Water-Bearing Zone 
A deep water-bearing zone is located within the Delaware Limestone.  Potentiometric maps of 
this unit are presented as Figures 6-4 and 6-5.  Based on boring logs from the PBOW bedrock 
wells installed for environmental monitoring purposes, there are currently 29 wells completed in 
the Delaware Limestone.  This includes bedrock wells both in the Reactor Area and at off-site 
downgradient locations, installed by Shaw and other contractors (Table 4-2). 
 
Delaware Limestone bedrock groundwater level interpretations for those wells measured in May 
2004 (Figure 6-4) are very similar to those measured in August 2004 (Figure 6-5); contour lines 
on both figures are dashed to indicate the uncertainty.  The May 2004 potentiometric 
groundwater flow map is slightly different than the August 2004 because it was partially 
constructed using a computer program.  Although the majority of the figure is computer 
generated the interpretation of the groundwater flow is nearly the same as the hand drawn 
August 2004 interpretation; groundwater flow is toward Lake Erie in the north-northeast 
direction.  The potentiometric surface of the Delaware Limestone water-bearing unit shows a 
fairly large linear depression that extends from the Reactor facility southwest through the 
western portion of PBOW.  This depression may be a result of groundwater pumping from the 
Reactor wells (Reactor wells 1 through 4) at the Reactor facility and also structurally or fracture 
controlled based on the geologic map (Figure 2-1).  Groundwater from the depression exits 
PBOW to the northeast of the reactor facility and flows off-site.  Groundwater from the eastern 
portion of the site flows in a north-northeast direction. 
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Horizontal hydraulic gradients in the Delaware Limestone bedrock were calculated for four 
transects across the site from the May 2004 (wet season) and August 2004 (dry season) 
groundwater level surveys.  Flow in the northwestern corner of the site toward the groundwater 
trough is to the southeast at a gradient of approximately 0.0077 ft/ft.  Flow in the trough is to the 
northeast at a gradient of approximately 0.0010 ft/ft.  Flow from the central portion of the site, 
from a bedrock high into the trough, is toward the northwest at a gradient of 0.0097 ft/ft and 
groundwater from the eastern portion of the site moves to the north-northeast at a gradient of 
approximately 0.0096 ft/ft.  Comparison to previous hydraulic gradient calculations (August and 
November 1997, February and May 1998, and November 2001 and May 2002) could not be 
made because groundwater levels from wells screened in the shale were used during previous 
reports. 
 
Groundwater elevations in the Delaware Limestone water-bearing zone typically showed 
significant elevation fluctuations over time (Figure 6-11).  The variations do not correspond with 
each other or with monthly precipitation events (Figure 6-13).  Wells constructed in the 
Delaware Limestone in the Reactor Facility Area (wells REACTOR 1, 2, and 3) showed the 
greatest variation over time, with water levels fluctuating as much as 25 ft (Figure 6-12).  Well 
BED-MW16 showed a one-time rise of more than 60 ft between December 1994 and March 
1995.  Water levels in BED-MW16 remained relatively steady over the course of several years 
until it displayed a 25-foot drop in water level between August and November 2002.  Recent 
water level measurements of the monitoring wells in NASA’s Reactor facility area have not been 
actively measured due to access issues during Reactor demobilization activities.   
 
Hydraulic conductivity in the Delaware Limestone measured by slug tests performed in the site 
wells range from 0.002 (former well BED-MW27) to 1.84 ft/day (BED-MW24) (Table 6-3).  
Slug test results from new wells BED-MW30 and BED-MW33 are also included on Table 6-3.  
This range also demonstrates the variability in hydraulic conductivity of the bedrock across the 
site.  The geometric mean conductivity for Delaware Limestone bedrock wells is 0.18 ft/day. 
 
Weathered petroleum and H2S, a byproduct of anaerobic petroleum degradation, are frequently 
present in monitoring wells screened within the Delaware Limestone at the site (Table 6-2).  To 
the east-southeast of the site, an active oil and gas field is present in the Delaware Limestone in 
Florence and Berlin Townships in Erie County (see Appendix N, e-mail received from the OEPA 
in August 2002).  It is probable that the Delaware Limestone is the natural source for the 
hydrocarbons found.  This is further supported by boring logs that noted petroleum seeping from 
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Delaware Limestone cores during drilling, the wells in which monitoring equipment had detected 
H2S, and the widespread, sporadic location of those monitoring wells. 
 
6.2.3  Hydraulic Connection Between Zones 
As presented in the 2002 Groundwater Data Summary and Evaluation Report and updated with 
recent water levels, vertical hydraulic gradients were calculated for the five paired wells at the 
PBOW site (Table 6-4).  Two of the three well pairs (wells with well identifications beginning 
with AA1 [Acid Area 1] and AA3 [Acid Area 3]) on the northern central and western portions of 
the site (bedrock wells screened in the Delaware Limestone) showed higher groundwater 
elevations in the overburden zone than in the bedrock aquifer.  This difference suggests that there 
may be relatively limited connectivity between the overburden and bedrock water bearing zones 
in these areas.  In addition, any vertical groundwater migration that occurs will be downward 
from the overburden into the bedrock.  The greatest difference in water levels occurred in the 
overburden/Delaware Limestone well pair AA1-GW002/AA1-BEDGW-001, with approximately 
27.5 ft of difference in the water levels (November 2001) and an average vertical hydraulic 
gradient over time of 0.9 ft/ft downward from the overburden to the bedrock (Table 6-4).  In 
contrast, the central and southern portions of the site showed very similar groundwater elevations 
in the paired wells (wells with well identifications beginning with ABG [Additional Burning 
Ground] and well pair MK-MW16/TNTB-BEDGW-002).  As noted in Section 6.2.1, this is due 
to the well monitoring the same geologic unit.  The difference in water level elevations ranged 
from a minimum of 0.0 ft in paired ABG wells (November 15, 2001) to a one time maximum of 
3.5 ft in paired wells MK-16 and TNTB-BEDGW-001 (May 5, 1998).  This is indicative of the 
high degree of connectivity in the groundwater between the overburden and the Ohio Shale.  
There are no paired wells in the overburden and Olentangy Shale to show this same relationship.  
 
6.2.4  Influence of Precipitation on Water Levels 
Although previous investigations have indicated that there is a strong connection between 
precipitation and groundwater elevations, no clear correlation exists between monthly 
precipitation rates and water level elevations in site wells.  The lack of observed correlation is 
probably influenced by the amount of precipitation and the runoff rate.  For example, summer 
thunderstorms that produce short periods of heavy precipitation may result in more surface 
runoff and less infiltration.  Conversely, constant periods of precipitation at a lower rate over a 
period of days may result in more infiltration.  Freezing rain or snow will also not result in an 
immediate recharge to groundwater.  These factors are not discernable from total monthly 
precipitation data shown on Figure 6-13.  When comparing the number of seasonal groundwater 
elevation measurements collected from the site, shown in Table 6-1 with aquifer recharge rates 
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(Figure 6-14), a seasonal correlation appears to be present.  January through June is determined 
to be a “wet” time period at PBOW and is therefore an optimal time for sampling the overburden 
wells while July through December is determined to be a “dry” time period.  Recharge at PBOW 
was obtained by subtracting potential evapotranspiration rates (from Cleveland, Ohio data) and 
calculated runoff rates from rainfall.  Appendix O shows previous calculations and reference 
information along with newly acquired rainfall data required for this calculation. 
 
Figure 6-14 demonstrates that there is a strong correlation between seasons of the year and 
calculated monthly aquifer recharge rates at PBOW.  Recharge to the overburden is calculated to 
be highest in the winter months (December, January, or February) for 9 of the 10 years shown.  
A lag time should, however, occur from the time the rain infiltrates the soil to the time it reaches 
the water table.  At PBOW, this lag time should be weeks from the time of precipitation.  The lag 
time depends largely upon the infiltration capacity of the soil, the thickness of the overburden in 
the areas of recharge, and the presence of frozen ground.  Thus, the groundwater elevations 
should typically be highest in February or March.  Although Figure 6-13 shows that the greatest 
rainfall occurs in summer months, Figure 6-14 shows that recharge rates are actually lower 
during that season.  This is because evapotranspiration is highest in the mid to late summer in 
north-central Ohio.  Similar to the lag time for the groundwater high, a lag time in the 
groundwater low should also occur.  Thus, groundwater elevations should be lowest in early fall.  
Correspondingly, groundwater sample collection events were scheduled to take place during two 
“dry” and two “wet” season time periods. 
 
Figures 6-13 and 6-14 show that both precipitation and recharge rates were similar for most of 
the years measured.  However, in 1994 the annual precipitation was approximately 25 percent 
lower than the average annual rate in Sandusky.  Correspondingly, the lowest water levels 
measured in site wells occurred in December 1994.  This reveals that significant fluctuation in 
groundwater elevation can occur during drought conditions such as in 1994. 
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7.0  Groundwater Sampling Events 
 
7.1 Areas and Water Bearing Units Sampled 
Three types of areas were sampled as part of the groundwater investigations beginning in 
November 1997 through August 2004 at PBOW: 
 

• AOCs 
• Downgradient perimeter areas 
• Background areas. 

 
Bedrock monitoring wells were sampled in each of the AOCs, downgradient perimeter areas, and 
background areas.  Overburden/shale monitoring wells were sampled at AOC locations.  
Additionally, overburden temporary piezometers (or where water volume was adequate in open 
boreholes) installed using direct-push technology were sampled in the three TNT AOCs and the 
two red water pond AOCs.  The types of wells/piezometers sampled at each of the AOCs, 
downgradient perimeter areas, and background areas are summarized as follows: 
 

• TNTA, TNTB, TNTC – overburden temporary piezometers, overburden/shale 
monitoring wells, and bedrock monitoring wells 

 
• PRRWP and WARWP – overburden temporary piezometers and bedrock wells 

 
• Acid Areas (Nos. 1,2 and 3) and Maintenance Shop Area – bedrock monitoring 

wells only 
 

• Additional Burning ground Area – bedrock monitoring well only 
 

• Upper Toluene Tanks (UTT) Area –  one bedrock and one overburden/shale 
monitoring well 

 
• Downgradient perimeter –bedrock monitoring wells only  

 
• Background areas – bedrock monitoring wells only. 

 
Areas-of-Concern.  Overburden temporary piezometer groundwater samples were collected 
from TNT Areas A and C during September-October 2000, from all three TNT areas during 
August 2001 field investigations, and from both red water pond areas during a June 1998 
investigation.  Temporary piezometer groundwater samples collected during the September-
October 2000 and the red water ponds field efforts were analyzed for nitroaromatics, VOCs, 
SVOCs, PCBs, and metals (filtered and unfiltered), while the groundwater samples collected 
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during August 2001 were screening samples analyzed only for nitroaromatics and VOCs.  
Piezometer data is considered to be of lesser quality due to the fact that piezometers were not 
developed as is done with standard monitoring wells.  The data is useable, but certain parameters 
(specifically metals) are biased due to elevated turbidity in the samples.   
 
Four site-wide groundwater sampling events were conducted in November 1997, May 1998, 
September-October 2001 and April 2002  Groundwater samples were collected from 
overburden/shale and bedrock monitoring wells associated with the AOCs as listed above.  
Samples were analyzed for the nitroaromatics, VOCs, SVOCs, metals (filtered and unfiltered), 
and water quality parameters.  Field activities associated with installation and sampling of the 
overburden/shale and bedrock groundwater sampling have been presented in previous reports 
and will not be presented or discussed.  Analytical results of the groundwater from each AOC 
will be represented based upon the “wet” or “dry” season during which the sampling was 
conducted and compared to RBSC and/or BSC values (Tables 7-1 through 7-16).  Note that only 
inorganics and BTEX compounds are compared to BSC values.  Also, “B” qualified data are 
discussed in the text of each sampling event for each AOC, but these data are not regarded as 
detections.  Thus, discussion in the summary sections of each AOC does not include B qualified 
among the detections. 
 
Downgradient.  In the May “wet season” and August 2004 “dry season” groundwater 
sampling events, samples were collected from 3 existing (BED-MW17, BED-MW19, and BED-
MW22) and 2 new (BED-MW30 and BED-MW33) downgradient monitoring wells.  
Groundwater samples were analyzed for nitroaromatics, VOCs, SVOCs, metals (filtered and 
unfiltered), and water quality parameters.  Downgradient monitoring well BED-MW27 was 
sampled in October 2001 and April 2002 (prior to abandonment) and analytical detections are 
shown with other downgradient monitoring wells.  Analytical data from these downgradient 
monitoring wells are compared to RBSC and/or BSC concentrations to determine the extent of 
off-site contamination migration, if any.  Note that only inorganics and BTEX compounds are 
compared to BSC values.  Also, “B” qualified data are discussed in the text of each sampling 
event, but these data are not regarded as detections.  Therefore, discussion in the summary 
section of the downgradient wells does not include B qualified data among the detections.  Table 
7-17 shows detected results from all sampling events.  Figure 7-13 presents analytical detections 
and downgradient well locations. 
 
Background.  A total of 10 background groundwater sampling events have been conducted 
from background wells beginning in September-October 2001 through March 2004.  During the 
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remaining background sampling event conducted in June 2004 (“wet season”) groundwater 
samples were collected from monitoring wells BG8-BEDGW-001, BED-MW20, BED-MW24, 
BED-MW25, BED-MW28, and BED-MW29.  These samples were analyzed for nitroaromatics, 
VOCs, SVOCs, metals (filtered and unfiltered), and water quality parameters.  After installation 
of monitoring well BED-MW30 and calculation of water level elevations, it was determined that 
well BED-MW24 was not in a background location, but is actually downgradient of known 
contaminant source WARWP (Section 3.3.2).  Therefore, the results of this well are included in 
the discussion of downgradient perimeter wells.  Also, “B” qualified data are discussed in the 
text of each sampling event, but these data are not regarded as detections.  Thus, discussion in 
the summary section for background does not include B qualified data among the detections. 
 
Analytical data from June 2004 event are combined with groundwater analytical data from the 
previous events and used to calculate a background bedrock groundwater screening value for 
inorganics and BTEX.  Only samples collected using low-flow (minimal drawdown) were used 
in the calculation of BSCs.  Groundwater data from the background bedrock quarterly sampling 
also permitted determination of any trending patterns of inorganic chemical constituents 
throughout the wet and dry time periods (Appendix M).  As noted in Section 1.0, details of the 
sampling activities for each of the previous 9 background sampling events were presented in 
former quarterly reports and will not be discussed.  Table 7-18 shows detected results from all 
quarterly sampling events.  Figure 7-13 presents the background wells and analytical detections. 
 
7.2  Areas of Concern Analytical Results 
The following sections present the validated analytical results of the AOCs (listed above) during 
the wet and dry season sampling events monitored by the water-bearing zones (overburden/shale 
and bedrock) since the site-wide sampling episode in November 1997.  All data is compared to 
RBSC values.  In addition, for inorganics and BTEX compounds, the data is also compared 
against the calculated BSC values (Appendix M).  In the text, only the greater value of the RBSC 
and BSC for inorganics is discussed.  The ubiquitous, nutritionally essential inorganic elements 
calcium, magnesium, potassium, and sodium will not be presented or included in the totals 
referenced for a sampling event.  As discussed in Section 5.4, BSCs are provided only for 
comparison purposes for the detected constituents in the bedrock groundwater.  Analytes 
detected below RBSCs or BSCs are not discussed in detail but are presented in the referenced 
data tables (Table 7-1 through 7-16).  Detected concentrations from the November 1997, May 
1998, September-October 2001, and April 2002 analytical results are shown on Figures 7-1 
through 7-13.  Analytical data for the June 2004 background and the May and August 2004 
groundwater sampling are presented in Appendices H and K. 
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7.2.1  TNT Area A 
 
7.2.1.1  Overburden Temporary Piezometers 
Nine overburden groundwater samples (GW01 through GW08 and GW10) were collected from 
temporary piezometers or boreholes during the September-October 2000 dry season, TNT 
investigation.  Two overburden groundwater samples (DP14 and DP21) were collected from 
temporary piezometers during the August 2001, dry season field groundwater sampling efforts.  
Groundwater samples collected during the 2000 dry season sampling event were analyzed for 
nitroaromatics, VOCs, SVOCs, PCBs, and metals (unfiltered and filtered).  Groundwater during 
2001 sampling was analyzed by the laboratory using a screening method for only nitroaromatics 
and VOCs.  Table 7-1 presents detected constituents above RBSC and/or BSC values in the 
overburden/shale groundwater.  Figure 7-1 shows analytical results along with sampling 
locations. 
 
2000 Dry Season Sampling Event (September-October).  A total of 10 nitroaromatic 
compounds, 9 above the RBSC values, were detected at TNTA in the groundwater from the 
temporary piezometers.  All 9 groundwater samples exhibited at least 1 compound above the 
RBSC values.  Compounds above the RBSC included 4A-2,6-DNT, 2A-4,6-DNT, 1,3-DNB, 
total DNT, nitrobenzene, 2-, 3-, 4-nitrotoluenes, and 2,4,6- TNT.  Ten VOC compounds were 
detected in the groundwater from all of the samples while only 2 direct-push points (GW01 and 
GW03) contained VOC compounds above BSC values.  Note that BSC values apply only to 
inorganics and BTEX compounds.  Toluene was detected above the BSC value at a 
concentration of 5.24 µg/L in point GW-03 and benzene (4.81 µg/L), ethyl benzene (2.33 µg/L), 
and toluene (1,350 µg/L) were above either BSC or RBSC screening values in GW01 boring.  
Two nitroaromatics detected as SVOC parameters were detected above RBSC values in 7 of the 
9 groundwater samples: 2,4-DNT, and 2,6-DNT.  Fifteen unfiltered inorganics were detected at 
TNTA above the RBSC and/or BSC value.  All 9 groundwater samples exhibited unfiltered 
compounds above both the RBSC and BSC values.  The most common unfiltered inorganic 
above both the RBSC and BSC was manganese.  It was detected in all 9 samples with detections 
ranging between 1,430 µg/L in GW04 and 7,050 µg/L in GW01.  Other inorganics above both 
the RBSC and BSC in one or more samples included aluminum, arsenic, chromium, copper, iron, 
lead, nickel, and zinc.  Sample GW05 exhibited 12 unfiltered compounds above the RBSC value 
and a total of 8 compounds above BSC values.  Cobalt was the only metal detected in the 
groundwater exceeding BSC values that was not detected above the RBSC value.  Due to lack of 
groundwater, only 3 filtered groundwater samples from borings GW02, GW06, and GW10 were 
able to be collected.  Many of the metals above RBSC and BSC values were removed during 
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filtration but all 3 samples still exhibited filtered manganese above the RBSC.  Manganese 
concentrations from borings GW06 and GW10 were also above the BSC value.  Manganese was 
detected at concentrations ranging from 187 µg/L in GW01 to 2,060 µg/L in GW10.  Besides 
manganese, sample GW10 also exhibited nickel above the BSC at a concentration of 8.84 µg/L.  
PCBs were detected in only 1 groundwater sample from TNTA.  Aroclor 1260 was detected in 
direct-push point GW03 at a concentration of 0.239 µg/L, above the RBSC of 0.034 µg/L.   
 
2001 Dry Season Sampling Event (August).  No nitroaromatics or VOCs were detected in 
the screening groundwater sample from DP14.  A total of 8 nitroaromatic compounds were 
detected in the screening groundwater sample from DP21, 7 of which exceeded RBSC levels.  
Detected nitroaromatics above RBSC levels included 4A-2,6-DNT, 2A-4,6-DNT, 2,4-DNT, 
2,6-DNT, 2-nitrotoluene, 4-nitrotoluene, and 2,4,6-TNT.  Chloroform was also detected above 
the RBSC value at a concentration of 1 µg/L in groundwater from temporary piezometer DP21. 
 
Wet Season Sampling Event.  No temporary piezometers were installed at TNTA during the 
wet season therefore no groundwater samples were collected.  
 
7.2.1.2  Overburden/Shale 
Five overburden/shale wells (MK-MW22, MK-MW23, MK-MW24, TNTA-MW10 and TNTA-
MW11) were sampled at TNTA.  Overburden monitoring well MK-MW22 is located at the north 
central portion of TNTA, upgradient of the wastewater settling tanks (Building 187), on the 
corner of Columbus Avenue and an unnamed road.  MK-MW23 is located downgradient of the 
Wash House (Building 116), and well MK-MW24 is located on southern side of TNTA, 
upgradient of the DNT Sweating and Graining House (Building 192).  TNTA-MW10 is located 
north of Maintenance Road, downgradient of the Wash House (Building 136).  Well TNTA-
MW11 is located south of Maintenance Road, downgradient of the Wash House (Building 146).  
Groundwater samples were collected from all 5 monitoring wells during the November 1997 and 
May 1998 site investigations and analyzed for nitroaromatics, VOCs, SVOCs, metals (unfiltered 
and filtered), cyanide, and water quality parameters.  Monitoring wells MK-MW22, MK-MW23, 
and MK-MW24 were not scheduled to be sampled during the October 2001 and April 2002 
investigations.  During the October 2001 sampling event, no groundwater sample was collected 
from overburden monitoring well TNTA-MW10 due to lack of groundwater, and only a limited 
sample volume could be collected from TNTA-MW11.  During the October 2001 field event, 
groundwater from TNTA-MW11 was analyzed for nitroaromatics, VOCs, SVOCs, metals 
(unfiltered), and total organic carbon only.  Table 7-2 presents detected constituents above RBSC 
and/or BSC values in the overburden/shale groundwater.  Figure 7-1 shows analytical results 
along with sampling locations. 
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1997 Dry Season Sampling Event (November).  Five nitroaromatic compounds (4A-2,6-
DNT, 2,4-DNT, 2,6-DNT, 1,3,5-TNB, and 2,4,6-TNT) were detected in the groundwater during 
the 1997 sampling, all from well MK-MW22.  The nitroaromatics 2,4-DNT (0.53 µg/L) and 2,6-
DNT (0.20 µg/L) were  detected in the groundwater at concentrations above RBSCs.  VOCs 
detected included acetone, carbon disulfide, and methylene chloride from well MK-MW23 and 
acetone from well TNTA-MW10, but none were above the RBSC or (for BTEX compounds) 
BSC.  No SVOC compounds were detected above the RBSC.  Sixteen unfiltered inorganics were 
detected in the overburden/shale monitoring wells.  All 5 groundwater samples exhibited 
unfiltered compounds above both the RBSC and BSC values.  The most common unfiltered 
inorganic above both the RBSC and BSC was iron.  It was detected in all 5 samples with 
detections ranging between 13,300 µg/L in TNTA-MW11 to 68,200 µg/L in MK-MW23.  Other 
inorganics above both the RBSC and BSC in one or more samples included aluminum, arsenic, 
manganese, and nickel.  Groundwater from well MK-MW23 exhibited 8 unfiltered compounds 
above the RBSC value and a total of 7 compounds above BSC values.  All 5 wells exhibited 
filtered manganese above the RBSC while concentrations from samples in wells TNTA-MW10 
and TNTA-MW11 were also above the BSC value.  Manganese was detected at concentrations 
ranging from 149 µg/L in MK-MW22 to 1,440 µg/L in TNTA-MW10.  Besides manganese, 
other filtered inorganics above both the RBSC and BSC included only arsenic in well MK-
MW23. 
 
In general, the overburden/shale is characterized by sulfate as the dominant anion.  This was the 
case for wells TNTA-MW10, MK-MW23, and MK-24.  In these wells, sulfate was detected at 
up to 1,200,000 µg/L, while chloride was detected at up to 47,000 µg/L.  The exception to this 
was TNTA-MW11, in which nearly equal concentrations of chloride (140,000 µg/L) and sulfate 
(150,000 µg/L) were reported. 
 
1998 Wet Season Sampling Event (May).  Three nitroaromatic compounds (4A-2,6-DNT, 
2,4-DNT, and 2,6-DNT) were detected in the groundwater at TNTA above RBSC levels during 
the 1998 sampling, all from well MK-MW22.  Nitroaromatic 4A-2,6-DNT was detected in the 
groundwater at a concentration of 0.86 µg/L, 2,4-DNT was detected at 0.35 µg/L, and 2,6-DNT 
was detected at a concentration of 1.2 µg/L.  The VOC toluene was the only compound that 
exceeded screening levels.  It was detected at concentrations of 7.8 µg/L in monitoring well MK-
MW22 and 10 µg/L in well MK-MW24, both above the BSC value.  Bis(2-ethylhexyl)phthalate 
(890 µg/L), a common laboratory contaminant, was the only SVOC detected above the RBSC; it 
was found in the groundwater sample from well MK-MW23.  Fifteen unfiltered inorganics were 
detected in the overburden/shale monitoring wells, 12 above the RBSC and/or BSC.  All 5 
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groundwater samples exhibited unfiltered compounds above both the RBSC and BSC values.  
The most common unfiltered inorganics above both the RBSC and BSC were iron and 
manganese.  Iron was detected in all 5 samples with detections ranging between 1,960 µg/L in 
MK-MW24 to 304,000 µg/L in MK-MW23.  Manganese exhibited detections ranging from 142 
µg/L in well MK-MW22 to 7,550 µg/L in well MK-MW23.  Other inorganics above both the 
RBSC and BSC in one or more samples included aluminum, antimony, arsenic, chromium, 
cobalt, copper, lead, manganese, nickel, vanadium, and zinc.  Groundwater from well MK-
MW23 had the most RBSC and BSC exceedances.  In this well, 11 unfiltered compounds were 
above the RBSC value and 8 compounds were above BSC values.  All 5 wells exhibited filtered 
manganese above the RBSC and the concentration from the groundwater sample in well TNTA-
MW10 (1,370 µg/L) was detected above the BSC value.  Manganese was detected at 
concentrations ranging from 114 µg/L in MK-MW22 to 1,370 µg/L in TNTA-MW10.  Iron was 
found above both RBSC and BSC values in 2 samples.  Groundwater from MK-MW24 exhibited 
iron above the RBSC at a concentration of 1,440 µg/L and groundwater in well TNTA-MW10 
exhibited iron at a concentration of 9,330 µg/L, above both RBSC and BSC.  In addition, 
vanadium exceeded the RBSC in well MK-MW24 (57.3 µg/L) but this concentration was B 
qualified (B qualified meaning detection not significantly above levels found in the associated 
field blank). 
 
During the wet season sampling, sulfate was the dominant anion in wells MK-MW22 and MK-
MW24.  In well MK-MW22, chloride and sulfate were detected at 3,000 µg/L and 30,000 µg/L, 
respectively.  Similarly, chloride and sulfate were detected at 7,000 µg/L and 1,100,000 µg/L in 
well MK-MW24.  Chloride and sulfate were both detected at 100,000 µg/L in well TNTA-
MW10.  In well TNTA, MW11, chloride (180,000 µg/L) was the dominant anion, with sulfate 
detected at 93,000 µg/L. 
 
2001 Dry Season Sampling Event (October).  Three nitroaromatic compounds (4A-2,6-
DNT, 2A-4,6-DNT, and 2,4,6-TNT) were detected in well TNTA-MW11 and 4A-2,6-DNT and  
2A-4,6-DNT were above RBSC screening levels.  Thirteen metals were detected and 5 
(aluminum, arsenic, chromium, iron, and manganese were above RBSC levels in the unfiltered 
metals.  Three compounds (aluminum [8,950 µg/L], iron [16,400 µg/L], and nickel [22.4 µg/L]) 
were above BSC values.   
 

2002 Wet Season Sampling Event (April).  Three nitroaromatic compounds (4A-2,6-DNT, 
2A-4,6-DNT, and 2,4,6-TNT) were detected in well TNTA-MW11 above the RBSC levels.  No 
nitroaromatics were detected in TNTA-MW10.  No VOCs or SVOCs were detected in either 
well above the RBSC.  A total of 9 unfiltered inorganic compounds were detected in wells 
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TNTA-MW10 and TNTA-MW11.  In well TNTA-MW10, iron exceeded the RBSC and BSC 
value with a concentration of 4,710 µg/L while manganese exceeded the RBSC value with a 
concentration of 607 µg/L.  Aluminum and iron were above the BSC value in the groundwater 
from well TNTA-MW11 while only iron exceeded the RBSC value.  In the filtered groundwater 
samples, iron and manganese were both above the RBSC and iron also exceeded the BSC at a 
concentration of 3,270 µg/L in well TNTA-MW10.   
 
During this sampling even, sulfate was the dominant anion, detected at 261,000 µg/L (TNTA-
MW10) and 309,000 µg/L (TNTA-MW11).  The concentrations of chloride in the wells were 
40,100 µg/L and 10,500 µg/L, respectively. 
 
7.2.1.3 Delaware Limestone Bedrock 
Two bedrock monitoring wells (BED-MW18 and TNTA-BEDGW-001), both screened in the 
Delaware Limestone, were sampled at TNTA.  Bedrock well BED-MW18 is positioned 
upgradient (east) of TNTA and well TNTA-BEDGW-001 is located at the northwest corner 
(downgradient) of the former Wash House (Building 146).  Monitoring well TNTA-BEDGW-
001 was installed at the beginning of October 2001 at the location that exhibited the greatest 
nitroaromatic soil contamination found during the 2000 TNTA and C RI.  The first groundwater 
sampling event at TNTA-BEDGW-001 was conducted October 9, 2001.  Groundwater was 
analyzed for VOCs, SVOCs, nitroaromatics, metals (unfiltered and filtered), cyanide, and water 
quality parameters.  Table 7-3 presents detected constituents above RBSC and/or BSC values in 
the bedrock groundwater.  Figure 7-1 shows analytical results along with sampling locations. 
 
1997 Dry Season Sampling Event (November).  Three nitroaromatics (1,3-DNB, 
nitrobenzene, and 1,3,5-TNB) were detected in the groundwater sample from well BED-MW18 
and 1,3-DNB (1 µg/L) and nitrobenzene (2 µg/L) were greater than the RBSC.  The VOCs 
benzene (11 µg/L) and total xylenes (170 µg/L) both exceeded RBSC and BSC levels, while 
ethyl benzene (32 µg/L) and toluene (21 µg/L) exceeded only BSC values.  Naphthalene (3.8 
µg/L) was the only SVOC to exceed its RBSC value.  Excluding the nutritionally essential 
elements, barium was the only unfiltered compound to exceed either the respective RBSC or 
BSC values.  Barium was found at a concentration of 893 µg/L in the unfiltered metals and at a 
concentration of 1,010 µg/L in the filtered metals, both above the RBSC of 255 µg/L. 
 
Chloride was consistently detected at much higher concentrations than sulfate during this 
sampling event.  During November 1997, chloride was detected at 6,900,000 µg/L and sulfate 
was detected at 16,000 µg/L in BED-MW18. 
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1998 Wet Season Sampling Event (May).  Two nitroaromatics (2,4-DNT and 2,6-DNT) 
were detected in the groundwater samples collected during May 1998.  2,4-DNT (0.49 µg/L) and 
2,6-DNT (3.6 µg/L) were both above RBSC levels.  The VOCs benzene (5.7 µg/L) and total 
xylenes (420 µg/L) both exceeded RBSC and BSC levels while ethyl benzene (88 µg/L) and 
toluene (53 µg/L) exceeded only BSC values.  Bis(2-ethylhexyl)phthalate was the only SVOC 
compound to exceed the RBSC, but it was B qualified.  Like the 1997 sampling results, barium 
was the only unfiltered compound to exceed the RBSC value.  Barium was found at a 
concentration of 942 µg/L in the unfiltered metals and at a concentration of 994 µg/L in the 
filtered metals, both above the RBSC of 255 µg/L.  During this sampling event, chloride 
(1,200,000 µg/L) was again the dominant anion in BED-MW18.  Sulfate was detected at 
18,000 µg/L. 
 
2001 Dry Season Sampling Event (October).  4A-2,6-DNT was detected at a 
concentration (1.3 µg/L) above the RBSC level in the groundwater sample from well TNTA-
BEDGW-001.  VOC compounds chloromethane (35 µg/L), methylene chloride (47 µg/L), and 
total xylenes (150 µg/L) exceeded RBSC levels in well BED-MW18.  Ethyl benzene (32 µg/L) 
also exceeded the BSC in this well.  BTEX parameters exceeded both the RBSC and BSC levels 
in well TNTA-BEDGW-001 and methylene chloride (330 µg/L) exceeded only the RBSC value.  
Six SVOCs including bis[2-ethylhexyl]phthalate (8.6 µg/L), chrysene (15 µg/L), dibenzofuran 
(12 µg/L), 2- methylnaphthalene (470 µg/L), naphthalene (170 µg/L), and phenanthrene (74 
µg/L) were detected above RBSC values in the groundwater sample from well TNTA-BEDGW-
001.  Well BED-MW18 exhibited naphthalene (3.1 µg/L) above the RBSC.  Barium was the 
only inorganic above the RBSC in unfiltered and filtered samples from well BED-MW18.  In 
well TNTA-BEDGW-001, arsenic (10.8 µg/L), barium (1,000 µg/L), manganese (11,700), and 
nickel (75.7 µg/L) were above RBSCs in the unfiltered sample and arsenic, manganese, and 
nickel also exceeded BSC values.  In the filtered sample, barium (382 µg/L) and vanadium (12.5 
µg/L) were the only compounds above the RBSC values.  
 
In the water quality measurements, chloride (9,450,000 µg/L) and sulfate (56,000 µg/L) were 
detected in BED-MW18 at similar ratios, as was reported in previous sampling events. 
 
2002 Wet Season Sampling Event (April).  4A-2,6-DNT was detected at a concentration 
(1.3 µg/L) above the RBSC in the groundwater sample from well TNTA-BEDGW-001.  BTEX 
compounds exceeded BSC values in well BED-MW18 and all but ethyl benzene exceeded the 
RBSCs. BTEX parameters exceeded both the RBSC and BSC values in well TNTA-BEDGW-
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001 and methylene chloride (170 µg/L) exceeded the RBSC.  Naphthalene was the only SVOC 
compound to exhibit concentrations greater than the RBSC.  It was found in well BED-MW18 at 
a concentration of 9.9 µg/L and in well TNTA-BEDGW-001 at 39 µg/L.  In the unfiltered 
groundwater sample from well BED-MW18, barium (1,290 µg/L) and manganese (109 µg/L) 
exceeded RBSC values.  In well TNTA-BEDGW-001, 8 compounds (aluminum, arsenic, 
barium, chromium, iron, lead, manganese, and vanadium) exceeded RBSCs.  Unfiltered 
aluminum, arsenic, cobalt, copper, iron, manganese, and nickel exceeded BSC values.  In the 
filtered samples from well BED-MW18, only barium and manganese exceeded the RBSCs.  
Groundwater from well TNTA-BEDGW-001 only exhibited barium above the RBSC.  Chloride 
was the dominant anion in bedrock wells BED-MW18 and TNTA-BEDGW-001 during this 
sampling event.  Chloride (12,900,000 in well BED-MW18 and 4,810,000 µg/L in well TNTA-
BEDGW-001) was detected at concentrations at least an order of magnitude greater than sulfate 
(440 and 388,000 µg/). 
 
7.2.1.4  Summary of Sampling Events, TNT Manufacturing Area A 
 
Overburden/shale.  Ten nitroaromatics were detected at concentrations above RBSC levels in 
the overburden/shale groundwater at TNTA during both the wet and the dry season.  Two 
nitroaromatics were detected above RBSC levels in November 1997, 3 in 1998, 9 in 2000, 7 in 
2001, and 3 in 2002.  Benzene, toluene, and chloroform were the only VOC compounds detected 
in the groundwater above RBSC and/or BSC values.  Benzene was detected in the groundwater 
during October 2000 direct-push operations at one boring (GW01), toluene was detected in May 
1998 (2 wells) and October 2000 (2 direct-push points), and chloroform was detected in the 
groundwater during August 2001 direct-push operations from boring DP01.  Three SVOC 
compounds were detected above RBSC levels.  Bis(2-ethylhexyl)phthalate was detected during 
May 1998 sampling from well MK-MW23 and one or both nitroaromatics 2,4-DNT and 2,6-
DNT, were detected in 7 direct-push samples in October 2000.  Unfiltered metals aluminum, 
arsenic, iron, manganese, and vanadium have been most commonly detected in the 
overburden/shale groundwater above both RBSC and BSC values during both the wet and dry 
seasons.  Aluminum, arsenic, chromium, iron, lead, manganese, and vanadium were commonly 
detected above RBSC values in direct-push groundwater samples collected during the dry season 
of October 2000.  Filtration removed most of the metals above RBSC and BSC values but 
manganese was still detected above the RBSC and/or BSC value in 14 of the 15 groundwater 
samples.  Iron was also found in the groundwater of MK-MW24 and TNTA-MW10 and arsenic 
in the groundwater from MK-MW23, above both the RBSC and BSC.  Sulfate was the dominant 
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anion in most of the overburden/shale wells, with the exception of TNTA-MW11.  The dominant 
anion in well TNTA-MW11 varied over the sampling period from sulfate to chloride. 
 
Delaware Limestone Bedrock.  Nine nitroaromatic compounds were detected at 
concentrations above RBSC levels in the bedrock groundwater at TNTA during both the wet and 
the dry seasons.  Concentrations of nitroaromatic compounds 1,3-DNB, 2,4-DNT, 2,6-DNT, and 
nitrobenzene exceeded RBSC values in BED-MW18 during the dry and wet seasons of 1997 and 
1998.  4A-2,6-DNT concentrations exceeded the RBSC in well TNTA-BEDGW-001 during the 
October 2001 (dry season) and April 2002 (wet season).  VOC compounds have consistently 
been detected in all site wells since 1997 with BTEX parameters and methylene chloride 
commonly above RBSC and (for BTEX) BSC values.  Bis(2-ethylhexyl)phthalate exceeded the 
RBSC value in TNTAGWBED-001, though was reported as B qualified in the other well.  
Naphthalene exceeded the RBSC value during each sampling event from both wells.  PAH 
compounds chrysene, dibenzofuran, and phenanthrene were detected in well TNTA-BEDGW-
001 above the RBSC value during October 2001 dry season. 
 
Barium was the only metal to be detected in both the unfiltered and filtered samples from both 
wells during all sampling events.  Manganese was detected above the RBSC in both the 
unfiltered and filtered sample from BED-MW18 during the April 2002 event and from well 
TNTA-BEDGW-001 during the October 2001 sampling event.  Including barium and 
manganese, 11 inorganics were detected in the unfiltered groundwater sample from TNTA-
BEDGW-001 at concentrations above RBSC and BSC values during the last sampling episode in 
the wet season of April 2002, but in the filtered sample only barium was detected.  BTEX 
constituents in monitoring well TNTA-BEDGW-001 remained above RBSC and BSC levels 
during both sampling events, likely due to the free-phase hydrocarbon on the groundwater.  
Anions were dominated by chloride in both the bedrock wells in all sampling events.  The 
concentration of chloride was as much as two orders of magnitude greater than the concentration 
of sulfate. 
 
7.2.2  TNT Manufacturing Area B  
 
7.2.2.1  Temporary Piezometers 
No groundwater samples were collected from temporary piezometers at TNTB during 2000 
TNTA and C RI activities.  Two groundwater samples (DP02 and DP03) were collected during 
the direct-push investigation in 2001.  One sample, DP02, was collected downgradient of the 
Fortifier House (Building 453), and the other sample, DP03, was collected downgradient of the 
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Bi-Tri House (Building 452).  Groundwater collected from the temporary piezometers was 
analyzed for VOCs and nitroaromatics by the screening method.  Table 7-1 presents detected 
constituents above RBSC and/or BSC values in the overburden/shale groundwater.  Figure 7-2 
shows analytical results along with sampling locations. 
 
2000 Dry Season Sampling Event (October).  No temporary piezometers were installed at 
TNTB during 2000, therefore no overburden/shale groundwater samples were collected.  
 
2001 Dry Season Sampling Event (August).  No nitroaromatics or VOCs were detected in 
the screening groundwater samples from DP02 and DP03 above RBSC or BSC values.   
 
7.2.2.2  Overburden/Shale 
Two overburden/shale wells (MK-MW16 and MK-MW17) were sampled at TNTB.  Overburden 
monitoring well MK-MW16 is paired with bedrock monitoring well TNTB-BEDGW-002, and is 
located upgradient of TNTB, south of West Scheid Road.  Well MK-MW17 is located 
downgradient of TNTB.  Overburden well MK-MW16 was dry during the October 2001 
sampling event, so no groundwater sample was collected.  Groundwater was analyzed for VOCs, 
SVOCs, nitroaromatics, metals (unfiltered and filtered), cyanide, and water quality parameters 
during the other sampling events.  Table 7-4 presents detected constituents above RBSC and/or 
BSC values in the overburden/shale groundwater.  Figure 7-1 shows analytical results along with 
sampling locations. 
 
1997 Dry Season Sampling Event (November).  One nitroaromatic compound, 4A-2,6-
DNT, was detected in the groundwater during the 1997 sampling, and its concentration (3.6 µg/L 
at monitoring well MK-MW17) exceeded the RBSC.  No VOCs or SVOCs were detected from 
either well above the RBSC or BSC values.  Six unfiltered inorganics were detected in the 
overburden/shale monitoring wells above RBSC or BSC values.  Iron and manganese were 
detected in each well above both the RBSC and BSC.  Aluminum was detected in the 
groundwater from well MK-MW16 and arsenic, cobalt and nickel were detected in the 
groundwater from well MK-MW17, at concentrations above RBSCs and BSCs.  Five filtered 
metals were detected in the groundwater above RBSCs and BSC values.  Iron and manganese 
concentrations exceeded the RBSC and BSC while aluminum and nickel exceeded the BSC 
value only in well MK-MW16.  In groundwater from well MK-MW17, iron, manganese and 
nickel exceeded the RBSCs and BSCs while cobalt exceeded only the BSC value.  Sulfate was 
the dominant anion in both overburden wells.  Sulfate was detected at 470,000 and 
330,000 µg/L, while chloride was detected at 4,000 and 3,000 µg/L. 
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1998 Wet Season Sampling Event (May).  Two nitroaromatic compounds, 4A-2,6-DNT 
(5.7 µg/L) and 2,4-DNT (1.7 µg/L) were detected in the groundwater during sample collection in 
1998, both above the RBSC.  No VOC compounds from either well were detected above the 
RBSC or (for BTEX) BSC.  The only SVOC detected above RBSC values was nitroaromatic 
2,4-DNT (1.8 µg/L) from well MK-MW17.  Eight unfiltered inorganics were detected in the 
overburden/shale monitoring wells above RBSCs or BSCs.  Iron, manganese, and nickel were 
detected in each well above both sets of screening values.  Aluminum and cobalt were detected 
in the groundwater from well MK-MW16 above respective BSC values.  Groundwater from well 
MK-MW17 exhibited arsenic above the RBSC and BSC, lead (16.4 µg/L) above the RBSC, and 
cobalt and copper above BSC values.  Nine filtered metals were detected in the groundwater 
above RBSCs and BSC values from both wells during May 1998.  Iron, manganese, and nickel 
concentrations exceeded the RBSC and BSC values from both wells.  Aluminum, cobalt, and 
copper concentrations exceeded BSC values in monitoring well MK-MW16.  Groundwater in 
well MK-MW17 displayed arsenic above both the RBSC and BSC at a concentration of 22 µg/L.  
Cobalt and copper exceeded BSC values and lead (17 µg/L) and thallium (10.1 µg/L) exceeded 
RBSC values.  Filtered thallium was B qualified.  Sulfate was the dominant anion in both 
overburden wells.  In MK-MW16, sulfate was detected at 550,000 µg/L and chloride was 
detected at 3,000 µg/L.  In well MK-MW17, sulfate and chloride were detected at 330,000 and 
6,000 µg/L, respectively. 
 
2001 Dry Season Sampling Event (October).  Four nitroaromatic compounds (2A-4,6-
DNT, 4A-2,6-DNT 2,4-DNT, and 2,4,6-TNT) were detected in the groundwater from well MK-
MW17, above the allowable RBSC value.  Two SVOCs, indeno[1,2,3-cd]pyrene (1 µg/L) and 
nitroaromatic 2,4-DNT (2 µg/L) were detected at concentrations exceeding RBSC values.  Six 
unfiltered metals were detected at concentrations exceeding RBSC and BSC values from well 
MK-MW17.  Cobalt, iron, manganese, and nickel concentrations exceeded both the RBSC and 
BSC values in the unfiltered groundwater sample.  Arsenic (6.6 µg/L) concentrations were 
greater than the respective RBSC and the aluminum (3,310 µg/L) concentration exceeded the 
BSC value.  In the filtered groundwater sample from MK-MW17, cobalt (105 µg/L), iron 
(14,800 µg/L), manganese (1,830 µg/L), and nickel (248 µg/L) concentrations exceeded both the 
RBSC and BSC values.  Concentrations of aluminum (3,390 µg/L) exceeded the BSC value and 
arsenic (6.5 µg/L) exceeded the RBSC value. 
 
2002 Wet Season Sampling Event (April).  Five nitroaromatics (2A-4,6-DNT, 4A-2,6-
DNT, 2,4-DNT, 2,6-DNT and, 2,4,6-TNT were detected at concentrations in the groundwater 
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from well MK-MW17 above the RBSCs.  No nitroaromatic compounds were detected in well 
MK-MW16.  Two nitroaromatics, were detected as SVOCs, 2,4-DNT (4 µg/L) and 2,6-DNT (1.4 
µg/L),  at concentrations exceeding RBSC values.  In the unfiltered metals, iron, manganese, and 
nickel exceeded both the RBSC and BSC values in both monitoring wells.  Aluminum (2,380 
µg/L) and cobalt (47.3 µg/L) both exceeded BSC values in well MK-MW16 and well MK-
MW17 exhibited both compounds (aluminum 4,600 µg/L and cobalt 95.7 µg/L) above RBSC 
and BSC values.  Thallium (8.6 µg/L) was detected in well MK-MW17 above the RBSC and it 
was validated by a B qualifier.  In filtered metals, manganese and nickel were detected at 
concentrations above RBSCs and BSCs in both wells MK-MW16 and MK-MW17.  From well 
MK-MW16, aluminum (1,480 µg/L) and cobalt (45.3 µg/L) were detected at concentrations 
greater than the BSC value.  In well MK-MW17, other metals besides manganese and nickel 
above both the RBSC and BSC were aluminum (4,680 µg/L), cobalt (95.5 µg/L), and iron 
(11,500 µg/L).  Sulfate was the dominant anion in both overburden wells.  In MK-MW16, sulfate 
was detected at 300,000 µg/L and chloride was detected at 4,000 µg/L.  In well MK-MW17, 
sulfate and chloride were detected at 286,000 and 2,100 µg/L, respectively. 
 
7.2.2.3  Shale Bedrock 
Four bedrock monitoring wells (TNTB-BEDGW-001, -002, -003, and -004), all screened in the 
shale bedrock, are present in TNTB.  Bedrock well TNTB-BEDGW-001 is located downgradient 
of the TNTB area, TNTB-BEDGW-002 is positioned upgradient of the site (paired with 
overburden/shale well MK-MW16), TNTB-BEDGW-003 is located downgradient of Bi-Tri 
House (Building 452), and TNTB-BEDGW-004 is located downgradient of the Wash House 
(Building 458).  Bedrock monitoring wells TNTB-BEDGW-003 and TNTB-BEDGW-004 were 
installed in October 2001 so groundwater sampling began with the October 2001 event.  
Groundwater was analyzed for nitroaromatics, VOCs, SVOCs, metals (unfiltered and filtered), 
cyanide, and water quality parameters.  Table 7-5 presents detected constituents above RBSC 
and/or BSC values in the bedrock groundwater.  Figure 7-2 shows analytical results along with 
sampling locations. 
 
1997 Dry Season Sampling Event (November).  No nitroaromatics were detected in wells 
TNTB-BEDGW-001 or -002.  Benzene (0.91 µg/L) and methylene chloride (4.8 µg/L) 
concentrations in monitoring well TNTB-BEDGW-002 were greater than the RBSC, and the 
total xylenes concentration (12 µg/L) was greater than the BSC.  No SVOC parameters were 
detected in either well greater than the RBSC or BSC values.  Three unfiltered metals 
(aluminum, copper, and nickel) were detected in well TNTB-BEDGW-001 at levels only above  
the BSC and iron and manganese exceeded both the RBSCs and BSCs.  Unfiltered inorganic 
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aluminum exceeded the BSC value in groundwater from well TNTB-BEDGW-002 while barium 
exceeded only the RBSC value.  From the filtered groundwater samples, iron (16,300 µg/L) and 
manganese (694 µg/L) were the only compounds in well TNTB-BEDGW-001 to exceed both the 
RBSC and BSC values and barium (384 µg/L) exceeded the RBSC value in well TNTB-
BEDGW-002.  Similar concentrations of chloride and sulfate were detected in bedrock wells 
TNTB-BEDGW-001 and TNTB-BEDGW-002.  Chloride was detected at 90,000 and 91,000 
µg/L, compared to 140,000 and 90,000 µg/L for sulfate. 
 
1998 Wet Season Sampling Event (May).  No nitroaromatics or VOCs were detected in 
wells TNTB-BEDGW-001 or -002 during the May 1998 groundwater sampling event.  The 
SVOC bis(2-ethylhexyl)phthalate exceeded the RBSC TNTB-BEDGW-001 but was B qualified.  
Arsenic (12.9 µg/L) and iron (13,000 µg/L) from well TNTB-BEDGW-001 exceeded both the 
RBSC and BSC in the unfiltered metals.  Aluminum and copper concentrations exceeded only 
the BSC values, while barium and manganese exceeded only the RBSC.  Barium (406 µg/L) was 
the only parameter detected at a concentration above either screening level in well TNTB-
BEDGW-002; its concentration exceeded only the RBSC.  Barium and manganese both 
exceeded RBSC values in the filtered sample from well TNTB-BEDGW-001 and barium also 
was above the RBSC value in well TNTB-BEDGW-002.  Anions in bedrock well TNTB-
BEDGW-001 were dominated by chloride (600,000 µg/L).  Sulfate was detected at 120,000 
µg/L.  In well TNTB-BEDGW-002, sulfate (140,000 µg/L) was detected at a higher 
concentration than chloride (74,000 µg/L). 
 
2001 Dry Season Sampling Event (September-October).  No nitroaromatics were 
detected in the bedrock wells at TNTB during the 2001 groundwater sampling.  The VOC 
benzene (17 µg/L) was detected above the RBSC and BSC in well TNTB-BEDGW-003 and 
toluene (5.2 µg/L) was detected above the BSC.  Benzene (1.4 µg/L) was also detected above the 
RBSC in well TNTB-BEDGW-004.  Barium was the most common unfiltered parameter 
detected in the wells at TNTB.  It was found at concentrations above only the RBSC in wells 
TNTB-BEDGW-001, -002, and -003.  Well TNTB-BEDGW-003 exhibited the greatest number 
of unfiltered metal detections above screening values.  Unfiltered groundwater parameters above 
RBSC and BSC values in well TNTB-BEDGW-003 included aluminum, arsenic, iron, and 
manganese.  Compounds that exceeded only the BSC value included cobalt, copper, and nickel.  
Chromium, lead and vanadium were detected in well TNTB-BEDGW-003 at concentrations that 
exceeded only the RBSC.  In well TNTB-BEDGW-004, unfiltered iron and manganese 
concentrations exceeded both the RBSC and BSC values and aluminum exceeded only the BSC 
value.  Barium was the parameter most commonly detected at concentrations above RBSC 
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values in the filtered samples, including wells TNTB-BEDGW-001, -002, and -003.  Arsenic 
(4.9 µg/L), selenium (20.4 µg/L), and vanadium (8.5 µg/L) exceeded RBSC values in well 
TNTB-BEDGW-003.  Iron (5,670 µg/L) and manganese (812 µg/L) were found at 
concentrations above RBSC and BSC values in well TNTB-BEDGW-004.  Bedrock wells 
TNTB-BEDGW-001 and TNTB-BEDGW-003 were both chloride-dominant.  In TNTB-
BEDGW-001, chloride was detected at 704,000 µg/L as compared to 72,500 µg/L for sulfate.  
Similar results were seen in well TNTB-BEDGW-003 for chloride (1,460,000 µg/L) and sulfate 
(86,200 µg/L).  The remaining two bedrock wells at the site (TNTB-BEDGW-002 and TNTB-
BEDGW-004) had much higher sulfate concentrations (152,000 and 129,000 µg/L) than chloride 
(77,900 and 7,400 µg/L). 
 
2002 Wet Season Sampling Event (April).  No nitroaromatics were detected in the bedrock 
wells at TNTB.  As with the October 2001 sampling, the VOC benzene (14 µg/L) was detected 
at a concentration above the RBSC and BSC in well TNTB-BEDGW-003 and toluene (4.7 µg/L) 
was detected above the BSC.  Benzene (0.5 µg/L) was also detected above the RBSC in well 
TNTB-BEDGW-004.  The SVOC naphthalene (2.8 µg/L) was detected for the first time at 
TNTB, above the RBSC, and it was found in well TNTB-BEDGW-003.  Once again, barium 
was the most common unfiltered groundwater parameter detected in the wells at TNTB.  It was 
found at a concentration above the RBSC in wells TNTB-BEDGW-001, -002, and -003.  Well 
TNTB-BEDGW-003 exhibited the greatest number of unfiltered metal detections.  Unfiltered 
groundwater parameters above both RBSC and BSC values included aluminum, arsenic, and 
iron.  Besides barium, analytes detected at concentrations above only the RBSCs in well TNTB-
BEDGW-003 included chromium, manganese, thallium, and vanadium.  Analytes from this well 
that exceeded only the BSC were copper and nickel.  Iron was found at a concentration above 
both the RBSC and BSC in the unfiltered metal groundwater sample from TNTB-BEDGW-004.  
Manganese exceeded only the RBSC value in this well.  Barium in the metals groundwater 
sample was again the most common parameter above RBSC values in the filtered data.  It was 
found at concentrations above the RBSC in wells TNTB-BEDGW-001, -002, and -003.  
Vanadium was also detected above only the RBSC in well TNTB-BEDGW-003.  Filtered metals 
iron and manganese were also found at concentrations above both the RBSC and BSC value in 
well TNTB-BEDGW-004.  Consistent with previous sampling results, well TNTB-BEDGW-001 
and TNTB-BEDGW-003 were chloride-dominant, while the remaining two wells (TNTB-
BEDGW-002 and TNTB-BEDGW-004) were sulfate dominant.  The difference in these two 
anions was up to two orders of magnitude.  In wells TNTB-BEDGW-001 and TNTB-BEDGW-
003, chloride was detected at 761,000 and 3,720,000 µg/L while sulfate was detected at 32,100 
and 31,000 µg/L, respectively.  Sulfate (165,000 and 160 µg/L) was detected at higher 
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concentrations than chloride (117,000 and 2,800 µg/L) in wells TNTB-BEDGW-002 and TNTB-
BEDGW-004, respectively. 
 
7.2.2.4  Summary of Sampling Events, TNT Manufacturing Area B 
 
Overburden/shale.  Nitroaromatic compounds have consistently been present in the 
overburden/shale groundwater in monitoring well MK-MW17 during all sampling events at 
concentrations exceeding the RBSCs.  VOCs have not been detected at concentrations above 
RBSC or BSC values in the groundwater from either well.  Three SVOC parameters have been 
detected above RBSC levels during 3 of the 4 sampling events.  The SVOC parameter 
indeno(1,2,3-cd)pyrene was detected at a concentration (1 µg/L) in well MK-MW17 above the 
RBSC value; the nitroaromatics 2,4-DNT and 2,6-DNT likewise were detected as SVOCs in well 
MK-MW17.  Since sampling in November 1997, unfiltered metals continually present in both 
overburden wells at concentrations above RBSC and BSC levels have included iron, manganese, 
and nickel whereas aluminum has consistently been above the BSC.  Arsenic and cobalt were 
detected in well MK-MW17 above RBSC and/or BSC levels during at least 3 of the 4 sampling 
events.  In the filtered groundwater samples from both wells, iron, manganese, and nickel 
concentrations have fairly consistently been above the RBSC and BSC and aluminum and cobalt 
concentrations have frequently been detected above the BSC values.  Lead was detected during 1 
sampling event at well MK-MW17(17 µg/L).  Sulfate was the dominant anion present in 
overburden groundwater.  The sulfate concentrations are approximately two orders of magnitude 
greater than the chloride. 
 
Shale Bedrock.  Nitroaromatic compounds have not been detected in the groundwater from 
the shale bedrock monitoring wells at TNTB.  Benzene concentrations above the RBSC and BSC 
values were frequently detected in the groundwater from wells TNTB-BEDGW-003 and TNTB-
BEDGW-004.  It was also above the BSC value in groundwater from well TNTB-BEDGW-003, 
but only during the November 1997 sampling event.  Toluene concentrations were consistently 
above the BSC in well TNTB-BEDGW-003.  The SVOC naphthalene was detected once in the 
groundwater sample from TNTB-BEDGW-003 at a concentration above the RBSC.  Barium has 
fairly routinely been detected at concentrations in both the unfiltered and filtered samples above 
the RBSC in all wells except TNTB-BEDGW-004.  Well TNTB-BEDGW-003 showed the 
largest number of unfiltered metals above RBSC and/or BSC levels.  Detections during both 
sampling events included aluminum, arsenic, chromium, copper, iron, manganese, nickel, and 
vanadium.  The unfiltered groundwater sample from well TNTB-BEDGW-004 displayed iron 
and manganese concentrations above both RBSC and BSC values.  Filtration of the groundwater 
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removed many of the metals from all of the wells.  Remaining metals above both the RBSC and 
BSC included iron and manganese in well TNTB-BEDGW-001 (November 1997) and well 
TNTB-BEDGW-004 (October 2001 and April 2002).  Other compounds detected in the 
unfiltered sample and also found in the filtered sample included arsenic (October 2001) and 
vanadium (October 2001 and April 2002) in the groundwater sample from well TNTB-BEDGW-
003.  The four bedrock wells showed greater variability in terms of anion concentrations.  Wells 
TNTB-BEDGW-001 and TNTB-BEDGW-003 were chloride-dominant for all but one sampling 
event.  The remaining two wells (TNTB-BEDGW-002 and TNTB-BEDGW-004) were sulfate-
dominant.  A difference of up to two orders of magnitude was observed in the chloride and 
sulfate concentrations. 
 
7.2.3  TNT Manufacturing Area C 
 
7.2.3.1  Temporary Piezometers 
Nine overburden groundwater samples were collected from temporary piezometers or boreholes 
during the October 2000 TNT Area C site investigation, and 2 groundwater samples were 
collected from temporary piezometers during the 2001 field groundwater sampling efforts.  
Groundwater during the 2000 dry season sampling event was analyzed for nitroaromatics, VOCs, 
SVOCs, PCBs, and metals (unfiltered and filtered).  Groundwater collected during 2001 
sampling was analyzed by the laboratory using the screening method for nitroaromatics and 
VOCs.  Table 7-1 presents detected constituents above RBSC and/or BSC values in the 
overburden/shale groundwater.  Figure 7-3 shows analytical results along with sampling 
locations. 
 
2000 Dry Season Sampling Event (September-October). A total of 10 nitroaromatic 
compounds, 9 at concentrations above the RBSC values, were detected at TNTC.  All 9 
groundwater samples exhibited concentrations of at least 1 compound above the RBSCs.  
Compounds detected above the RBSCs include 4A-2,6-DNT, 2A-4,6-DNT, 1,3-DNB, total 
DNT, nitrobenzene, 2-, 3-, 4-nitrotoluenes, and 2,4,6- TNT.  Five VOC compounds were 
detected in the groundwater from all of the samples, but toluene (7.88 µg/L) in sample TNTC-
GW09 was the only VOC that exceeded the BSC value.  However, benzene at concentrations of 
0.51 J (estimated) µg/L (TNTC-GW03) and 0.59 µg/L (TNTC-GW09) exceeded the RBSC.  
Two SVOC parameters were detected in the groundwater samples, the nitroaromatics 2,4-DNT 
and 2,6-DNT;  the concentrations of both DNTs were above the RBSC in groundwater samples 
TNTC-GW02, TNTC-GW04, TNTC-GW05, TNTC-GW07, TNTC-GW08, TNTC-GW09, and 
TNTC-GW10.   
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A total of 22 unfiltered inorganics were detected at TNTC.  All 9 groundwater samples exhibited 
unfiltered compounds above both the RBSC and BSC limits.  The most common unfiltered 
inorganics above both the RBSC and BSC were aluminum and iron. Aluminum was detected in 
all 9 samples with detections ranging from 426 µg/L in TNTC-GW10 to 221,000 µg/L in TNTC-
GW09.  In all of the samples, the concentrations of iron ranged from 810 µg/L in TNTC-GW10 
to 979,000 µg/L in TNTC-GW09.  Other inorganics detected at concentrations above both the 
RBSC and BSC in one or more samples included arsenic, cobalt, copper, manganese, nickel, and 
zinc.  Sample TNTC-GW09 exhibited 14 unfiltered compounds at concentrations above the 
RBSCs and a total of 8 compounds above BSC values.  Due to lack of groundwater, only 3 
filtered groundwater samples were collected.  All 3 samples exhibited filtered manganese above 
the RBSC at concentrations ranging from 115 µg/L in TNTC-GW10 to 236 µg/L in TNTC-
GW04, but the BSC was not exceeded.  Aluminum (334 µg/L) in TNTC-GW06 was the only 
metal present in the filtered samples at a concentration  that exceeded the BSC.  No PCBs were 
detected in the groundwater samples from TNTC.   
 
2001 Dry Season Sampling Event (August).  Only one nitroaromatic compound was 
detected in this sampling event.  This was 2,4,6 TNT at a concentration of 4 µg/L in the sample 
from TNTC-DP19.  The detected concentration exceeded the RBSC.  Acetone (8.8 µg/L )was 
detected in the groundwater sample from TNTC-DP13 and carbon disulfide (0.75 µg/L ) was 
detected in TNTC-DP19.  Neither of these concentrations exceeded the RBSC values, and both 
are recognized as common laboratory contaminants.  The samples from TNTC-DP13 and TNTC-
DP19 were not analyzed for VOCs and inorganics.  
 
Wet Season Sampling Event.  No temporary piezometers were installed at the TNT Area C 
during the wet season; therefore, no groundwater samples were collected. 
 
7.2.3.2  Overburden/Shale 
Three overburden/shale wells (TNTC-MW03, TNTC-MW04, and TNTC-MW05) were sampled 
at TNTC.  Overburden monitoring well TNTC-MW03 is located north (downgradient) of TNTC 
and west (side-gradient) of the Waste Water Settling Basins (Building 657), TNTC-MW04 is 
located downgradient of Wash House (Building 626), and TNTC-MW05 is located downgradient 
of the Wash House (Building 606).  Overburden well TNTC-MW03 was dry during the October 
2001 sampling event, so no sample was collected.  Groundwater was analyzed for VOCs, 
SVOCs, nitroaromatics, metals (unfiltered and filtered), cyanide, and water quality parameters 
during the sampling events.  Table 7-7 presents constituents detected at concentrations above 
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RBSC and/or BSC values in the overburden/shale groundwater.  Figure 7-3 shows analytical 
results along with sampling locations. 
 
1997 Dry Season Sampling Event (November).  No nitroaromatic compounds were 
detected in the groundwater during the 1997 sampling.  Only two VOCs (carbon disulfide and 
methylene chloride) were detected, and both were in samples from well TNTC-MW05.  Both 
carbon disulfide and methylene chloride are recognized as common laboratory contaminants and 
were B qualified.  The concentrations were not above the RBSC or BSC.  No SVOC compounds 
were detected in any of the samples.  Fourteen unfiltered inorganics were detected in the 
overburden/shale monitoring wells.  All 3 groundwater samples exhibited unfiltered compounds 
at concentrations above both the RBSC and BSC values.  The most common unfiltered inorganic 
above both the RBSC and BSC was manganese.  It was detected in all 3 samples with detections 
ranging from 713 µg/L in TNTC-MW05 to 2,950 µg/L in TNTC-MW03.  Other inorganics 
detected at concentrations above both the RBSC and BSC in one or more samples included 
aluminum, arsenic, iron, and nickel.  Groundwater from well TNTC-MW04 exhibited 5 
unfiltered inorganics at concentrations above the RBSCs and a total of 5 above BSC values.  All 
3 wells exhibited filtered manganese above the RBSC while concentrations from samples in 
wells TNTC-MW03 and TNTC-MW04 were also above the BSC value.  Manganese was 
detected at concentrations ranging from 522 µg/L in TNTC-MW05 to 2,900 µg/L in TNTC-
MW03.  Besides manganese, other filtered inorganics detected at concentrations above both the 
RBSC and BSC included only nickel in well TNTC-MW03.  In the overburden wells, the 
concentrations of sulfate ranged from 430,000 µg/L in TNTC-MW05 to 2,000,000 µg/L in 
TNTC-MW03, and the corresponding chloride concentrations ranged from 17,000 (TNTC-
MW03) to 50,000 µg/L (TNTC-MW05). 
 
1998 Wet Season Sampling Event (May).  No nitroaromatic compounds were detected in 
the groundwater during the 1998 sampling.  Two VOCs (acetone and methylene chloride) were 
reported, but both were B qualified and neither exceeded the RBSCs.  No SVOCs were detected 
in the groundwater samples.  Twelve unfiltered inorganics were detected in the overburden/shale 
monitoring wells, 7 at concentrations above the RBSC and/or BSC.  All 3 groundwater samples 
exhibited unfiltered compounds above both the RBSCs and BSCs.  The inorganics detected most 
commonly at concentrations above both the RBSCs and BSCs were aluminum and iron.  
Aluminum was detected in all 3 samples with detections ranging from 4,570 µg/L in TNTC-
MW04 to 6,030 µg/L in TNTC-MW03.  In the same samples, the concentrations of iron ranged 
between 8,230 µg/L in TNTC-MW04 and 23,500 µg/L in TNTC-MW03.  Other unfiltered 
inorganics detected at concentrations above both the RBSCs and BSCs in one or more samples 
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included arsenic and manganese.  Groundwater from well TNTC-MW03 exhibited 5 unfiltered 
inorganics above the RBSC and 4 above BSC values.   
 
All 3 wells exhibited filtered manganese above the RBSC.  Manganese was detected at 
concentrations ranging from 452 µg/L in TNTC-MW05 to 617 µg/L in TNTC-MW03.  None of 
these concentrations exceeded the BSC values.  In all samples, the detected concentrations of the 
other inorganics were below the RBSC and BSC values.  In the overburden wells, the 
concentrations of sulfate ranged for 240,000 (TNTC-MW05) to 1,300,000 µg/L (TNTC-MW03), 
and the corresponding chloride concentrations ranged from 14,000 to 27,000 µg/L. 
 
2001 Dry Season Sampling Event (October).  No nitroaromatics, VOCs, or SVOCs were 
detected at concentrations above RBSC or BSC levels in overburden wells TNTC-MW04 and 
TNTC-MW05.  Seventeen metals were detected, and 7 (aluminum, arsenic, chromium, iron, 
manganese, thallium, and vanadium) at concentrations above RBSC levels in the unfiltered 
metals.  Six compounds (aluminum [6,160 J µg/L], arsenic [8.8 J µg/L], cobalt [16.7 J µg/L], 
iron [13,300 J µg/L], manganese [1,520 J µg/L], and nickel [17.2 J µg/L]) were above BSC 
values.  Among the filtered samples, manganese concentrations exceeded both the RBSC and 
BSC in TNTC-MW04 (686 µg/L) and TNTC-MW05 (1,180 µg/L).  Nickel (15.6 µg/L) exceeded 
the BSC in TNTC-MW04, and aluminum (6,160 µg/L) was above the BSC in TNTC-MW05.  
Thallium (5.9 µg/L) exceeded the RBSC in TNTC-MW05, but the result was B qualified.  In 
wells TNTC-MW04 and TNTC-MW05, sulfate (839,000 and 423,000 µg/L) was detected at 
much higher concentrations than chloride (19,800 and 46,900 µg/L). 
 
2002 Wet Season Sampling Event (April).  No nitroaromatic compounds were detected at 
concentrations above the RBSC levels in this sampling event.  A total of 15 unfiltered inorganic 
compounds were detected in wells TNTC-MW03, TNTC-MW04, and TNTC-MW05.  In well 
TNTC-MW04, iron and manganese exceeded the RBSC and BSC values with concentrations of 
3,060 J µg/L and 684 µg/L, respectively.  Thallium  exceeded the RBSC value with a 
concentration of 5.9 µg/L in TNTC-MW03, but the result was B qualified.  Aluminum (1,190 
µg/L) and nickel (9.2 µg/L) were above the BSC values in the groundwater from well TNTC-
MW04.  In the filtered groundwater samples, only manganese (448 µg/L) in TNTC-MW04 
exceeded the RBSC value.  None of the inorganic concentrations in the filtered samples 
exceeded the BSC levels.  In the three wells sampled, sulfate was detected at concentrations 
ranging from 163,000 (TNTC-MW05 )to 749,000 µg/L (TNTC-MW04), while chloride was 
detected from 4,500 µg/L (TNTC-MW03) to 20,000 µg/L (TNTC-MW04). 
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7.2.3.3  Delaware Limestone Bedrock 
Two bedrock monitoring wells (BED-MW13 and TNTC-BEDGW-001), both screened in the 
Delaware Limestone, are present in TNTC.  Bedrock well BED-MW13 is located downgradient 
of the TNTC area and bedrock well TNTC-BEDGW-001 is located at the former Fortifier House 
(Building 683).  Groundwater was analyzed for nitroaromatics, VOCs, SVOCs, metals 
(unfiltered and filtered), cyanide, and water quality parameters.  Table 7-8 presents detected 
constituents above RBSC and/or BSC values in the bedrock groundwater.  Figure 7-3 shows 
analytical results along with sampling locations. 
 
1997 Dry Season Sampling Event (November).  No nitroaromatics were detected in the 
groundwater sample from well BED-MW13.  The VOCs benzene (130 µg/L), toluene (170 
µg/L), and total xylenes (520 µg/L) exceeded both the RBSCs and BSCs in the sample from this 
well.  Ethyl benzene (73 µg/L) was detected at a concentration above the BSC value.  The 
SVOCs bis(2-ethylhexyl)phthalate (39 µg/L), 2-methylnaphthalene (20 µg/L), and naphthalene 
(15 µg/L) exceeded the RBSC value in the sample from this well.  Excluding the nutritionally 
essential elements, barium was the only unfiltered metal to exceed RBSC values.  Barium was 
found at a concentration of 1,550 µg/L in the unfiltered sample from BED-MW13.  In the 
filtered sample, barium was detected above the RBSC at the concentration of 1,680 µg/L.  Apart 
from the nutrient elements, none of the inorganic concentrations exceeded the BSC values.  
Chloride was detected in well BED-MW13 at 2,500,000 µg/L and sulfate was detected at 
13,000 µg/L. 
 
1998 Wet Season Sampling Event (May).  No nitroaromatics were detected in the 
groundwater sample collected from well BED-MW13 during the May 1998 sampling event.  The 
VOC compounds benzene (47 µg/L), toluene (120 µg/L), and total xylenes (540 µg/L) exceeded 
both the RBSC and BSC values.  Ethyl benzene (57 µg/L) was above the BSC.  Methylene 
chloride (51 µg/L) was above the RBSC, but the result was B qualified.  The SVOCs bis(2-
ethylhexyl)phthalate (55 µg/L), 2-methylnaphthalene (14 µg/L), and naphthalene (10 µg/L) 
exceeded the RBSCs.  In the filtered and unfiltered samples, none of the detected metals 
exceeded BSC or RBSC values.  Sulfate was detected at 5,000 µg/L in well BED-MW13; 
chloride was not detected. 
 
2001 Dry Season Sampling Event (October).  No nitroaromatics were detected in the 
groundwater samples from wells BED-MW13 and TNTC-BEDGW-001.  The VOC compounds 
benzene (270 µg/L) and toluene (270 µg/L) exceeded both the BSCs and RBSCs in the sample 
from BED-MW13.  Total xylenes were above the RBSC and BSC in BED-MW13 (1,200 µg/L) 
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and TNTC-BEDGW-001 (190 µg/L).  Ethyl benzene was above the BSC in the samples from 
both wells, and methylene chloride exceeded the RBSC in both wells.  The SVOCs bis[2-ethyl-
hexyl]phthalate, 2-methylnaphthalene, and naphthalene exceeded the RBSCs in the sample from 
BED-MW13, and naphthalene was above the RBSC in the sample from the other well.  In the 
unfiltered samples from TNTC-BEDGW-001, arsenic and manganese exceeded the RBSC 
values.  Barium and thallium concentrations were above the RBSC values in the unfiltered 
samples from BED-MW13.  None of the inorganic detections in the unfiltered samples exceeded 
the BSC values.  In the filtered samples from TNTC-BEDGW-001, arsenic and manganese 
concentrations exceeded the RBSC.  Barium exceeded the RBSC in the sample from the other 
well.  None of the detections in the unfiltered samples exceeded the BSC values.  Well BED-
MW13 is chloride-dominant; chloride was detected at 4,290,000 µg/L compared to sulfate at 
78,400 µg/L.  In well TNTC-BEDGW-001, chloride was detected at 274,000 µg/L and sulfate 
was detected at 1,340,000 µg/L. 
 
2002 Wet Season Sampling Event (April).  No nitroaromatic compounds were detected in 
the samples from wells BED-MW13 and TNTC-BEDGW-001.  The VOC benzene was detected 
above both the RBSC and BSC in BED-MW13 (410 µg/L) and TNTC-BEDGW-001 (8.4 µg/L).  
Toluene (300 µg/L) exceeded both criteria in BED-MW13.  Total xylenes exceeded the RBSC 
and BSC in both wells.  The toluene concentration (8.8 µg/L) was above the BSC only in TNTC-
BEDGW-001, and ethyl benzene exceeded the BSC in both wells.  Methylene chloride 
concentrations were above the RBSC values in both wells.  The SVOCs bis(2-
ethylhexyl)phthalate, 2-methylnaphthalene, and naphthalene were detected above the RBSC 
screening values in BED-MW13.  Naphthalene was above the RBSC in the sample from TNTC-
BEDGW-001.  Barium was above the RBSC in the unfiltered sample from BED-MW13.  In the 
unfiltered groundwater samples from both wells, thallium exceeded the RBSC value, but the 
detected quantities were B qualified.  The concentrations of arsenic and barium were above the 
RBSC values in the filtered sample from BED-MW13.  With the exception of several nutrient 
metals, none of the detected metals exceeded the BSC in either the unfiltered or filtered samples 
from the two wells.  Anion results seen in April 2002 were similar to those observed in the 
previous (October 2002) sampling.  Chloride was detected in well BED-MW13 at 4,220,00 µg/L, 
and sulfate was detected at 66,600 µg/L.  Well TNTC-BEDGW-001 was dominated by sulfate.  
In this well, sulfate was detected at 1,030,000 µg/L, as compared to chloride at 242,000 µg/L. 
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7.2.3.4  Summary of Sampling Events, TNT Manufacturing Area C 
 
Overburden/Shale.  Nitroaromatics were detected in the overburden/shale groundwater at 
TNTC only during the dry season of 2000 and 2001.  Benzene and toluene were the only VOC 
compounds detected in the groundwater above RBSC and/or BSC values, and this occurred in 
the dry season of 2000.  In the same event, the nitroaromatics 2,4-DNT and 2,6-DNT were 
detected as SVOCs.  The unfiltered metals aluminum, arsenic, iron, and manganese have been 
the analytes most commonly detected in the overburden/shale groundwater at concentrations 
above both RBSC and BSC values during both the wet and dry seasons.  Chromium, cobalt, 
copper, nickel, thallium, vanadium, and zinc were detected above the RBSC and/or BSC values 
in dry season samples.  Thallium and nickel exceeded the RBSC or BSC in the 2000 wet season 
samples.  Manganese was the filtered metal most commonly detected at concentrations at above 
the RBSC and/or BSC values in both the wet and dry seasons.  In the 1997 dry season sample 
from TNTC-MW03, nickel was detected above both the RBSC and BSC.  In the 2001 dry 
season, nickel was detected above the BSC in the filtered sample from TNTC-MW04.  The 
filtered aluminum concentration also exceeded the BSC in the dry season.  Likewise, the 
reported concentrations of thallium in the dry season exceeded the RBSC and BSC; however, 
thallium was B qualified.  In addition, chloride was detected at concentrations at least one order 
of magnitude greater than the corresponding sulfate concentrations in the groundwater from 
overburden/shale monitoring wells. 
 
Delaware Limestone Bedrock.  No nitroaromatic compounds were detected in the dry 
season or wet season bedrock groundwater samples from TNTC.  VOC compounds have been 
detected consistently in both site wells since 1997.  BTEX parameters are commonly above 
RBSC and/or BSC values in the Delaware Limestone screened monitoring wells.  Reported 
concentrations of methylene chloride (a common laboratory contaminant) consistently exceeded 
the RBSC in both wells, though some were B qualified.  The SVOCs bis(2-ethylhexyl)phthalate, 
2-methylnaphthalene, and naphthalene were detected at concentrations above RBSCs in every 
sampling event.  The first two compounds were detected above this criterion exclusively in 
BED-MW13.  However, naphthalene exceeded the RBSC in all sampling events in all wells.  
Four unfiltered and filtered metals (arsenic, barium, manganese, and thallium) were detected at 
concentrations above the RBSC values in groundwater samples from the two TNTC bedrock 
wells.  Barium was the metal most commonly detected at concentrations above its RBSC in both 
the unfiltered and filtered samples from most sampling events.  In all sampling events, none of 
the detected metals exceeded BSC values.  The detected anions varied in the bedrock wells at the 
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site.  In well BED-MW13, chloride is the dominant anion, while sulfate is the dominant anion in 
well TNTC-BEDGW-001. 
 
7.2.4  West Area Red Water Ponds Area 
 
7.2.4.1  Temporary Piezometers 
Fourteen overburden groundwater samples were collected from temporary piezometers or 
boreholes during the June 1998 wet season site investigation at the WARWP area.  Groundwater 
during the 1998 wet season sampling event was analyzed for nitroaromatics, VOCs, SVOCs, 
metals (unfiltered and filtered), PCBs, cyanide, and water quality parameters.  Due to an 
insufficient groundwater volume, samples from direct-push locations WARP-DP01, DP06, 
DP08, DP12, DP15, and DP19 were analyzed only for nitroaromatics and VOCs.  Table 7-8 
presents detected constituents and identifies those detected at concentrations above RBSC and/or 
BSC values in the overburden/shale groundwater.  Figure 7-4 shows analytical results along with 
sampling locations. 
 
1998 Wet Season Sampling Event (June).  Up to 5 nitroaromatic compounds (1,3-DNB, 
2,4-DNT, 2,6-DNT, 1,3,5-TNB, and 2,4,6-TNT) were detected at 1 or more locations in the 
overburden groundwater above RBSC values in 6 of the 14 temporary piezometer locations 
(DP08, -09, -11, -12, -13, -15, and -17).  1,3-DNB was detected at 4 sampling locations with 
concentrations ranging from 0.69 µg/L in DP12 to 270 µg/L in direct-push location DP13.  2,4-
DNT was detected at 6 locations and concentrations above the RBSC ranged from 1.1 µg/L in 
DP15 to 950 µg/L in DP13.  2,6-DNT was encountered at 3 locations at a concentration of 0.25 
µg/L in DP-12 to a maximum of 2.7 µg/L in boring DP09.  1,3,5-TNB was detected at a 
concentration of 680 µg/L and found only in direct-push point DP13, and 2,4,6-TNT was 
detected at 7.1 µg/L only in boring DP11.  Three VOC compounds were detected in the 
groundwater above RBSC values at the WARWP.  Tetrachloroethene was reported in direct-
push borings DP08 (0.2 µg/L) and DP09 (0.15 µg/L) and trichloroethene was reported at borings 
DP02 (0.3 µg/L) and DP11 (0.16 µg/L) but both of the trichloroethene detections were B 
qualified.  Bis(2-ethylhexyl)phthalate (5.1 µg/L), a common laboratory contaminant, was 
reported in boring DP04 and the result was also B qualified.  Nitroaromatics 4,6-dinitro-2-
methylphenol, 2,4-DNT , 2,6-DNT, and 3-nitroaniline, detected as SVOCs, were found above 
RBSC values in the WARWP direct-push borings.  Direct-push boring DP09 exhibited 4,6-
dinitro-2-methylphenol (24 µg/L), 2,4-DNT (60 µg/L), 2,6-DNT (6.3 µg/L), and 3-nitroaniline 
(5.1 µg/L) above RBSC levels.  Borings DP11 detected only 2,4-DNT (1.8 µg/L) while boring 
DP13 detected 2,4-DNT (660 µg/L), 2,6-DNT (56 µg/L), and 3-nitroaniline (15 µg/L).  Borings 
DP16 and DP17 both encountered concentrations of SVOC detected nitroaromatics 2,4-DNT (60 
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and 15 µg/L), 2,6-DNT (52 and 18 µg/L), and 3-nitroaniline (43 and 49 µg/L), respectively, in 
the groundwater.  Adequate groundwater volume permitted 8 of the 14 direct-push points to be 
analyzed for unfiltered and filtered inorganic analysis.  From these borings, a total of 16 
unfiltered metals were detected above RBSC and/or BSC values in the overburden groundwater.  
Aluminum (range 1,240 µg/L [DP04] to 206,000 µg/L [DP16]), iron (range 2,650 µg/L [DP04] 
to 339,000 µg/L [DP16]), and manganese (range 750 µg/L [DP02] to 12,600 µg/L [DP13]) were 
detected above both the RBSC and BSC in all 8 of the direct-push points.  A total of 14 analytes 
whose concentrations exceeded the RBSC and/or BSC value were found at direct-push point 
DP16.  A total of 8 filtered metals were detected above RBSC or BSC values in the overburden 
groundwater.  Filtered manganese (range 480 µg/L [DP07] to 8,480 µg/L [DP09]) was detected 
above both the RBSC and/or BSC value in each of the 8 direct-push borings.  Direct-push point 
DP17 detected 6 inorganics at concentrations that exceeded the RBSC and/or BSC value.  
Sulfate was the dominant anion detected.  In two samples analyzed (DP13 and DP09), sulfate 
was detected at 278,000 and 305,000 µg/L, respectively.  Nitrate was also detected at 1,600 µg/L 
(DP13).  Chloride was not detected in any samples. 
 
Dry Season Sampling Event.  No temporary piezometers were installed at the WARWP 
Area during the dry season; therefore, no groundwater samples were collected. 
 
7.2.4.2  Overburden/Shale 
No pre-existing overburden monitoring wells were sampled at the WARWP area during the 1997 
dry season, 1998 wet season, 2001 dry season, or 2002 wet season events. 
 
7.2.4.3  Delaware Limestone Bedrock 
One bedrock monitoring well (BED-MW14), screened in the Delaware Limestone, is located at 
the WARWP area,  downgradient (northeast) of the red water ponds.  Groundwater was analyzed 
for nitroaromatics, VOCs, SVOCs, metals (unfiltered and filtered), cyanide, and water quality 
parameters.  Table 7-9 presents detected constituents above RBSC and/or BSC values in the 
bedrock groundwater.  Figure 7-5 shows analytical results along with sampling locations. 
 
1997 Dry Season Sampling Event (November).  Benzene was detected in the 
groundwater at a concentration of 1.1 µg/L, above the RBSC.  Toluene was reported at a 
concentration of 1.7 µg/L, above the BSC value, but this value was B qualified.  Aluminum (374 
µg/L) and nickel (42.3 µg/L) were both detected above BSC values in the unfiltered groundwater 
sample.  Nickel was the only filtered metal compound detected above the BSC value at a 
concentration of 40.7 µg/L.  Water quality parameter nitrate-nitrite was detected at the RBSC 
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value (300 µg/L).  Sulfate was detected at 610,000 µg/L and chloride was detected at 79,000 
µg/L. 
 
1998 Wet Season Sampling Event (May).  Four nitroaromatics, detected as SVOC 
compounds, were encountered above RBSC values in the groundwater during the May 1998 
sampling event.  SVOCs included 4,6-dinitro-2-methylphenol (28 µg/L), 2,4-dinitrophenol (14 
µg/L), 2,4-DNT (16 µg/L), and nitrobenzene (5.8 µg/L).  The inorganic compound nickel was 
the only unfiltered metal detected above either screening value; it was detected at a concentration 
of 45.5 µg/L, exceeding only the BSC value.  Filtered inorganic compounds cobalt (65.4 µg/L) 
and nickel (71.3 µg/L) were both detected in the groundwater at concentrations exceeding only 
BSC values.  Water quality compound nitrate was detected above the RBSC, at a concentration 
of 24,000 µg/L.  Sulfate was detected at 630,000 µg/L and chloride was detected at 3,000 µg/L. 
 
2001 Dry Season Sampling Event (September).  No nitroaromatics were detected in the 
groundwater from the bedrock monitoring well.  Unfiltered metals cobalt (102 µg/L) and nickel 
(111 µg/L) were detected in the groundwater sample both exceeding RBSC and BSC levels.  
Arsenic (6.1 µg/L) and thallium (5 µg/L) were found at concentrations above only RBSC values 
and copper (30.7 µg/L) exceeded only the BSC value.  The filtered groundwater sample detected 
cobalt (105 µg/L) and nickel (117 µg/L) above both RBSC and BSC values while arsenic (5.5 
µg/L) and thallium (7.2 µg/L) exceeded only RBSC values.  Copper (27 µg/L) exceeded only the 
BSC value.  Like the May 1998 groundwater sampling result, water quality parameter nitrate 
(22,000 µg/L) exceeded the RBSC level.  Chloride was detected at 72,200 µg/L.  No analytical 
results were available for sulfate. 
 
2002 Wet Season Sampling Event (April).  Two nitroaromatics, detected as SVOC 
compounds, were encountered above RBSCs in the groundwater during the April 2002 sampling 
event.  These are 2,4-DNT (19 µg/L) and 3-nitroaniline (150 µg/L).  Unfiltered metals arsenic 
(9.5 µg/L), cobalt (267 µg/L), and nickel (278 µg/L) were detected in the groundwater sample, at 
concentrations exceeding both RBSC and BSC levels.  Manganese (136 µg/L) and vanadium 
(5.5 µg/L) were found above only RBSC values and the copper concentration (94.8 µg/L) 
exceeded only the BSC value.  The filtered groundwater sample detected arsenic (9 µg/L), cobalt 
(265 µg/L), and nickel (276 µg/L) at concentrations above both RBSC and BSC values.  
Manganese (136 µg/L) and vanadium (5.8 µg/L) concentrations exceeded only RBSC values, 
and Copper (92 µg/L) concentrations exceeded only the BSC value.  Like previous groundwater 
sampling events, the concentration of the water quality parameter nitrate (79,300 µg/L) exceeded 
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the RBSC level.  Sulfate was detected at 2,660,000 µg/L and chloride was detected at 75,600 
µg/L. 
 
7.2.4.4  Summary of Sampling Events, West Area Red Water Ponds 
 
Overburden/Shale.  Seven nitroaromatic compounds were detected at concentrations above 
RBSC levels in the 14 groundwater samples from temporary piezometers during the wet season 
of June 1998.  Two of the nitroaromatics (2,4-DNT and 2,6-DNT) were also detected as SVOC 
compounds and 2 (4,6-dinitro-2-methylphenol and 3-nitroaniline) were detected only as an 
SVOC.  VOC compounds tetrachloroethene and trichloroethene (trichloroethene detections B 
qualified) were detected above RBSC values at the WARWP and may not be related to former 
DOD operations.  Nitroaromatic detections are indicative of former DOD site activities.  The 
unfiltered metals most frequently detected at concentrations above both RBSC and BSC values 
included aluminum, iron, and manganese.  Most of the inorganic compounds were removed or 
concentrations reduced from filtration processes, but manganese remained above RBSC and/or 
BSC values in 7 of the 8 groundwater samples.  Sulfate was the dominant anion present.  In 
addition, nitrate was detected in this area above the RBSC.  No temporary piezometers were 
drilled and no overburden/shale wells were sampled during the dry season.   
 
Delaware Limestone Bedrock.  Benzene was detected only once (November 1997 dry 
season) and at a concentration above the RBSC value.  Five nitroaromatic compounds, all 
detected as SVOCs, were found to be above RBSC levels during the wet season of May 1998.  
Nitroaromatics 3-nitroaniline and 2,4-DNT, detected as SVOCs, were also present above RBSC 
levels during the April 2002 wet season.  Nickel was the inorganic most commonly detected at a 
concentration that exceeded screening levels.  Nickel concentrations exceeded the BSC during 
all four sampling events in both the unfiltered and filtered groundwater samples, and nickel 
concentrations exceeded the RBSC (73 µg/L) during the September 2001 dry season and the 
April 2002 wet season in both the unfiltered and filtered samples.  Concentrations of cobalt and 
copper were above BSC values during the September 2001 and April 2002 sampling events in 
both the unfiltered and filtered samples, and arsenic was also found above RBSCs and BSCs 
during the last 2 sampling events.  Anions in the bedrock groundwater are dominated by sulfate, 
which was detected at concentrations up to two orders of magnitude greater than the 
concentrations of chloride in all sampling events except September 2001.  In this latter event, no 
sulfate data were available. 
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7.2.5  Pentolite Road Red Water Ponds Area 
 
7.2.5.1 Temporary Piezometers 
Twenty overburden groundwater samples were collected from temporary piezometers or 
boreholes during a June 1998 wet season site investigation at the PRRWP area.  Groundwater 
during the 1998 wet season sampling event was analyzed for nitroaromatics, VOCs, SVOCs, 
PCBs, metals (unfiltered and filtered), and water quality parameters.  Table 7-10 presents 
detected constituents above RBSC and/or BSC values in the overburden/shale groundwater.  
Figure 7-6 shows analytical results along with sampling locations. 
 
1998 Wet Season Sampling Event (June).  As many as 4 nitroaromatic compounds (1,3-
DNB, 2,4-DNT, 2,6-DNT, and 1,3,5-TNB) were detected at 1 or more locations in the 
overburden/shale groundwater above RBSC values at 12 of the 20 temporary piezometer 
locations (DP01, -03, -04, -06, -07, -08, -10, -11, -12, -13, -17, and -18).  1,3-DNB was detected 
at 10 sampling locations with concentrations ranging from 0.42 µg/L in DP07 to 4,800 µg/L in 
direct-push location DP03.  2,4-DNT was detected at 12 locations at concentrations above the 
RBSC ranged from 0.47 µg/L in DP04 to 6,800 µg/L in DP03.  2,6-DNT was detected at 7 
locations with concentrations in the groundwater ranging from 0.28 µg/L (DP08) to 400 µg/L 
(DP10) and 1,3,5-TNB was detected at 600 µg/L only in DP11.  Two VOC compounds were 
detected above the RBSC and 1 above the BSC.  Tetrachloroethene was detected in direct-push 
borings DP02 (0.14 µg/L), DP03 (0.22 µg/L), DP05 (0.26 µg/L), DP07 (0.17 µg/L), and DP19 
(0.13 µg/L), above the RBSC.  Trichloroethene was detected above the RBSC in the 
groundwater at borings DP07 (0.43 µg/L) and DP08 (0.16 µg/L).  Toluene was detected above 
the BSC value at a concentration of 1.9 µg/L in direct-push piezometer DP12.  Six 
nitroaromatics detected as SVOC compounds were encountered above RBSC concentrations at 
the PRRWP.  4,6-dinitro-2-methylphenol was detected at DP03 (2,300 µg/L), DP10 (1,700 
µg/L), and DP15 (830 µg/L).  2,4-dinitrophenol was detected above the RBSC value in 
groundwater from DP01 (8.3 µg/L), DP03 (5,800 µg/L), DP10 (5,900 µg/L), and DP16 (22 
µg/L).  2,4-DNT was above the RBSC at 10 direct push locations at concentrations ranging from 
2.8 µg/L in DP08 to 9,200 µg/L in DP03.  2,6-DNT (detected as a SVOC) was found at 4 
locations with concentrations ranging from 3.3 µg/L in DP01 to 550 µg/L in DP03.  SVOC 3-
nitroaniline was above the RBSC value in DP01 at a concentration of 88 µg/L and 4-nitrophenol 
was found at a concentration above the RBSC in DP03 (290 µg/L), DP10 (210 µg/L), and DP16 
(5 µg/L).  Naphthalene was detected above the RBSC in boring DP05 at a concentration of 1.9 
µg/L.  A total of 15 unfiltered metals were detected above RBSC or BSC values in the 
overburden groundwater.  Aluminum (4,820 µg/L-DP11 to 178,000 µg/L-DP08), chromium (16 
µg/L-DP13 to 56 µg/L-DP04), iron (15,500 µg/L-DP11 to 679,000 µg/L-DP04), and manganese 
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(496 µg/L-DP13 to 55,100 µg/L-DP11) were the four most frequently detected at concentrations 
above both the RBSCs and BSCs.  Direct-push points DP08, DP12, and DP19 each detected 14 
compounds that exceeded the RBSC and/or BSC values.  A total of 9 filtered metals were 
detected at concentrations above RBSC or BSC values in the overburden groundwater samples.  
Manganese (108 µg/L-DP13 to 62,400 µg/L-DP10) was the inorganic most frequently detected 
at concentrations above both the RBSC and BSC.  Direct-push point DP11 detected 7 analytes 
that exceeded the RBSC and/or BSC value.  Total cyanide was also detected in the groundwater 
at concentrations above the RBSC in direct-push locations DP03 and DP11, while nitrate was 
detected above the RBSC at points DP03, DP09, and DP11.  In addition to nitrate, sulfate was 
detected at concentrations up to 10,000,000 µg/L and chloride at concentrations up to 
9,800 µg/L. 
 
7.2.5.2  Overburden/Shale 
No pre-existing overburden monitoring wells were sampled at the PRRWP area during the 1997 
dry season, 1998 wet season, 2001 dry season, or 2002 wet season events. 
 
7.2.5.3  Delaware Limestone Bedrock 
Two monitoring wells (BED-MW15 and BED-MW23), both screened in the Delaware 
Limestone, are located at the PRRWP area.  Both bedrock wells are located downgradient (north) 
of the area.  Bedrock well BED-MW23 was installed September 2001 which was, therefore, the 
beginning of the groundwater sampling program for this well.  Groundwater was analyzed for 
nitroaromatics, VOCs, SVOCs, metals (unfiltered and filtered), cyanide, and water quality 
parameters.  Table 7-10 presents constituents detected at concentrations above RBSC and/or 
BSC values in the bedrock groundwater.  Figure 7-7 shows analytical results along with 
sampling locations. 
 
1997 Dry Season Sampling Event (November).  In groundwater from bedrock monitoring 
well BED-MW15, VOC compounds benzene (570 µg/L), ethyl benzene (130 µg/L), toluene (490 
µg/L), and total xylenes (920 µg/L) were detected above both the RBSC and the BSC values.  
Chloroform (8.4 µg/L) and methylene chloride (31 µg/L) were reported at concentrations above 
the RBSC, but the analytical results were B qualified.  SVOCs bis(2-ethylhexyl)phthalate (37 
µg/L), 2-methylnaphthalene (31 µg/L), and naphthalene (22 µg/L) were detected above RBSC 
values in well BED-MW15.  Chloroform and methylene chloride were both B qualified.  Barium 
was the only inorganic detected above the RBSC value and it was found in both the unfiltered 
(605 µg/L) and filtered (555 µg/L) samples.  Chloride was detected in BED-MW15 at 1,400,000 
µg/L; sulfate was not detected in this well. 
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1998 Wet Season Sampling Event (May).  Nitroaromatic compounds 2,4-DNT (0.89 µg/L) 
and 2,6-DNT (0.89 µg/L) were detected above the RBSC in the groundwater from monitoring 
well BED-MW15 in May 1998.  Similar to the November 1997 sampling event, VOC 
compounds benzene (780 µg/L), ethyl benzene (130 µg/L), toluene (550 µg/L), and total xylenes 
(880 µg/L) were detected at concentrations above both the RBSC and the BSC values in the 
groundwater from well BED-MW15.  The VOCs 1,1,2-trichloroethane (4.9 µg/L) were detected 
above RBSCs.  The SVOCs 2-methylnaphthalene (37 µg/L) and naphthalene (31 µg/L) were 
detected at concentrations above the RBSC in well BED-MW15.  Reported concentrations of the 
VOC methylene chloride and the SVOC bis(2-ethylhexyl)phthalate exceeded RBSCs but were 
both B qualified.  During the 1998 groundwater sampling, barium (1,710 µg/L), chromium (20.6 
µg/L), manganese (139 µg/L), and thallium (50.8 µg/L) were detected at concentrations above 
the RBSCs.  Iron (4,810 µg/L) was found at concentrations above the RBSC and BSC, and 
aluminum (513 µg/L) and copper (39.5 µg/L) were detected at concentrations above the BSC 
value only.  Barium (1,390 µg/L) and thallium (62.2 µg/L) were detected in the filtered 
groundwater samples and were above the respective RBSCs.  Chloride was detected at 2,200,000 
µg/L and sulfate was detected at 82,000 µg/L. 
 
2001 Dry Season Sampling Event (October).  In 2001, groundwater from monitoring well 
BED-MW15 and BED-MW23 was sampled.  BTEX compounds exceeded RBSCs and BSC 
values in both monitoring wells.  The concentration of the VOC methylene chloride was above 
the RBSC value in well BED-MW15.  Monitoring well BED-MW23 groundwater displayed 
detections of acetone and methylene chloride above the RBSC; both are common laboratory 
contaminants.  Four SVOCs; 2-methylnaphthalene (25 µg/L) and naphthalene (24 µg/L) from 
well BED-MW15 and bis[2-ethylhexyl]phthalate (7.1 µg/L), 4-methylphenol (21 µg/L), 2-
methylnaphthalene (22 µg/L) and naphthalene (21 µg/L) from well BED-MW23 were detected at 
concentrations above RBSC values.  Barium was the only inorganic detected at concentrations 
above the RBSC in unfiltered and filtered samples from well BED-MW15.  In well BED-MW23, 
the concentration of arsenic was above the RBSC value in both the unfiltered and filtered 
groundwater samples while iron and manganese exceeded both the RBSC and BSC in both 
samples.  Concentrations of aluminum and nickel exceeded BSC values in the unfiltered 
groundwater samples from well BED-MW23.  In the two wells sampled, chloride was detected at 
1,910,000 µg/L (BED-MW15) and 2,480,000 µg/L (BED-MW23).  Sulfate was detected at 
concentrations of 89,200 µg/L and 85,800 µg/L, respectively, from the wells. 
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2002 Wet Season Sampling Event (April).  Two nitroaromatics (4A-2,6-DNT and 
nitrobenzene) were detected in the groundwater at concentrations above RBSC values in well 
BED-MW15.  VOCs benzene, ethyl benzene, toluene, and total xylenes were detected above 
RBSC and BSC screening levels in both wells.  Methylene chloride exceeded the RBSC value in 
well BED-MW15 while acetone and methylene chloride exceeded RBSC values in well BED-
MW23; both are common laboratory contaminants.  The SVOCs 2-methylnaphthalene and 
naphthalene exceeded the RBSCs in both wells and 4-methylphenol also exceeded the RBSC in 
well BED-MW23.  Barium was detected in both the unfiltered and filtered groundwater samples 
from BED-MW15 at concentrations above the RBSC value.  In well BED-MW23, iron exceeded 
the RBSC and BSC values while the concentration of manganese exceeded only the RBSC value 
in both the unfiltered and filtered groundwater samples.  In well BED-MW15, chloride and 
sulfate were detected at concentrations of 2,100,000 µg/L and 103,000 µg/L, respectively.  
Similar results were seen for chloride (6,400,000 µg/L) and sulfate (218,000 µg/L) in well BED-
MW23. 
 
7.2.5.4  Summary of Sampling Events, Pentolite Road Red Water Ponds Area 
 
Overburden/Shale.  As many as 8 nitroaromatic compounds were detected above RBSC 
levels in the 20 groundwater samples collected from temporary piezometers during the wet 
season of June 1998.  Two of the nitroaromatics (2,4-DNT and 2,6-DNT) were also detected as 
SVOCs and 5 (4,6-dinitro-2-methylphenol, 2,4-dinitrophenol, 3-nitroaniline, and 4-nitrophenol) 
were detected only as SVOCs.  VOC compounds above RBSC values at the PRRWP included 
tetrachloroethene from 5 locations at concentrations ranging from 0.13 µg/L (DP19) to 0.26 µg/L 
(DP05).  Trichloroethene was detected at direct-push locations DP07 (0.43 µg/L) and DP08 
(0.16 µg/L), and naphthalene was detected at location DP05 (1.9 µg/L).  Toluene was detected 
above the BSC value at a concentration of 1.9 µg/L in direct-push piezometer DP12.  The metals 
most frequently detected at concentrations above both RBSC and BSC values included 
aluminum, chromium, iron, and manganese.  Manganese was the most frequently detected 
filtered metal at concentrations above both the RBSC and BSC.  It was detected at concentrations 
ranging from 108 µg/L (DP13) to a maximum concentration of 62,500 µg/L (DP10).  Total 
cyanide was also detected in the groundwater above the RBSC at 2 locations and nitrate was 
detected above the RBSC at 3 locations.  In addition to nitrate, sulfate is the dominant anion in 
this area.  No temporary piezometers were drilled and no overburden/shale wells were sampled 
during the dry season.   
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Delaware Limestone Bedrock.  Four nitroaromatic compounds (4A-2,6-DNT, 2,4-DNT, 
2,6-DNT, and nitrobenzene) were found to be above RBSC levels during the wet seasons of May 
1998 and April 2002 from well BED-MW15.  BTEX parameters were consistently found in both 
wells exceeding the screening values during both the wet and dry seasons.  Acetone, a common 
laboratory contaminant, exceeded the RBSC value during both sampling events in well BED-
MW23.  The SVOC bis(2-ethylhexyl)phthalate, a common laboratory contaminant, was detected 
above the RBSC value in well BED-MW15 during 1 (dry season) sampling event and was 
reported in another of the 4 sampling events at well BED-MW23 as B qualified.  The 
concentrations of SVOCs 2-methylnaphthalene and naphthalene exceeded the RBSCs in both 
wells during all sampling events.  SVOC 4-methylphenol was detected above the RBSC on both 
sampling occasions from well BED-MW23.  Unfiltered and filtered groundwater samples 
exhibited barium concentrations consistently above the RBSC value in well BED-MW15 during 
all 4 sampling events.  Iron and manganese concentrations were usually above the RBSC and 
BSC values in the unfiltered and filtered samples from well BED-MW23.  Arsenic was found to 
be above the RBSC in BED-MW23 in the dry season in both the unfiltered and filtered samples.  
Chloride is the dominant anion in the bedrock, detected at concentrations one to two orders of 
magnitude greater than the concentrations of sulfate. 
 
7.2.6  Acid Areas and Maintenance Shop Area  
 
7.2.6.1  Acid Area No. 1 
 
7.2.6.1.1  Overburden/Shale  
No overburden/shale monitoring wells were scheduled to be sampled at AA1 during the 1997 dry 
season, 1998 wet season, 2001 dry season, or 2002 wet season events.   
 
7.2.6.1.2  Delaware Limestone Bedrock 
Only one bedrock monitoring well (AA1-BEDGW-001), screened in the Delaware Limestone, is 
located upgradient (south) of AA1 and is paired with overburden/shale well AA1-GW002.  
Groundwater was analyzed for nitroaromatics, VOCs, SVOCs, metals (unfiltered and filtered), 
cyanide, and water quality parameters.  No groundwater sample was collected from this well 
during the October 2001 or April 2002 episodes due to very high hydrogen sulfide vapors.  Table 
7-11 presents detected constituents above RBSC and/or BSC values in the bedrock groundwater 
during the 1997 and 1998 sampling events.  Figure 7-8 shows analytical results along with 
sampling locations. 
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1997 Dry Season Sampling Event (November).  The VOC compounds benzene (11 µg/L) 
and total xylenes (150 µg/L) were detected above both the RBSC and BSC values.  VOCs ethyl 
benzene (7.7 µg/L) and toluene (18 µg/L) were reported above the BSC values while methylene 
chloride (8.8 µg/L) was reported above the RBSC.  Methylene chloride and toluene were both B 
qualified.  SVOCs bis(2-ethylhexyl)phthalate (28 µg/L), 2-methylnaphthalene (28 µg/L), and 
naphthalene (16 µg/L) were detected above the RBSCs.  Unfiltered metals concentrations above 
the RBSC values included arsenic (16.5 µg/L), barium (1,060 µg/L), chromium (12.7 µg/L), iron 
(1,920 µg/L), and manganese (575 µg/L).  Unfiltered metals above BSC values included 
aluminum (637 µg/L), arsenic (16.5 µg/L), copper (26.2 µg/L), and iron (1,920 µg/L).  
Unfiltered arsenic and iron concentrations exceed both the RBSCs and BSCs.  Two filtered 
inorganics exceeded RBSCs:  barium (1,260 µg/L) and manganese (516 µg/L).  Chloride 
(1,900,000 µg/L and sulfate (7,000 µg/L) were also reported in the sample. 
 
1998 Wet Season Sampling Event (May).  Three nitroaromatics were detected at 
concentrations above RBSCs in the groundwater during the 1998 sampling.  They were 
cyclotrimethylenetrinitramine (RDX), 2,4-DNT, and 2-nitrotoluene.  RDX was reported at a 
concentration of 2.8 µg/L, which exceeded the RBSC value of 0.61 µg/L.  However, RDX is not 
known to have ever been used or manufactured at PBOW, and is not a degradation product of 
nitroaromatics formerly produced.  Based on information and analyses at a similar site, the 
reported concentrations of RDX at PBOW are likely a laboratory artifact (Shaw, 2004d).  The 
concentrations of 2,4-DNT (0.23 µg/L) and 2-nitrotoluene (1.1 µg/L) exceeded the RBSCs of 
0.090 µg/L and 0.05 µg/L, respectively.   
 
Similar to the groundwater sampling results of November 1997, VOC compounds benzene (31 
µg/L) and total xylenes (500 µg/L) were detected above both the RBSC and BSC values.  The 
VOCs ethyl benzene (39 µg/L) and toluene (50 µg/L) were detected above the BSC values while 
methylene chloride (4.4 µg/L) was reported above the RBSC, but was B qualified. 
 
SVOCs 2-methylnaphthalene (31 µg/L) and naphthalene (18 µg/L) were detected at 
concentrations above the RBSCs.  The SVOC bis(2-ethylhexyl)phthalate was reported at a 
concentration (23 µg/L) exceeding the RBSC, but the data were B qualified.  Unfiltered metals 
concentrations exceeding the RBSC values included arsenic (21.2 µg/L), barium (1,330 µg/L), 
iron (2,540 µg/L), and manganese (732 µg/L).  Unfiltered metals above BSC values included 
aluminum (468 µg/L), arsenic (21.2 µg/L), iron (2,540 µg/L), and manganese (732 µg/L).  
Arsenic, iron, and manganese were exceeded both screening values.  The concentrations of three 
filtered inorganics exceeded RBSCs and they were arsenic (19.6 µg/L), barium (1,490 µg/L), and 
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manganese (696 µg/L).  Arsenic and manganese concentrations also exceeded the BSC screening 
values.  Chloride (3,000,000 µg/L) and sulfate (40,000 µg/L) were also reported in the sample. 
 
2001 Dry Season Sampling Event (October).  No groundwater samples were collected 
from AA1-BEDGW-001 due to extremely high hydrogen sulfide vapors and potential health and 
safety concerns.   
 
2002 Wet Season Sampling Event (April).  No groundwater samples were collected from 
AA1-BEDGW-001 due to extremely high hydrogen sulfide vapors and potential health and 
safety concerns.  
 
7.2.6.1.3  Summary of Sampling Events, Acid Area No. 1 
 
Overburden/Shale.  No overburden/shale monitoring wells were scheduled to be sampled at 
AA1 during the 1997 dry season, 1998 wet season, 2001 dry season, or 2002 wet season events.   
 
Delaware Limestone Bedrock.  Three nitroaromatic compounds have been detected above 
RBSC values in the bedrock groundwater at AA1.  They were RDX (2.8 µg/L), 2,4-DNT (0.23 
µg/L), and 2-nitrotoluene (1.1 µg/L).  As discussed, RDX is likely a laboratory artifact  BTEX 
parameters were detected above RBSC values and/or BSC values were common in both dry and 
wet season sampling events.  The SVOC bis(2-ethylhexyl)phthalate was detected during one 
sampling events above the RBSC and was B qualified during the other.  The SVOCs 2-
methylnapthalene and naphthalene were detected at concentrations above the RBSCs in both 
sampling events.  Unfiltered and filtered inorganic analytical results were very similar during 
both sampling events.  Arsenic and iron were detected above RBSC and BSC values in unfiltered 
metals during both wet and dry sampling events.  Aluminum was detected at concentrations 
above BSC value in the unfiltered metals during both sampling events, and barium and 
manganese concentrations were above RBSC values during the same events.  Barium and 
manganese were also detected at concentrations above RBSC values during both the wet and dry 
season sampling events in the filtered metals.  Arsenic was detected at concentrations above the 
RBSC and BSC value in the filtered metals during May 1998.  The bedrock groundwater at AA1 
is characterized as chloride-dominant, with chloride detected at more than an order of magnitude 
greater than sulfate. 
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7.2.6.2  Acid Area No. 2 
 
7.2.6.2.1  Overburden/shale  
No overburden/shale monitoring wells were scheduled to be sampled at AA2 during the 1997 dry 
season, 1998 wet season, 2001 dry season, or 2002 wet season events.   
 
7.2.6.2.2  Delaware Limestone Bedrock 
Two bedrock monitoring wells (AA2-BEDGW-001 and BED-MW19), both screened in the 
Delaware Limestone, are located at AA2.  Monitoring well AA2-BEDGW-001 is located 
downgradient (south) of the area and is paired with overburden/shale well AA2-GW002 (not 
sampled as part of this investigation).  Well BED-MW19 is further downgradient of AA2, in a 
northeast direction.  Monitoring well BED-MW19 is located in a position that it is also 
considered a downgradient (perimeter) well and is therefore also included in the 
Downgradient/Perimeter Wells section (Section 7.1.9).  In addition to the sampling that was 
performed in 1997, 1998, 2001, and 2002, groundwater samples from well BED-MW19 were 
also collected in May and August 2004.  Groundwater was analyzed for nitroaromatics, VOCs, 
SVOCs, metals (unfiltered and filtered), cyanide, and water quality parameters.  Table 7-12 
presents detected constituents above RBSC and/or BSC values in the bedrock groundwater.  
Figure 7-9 shows analytical results along with sampling locations. 
 
1997 Dry Season Sampling Event (November).  BTEX VOC compounds were detected 
in both bedrock wells and the concentrations exceeded RBSCs and/or BSC values.  Benzene was 
detected in well AA2-BEDGW-002 at 33 µg/L and in well BED-MW19 at 11 µg/L, both 
exceeding the RBSC and BSC.  Ethyl benzene and toluene were also reported in both wells and 
exceeded only the BSC value.  Total xylenes concentrations exceeded the RBSC and BSC values 
in both wells.  Chlorobenzene (21 µg/L) and methylene chloride (7.4 µg/L) were both reported in 
well AA2-BEDGW-002 at concentrations above BSC values.  Analytical results of methylene 
chloride and toluene were both B qualified meaning that the analytical result was not detected 
significantly above levels found in the associated field blank.  Two SVOCs (bis[2-
ethylhexyl]phthalate and naphthalene) were detected in the groundwater from well BED-MW19, 
and their concentrations exceeded only the RBSC.  Iron (5,240 µg/L) was the only unfiltered 
metal detected in the groundwater that exceeded both the RBSC and BSC value and the highest 
concentrations were found in well AA2-BEDGW-002.  Other unfiltered metals from well AA2-
BEDGW-002 that were detected at concentrations above screening values included aluminum 
(1,060 µg/L) that exceeded the BSC and manganese (522 µg/L) that exceeded the RBSC.  
Copper concentrations (61.7 µg/L) were above the BSC in groundwater from well BED-MW19, 
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and barium (1,520 µg/L) exceeded the RBSC.  Barium was the only filtered metal to be detected 
at a concentration above the RBSC value; its filtered concentration in well BED-MW19 was also 
1,520 µg/L.  Chloride (47,000 µg/L) and sulfate (48,000 µg/L) were also reported in the sample 
at nearly equal concentrations in well AA2-BEDGW-001.  In well BED-MW19, chloride 
(330,000 µg/L) was detected at a much higher concentration than sulfate (14,000 µg/L). 
 
1998 Wet Season Sampling Event (May).  Three nitroaromatics were detected at 
concentrations above RBSC values in well AA2-BEDGW-001.  1,3-DNB was detected at a 
concentration of 0.81 µg/L, which is above the RBSC of 0.37 µg/L.  In the same well, 2,4-DNT 
(2.5 µg/L) and 2,6-DNT exceeded their RBSC of 0.099 µg/L.  The VOC benzene was detected in 
well AA2-BEDGW-001 at a concentration of 130 µg/L, exceeding the RBSC and BSC, and in 
well BED-MW19 at 1.9 µg/L, exceeding only the RBSC.  The concentration of toluene, detected 
only in well AA2-BEDGW-001, exceeded the BSC.  Ethyl benzene exceeded only the BSC 
value in both wells.  The total xylenes concentration exceeded both the RBSC and BSC in AA2-
BEDGW-002, but it exceeded only the BSC in BED-MW19.  The SVOC bis[2-
ethylhexyl]phthalate was reported in the groundwater from both wells exceeding the RBSC, but 
in both cases, the result was B qualified.  Naphthalene was detected at a concentration (8.1 J 
µg/L) above the RBSC in AA2-BEDGW-001.  Nine unfiltered metals were detected at 
concentrations above the RBSC (aluminum, arsenic, barium, copper, chromium, iron, lead, 
manganese, nickel, vanadium), and 7 were detected above the BSC (aluminum, arsenic, cobalt, 
copper, iron, manganese, and nickel) in well AA2-BEDGW-001.  Barium (1,800 µg/L) was the 
only unfiltered metal detected in well BED-MW19 that exceeded the RBSC value.  Barium was 
the only filtered metal detected at a concentration that  exceeded the RBSC, and it was found in 
both wells (AA2-BEDGW-001 and BED-MW19) at concentrations of 279 µg/L and 1,740 µg/L, 
respectively.  Chloride (53,000 µg/L) and sulfate (70,000 µg/L) were also reported in the sample 
from well AA2-BEDGW-001.  In well BED-MW19, chloride (280,000 µg/L) was detected at a 
much higher concentration than sulfate (49,000 µg/L). 
 
2001 Dry Season Sampling Event (September-October).  VOC BTEX parameters were 
again detected above screening values in both wells.  Benzene was detected in well AA2-
BEDGW-001 at a concentration of 45 µg/L and in well BED-MW19 at a concentration of 46 
µg/L, both exceeding RBSC and BSC values.  The concentration of toluene, detected only in 
well BED-MW19, exceed the BSC.  Ethyl benzene and total xylenes were also detected in both 
wells.  The ethyl benzene concentrations exceeded only the BSC value, but the concentrations of 
total xylenes exceeded both the RBSC and BSC.  Chloromethane (30 µg/L) and methylene 
chloride (100 µg/L) were detected in well AA2-BEDGW-002 at concentrations above the 
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RBSCs.  Bromomethane (7.9 µg/L) and methylene chloride (30 µg/L) were detected above the 
RBSC in well BED-MW19.  The SVOC naphthalene was detected above the RBSC at 12 µg/L 
in AA2-BEDGW-001 and 8.6 J µg/L in BED-MW19.  Five unfiltered metals were detected 
above the RBSC (arsenic, barium, iron, manganese, and thallium) and 4 were detected at 
concentrations above the BSC (aluminum, arsenic, iron, and manganese) in well AA2-BEDGW-
001.  Barium (1,060 µg/L) was the only unfiltered metal detected in well BED-MW19 that 
exceeded the RBSC value while copper (99 µg/L), and the concentration of nickel (13.8 µg/L) 
exceeded the BSC value.  The concentrations of three inorganics (barium, arsenic, and iron) 
exceeded RBSC levels in the filtered groundwater sample from well AA2-BEDGW-001, and 
only barium exceeded the RBSC in filtered water from well BED-MW19.  Chloride was reported 
at higher concentrations than sulfate in both wells.  In well AA2-BEDGW-001, chloride was 
detected at 68,100 µg/L and sulfate was reported at 31,700 µg/L.  In well BED-MW19, chloride 
(248,000 µg/L) was detected at a much higher concentration than sulfate (27,700 µg/L). 
 
2002 Wet Season Sampling Event (April).  VOC BTEX parameters were again detected 
above screening values in both wells.  Benzene was detected in well AA2-BEDGW-001 at a 
concentration of 4.8 µg/L and in well BED-MW19 at a concentration of 42 µg/L, both exceeding 
RBSC and BSC values.  Toluene and ethyl benzene were also detected in both wells, and at 
concentrations exceeding the BSC value.  Total xylenes were detected in both wells, and the 
detected concentrations exceeded both the RBSC and BSC.  Methylene chloride (9.7 µg/L) was 
detected in well AA2-BEDGW-002 above the RBSC.  The SVOC bis[2-ethylhexyl]phthalate 
was detected at a concentration in the groundwater sample from well BED-MW19 exceeding the 
RBSC.  The concentrations of naphthalene were above the RBSC in both wells.  Five unfiltered 
metals were detected above the RBSC (arsenic, barium, iron, manganese, and thallium) and 1 
(iron) was detected above the BSC in well AA2-BEDGW-001.  Barium (892 µg/L) was the only 
unfiltered metal detected in well BED-MW19 that exceeded the RBSC value.  Two inorganics 
(barium and arsenic) exceeded RBSC levels in the filtered groundwater sample from well AA2-
BEDGW-001, and arsenic in this well exceeded the BSC value.  Barium was the only constituent 
to exceed the RBSC in well BED-MW19.  Chloride was reported at high concentrations than 
sulfate in both wells.  In well AA2-BEDGW-001, chloride was detected at 56,000 µg/L and 
sulfate was reported at 32,700 µg/L.  In well BED-MW19, chloride (373,000 µg/L) was detected 
at a much higher concentration than sulfate (32,200 µg/L). 
 
2004 Wet Season Sampling Event (May).  VOC BTEX parameters were again detected 
above screenings values in the only well sampled, BED-MW19.  Benzene was detected at a 
concentration of 18 µg/L, above both the RBSC and BSC.  Ethyl benzene (6.8 µg/L) and toluene 
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(8 µg/L) were detected only above BSC values.  The concentration of total xylenes (66 µg/L) 
exceeded both the RBSC and BSC values.  Methylene chloride (7.3 µg/L) was detected at a 
concentration above the RBSC.  The SVOC naphthalene (3.7 J µg/L) was detected above its 
RBSC.  Two unfiltered metals, barium at a concentration of 1,120 µg/L and thallium at 5.1 µg/L, 
were detected above the RBSC value.  Copper (52.2 µg/L) and nickel (9.2 µg/L) was detected 
above the RBSC value only.  Among the filtered metals, barium (1,050 µg/L) and thallium 
(4.4 µg/L) were the only 2 analytes were detected at concentrations above the RBSC values.  
Chloride (229,000 µg/L) was again detected at a much higher concentration than sulfate 
(21,100 µg/L). 
 
2004 Dry Season Sampling Event (August).  BTEX parameters were again detected 
above screenings values in the only well sampled, BED-MW19.  Benzene was detected at a 
concentration of 28 µg/L, exceeding both the RBSC and BSC.  Ethyl benzene (8.8 µg/L) and 
toluene (11 µg/L) were detected at concentrations only above BSC values.  Total xylenes (95 
µg/L) exceeded both screening criteria.  The SVOC naphthalene was detected at a concentration 
above the RBSC.  One unfiltered metal, barium, was detected above the RBSC value at a 
concentration of 1,190 µg/L, and unfiltered metal thallium was detected at a concentration of 5.1 
µg/L, above the BSC value.  Among the filtered metals, barium (1,140 µg/L) and thallium (2.6 
µg/L) were the only 2 analytes detected above the RBSC values.  Chloride (396,000 µg/L) was 
again detected at a much higher concentration than sulfate (29,500 µg/L). 
 
7.2.6.2.3  Summary of Sampling Events, Acid Area No. 2 
 
Overburden/Shale.  No overburden/shale monitoring wells were scheduled to be sampled at 
AA2 during the 1997 dry season, 1998 wet season, 2001 dry season, 2002 wet season, or 2004 
wet and dry season sampling events. 
 
Delaware Limestone Bedrock.  During the 6 sampling events at AA2, three nitroaromatic 
compounds (1,3-DNB; 2,4-DNT; and 2,6-DNT) were detected in the bedrock wells at 
concentrations above the RBSC; these were present during the wet season of May 1998.  BTEX 
compounds during both the wet and dry seasons have consistently been detected in both bedrock 
wells and exceeded the RBSC and/or BSC values.  The VOC methylene chloride was commonly 
detected in both wells above the RBSC value of 4.1 µg/L.  The SVOC bis(2-ethylhexyl)phthalate 
was detected 2 times above the RBSC value of 4.8 µg/L (during 2 other sampling events it was 
also reported at concentrations exceeding the RBSC, the results were B qualified).  Both 
methylene chloride and bis(2-ethylhexyl)phthalate are common laboratory contaminants.  
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Naphthalene was detected at concentrations above the RBSC in every sampling event, but the 
detected quantities were all estimated.  Barium was the most commonly detected inorganic in 
both wells.  It was found in both the unfiltered and filtered groundwater samples during all 6 
sampling events above RBSC levels (except from well AA2-BEDGW-001 during November 
1997).  Iron was the metal most commonly detected at concentrations above both the RBSC and 
BSC values in the unfiltered samples from well AA2-BEDGW-001, whereas manganese was the 
most commonly detected filtered inorganic detected in this well at concentrations above either 
the RBSC or BSC values.  Copper was detected above the BSC value in the unfiltered samples 
from BED-MW19 in 4 of the 6 sampling events.  In general, the bedrock groundwater is 
characterized by higher concentrations of chloride than sulfate. 
 
7.2.6.3  Acid Area No. 3 
 
7.2.6.3.1  Overburden  
No overburden/shale monitoring wells were scheduled to be sampled at AA3 during the 1997 dry 
season, 1998 wet season, 2001 dry season, or 2002 wet season events. 
 
7.2.6.3.2  Delaware Limestone Bedrock 
Only one bedrock monitoring well (AA3-BEDGW-001), screened in the Delaware Limestone, is 
located at AA3 and is paired with overburden/shale well AA3-GW002 (not sampled as part of 
this investigation).  This well is located within AA3, in the southeast corner, in a downgradient 
groundwater flow direction.  Groundwater was analyzed for nitroaromatics, VOCs, SVOCs, 
metals (unfiltered and filtered), cyanide, and water quality parameters.  Table 7-13 presents 
detected constituents above RBSC and/or BSC values in the bedrock groundwater.  Figure 7-10 
shows analytical results along with sampling locations. 
 
1997 Dry Season Sampling Event (November).  Bis(2-ethylhexyl)phthalate (5.8 µg/L) 
was the only SVOC above an RBSC or BSC value in bedrock well AA3-BEDGW-001.  No 
inorganics exceeded the RBSC or BSC values.  Consistent with most wells screened in the 
Delaware Limestone, chloride (790,000 µg/L) was the dominant anion.  Sulfate was not detected 
in this sampling event. 
 
1998 Wet Season Sampling Event (May).  The reported results of the VOC compounds 
methylene chloride and toluene exceeded screening values in well AA3-BEDGW-001.  
Methylene chloride was detected at a concentration of 160 µg/L exceeding the RBSC and 
toluene was detected at a concentration of 29 µg/L, exceeding only the BSC.  Both analytical 
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results were B qualified.  Only 2 inorganics were detected at AA3 above screening values; 
aluminum and thallium.  One unfiltered metal, thallium (10.1 µg/L), and was reported at a 
concentration above the RBSC value but was B qualified.  Unfiltered metal aluminum was 
detected at a concentration of 397 µg/L, exceeding the BSC value of 309 µg/L.  Chloride 
(860,000 µg/L) was detected at a concentration two orders of magnitude greater than the 
concentration of sulfate (8,000 µg/L). 
 
2001 Dry Season Sampling Event (September).  In well AA3-BEDGW-001, VOC 
compounds benzene (11 µg/L) and total xylenes (28 µg/L) were both detected at concentrations 
exceeding the RBSC and BSC values,  while ethyl benzene (4 µg/L) and  toluene (11 µg/L) were 
detected above BSC values only.  The only unfiltered or filtered inorganic reported at a 
concentration above RBSC and/or BSC values was thallium in the filtered metals sample.  It was 
reported at a concentration of 6.4 µg/L but it was validated with a B qualifier.  Chloride was 
again the dominant anion, detected at 451,000 µg/L, as compared to sulfate, detected at 
31,100 µg/L. 
 
2002 Wet Season Sampling Event (April).  Once again VOC compounds ethyl benzene 
(4.6 µg/L), toluene (12 µg/L), and total xylenes (31 µg/L) exceeded BSC values in well AA3-
BEDGW-001.  Benzene was detected at a concentration of 8 µg/L, exceeding both the RBSC 
and BSC.  Methylene chloride, a common laboratory contaminant, was detected at a 
concentration of 9.2 µg/L exceeding the RBSC.  The only inorganic detected above RBSC 
and/or BSC values was thallium in the unfiltered metals sample (6.9 µg/L), but was validated 
with a B qualifier.  Chloride was again the dominant anion detected (369,000 µg/L).  Sulfate was 
not detected in this well. 
 
7.2.6.3.3  Summary of Sampling Events, Acid Area No. 3 
 
Overburden/Shale.  No overburden/shale monitoring wells were scheduled to be sampled at 
AA3 during the 1997 dry season, 1998 wet season, 2001 dry season, or 2002 wet season 
sampling events. 
 
Delaware Limestone Bedrock.  No nitroaromatic compounds were detected at AA3.  VOC 
compounds BTEX were present in the groundwater at AA3-BEDGW-001 only during the 
September 2001 (dry season) and April 2002 (wet season) sampling events, above the BSC 
levels.  Benzene was also detected during these 2 events above the RBSC value.  Bis(2-
ethylhexyl)phthalate was detected once (November 1997 dry season) and it was above the RBSC 
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value.  Unfiltered inorganic manganese was detected twice during the 4 sampling rounds above 
the RBSC values.  Unfiltered aluminum was detected only 1 time above BSC values.  No filtered 
inorganics were detected at a concentration exceeding the RBSC or BSC values.  
 
7.2.6.4  Maintenance Area 
 
7.2.6.4.1  Overburden/Shale  
No overburden/shale monitoring wells were scheduled to be sampled at the Maintenance Shop 
Area (MNTA) during the 1997 dry season, 1998 wet season, 2001 dry season, or 2002 wet 
season sampling events. 
 
7.2.6.4.2  Delaware Limestone Bedrock 
Only one bedrock monitoring well (MNTA-BEDGW-001), screened in the Delaware Limestone, 
is located in the MNTA north of AA1.  Monitoring well MNTA-BEDGW-001 is located on the 
eastern side of the area.  Groundwater was analyzed for nitroaromatics, VOCs, SVOCs, metals 
(unfiltered and filtered), cyanide, and water quality parameters.  Table 7-14 presents detected 
constituents above RBSC and/or BSC values in the bedrock groundwater.  Figure 7-8 shows 
analytical results along with sampling locations. 
 
1997 Dry Season Sampling Event (November).  Two VOC compounds were detected in 
groundwater from bedrock well MNTA-BEDGW-001.  Methylene chloride was reported at a 
concentration of 5.1 µg/L, above the RBSC value and total xylenes were reported at 8.2 µg/L, 
above the BSC value.  Both compounds were validated by a B qualifier, and methylene chloride 
was recognized as a common laboratory contaminant.  SVOC naphthalene was detected above 
the RBSC at 2.3 µg/L.  Unfiltered metals detected at concentrations above RBSC and BSC 
values included iron (6,400 µg/L) and manganese (849 µg/L).  Unfiltered barium (424 µg/L) was 
detected above the RBSC.  Manganese (899 µg/L) was the only filtered metal detected at a 
concentration greater than the RBSC and BSC.  The concentration of barium (449 µg/L) in the 
filtered sample was detected at a concentration above the RBSC only.  Chloride (55,000 µg/L) 
and sulfate (62,000 µg/L) were detected at nearly equal concentrations. 
 
1998 Wet Season Sampling Event (May).  Three nitroaromatics above RBSC values were 
detected in well MNTA-BEDGW-001.  Nitroaromatic 1,3-DNB was detected at a concentration 
of 0.86 µg/L, 2,4-DNT  2 µg/L, and 2,6-DNT at 0.34 µg/L (nitroaromatic 2,4-DNT [1.3 µg/L] 
was also detected as a SVOC).  The VOC benzene was detected in well MNTA -BEDGW-001 at 
a concentration of 19 µg/L, exceeding the RBSC and BSC.  Ethyl benzene (7.7 µg/L), toluene 
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(18 µg/L), and total xylenes (150 µg/L) were also detected but exceeded only the BSC value.  
The SVOC bis[2-ethylhexyl]phthalate (6.5 µg/L), a common laboratory contaminant, was  at a 
concentration exceeding the RBSC, but the result was B qualified.  2,4-DNT, also detected as a 
SVOC, was found above the RBSC at a concentration of 1.3 µg/L.  Unfiltered metals detected in 
the groundwater above RBSC values included barium (457 µg/L) and manganese (181 µg/L).  
Likewise, filtered metals detected at concentrations exceeding the RBSC were barium (596 
µg/L) and manganese (183 µg/L).  During this sampling event, chloride (380,000 µg/L) was 
detected at a much higher concentration than sulfate (64,000 µg/L). 
 
2001 Dry Season Sampling Event (October).  No nitroaromatic compounds were detected 
in the bedrock monitoring well MNTA-BEDGW-001.  VOCs detected above RBSC and BSC 
levels included benzene (110 µg/L), toluene (140 µg/L), and total xylenes (490 µg/L) while ethyl 
benzene (61 µg/L) was above the BSC levels.  Methylene chloride (61 µg/L) was above the 
RBSC only.  Bis(2-ethylhexyl)phthalate (5 µg/L), 2-methylnaphthalene (21 µg/L), and 
naphthalene (11 µg/L) were SVOCs that were above RBSC values.  Unfiltered metals that were 
detected above RBSC levels included arsenic (2.9 µg/L), barium (381 µg/L), and thallium (5.4 
µg/L).  Unfiltered metals above both the RBSC and BSC included only manganese (641 µg/L).  
Filtered metals reported at concentrations above RBSC levels included barium (387 µg/L), 
manganese (621 µg/L), but thallium (4.8 µg/L) was validated with a B qualifier.  The major 
anion detected in this sampling event was chloride (4,130,000 µg/L).  Sulfate was not detected. 
 
2002 Wet Season Sampling Event (April).  No nitroaromatic compounds were detected in 
the bedrock monitoring well MNTA-BEDGW-001.  VOCs detected at concentrations above 
RBSC and BSC levels included benzene (36 µg/L) and total xylenes (310 µg/L).  Ethyl benzene 
(25 µg/L) and toluene (40 µg/L) were above the BSC levels.  Methylene chloride (110 µg/L) was 
above the RBSC only.  2-Methylnaphthalene (23 µg/L) and naphthalene (16 µg/L) are SVOCs 
that were detected at concentrations above RBSC values.  Unfiltered metals that were detected at 
concentrations above RBSC levels included barium (388 µg/L) and manganese (388 µg/L); 
thallium was also reported above the RBSC, but was validated with a B qualifier.  Filtered metals 
found at concentrations above RBSC levels included only barium (398 µg/L) and manganese 
(380 µg/L).  Again, this sampling even indicates the major anion in bedrock groundwater is 
chloride, detected at 3,480,000 µg/L.  Sulfate was detected at 1,400 µg/L. 
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7.2.6.4.3  Summary of Sampling Events, Maintenance Area 
 
Overburden/Shale.  No overburden/shale monitoring wells were scheduled to be sampled at 
MNTA during the 1997 dry season, 1998 wet season, 2001 dry season, or 2002 wet season 
sampling events. 
 
Delaware Limestone Bedrock.  Three nitroaromatic compounds 1,3-DNB (0.86 µg/L), 2,4-
DNT (2 µg/L), and 2,6-DNT (0.34 µg/L) were detected at bedrock well MNTA-BEDGW-001 in 
the wet season of May 1998.  Nitroaromatic 2,4-DNT (1.3 µg/L) was also detected as a SVOC 
during the wet season.  BTEX parameters were commonly present during nearly all sampling 
events with concentrations above either the RBSC and/or BSC values.  Methylene chloride (a 
common laboratory contaminant) was detected at a concentration above the RBSC in 1 of the 4 
events, and reported as B qualified in 2 other.  BTEX compounds were present at concentrations 
exceeding RBSCs in the last  3 of the 4 sampling events.  Bis(2-ethylhexyl)phthalate, 2-
methylnaphthalene, and naphthalene were SVOCs detected above RBSC values.  Bis(2-
ethylhexyl)phthalate, a common laboratory contaminant, was detected above the RBSC in 1 of 
the 4 sampling events and was B qualified in 1 of the other 3.  Naphthalene was encountered 
during 3 sampling events and 2-methylnaphthalene during the last 2 (October 2001 and April 
2002).  Barium and manganese were detected above RBSC and/or BSC values on a regular basis 
in the unfiltered and filtered groundwater samples.  The major anion in bedrock groundwater is 
chloride, which exceeded sulfate by at least an order of magnitude in all but the 1997 sampling 
event. 
 
7.2.7  Additional Burning Ground Area 
 
7.2.7.1  Overburden/Shale 
No overburden/shale monitoring wells were scheduled to be sampled at the ABG during the 
1997 dry season, 1998 wet season, 2001 dry season, or 2002 wet season events. 
 
7.2.7.2  Shale Bedrock 
Only one bedrock monitoring well (ABG-BEDGW-001), screened in the shale bedrock, is at the 
ABG Area.  Monitoring well ABG-BEDGW-001 is located in the northeastern corner of ABG, is 
paired with overburden/shale well ABG-GW002 (not sampled during this investigation), and is 
located in an upgradient groundwater flow direction.  Groundwater was analyzed for 
nitroaromatics, VOCs, SVOCs, metals (unfiltered and filtered), cyanide, and water quality 
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parameters.  Table 7-15 presents detected constituents above RBSC and/or BSC values in the 
bedrock groundwater.  Figure 7-11 shows analytical results along with sampling locations. 
 
1997 Dry Season Sampling Event (November).  No nitroaromatics or SVOCs were 
detected in bedrock well ABG-BEDGW-001, which is the only well at the ABG.  The only VOC 
detected in November 1007 sampling was trichloroethene (0.25 µg/L), and the concentration 
exceeded the RBSC level.  In the unfiltered sample, arsenic (11.7 µg/L), iron (8,890 µg/L), and  
manganese (912 µg/L) concentrations exceeded both the RBSC and BSC values.  Aluminum was 
above the BSC, and the mercury concentration exceeded the RBSC.  Iron and manganese 
concentrations exceeded both the RBSC and BSC levels in the filtered sample.  Groundwater in 
the shale bedrock is sulfate-dominant.  Sulfate was detected at 140,000 µg/L, as compared to 
chloride, detected at only 2,000 µg/L. 
 
1998 Wet Season Sampling Event (May).  No nitroaromatics or SVOCs were detected in 
the bedrock well at the ABG.  Two VOCs (carbon disulfide and methylene chloride) were 
detected, but the concentrations did not exceed the RBSC levels.  In the unfiltered sample, iron 
(5,770 µg/L) and manganese (745 µg/L) concentrations exceeded both the RBSC and BSC 
values.  Lead exceeded the RBSC.  In the filtered sample, iron and manganese exceeded both the 
RBSC and BSC levels.  The concentration of aluminum was above the BSC value.  
Concentrations of chloride (3,000 µg/L) and sulfate (190,000 µg/L) reported during this 
sampling event were similar to 1997 results. 
 
2001 Dry Season Sampling Event (September-October).  No nitroaromatics were 
detected in the sample from the bedrock well.  One VOC (acetone) was detected, but the 
concentration did not exceed the RBSC level.  Three SVOCs (benzo[a]pyrene, 
dibenz[a,h]anthracene, and indeno[1,2,3-cd]pyrene) were detected at concentrations above the 
RBSC.  In the unfiltered and filtered samples, iron (7,900 µg/L) and manganese (846 µg/L) were 
above both the RBSC and BSC values.  Chloride (4,400 µg/L) was detected at a much lower 
concentration than sulfate (163,000 µg/L). 
 
2002 Wet Season Sampling Event (April).  No nitroaromatics or SVOCs were detected in 
the sample from the bedrock well.  One VOC (methylene chloride) was detected, but the 
concentration was B qualified and did not exceed the RBSC level.  In the unfiltered sample, iron 
(9,130 µg/L) and manganese (872 µg/L) were above both the RBSC and BSC values.  This was 
also true of iron and manganese in the filtered sample.  Sulfate was detected at 292,000 µg/L, 
and chloride was detected at 10,000 µg/L. 
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7.2.7.3  Summary of Sampling Events, Additional Burning Ground Area 
 
Overburden/Shale.  No overburden/shale monitoring wells were scheduled to be sampled at 
ABG during the 1997 dry season, 1998 wet season, 2001 dry season, or 2002 wet season 
sampling events.   
 
Shale Bedrock.  No nitroaromatics have been detected at the ABG during the four sampling 
episodes.  At least one VOC (trichloroethene, carbon disulfide, methylene chloride, or acetone) 
was detected in each sampling event, but only trichloroethene exceeded RBSC values.  Three 
SVOCs were detected one time (September 2001), and each concentration was above the 
RBSCs.  Arsenic was detected above the RBSC and BSC in the dry season of November 1997.  
In the same sampling event, aluminum exceeded the BSC, and mercury was above the RBSC.  
Total lead was detected at a concentration above the RBSC level in the wet season of May 1998, 
and aluminum exceeded the BSC in the filtered sample.  Unfiltered and filtered iron and 
manganese were above both the RBSCs and BSCs in all sampling events. The concentrations of 
anions in the shale bedrock in this area are dominated by sulfate, detected at more than an order 
of magnitude greater than chloride. 
 
7.2.8  Upper Toluene Tanks Area 
 
7.2.8.1  Overburden/Shale 
No overburden/shale monitoring wells were scheduled to be sampled at the UTT Area during the 
1997 dry season, 1998 wet season, or 2001 dry season sampling events.  During February 2002 
(wet season) quarterly groundwater level measurements of monitoring wells were conducted by 
ICI.  ICI records indicated that no groundwater level measurement was made in monitoring well 
MK-MW20 due to the presence of a “petroleum like product”.  Because monitoring well MK-
MW20 is an overburden well located immediately downgradient of the UTT area and all free-
phase hydrocarbons previously discovered had been in bedrock wells, groundwater from this 
well warranted further investigation.  In July 2002, during the fourth quarter background 
monitoring well sampling event, Shaw collected a groundwater sample from MK-MW20 
(CC3002).  The samples were analyzed for BTEX, gasoline-range organics (GRO), and diesel-
range organics (DRO).  Analytical results can be found in the 2002 Groundwater Data Summary 
and Evaluation Report (Shaw 2003a) but are summarized on Table 7-16. 
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2002 Wet Season Sampling Event (July).  No free-phase petroleum was encountered in 
overburden/shale monitoring well MK-MW20.  Benzene, ethylene benzene, and total xylenes 
were not detected.  Toluene was detected at a concentration of 37,000 µg/L, above both the 
RBSC and BSC; GRO was detected at 65,000 µg/L and DRO at a concentration of 140 µg/L.   
 

7.2.8.2  Delaware Limestone Bedrock 
One bedrock monitoring well (BED-MW16), screened in the Delaware Limestone, is present and 
is located in a downgradient groundwater flow direction of the former toluene tanks.  
Groundwater was analyzed for nitroaromatics, VOCs, SVOCs, metals (unfiltered and filtered), 
cyanide, and water quality parameters.  Table 7-16 presents detected constituents above RBSC 
and/or BSC values in the bedrock groundwater.  Figure 7-12 shows analytical results along with 
sampling locations. 
 
1997 Dry Season Sampling Event (November).  In the groundwater sample from BED-
MW16, VOCs benzene (490 µg/L), toluene (390 µg/L), and total xylenes (1,100 µg/L) were 
detected at concentrations that exceeded both the RBSC and BSC values.  Ethyl benzene (130 
µg/L) exceeded only the BSC value.  Methylene chloride (8.8 µg/L), a common laboratory 
contaminant, was reported at a concentration that exceeded the RBSC, but was B qualified.  Only 
one SVOC, bis[2-ethylhexyl]phthalate, (920 µg/L) was detected at a concentration above the 
RBSC.  In the unfiltered inorganics groundwater sample, aluminum (502 µg/L) exceeded only 
the BSC value.  Barium (463 µg/L), chromium (24.4 µg/L), iron (1,140 µg/L), manganese (133 
µg/L), and vanadium (64.7 µg/L) were detected at concentrations exceeding the RBSC values.  
In the filtered groundwater samples, barium (389 µg/L), chromium (13.6 µg/L), and vanadium 
(58.3 µg/L) concentrations were above the RBSC levels.  Chloride and sulfate were detected at 
concentrations of 88,000 and 150,000 µg/L, respectively. 
 
1998 Wet Season Sampling Event (June).  The VOCs benzene (450 µg/L), ethyl benzene 
(140 µg/L), toluene (350 µg/L), and total xylenes (1,000 µg/L) exceeded both the RBSC and 
BSC levels in the sample from bedrock well BED-MW16.  Methylene chloride was reported as a 
concentration above the RBSC, but was B qualified.  Two SVOCs, bis[2-ethylhexyl]phthalate 
(4.9 µg/L) (a common laboratory contaminant) and nitroaromatic 1,2,4-trichlorobenzene (1.6 
µg/L) were reported at concentrations above the RBSC, but the former was B qualified.  In the 
unfiltered groundwater sample, aluminum (11,000 µg/L), iron (45,900 µg/L), and manganese 
(2,200 µg/L) concentrations exceeded both the RBSCs and the BSCs.  Copper (84.9 µg/L) and 
nickel (54.7 µg/L) concentrations were above only the BSC values; barium (612 µg/L), 
chromium (105 µg/L), lead (40.4 µg/L), thallium (101 µg/L), and vanadium (126 µg/L) exceeded 
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only the RBSC among the unfiltered samples.  In filtered groundwater samples, barium (523 
µg/L), chromium (14.8 µg/L), thallium (53.1 µg/L), and vanadium (50.6 µg/L) concentrations 
were above only the RBSC levels.  Chloride (140,000 µg/L) was the dominant anion during this 
sampling event.  Sulfate was detected at 37,000 µg/L. 
 
2001 Dry Season Sampling Event (October).  The VOCs benzene (800 µg/L), ethyl 
benzene (200 µg/L), toluene (590 µg/L), and total xylenes (1,500 µg/L) exceeded both the RBSC 
and BSC levels.  Acetone (930 µg/L) and methylene chloride (52 µg/L) were detected at 
concentrations only above the RBSCs.  SVOCs 2-methylnaphthalene (64 µg/L) and naphthalene 
(52 µg/L) were detected above RBSC levels.  In the unfiltered groundwater sample, the 
concentration of nickel (10.8 µg/L) exceeded only the BSC.  In the filtered sample, nickel (10.2 
µg/L) was again detected above only the BSC value.  Thallium (6.4 µg/L) was reported in the 
filtered sample at a concentration above the RBSC but it was B qualified.  Chloride was again 
the dominant anion (370,000 µg/L) as compared to sulfate (212,000 µg/L). 
 
2002 Wet Season Sampling Event (April).  In the groundwater sample from BED-MW16, 
nitroaromatic 2,6-DNT (11 µg/L) was detected at a concentration above the RBSC.  The VOCs 
benzene (150 µg/L), toluene (150 µg/L), and total xylenes (610 µg/L) were detected at 
concentrations that exceeded both the RBSCs and BSCs.  Ethyl benzene (40 µg/L) was above 
BSC values and methylene chloride (11 µg/L) was detected above RBSC values.  As during the 
October 2001 sampling event, SVOCs 2-methylnaphthalene (24 µg/L) and naphthalene (5 µg/L) 
were again detected above RBSC levels.  In the unfiltered and filtered samples, reported 
concentrations of thallium exceeded the RBSC, but both concentrations were B qualified.  Much 
higher concentrations of sulfate (734,000 µg/L) were reported in this well than during previous 
sampling events.  In addition, chloride was detected at the lowest concentration (75,900 µg/L) in 
the four sampling events. 
 
7.2.8.3  Summary of Sampling Events, Upper Toluene Tanks Area 
 
Overburden/Shale.  No overburden/shale monitoring wells were scheduled to be sampled at 
UTT during the 1997 dry season, 1998 wet season, or 2001 dry season sampling events.  During 
the July 2002 wet season sampling event, groundwater from overburden/shale monitoring well 
MK-MW20 (located downgradient from the UTT) was sampled.  Nitroaromatics were not 
detected in the groundwater sample.  Groundwater concentrations did exhibit a detection of 
toluene above the RBSC value, and detections of both GRO and DRO.  Chromatograms (not 
included in this document) showed detections of hydrocarbons in the gasoline and diesel ranges 
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not resembling gasoline and diesel range standards.  The GRO chromatogram revealed the 
predominant peak was from toluene.  The sample did not contain concentrations of several 
components of the gasoline standard such as methylpentane, heptane, ethyl benzene, xylene, or 
trimethylbenzene.  Although weathering of the hydrocarbon would lower the concentrations of 
the alkanes, the aromatic compounds should be present.  The lack of benzene, ethyl benzene, and 
xylenes in the 8260B analysis confirms that it is probably not gasoline and only two single 
components of the diesel standard were present in the sample.  Therefore, the potential source of 
the contaminants in the groundwater appears to be from the toluene stored in the tanks that was 
used for production of nitroaromatics. 
 
Delaware Limestone Bedrock.  Of the sampling events since November 1997, only one 
nitroaromatic (2,6-DNT) has been detected in the bedrock groundwater above the RBSC level.  
This was in the April 2002 wet season.  BTEX compounds have been routinely encountered in 
the analytical results above RBSCs and/or BSCs.  Methylene chloride concentrations exceeded 
the RBSCs in 2 samples and the result was B qualified in the other.  The SVOC bis(2-
ethylhexyl)phthalate was detected in one of the sampling events above the RBSC level ( 
November 1997) and had a reported B qualified concentration in another.  SVOCs 2-
methylnaphthalene and naphthalene were detected above RBSC levels during the last 2 sampling 
events but are believed to be associated with the natural petroleum hydrocarbon found in the 
well.  In the unfiltered sample for the 1998 wet season, aluminum, iron, and manganese 
concentrations were above both the RBSC and BSC values.  Copper and nickel concentrations 
were above the BSCs in the sample from this event.  Aluminum and nickel concentrations were 
above the BSC in the samples from the 1997 and 2001dry season events.  Among most sampling 
events, one or more of the following metals were detected at a concentrations above RBSCs in 
unfiltered samples: barium, chromium, lead, iron, manganese, thallium, and vanadium.  In the 
filtered samples, nickel was the only metal detected at a concentration above the BSC (2001 dry 
season).  The filtered metals detected above the RBSCs were barium, thallium, and vanadium.  
The concentrations of sulfate were dominant in the Delaware Limestone bedrock groundwater 
during two occasions, the November 1997 wet season and April 2002 wet season, while chloride 
was dominant during the June 1998 wet season and October 2001 dry season. 
 
The low level concentration of nitroaromatic 1,2,4-trichlorobenzene (1.6 µg/L), detected as an 
SVOC, was found during one sampling episode only (June 1998).  The presence of this 
nitroaromatic and 2,6-DNT indicates that the groundwater at the UTT Area may be impacted by 
former site activities. 
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The detection of the BTEX compounds exceeding RBSC and BSC levels is not surprising due to 
the occasional measurement of free-phase hydrocarbons in the Delaware bedrock screened 
monitoring well.  However, due to the location of BED-MW16 downgradient of the UTT Area, 
known toluene contamination in the overburden/shale well MK-MW20, and the consistent 
detections of toluene above RBSC and BSC values, toluene contamination may be present in the 
Delaware Limestone bedrock. 
 
7.3  Downgradient Perimeter Wells Analytical Results 
 
7.3.1  Overburden/Shale 
No downgradient, perimeter overburden/shale monitoring wells were scheduled to be sampled 
during the 1997 dry season, 1998 wet season, 2001 dry season, or 2002 wet season sampling 
events. 
 
7.3.2  Delaware Limestone Bedrock 
Four existing bedrock monitoring wells (BED-MW17, BED-MW19, BED-MW22, and BED-
MW24) monitor the groundwater exiting the PBOW site, and 2 newly installed bedrock wells 
(BED-MW30 and BED-MW33) monitor groundwater that has left the PBOW site (Figure 7-13).  
A private well, identified as PT-5912 for this investigation, is located at 5912 Patten Tract Road, 
downgradient of the WARWP and AA2.  A right-of entry was obtained from the property owner 
prior to sampling of this well.  Monitoring well BED-MW27 was an on-site, downgradient 
perimeter well on the northeastern side but was abandoned in January 2003 at the public’s 
request due to obnoxious hydrogen sulfide odors.  Analytical results from 14 sampling events 
(November 1997, May 1998, October 2001, January 2002, April 2002, July 2002, October 2002, 
April 2003, September 2003, December 2003, March 2004, May 2004, June 2004, August 2004).   
 
Monitoring well BED-MW17 was formerly associated with TNTA.  It is located in the northern 
part of PBOW on the eastern side.  Due to its location downgradient of TNTA, the distance away 
from former TNT manufacturing buildings, and its location near the property boundary, it is 
considered a downgradient, perimeter well.  Monitoring well BED-MW19 is located 
downgradient of AA2, but it is also considered a perimeter well because it monitors groundwater 
just prior to exiting the PBOW site.  Well BED-MW22 is located in the extreme north part of 
PBOW, near the property boundary.  Monitoring well BED-MW24 was installed as a 
background well but was determined to be monitoring groundwater exiting the northwestern 
corner of the site, downgradient of the WARWP.  Wells BED-MW30 and BED-MW33 are 
located just outside of PBOW.  Well BED-MW30 is located west of PBOW near the intersection 
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of Bouy and Patten Tract Roads and monitors groundwater that has left PBOW.  Private well PT-
5912 is located off-site at a public residence, and like BED-MW30, monitors groundwater 
leaving the WARWP and AA2.  Well BED-MW33 is located northeast of PBOW in Columbus 
Park and monitors groundwater that has left the northeastern side of the facility.  Groundwater 
during the sampling episodes was analyzed for nitroaromatics, VOCs, SVOCs, metals (unfiltered 
and filtered), cyanide, and water quality parameters.  Table 7-17 presents detected constituents 
above RBSC and/or BSC values in the bedrock groundwater.  Figure 7-13 shows analytical 
results along with sampling locations.   
 
Analytical results from bedrock monitoring wells located immediately downgradient of source 
areas are repeated in this section to provide a better overall evaluation of any natural attenuation 
processes. 
 
1997 Dry Season Sampling Event (November).  Two wells were sampled in this event.  
Nitrobenzene (0.34 µg/L) was detected above the RBSC in BED-MW17.  The VOC benzene 
exceeded the RBSC and BSC in samples from both wells, and toluene exceeded both screening 
criteria in the sample from BED-MW17.  Ethyl benzene exceeded the BSCs in both wells, as did 
toluene in BED-MW19.  The total xylenes concentrations exceeded the RBSC and BSC values 
in the samples from both wells.  Methylene chloride was reported at a concentration above the 
RBSC in BED-MW17, but it was B qualified.  The only SVOCs detected at concentrations 
above the screening values were bis(2-ethylhexyl)phthalate and naphthalene, which exceeded the 
RBSCs in the sample from BED-MW19.  In the unfiltered samples, iron exceeded both the 
RBSC and BSC in BED-MW17.  The reported aluminum concentration exceeded the BSC in 
this well, but was B qualified.  The copper concentration exceeded the BSC in BED-MW19.  
Barium was detected at a concentration above the RBSC in the unfiltered samples from both 
wells.  The manganese concentrations were above the RBSC in the sample from BED-MW17.  
In the filtered samples, the barium concentrations exceeded the RBSC in both wells.  The 
concentration of total cyanide (320 µg/L) exceeded the RBSC in the sample from BED-MW17.  
Chloride was the dominant anion in both wells, detected at concentrations of 1,800,000 and 
330,000 µg/L.  Sulfate was reported at 59,000 µg/L and 14,000 µg/L in corresponding samples. 
 
1998 Wet Season Sampling Event (May).  Total xylenes exceeded both the RBSC and 
BSC in BED-MW17 and the BSC alone in BED-MW19.  In the samples from BED-MW17 and 
BED-MW19, ethyl benzene was detected at concentrations above the BSC.  The benzene 
concentration exceeded the RBSC in BED-MW19.  The methylene chloride  concentration was 
reported above the RBSC in BED-MW17, and the reported toluene concentration exceeded the 
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BSC in well BED-MW17; however, these concentrations of methylene chloride and toluene 
were B qualified.  The concentration of SVOC bis(2-ethylhexyl)phthalate, a common laboratory 
contaminant, exceeded the RBSC in the samples from both wells.  In addition, 2-
methylnaphthalene and naphthalene concentrations were above the RBSCs in BED-MW17.  
Barium was above the RBSC in the unfiltered samples from both wells.  In the filtered sample 
from BED-MW17, arsenic was detected at a concentration above both the RBSC and BSC.  
Barium was detected at concentrations above the RBSC in the filtered samples from both 
monitoring wells.  Similar concentrations of chloride (1,600,000 and 280,000 µg/L) and sulfate 
(80,000 and 49,000 µg/L) were reported. 
 
2001 Dry Season Sampling Event (October).  Five wells (BED-MW17, BED-MW19, 
BED-MW22, BED-MW24, and BED-MW27) were sampled in this event.  Two nitroaromatics 
were detected.  2,4-DNT (1.5 µg/L) and 2,6-DNT (1.1 µg/L) were detected above the RBSC 
(0.099 µg/L) in BED-MW27.  In BED-MW17, 2,6-DNT 9 (0.3 µg/L) exceeded the RBSC.   
 
In the samples from every well, BTEX compounds were detected in various combinations.  
Benzene exceeded both the RBSC and BSC levels in BED-MW19, BED-MW24, and BED-
MW27.  It was above the RBSC in BED-MW22.  The ethyl benzene concentrations were above 
the BSC in all wells.  Toluene was above both the RBSC and BSC in BED-MW17 and BED-
MW27.  Total xylenes exceeded both the RBSC and BSC in all wells except BED-MW22 where 
it exceeded only the BSC.  It was above the BSC in the samples from BED-MW19 and BED-
MW24.  Another VOC (bromomethane) exceeded the RBSC in BED-MW19.  With the 
exception of the sample from BED-MW22, methylene chloride was detected at concentrations 
above the RBSC in all samples.  In all wells except BED-MW22, the SVOC naphthalene was 
detected above the RBSC, and 2-methylnaphthalene exceeded the RBSC in BED-MW27.  In the 
unfiltered samples, iron and manganese were above both the RBSC and BSC in well BED-
MW27.  Cobalt and nickel exceeded the BSC in BED-MW19.  Aluminum and copper 
concentrations exceeded the BSC in BED-MW22 and BED-MW27, respectively.  Barium was 
detected above the RBSC in all wells except BED-MW27.  Arsenic was reported at 
concentrations above the RBSC in BED-MW17 and BED-MW27, but was B qualified for the 
latter well.  In the filtered samples, barium was above the RBSC in all wells except BED-MW27.  
Arsenic and manganese exceeded the RBSCs in the samples from BED-MW17 and BED-
MW27, respectively.  With the exception of well BED-MW27, chloride was the dominant anion 
in these wells, detected at concentrations up to 2,420,000 µg/L.  The maximum concentration of 
sulfate observed in these same wells was 53,000 µg/L.  In well BED-MW27, sulfate was 
detected at 1,280,000 µg/L and chloride at only 260,000 µg/L. 
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2002 Wet Season Sampling Event (January).  Monitoring well BED-MW24 was sampled 
in this event.  The VOCs benzene and toluene were detected at concentrations above both the 
RBSC and BSC values in the sample from this well.  The ethyl benzene concentration was above 
the BSC level, and total xylenes exceeded both the RBSC and BSC levels.  The SVOC 
naphthalene was detected at a concentration above the RBSC.  In the unfiltered and filtered 
samples, barium and thallium were reported at concentrations above the RBSCs.  In both cases, 
the detections of thallium were B qualified.  Nearly equal concentrations of chloride (140,000 
µg/L and sulfate (150,000 µg/L) were detected. 
 
2002 Wet Season Sampling Event (April).  Monitoring wells BED-MW17, BED-MW19, 
BED-MW22, BED-MW24, and BED-MW27 were sampled in this event.  Three nitroaromatic 
compounds were detected at concentrations above RBSCs.  In BED-MW17, 2-nitrotoluene (0.55 
µg/L) was detected above its RBSC (0.05 µg/L).  The nitroaromatic 2,6-DNT (0.43 µg/L) 
exceeded the RBSC (0.099 µg/L) in BED-MW24, and the same chemical (0.59 µg/L) was above 
the RBSC in the sample from BED-MW27.  In the sample from BED-MW27, the concentration 
of 2,4-DNT (0.58 µg/L) exceeded the RBSC of 0.099 µg/L.  With the exception of monitoring 
well BED-MW22, BTEX compounds were detected in various combinations in every well.  
Benzene exceeded both the RBSC and BSC levels in BED-MW17, BED-MW19, BED-MW24, 
and BED-MW27.  Toluene concentrations exceeded both levels in BED-MW17 and BED-
MW24, and toluene concentrations exceeded the BSCs in BED-MW19 and BED-MW27.  Ethyl 
benzene exceeded the BSCs in the wells where benzene was detected.  Total xylenes exceeded 
both the BSCs and RBSCs in the same four wells.  With the exception of the sample from BED-
MW24, the VOC methylene chloride was detected above the RBSC in the samples from all 
wells.  The SVOC bis(2-ethylhexyl)phthalate) was detected at a concentration that exceeded the 
RBSC in the sample from BED-MW19.  Naphthalene concentrations were above the RBSC in 
BED-MW17, BED-MW19, BED-MW24, and BED-MW27, and 2-methylnaphthalene exceeded 
the RBSC in BED-MW27.  In the unfiltered samples, iron and manganese concentrations were 
above both the RBSCs and BSCs in well BED-MW27.  Nickel exceeded the BSC in the same 
well.  Chromium and vanadium were above the RBSCs in this well.  Barium was detected above 
the RBSC in the samples from all wells except BED-MW27.  Arsenic and thallium 
concentrations were reported above the RBSCs in BED-MW17, but thallium was B qualified.  In 
the filtered samples, manganese exceeded both the RBSC and BSC in BED-MW27.  The barium 
concentrations exceeded the RBSC in all wells except BED-MW27.  Arsenic concentrations 
exceeded the RBSC in the samples from BED-MW17 and BED-MW27, respectively.  Similar to 
the October 2001 sampling event, all wells were chloride-dominant except BED-MW27.  The 
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concentrations of chloride and sulfate in BED-MW27 were 194,000 and 868,000 µg/L, 
respectively.  In the remaining wells, the maximum concentrations of chloride were 
approximately an order of magnitude greater than the concentrations of sulfate.  The maximum 
concentrations of these two anions were 2,210,000 and 53,600 µg/L. 
 
2002 Dry Season Sampling Event (July).  Monitoring well BED-MW24 was sampled in 
this event.  The VOC benzene was detected above both the RBSC and BSC values in the sample 
from this well, as were total xylenes.  Toluene and ethyl benzene concentrations exceeded the 
BSC levels in this sample.  The SVOC naphthalene was detected at a concentration greater than 
the RBSC.  In the unfiltered sample, iron was detected at a concentration above both the RBSC 
and BSC.  Aluminum exceeded the BSC.  Arsenic, barium, manganese, and vanadium were 
detected at concentrations above the RBSCs.  In the filtered sample, barium was the only metal 
that exceeded screening criteria; the detected concentration was above the RBSC.  Chloride was 
detected in this well at 155,000 µg/L; sulfate was detected at 32,300 µg/L. 
 
2002 Dry Season Sampling Event (October).  Two wells (BED-MW24 and BED-MW27) 
were sampled in this event.  Two nitroaromatic compounds, 2,4-DNT (0.98 µg/L) and 2,6-DNT 
(1.4 µg/L) were detected at concentrations above RBSCs in BED-MW27.  The VOC benzene 
exceeded the RBSC and BSC in the samples from both wells.  Toluene exceeded both levels in 
the sample from BED-MW27, and it exceeded the BSC in BED-MW24.  The concentrations of 
ethyl benzene exceeded the BSCs in both wells, and total xylenes exceeded both the RBSC and 
BSC in the same two wells.  Two SVOCs (2-methylnaphthalene and naphthalene) were above 
the RBSCs in the sample from BED-MW27.  In the unfiltered sample from BED-MW27, iron 
and manganese concentrations exceeded both the RBSCs and BSCs.  Barium was detected at a 
concentration above the RBSC in BED-MW24.  The barium concentration was above both the 
RBSC and BSC in the filtered sample from BED-MW27.  In the filtered sample from BED-
MW24, only barium was detected at a concentrations that exceeded the RBSC.  In well 
BED-MW24, chloride was detected at 126,000 µg/L; sulfate was not detected in this well.  In 
well BED-MW27, sulfate (1,110,000 µg/L) was again detected at a much higher concentration 
than chloride (206,000 µg/L). 
 
2003 Wet Season Sampling Event (April).  Monitoring well BED-MW24 was sampled in 
this event.  The VOC benzene was detected at a concentration above both the RBSC and BSC 
values.  Toluene and ethyl benzene exceeded the BSC levels in the same sample.  Total xylenes 
exceeded the RBSC and BSC.  Methylene chloride was detected at a concentration above the 
RBSC.  The SVOC naphthalene was above the RBSC in the sample from this well.  In the 
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unfiltered and filtered samples, barium was detected at concentrations above the RBSC.  
Consistent with previous sampling results, chloride (105,000 µg/L) was detected at higher 
concentrations than sulfate (20,300 µg/L). 
 
2003 Dry Season Sampling Event (September).  One monitoring well (BED-MW24) was 
sampled in this event.  The VOC benzene was detected at a concentration above both the RBSC 
and BSC values.  Toluene and ethyl benzene concentrations exceeded the BSC levels, and total 
xylenes exceeded both the RBSC and BSC.  The SVOC naphthalene was above the RBSC.  In 
the unfiltered sample, barium and thallium were reported at concentrations above the RBSC, but 
the thallium was B qualified.  In the filtered sample, the barium concentration was the only metal 
that exceeded a screening criterion, and it was above the RBSC.  Chloride was detected at 
98,000 µg/L, and sulfate was detected at 24,600 µg/L. 
 
2003 Dry Season Sampling Event (December).  Monitoring well BED-MW24 was the 
only well sampled in this event.  The VOC benzene was detected above both the RBSC and BSC 
values.  Toluene and ethyl benzene concentrations exceeded the BSC levels.  Total xylenes 
exceeded both the RBSC and BSC.  The SVOC naphthalene was above the RBSC.  In the 
unfiltered sample, barium and thallium were reported at concentrations above the RBSC, but 
thallium was B qualified.  In the filtered sample, barium was the only inorganic detected at a 
concentration that exceeded the RBSC.  Chloride was detected at 48,700 µg/L, and sulfate was 
detected at 32,600 µg/L. 
 
2004 Wet Season Sampling Event (March).  One monitoring well (BED-MW24) was 
sampled in this event.  The VOC benzene was detected above both the RBSC and BSC values in 
the sample.  Toluene and ethyl benzene concentrations exceeded the BSC.  Total xylenes were 
detected at concentrations greater than both the RBSC and BSC.  In the unfiltered sample, 
aluminum was reported at a concentrations above the BSC, but the value was B qualified.  
Barium was the only inorganic detected at a concentration greater than the RBSC.  In the filtered 
sample, barium was the only metal that exceeded a screening criterion; its concentration 
exceeded the RBSC.  Chloride was detected at 79,700 µg/L, and sulfate was detected at 
25,500 µg/L. 
 
2004 Wet Season Sampling Event (May).  Monitoring wells BED-MW17, BED-MW19, 
BED-MW22, BED-MW30, and BED-MW33 were sampled in this event.  With the exception of 
monitoring well BED-MW22, BTEX compounds were detected in various combinations in every 
well.  Benzene exceeded both the RBSC and BSC levels in BED-MW17, BED-MW19, BED-
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MW30, and BED-MW33.  Toluene exceeded both levels in BED-MW17, and its concentration 
was above the BSC in BED-MW19, BED-MW30, and BED-MW33.  Ethyl benzene 
concentrations exceeded the BSCs in these four wells, and concentrations of total xylenes 
exceeded both the RBSC and BSC.  With the exception of the sample from BED-MW30, the 
VOC methylene chloride was detected above the RBSC in the samples from all wells.  Acetone 
and chlorobenzene were detected at concentrations above the RBSCs in BED-MW17.  The 
SVOC naphthalene exceeded the RBSC in samples from BED-MW17 and BED-MW19.   
 
In the unfiltered samples, arsenic concentrations exceeded both the RBSC and BSC in wells 
BED-MW30 and BED-MW33.  In addition, iron concentrations exceeded both criteria in BED-
MW22 and BED-MW33.  Aluminum was above the BSC in BED-MW22, BED-MW30, and 
BED-MW33.  Chromium exceeded the RBSC in BED-MW33.  Copper and cobalt 
concentrations exceeded the BSCs in monitoring well BED-MW19.  Arsenic exceeded the 
RBSC in BED-MW17, and barium concentrations exceeded the RBSCs in all wells except BED-
MW30.  Manganese was above the RBSC in the samples from BED-MW22 and BED-MW33.  
The reported concentrations of thallium exceeded the RBSC in the samples from all wells except 
BED-MW17, but the detected quantities were B qualified for every sample.  Vanadium was 
detected at a concentration greater than the RBSC in the groundwater sample from BED-MW33.  
In the filtered samples, arsenic was reported at concentrations above both the RBSC and BSC in 
BED-MW30 (where the value was B qualified) and BED-MW33.  It was also above the RBSC 
in BED-MW17, but this value was also B qualified.  Barium was detected above the RBSC in all 
wells except BED-MW30 and BED-MW33.  Manganese was detected at a concentration above 
the RBSC in BED-MW33.  Thallium was reported at concentrations above the RBSC in all five 
wells, but the quantity was B qualified for each sample.  Chloride was the dominant anion 
detected in all wells.  The maximum detected concentrations of chloride and sulfate were 
2,460,000 µg/L (BED-MW17) and 32,600 µg/L (BED-MW30). 
 
2004 Wet Season Sampling Event (June).  One monitoring well (BED-MW24) was 
sampled in this event.  The VOC benzene was detected at a concentration above both the RBSC 
and BSC values in the sample from this well.  Toluene and ethyl benzene exceeded the BSC 
levels in the same sample, and total xylenes exceeded both the RBSC and BSC.  The SVOC 
naphthalene was detected at a concentration greater than the RBSC.  In the unfiltered and filtered 
samples, barium was detected at concentrations above the RBSC.  Similar to other sampling 
events, chloride (79,000 µg/L) was detected at a higher concentration than sulfate (25,500 µg/L). 
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2004 Dry Season Sampling Event (August).  Monitoring wells BED-MW17, BED-
MW19, BED-MW22, BED-MW30, BED-MW33, and private well PT-5912 were sampled in 
this event.  One Nitroaromatic compound (2-nitrotoluene, 0.16 µg/L)) was detected above the 
RBSC (0.05 µg/L).  BTEX compounds were detected in various combinations in every well.  
Benzene concentrations exceeded both the RBSC and BSC levels in all wells except BED-
MW22.  Toluene and ethyl benzene exceeded the BSCs in all wells except BED-MW22.  The 
toluene concentration exceeded the RBSC in well BED-MW17.  Total xylenes were detected at 
concentrations above the RBSC and BSC in all but two wells (BED-MW22 and PT-5912).  The 
SVOC naphthalene was detected at concentrations greater than the RBSC in BED-MW17, BED-
MW19, and BED-MW30.   
 
In the unfiltered samples, arsenic and iron concentrations were above both the RBSCs and BSCs 
in well BED-MW33, and arsenic was above the RBSC in BED-MW30.  In addition, iron 
exceeded both criteria in PT-5912.  Aluminum was detected at concentrations above the BSC in 
all wells except BED-MW17 and BED-MW19, and copper exceeded the BSC only in BED-
MW19.  Barium concentrations exceeded the RBSC in three wells (BED-MW17, BED-MW19, 
and BED-MW22).  The manganese exceeded the RBSC in the sample from the private well.  
Thallium exceeded the RBSC in BED-MW22 and BED-MW33.  Vanadium was above the 
RBSC in the unfiltered sample from BED-MW33.  Among the filtered samples, arsenic was the 
only metal above both the RBSC and BSC (BED-MW33), and this metal was above the RBSC in 
the sample from BED-MW30.  Filtered aluminum exceeded the BSC in BED-MW30.  Barium 
was above the RBSC in the filtered results from three wells (BED-MW17, BED-MW19, and 
BED-MW22).  Manganese exceeded the RBSC in PT-5912.  The thallium concentrations were 
above the RBSC in the samples from BED-MW17, BED-MW19, and BED-MW30.  Vanadium 
was detected at a concentration greater than the RBSC in BED-MW33.  Chloride was the 
dominant anion detected in all wells except the private well PT-5912.  The maximum 
concentrations of chloride and sulfate detected were 2,790,000 µg/L (BED-MW17) and 52,500 
µg/L (BED-MW30).  In private well PT-5912, sulfate was detected at 70,500 µg/L and chloride 
was detected at 14,900 µg/L. 
 
7.3.3  Summary of Sampling Events, Downgradient Perimeter Wells. 
 
Overburden/Shale.  No downgradient, perimeter overburden/shale monitoring wells were 
scheduled to be sampled during the 1997 dry season, 1998 wet season, 2001 dry season, or 2002 
wet season sampling events. 
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Delaware Limestone Bedrock.  In samples from the downgradient perimeter wells, four 
nitroaromatic compounds were detected at concentrations that exceeded screening criteria.  In 
the 1997 dry season sampling event (November),  nitrobenzene was detected above the RBSC in 
BED-MW17 at a concentration of 0.34 µg/L.  2,4-DNT (1.5 µg/L) was detected in BED-MW27 
in the 2001 dry season event (October).  In this same event, 2,6-DNT at concentrations of 0.3 
µg/L and 1.1 µg/L were detected above the RBSC in BED-MW17 and BED-MW27, 
respectively.  In the 2002 wet season sampling event (April), 2-nitrotoluene (0.55 µg/L) was 
detect above the RBSC in BED-MW17.  In the same event, the concentration of 2,4-DNT (0.58 
µg/L) was above the RBSC in BED-MW27.  The compound 2,6-DNT was also detected at 0.43 
µg/L and 0.59 µg/L in BED-MW24 and BED-MW27, respectively.  In the 2002 dry season 
sampling event (October), 2,4-DNT (0.98 µg/L) and 2,6-DNT (1.4 µg/L) were above the RBSCs.  
The compound 2-nitrotoluene (0.16 µg/L) was detected at a concentration above the RBSC in 
BED-MW30).   
 
A number of VOC compounds (acetone, benzene, chlorobenzene, ethyl benzene, methylene 
chloride, toluene, and total xylenes) were detected at concentrations above RBSCs and/or BSCs.  
In particular, the BTEX compounds (individually or in various combinations) exceeded the 
RBSCs and/or BSCs consistently throughout all sampling events in all of the monitoring wells.  
Three SVOCs were detected above the RBSCs.  The  SVOC (bis[2-ethylhexyl]phthalate) was 
detected in the samples from BED-MW19 in the 1997 dry season sampling event (November), 
BED-MW17 and BED-MW19 in the 1998 wet season event (May), and BED-MW19 in the 2002 
wet season sampling event (April).  With the exception of the 2004 wet season sampling event 
(March), naphthalene was detected at concentrations above the RBSC in all sampling events, 
particularly in BED-MW17, BED-MW-19, BED-MW24, BED-MW27, and BED-MW30.  
Another SVOC (2-methylnaphthalene) was detected at concentrations above the RBSC in the 
1998 wet season event (May), 2001 dry season event (October), 2002 wet season event (April), 
and 2002 dry season event (October).  These detections above the RBSC were always in BED-
MW17 and BED-MW27.  Various metals were detected above screening criteria in every well 
throughout all sampling events.  The metals detected above RBSCs and/or BSCs in the unfiltered 
samples were aluminum, arsenic, barium, chromium, copper, iron, manganese, nickel, thallium, 
and vanadium.  The most prevalent above the screening criteria were barium, aluminum, arsenic, 
and thallium.  The metals detected above RBSCs and/or BSCs in the filtered groundwater 
samples were aluminum, arsenic, barium, manganese, thallium, and vanadium.  The most 
prevalent above screening criteria were barium and arsenic.  Total cyanide (320 µg/L) was 
detected above the RBSC only one time in a groundwater sample from BED-MW17,  collected 
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in the 1997 dry season sampling event.  In general, chloride was detected at higher 
concentrations than sulfate in all wells except BED-MW17 and private well PT-5912. 
 
7.4  Background Monitoring Wells Analytical Results 
 
7.4.1  Overburden/Shale 
One background overburden/shale monitoring well (IT-MW01) was sampled.  Overburden 
monitoring well IT-MW01 is located near the western property boundary of PBOW near the 
intersection of West Scheid and Patrol Road.  During the October 2001 sampling event, the 
stick-up riser within the protective casing was found to be indented and therefore prevented 
insertion of a sampling pump or bailer.  After the groundwater sampling of November 1997 and 
May 1998, sampling was not conducted until July 2002.  The riser of the well could not be 
repaired but groundwater samples were collected using a peristaltic pump.  IT-MW01 was not 
scheduled to be sampled after September 2003.  Groundwater was analyzed for VOCs, SVOCs, 
nitroaromatics, metals (unfiltered and filtered), cyanide, and water quality parameters during the 
sampling events.  Cyanide was not scheduled for analysis during the 1997 and 1998 sampling.  
Table 7-18 presents detected constituents above RBSC and/or BSC values in the 
overburden/shale groundwater.  Figure 7-13 shows analytical results along with sampling 
locations.  Background groundwater analytical results are not compared with RBSCs or BSC 
values.  
 
November 1997, Dry Season Sampling Event.  No nitroaromatics or SVOCs were 
detected in the groundwater from well IT-MW01.  VOCs methylene chloride (0.33 µg/L) and 
total xylenes (0.31 µg/L) were reported, but results were both B qualified.  Unfiltered metals iron 
(1,320 µg/L), manganese (1,320 µg/L), mercury (0.45 µg/L), and zinc (51.6 µg/L) were detected.  
Filtered metal groundwater detections included iron (1,090 µg/L), manganese (331 µg/L), and 
zinc (46.9 µg/L).  Sulfate was detected at 79,000 µg/L, and chloride was detected at 4,000 µg/L. 
 
May 1998, Wet Season Sampling Event.  No nitroaromatics or SVOCs were detected in 
the groundwater from well IT-MW01.  VOCs methylene chloride (0.58 µg/L) and toluene (22 
µg/L) were reported, but the toluene results were B qualified.  Unfiltered metals iron (2,200 
µg/L), manganese (348 µg/L), and zinc (149 µg/L) were detected.  Filtered metal groundwater 
detections included aluminum (276 µg/L), iron (1,970 µg/L), and manganese (395 µg/L).  The 
filtered zinc result, reported at 47.5 µg/L, was B qualified.  Sulfate was detected at 140,000 µg/L, 
and chloride was detected at 3,000 µg/L. 
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2001 Dry Season Sampling Event (September/October - First Quarter).  Due to an 
indentation of the PVC riser, monitoring well IT-MW01 was not sampled.   
 
January 2002, Wet Season Sampling Event (Second Quarter).  On January 16, 2002, 
an attempt was made to repair IT-MW01.  Like the September-October 2001 sampling, an 
indentation of the PVC riser (2 ft below the top of the casing) prevented sampling equipment 
(pump and bailer) from reaching groundwater in the well.  Review of IT-MW01 well 
construction diagram showed that the bottom of the only riser joint (3.2 ft stickup to 4 ft bgs) is 
located within the filter pack.  This, therefore, precluded removal of the riser for replacement.  
Sampling personnel attempted to remove or push back the indentation in the riser, but did not 
succeed. 
 
April 2002, Wet Season Sampling Event (Third Quarter).  Due to an indentation of the 
PVC riser, monitoring well IT-MW01 was not sampled. 
 
July 2002, Dry Season Sampling Event (Fourth Quarter).  No nitroaromatics or SVOCs 
were detected in the overburden background well.  Two VOC compounds, acetone (3.5 µg/L) 
and methylene chloride (0.19 µg/L) were reported,  though both values were B qualified.  
Several unfiltered and filtered metals samples were detected.  Unfiltered-filtered analytical 
results respectively were: aluminum (117 and 62.2 B µg/L), barium (75.9 and 82.5 µg/L), cobalt 
(7.5 and 10.3 µg/L), copper (9.1 and 2.8 µg/L), iron (563 and 745 µg/L), manganese (292 and 
326 µg/L), nickel (15 and 26.2 µg/L), and zinc (34.3 and 124 µg/L).  Similar to previous 
analytical results, sulfate (118,000 µg/L) was detected at a much higher concentration than 
chloride (3,400 µg/L). 
 
October 2002, Dry Season Sampling Event (Fifth Quarter).  No nitroaromatics or 
SVOCs were detected in the overburden background well.  One VOC compound, 2-butanone 
(0.7 µg/L), a common laboratory contaminant, was reported though the result was B qualified.  
Seventeen unfiltered and 8 filtered metals were detected.  Filtered analytical results are included 
following the unfiltered metals results, if the compound was detected.  Unfiltered and filtered 
metals included: aluminum (10,000 and 71.6 B µg/L), antimony (8 µg/L), arsenic (52.6 µg/L), 
barium (139 and 89.1 µg/L), beryllium (4.6 µg/L), cadmium (1.5 µg/L), chromium (14.1 µg/L), 
cobalt (14 and 4.9 µg/L), copper (72.2 and 3.7 µg/L), iron (52,100 and 1,840 µg/L), lead (101 
µg/L), manganese (490 and 424 µg/L), nickel (35 and 10.5 µg/L), selenium (5 µg/L), thallium 
(5.7 µg/L), vanadium (35.9 µg/L), and zinc (124 and 13.1 µg/L).  Sulfate was detected at 
67,300 µg/L, and chloride was detected at 9,900 µg/L. 
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April 2003, Wet Season Sampling Event (Sixth Quarter).  No nitroaromatics were 
detected in the overburden background well.  Two VOC compounds, acetone (1.5 µg/L) and 
carbon disulfide (0.1 µg/L) (both common laboratory contaminants) were reported, though 
acetone was B qualified.  One SVOC, diethyl phthalate (1.5 µg/L) was also reported, but was B 
qualified.  Twelve identical unfiltered and filtered metals were detected.  Filtered analytical 
results are included following the unfiltered metals results and included:  aluminum (14,000 and 
1,470 µg/L), barium (60.7 and 52.6 µg/L), beryllium (0.84 B and 1.2 B µg/L), cadmium (0.38 
and 0.48 µg/L), cobalt (35.8 and 34.8 µg/L), copper (48.8 and 49.2 µg/L), iron (3,530 and 2,480 
µg/L), lead (8.8 and 8.7 µg/L), manganese (396 and 360 µg/L), nickel (74.9 and 82.9 µg/L), 
thallium (4 B and 4.9 B µg/L), and zinc (74.8 and 73.8 µg/L).  Sulfate was detected at 
211,000 µg/L, and chloride was detected at 3,000 µg/L. 
 
7.4.2  Shale Bedrock 
Three existing bedrock monitoring wells (BG8-BEDGW-001, BED-MW20, and BED-MW25) 
and 2 new bedrock wells (BED-MW28 and BED-MW29) have been selected from upgradient 
on-site and off-site locations to determine background distributions for inorganics and BTEX in 
the bedrock groundwater.  Groundwater was analyzed for VOCs, SVOCs, nitroaromatics, metals 
(unfiltered and filtered), cyanide, and water quality parameters during the sampling events.   
 
As noted in Section 1.0, analytical results and discussion of sampling activities of the first 
through the ninth background groundwater sampling events are not included in the text, though 
analytical results are included in Table 7-19.  Sampling information from those quarterly 
sampling events can be fond in the quarterly reports referenced in Chapter 1.0.  Table 7-18 
presents detected constituents in the bedrock groundwater from all sampling events and Figure 7-
14 shows analytical results along with sampling locations.   
 
Note that the analytical results for well BED-MW26 are provided in Table 7-18.  This well is not 
part of the background wells used for derivation of BSCs and should not be used for other 
comparisons to the background analytical database.  Therefore, the concentrations in this well 
are not included under the “MDC column” on this table. 
 
June 2004, Wet Season Sampling Event (Tenth Quarter).  No nitroaromatic compounds 
were detected in the groundwater samples of the background monitoring wells (BG8-BEDGW-
001, BED-MW20, BED-MW25, BED-MW28, and BED-MW29).  Five VOC compounds were 
detected from the monitoring wells during sampling.  Constituents of BTEX were common to 
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most wells.  Benzene was found in well BED-MW20 (0.34 µg/L), BED-MW28 (1.1 µg/L), and 
BED-MW29 (0.23 µg/L), ethyl benzene in well BED-MW29 (0.55 µg/L), toluene in well BED-
MW28 (0.13 µg/L), and total xylenes in well BED-MW29 (3.7 µg/L).  Carbon disulfide (a 
common laboratory contaminant) was also common to wells BG8-BEDGW-001 (0.16 µg/L), 
BED-MW25 (1.9 µg/L), and BED-MW28 (0.1 µg/L).  Acetone was also reported in each well 
but results were validated with a B qualifier.  No SVOCs were detected in the background 
bedrock groundwater samples.   
 
Eleven unfiltered and filtered metals were detected from the groundwater samples.  The most 
metals most commonly  unfiltered metals detected are (MDC in parentheses): aluminum (129 
µg/L [MW28]), barium (22,500 µg/L [MW20]), iron (1,000 µg/L [MW29]), manganese (170 
µg/L [MW20]), and zinc (85.5 µg/L [MW20]).  The most common filtered metals detected with 
concentration ranges included:  aluminum (128 µg/L [MW20]), barium (23,100 µg/L [MW20]), 
manganese (178 µg/L [MW20]), and zinc (102 µg/L [MW20]).  Sulfate (26,000 and 514,000 
µg/L) was detected at higher concentrations than chloride (9,600 and 95,400 µg/L) in wells BG8-
BEDGW-001 and BED-MW25.  In well BED-MW20, chloride was detected at 24,200,000 µg/L, 
the highest concentration observed in any PBOW well as compared to in this report.  Sulfate was 
not detected in this well. 
 
7.4.3  Summary of Sampling Events, Background Monitoring Wells 
 
Overburden/Shale.  No nitroaromatics were detected in monitoring well IT-MW01 during the 
5 sampling events.  Six VOC compounds were reported in the groundwater but all except carbon 
disulfide (0.1 µg/L) and toluene (22 µg/L) were B qualified data.  One SVOC compound, diethyl 
phthalate, was reported, but the low concentration (1.5 µg/L) of this common laboratory 
contaminant was also B qualified.  Iron, manganese, and zinc were the most common detected 
unfiltered and filtered metals found during all 5 sampling events.  Concentrations of iron in the 
unfiltered samples ranged from 563 µg/L detected in the July 2002 dry season to 52,100 µg/L 
also detected in the dry season of October 2002.  Unfiltered manganese concentrations ranged 
from 292 µg/L detected in the 2002 dry season to 490 µg/L detected also during the dry season 
of October 2002.  Concentrations of zinc were relatively low and ranged from 34.4 µg/L (July 
2002 dry season) to 149 µg/L (May 1998 wet season).  Filtered concentrations of iron were 
found at 745 µg/L in the dry season to 2,480 µg/L in the wet season of April 2003.  Manganese 
ranged from 331 µg/L in the 1997 dry season to 424 µg/L, also in the dry season of 2002.  Zinc 
concentrations varied from 13.1 µg/L in the dry season to 73.8 µg/L in the wet season.  Sulfate is 
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the dominant anion present, detected at concentrations at least one order of magnitude greater 
than chloride. 
 
Shale Bedrock.  Three nitroaromatic compounds were detected in the background bedrock 
groundwater during the 12 sampling events since November 1997 (note that 12 sampling events 
were not conducted from all background wells, sampling activities began when the well was 
installed).  Nitroaromatic 4A-2,6-DNT was detected once in well BED-MW20 at a concentration 
of 0.19 µg/L (September 2003 dry season), nitrobenzene was detected twice in well BED-MW25 
at 0.076 µg/L (April 2002 wet season) and 0.12 µg/L (October 2002 dry season), and once in 
well BED-MW20 at 0.088 µg/L (April 2002 wet season), and RDX was detected once in well 
BED-MW20 at 0.17 µg/L (September 2003 dry season).  As discussed in Section 7.6.1.2, RDX 
is regarded as a likely lab artifact.  No nitroaromatics have been detected in groundwater samples 
from background wells BG8-BEDGW-001, BED-MW28, and BED-MW29.  The most common 
VOC compounds detected in the groundwater from the background wells were carbon disulfide, 
benzene, acetone, and toluene.  Carbon disulfide was detected 24 times from 42 samples with a 
maximum concentration of 13 µg/L in well BED-MW29 (December 2003 dry season).  Benzene 
was detected in 19 samples, predominantly from wells BED-MW20, BED-MW25, BED-MW28, 
and BED-MW29, with a maximum concentration of 3.2 µg/L in well BED-MW20 (July 2002 
dry season).  Acetone was reported in 18 samples with a maximum concentration of 17 µg/L in 
well BED-MW29 (September 2003 dry season).  Although acetone was reported in 18 samples, 
results of 9 were B qualified.  Toluene was reported in 16 samples with a maximum 
concentration of 1.7 µg/L in well BED-MW20 (January 2002 wet season) and 6 of the results 
were B qualified, all from BED-MW20.  Only 2 SVOC compounds were detected from the 42 
background groundwater samples.  Bis[2-ethylhexyl]phthalate was reported in 7 of the 42 
samples, but 4 of the results were B qualified.  The  maximum concentration of bis(2-
ethylhexyl)phthalate was 2.9 µg/L in well BED-MW20.  The SVOC 2-methylnaphthalene was 
detected once and it was found in well BED-MW20 in the November 1997 dry season.   
 
Manganese was the most common unfiltered metal and was detected in all 42 samples.  The 
maximum unfiltered manganese concentration detected was 2,240 µg/L in well BG8-BEDGW-
001 during the dry season of November 1997.  Barium was detected in 40 unfiltered samples at a 
maximum value of 26,900 µg/L in well BED-MW20 during the wet season of April 2003.  
Aluminum and iron were each encountered 39 times in the 42 unfiltered samples, but was B 
qualified in 20 of the samples.  Aluminum was detected at a maximum concentration of 9,020 
µg/L in well BG8-BEDGW-001 (November 1997 dry season).  Unfiltered iron was reported at a 
maximum concentration of 22,600 µg/L from the same well during the same time, and was B 
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qualified in one sample.  In the filtered groundwater samples, like the unfiltered samples, 
manganese was the most common metal to be detected.  It was detected in all 42 samples at a 
maximum value of 1,300 µg/L in well BG8-BEDGW-001 during the November 1997 dry 
season.  Barium was detected in 41 samples at a maximum concentration of 26,200 µg/L in 
BED-MW20 during April 2003 wet season.  Filtered iron and zinc were each detected in 33 
samples.  Iron was found at a maximum concentration of 6,180 µg/L from well BED-MW20 in 
January 2002 and zinc was found at 673 µg/L in well BED-MW20 in December 2003 dry 
season.   
 
There is great variability in anion concentrations in background shale bedrock wells.  
Groundwater well BG8-BEDGW-001 was chloride-dominant in samples collected from July 
through September.  During the January through June sampling events, data indicate that 
differences in concentrations between chloride and sulfate were less, with sulfate being nearly 
equal to or greater than chloride in four of the six events.  In background well BED-MW20, 
extremely high concentrations of chloride were observed, presumably related to the natural gas 
present in this well and probable brackish formation water.  Chloride was the dominant anion in 
well BED-MW25 in all but three sampling events.  In July 2002 and June 2004, sulfate was 
detected at higher concentrations than chloride, and nearly equal concentrations of the anions 
were detected in September 2003.  In background wells BED-MW28 and BED-MW29, chloride 
was the dominant anion present, detected at a concentration up to 3,540,000 µg/L, compared to 
sulfate with a maximum detection of 35,200 µg/L. 
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8.0  Conclusions 

 
Since November 1997, Shaw has completed 12 sampling events at monitoring wells located in 
background positions, upgradient of former ordnance manufacturing activities.  From 
groundwater analytical result interpretations and water level elevation measurements, monitoring 
wells BG8-BEDGW-001, BED-MW20, BED-MW25, BED-MW28, and BED-MW29 are 
determined to be located in “true” background localities.  Resulting analytical values from wells 
BG8-BEDGW-001, BED-MW25, BED-MW28, and BED-MW29 were  used to generate BSCs 
of inorganics and BTEX in bedrock groundwater for comparison to site and downgradient data.  
Although monitoring well BED-MW20 is in a background location, analytical data from the well 
were not used as part of the background data set to generate BSC values due to irregular 
analytical results believed to be caused by methane gas encountered in the borehole.   
 
As part of the present SOW, BSC values generated from sampling of background wells are 
compared to groundwater sampling results collected from selected wells and direct-push 
sampling points at specific AOCs and downgradient perimeter locations.  In addition to 
comparison of analytical results to BSC values, if present, analytical results are also compared to 
October 2004 RBSC derived values.  Groundwater analytical results from selected monitoring 
wells at the AOCs were sampled in November 1997, May 1998, October 2001, and April 2002.  
Groundwater samples from downgradient perimeter wells were collected in May and August 
2004.  Chapter 6.0 in this report presented results from these sampling events as well as the 
associated hydrogeologic interpretations.  This chapter presents conclusions of the semi-annual, 
downgradient, and background monitoring well sampling results previously presented. 
 
8.1  Overburden/Shale Water-Bearing Zone 
A total of 7 overburden monitoring wells (2 in TNTA, 2 in TNTB, and 3 in TNTC) and 5 
monitoring wells screened in the shale bedrock (1 at ABG and 4 at TNTB) were selected to be 
sampled on a semi-annual basis in September/October 2001 (dry season) and April 2002 (wet 
season), along with groundwater samples obtained from direct-push operations at TNTA, TNTB, 
and TNTC in September-October 2000 and August 2001.  Analytical results from previous 
sampling events in November 1997 (dry season) and May 1998 (wet season) were used as 
additional data for comparison to RBSC and BSC values.  Groundwater analytical results of 
samples from direct-push operations at the PRRWP and WARWP were collected in June 1998 
and show overburden/shale water quality in those areas, respectively.  Interpretations from the 
analytical data indicate that site-related contaminants have impacted the overburden/shale water-
bearing zone to varying degrees across each AOC. 
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8.1.1  Nitroaromatic Compounds 
A total of 11 nitroaromatic compounds above RBSCs were detected in the overburden/shale 
water-bearing zone from direct-push or monitoring well samples at TNTA, TNTB, TNTC, 
PRRWP and WARWP.  Monitoring wells screened in the shale bedrock detected no 
nitroaromatics.  TNTA exhibited 6 nitroaromatics in groundwater from direct-push sample DP21 
(downgradient of the Bi-Tri House [Building 132]) and 3 nitroaromatics in groundwater from 
overburden/shale monitoring well TNTA-MW11 (downgradient of Wash House Building 146) 
above screening levels.  TNTB showed 4 nitroaromatics above RBSCs, all from downgradient 
monitoring well MK-MW17.  TNTC detected 6 nitroaromatics above RBSCs from direct-push 
samples GW02 (downgradient of the Bi-Tri House [Building 682]) and GW09 (downgradient of 
Mono House [Building 681]).  The PRRWP encountered a total of 8 nitroaromatics (4 were 
detected as SVOCs) above RBSCs with one or more found at 11 of the 22 direct-push sampling 
points.  Seven nitroaromatics (2 also detected as SVOCs and 2 detected only as SVOCs) were 
detected at the WARWP with one or more found in 8 of the 14 direct-push locations.  Explosive 
compounds above screening levels were detected during the dry and wet time periods. 
 
Based on the nitroaromatic detections of 2A-4,6-DNT, 4A-2,6-DNT, 2-nitrotoluene, 3-
nitrotoluene, 4-nitrotoluene, nitrobenzene, and nitroanilines, site conditions indicate that a 
natural biodegradation of 2,4,6-TNT, 2,4-DNT, and 2,6-DNT may be taking place. 
 
8.1.2  Organic Compounds  
Eight VOC compounds above RBSC and/or BSC values are present in the overburden/shale 
water-bearing zone.  Four compounds were detected by direct-push groundwater samples above 
the RBSC and BSC levels at the TNT manufacturing areas.  Benzene, ethyl benzene, toluene, 
and chloroform were found at TNTA above the RBSC and/or the BSC values in direct-push 
points GW01, GW03, and DP21 while benzene was detected only above the RBSC at TNTC in 
points GW03 and GW09.  Methylene chloride (B qualified) was found at TNTA in 
overburden/shale well MK-MW23 above the RBSC, and toluene was detected in well MK-
MW24 above the BSC.  VOCs tetrachloroethene and trichloroethene were detected above RBSC 
levels at both red water pond areas while only toluene from 1 location (DP12 at PRRWP) was 
detected above the BSC level.  Shale screened bedrock well TNTB-BEDGW-002 detected 
benzene above the RBSC and methylene chloride (B qualified) in the November 1997 dry 
season.  Trichloroethene was detected in the overburden/shale groundwater above the RBSC 
from well ABG-BEDGW-001 at the ABG.  Trichloroethene contamination may be related to 
previous site activities. 
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Twelve different SVOC compounds above RBSC values are present in the overburden/shale 
water-bearing zone.  Eight SVOCs were encountered during direct-push operations at PRRWP 
during the June 1998 (wet season) activities, 5 compounds were detected at WARWP during the 
same time period, 4 were detected at TNTC during the 2000 dry season, and 3 were detected at 
the ABG during September-October 2001 (dry season).  TNTB overburden/shale monitoring 
well MK-MW17 detected (indeno(1,2,3-cd)pyrene) during October 2001 (dry season).  Shale 
screened bedrock well ABG-BEDGW-001 detected the 3 PAH compounds (benzo(a)pyrene, 
dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene) above RBSC levels during the same time 
period and may be attributable to site contamination.   
 
8.1.3  Inorganic Compounds  
Many filtered and unfiltered metals were detected in the overburden/shale water-bearing zone 
during direct-push and monitoring well sampling activities.  Most of the metals were removed 
during the field filtration process, but several metals (arsenic, beryllium, iron, lead, manganese, 
and thallium) remained above the RBSC and/or BSC values.  Lead was detected during 2 
sampling events.  It was encountered above the RBSC at the PRRWP in push point DP09 during 
June 1998 (wet season) activities at a concentration of 31.5 µg/L and in well sampling activities 
at MK-MW17 in May 1998 (wet season) at a concentration of 16.4 µg/L.  Both lead detections 
during the wet season may be indicative of site contamination. 
 
In general, the overburden is characterized by higher levels of sulfate than chloride.  More than 
90 percent of the groundwater samples collected from overburden piezometers and monitoring 
wells had higher levels of sulfate.  The highest levels of sulfate were observed in piezometers at 
the PRRWP, suggesting that this may be a useful parameter in determining potential impacts to 
overburden groundwater.  However, given the fact that the concentration of sulfate detected in 
background overburden well IT-MW01 was up to 211,000 µg/L, distinguishing overburden 
background from potential site impacts may be difficult for areas outside of major sources (i.e., 
the red water ponds).  Nitrate was infrequently detected; however, nitrate was detected at 
concentrations up to 465,000 µg/L.  Nitrate was also detected in one sample from the WARP at a 
concentration of 1,600 µg/L.  While nitrate may be an indication of potential impacts from 
PBOW activities, caution should be used in interpreting the results, given that nitrates are also 
commonly associated with septic tank leach fields and the application of fertilizers. 
 
Unlike the overburden, chloride is the dominant anion in the shale bedrock groundwater.  In the 
background wells, chloride was detected at concentrations greater than sulfate in approximately 
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85 percent of the samples.  In the site wells, two areas deviated from this trend.  In TNTB, 
chloride was the dominant anion in wells TNTB-BEDGW-001 and TNTB-BEDGW-003.  Well 
TNTB-BEDGW-001 is located on the northeast corner of TNTB, while TNTB-BEDGW-003 is 
located at one of the process buildings.  However, in wells TNTB-BEDGW-002 and TNTB-
BEDGW-004, sulfate was the dominant anion.  In both of these wells, the source of sulfate could 
be infiltration through the residuum, as they are screened in the upper shale.  Well TNTB-
BEDGW-002 is located upgradient from the site, and has no known source of contamination 
nearby.  Well TNTB-BEDGW-004 is located near a former process building that used sulfate 
compounds in the TNT manufacturing process.  The other area is the Additional Burning Ground 
Area.  Well ABG-BEDGW-001 is shallow, and the sulfate could reflect infiltration through the 
residuum.  The burning of waste TNT products is not suspected as a source for sulfate. 
 
8.1.4  Geologic and Hydrogeological Conclusions 
Groundwater flow in the overburden/shale water-bearing zone is predominantly to the north 
(Figures 6-2 and 6-3).  Based on historical and present data, groundwater within the 
unconsolidated material above the bedrock (overburden groundwater) is isolated in pockets, is 
seasonally dependent for existence, and is discontinuous throughout PBOW (Figure 2-12).  
Based on information from groundwater level data, hydraulic conductivity data, and contaminant 
migration, the groundwater within the overburden and shale bedrock is considered to be a single 
hydrogeologic unit and includes groundwater in the Ohio and Olentangy Shale.  This 
interpretation is based on: 
 

• Similarity of shale and overburden groundwater elevations at well pairs 
 
• Depth similarity of groundwater encountered in residuum and bedrock shale wells 

site-wide 
 
• Bedrock groundwater contours (along the shale outcrops and the shale/limestone 

contact) merging with contours of the overburden 
 
• Visual interpretations of cross-sections (Figures 2-3 through 2-8). 

 
The shallow water table extends into the upper severely to moderately weathered shale from the 
central portion of the facility to the south-central and southwestern areas.  In the southeastern 
portion of the site, overburden/shale groundwater flow appears to have a relatively uniform 
horizontal hydraulic gradient to the east-northeast.  Overburden/shale groundwater in the central 
portion of the facility generally flows to the north and discharges to both Ransom and Plum 
Brook.  On the north side of the site, the flow is toward Ransom Brook and a wetland area 
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located southwest of the Reactor Facility Area.  Groundwater in the western panhandle of the site 
flows to the north-northwest and discharges to Pipe Creek.  In the far northwest corner of 
PBOW, a groundwater divide is present (marked by Pipe Creek) where overburden/shale 
groundwater is interpreted to flow in a southwest direction toward Pipe Creek.  Since the initial 
water level measurements in December 1994 (applicable only to wells installed at that time), 
groundwater elevations in the overburden/shale wells have had variable water level elevations.  
The minimum change was seen in background well BED-MW29 with a change of 1.21 ft (well is 
screened in shale bedrock) while the maximum change was 25.03 ft in well TNTC-MW04 (well 
at TNTC) (Table 6-1).  The average fluctuation of water levels in the overburden/shale 
monitoring wells was 6.65 ft.  Groundwater elevations in the overburden fluctuate seasonally, 
irrespective of the area of the site.  Consistent fluctuations in other overburden wells may imply 
a significant horizontal connectivity across the overburden water-bearing zone and that water 
levels are controlled by regional fluctuations in the bedrock groundwater elevations. 
 
8.2  Delaware Limestone Bedrock Water-Bearing Zone 
Bedrock monitoring wells from 3 distinct areas with different groundwater collection purposes 
were sampled at PBOW.  Locations of monitoring wells were at site AOCs, in downgradient 
perimeter areas, and in background locations. 
 
8.2.1  AOC Well Samples 
A total of 13 bedrock monitoring wells from 9 AOCs (AOC total excluding TNTB and ABG 
because no monitoring wells are screened in the Delaware Limestone bedrock) were sampled on 
a semi-annual basis beginning in September/October 2001 (dry season), followed six months 
later by sampling in April 2002 (wet season).  Only 12 wells were able to be sampled during 
both events due to high hydrogen sulfide vapors in well AA1-BEDGW-001 at AA1, which 
prevented sample collection.  If available, analytical data from November 1997 and May 1998 
were also used for RBSC and BSC comparison purposes for the associated monitoring well.  
Shown by the following sections, contaminants have also impacted the bedrock water-bearing 
zone, but to a lesser degree than the overburden/shale water-bearing zone. 
 
8.2.1.1  Nitroaromatic Compounds 
From bedrock monitoring wells located at the AOCs visited for sampling, bedrock groundwater 
in 2 areas failed to exhibit any nitroaromatic detections above RBSCs.  Those areas included 
TNTC and AA3.  A total of 9 nitroaromatic compounds above RBSCs (4 of the 9 detected as 
SVOCs) were detected at the remaining 7 AOCs.  TNTA exhibited 5 compounds (4A-2,6-DNT, 
1,3-DNT, 2,4-DNT, 2,6-DNT, and nitrobenzene), WARWP groundwater revealed 5 compounds 
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detected only as SVOCs (4,6-dinitro-2-methylphenol, 2,4-dinitrophenol, 2,4-DNT, 3-
nitroaniline, and nitrobenzene),  PRRWP had 4 compounds (4A-2,6-DNT, 2,4-DNT, 2,6-DNT, 
and nitrobenzene), AA1 had three compounds (RDX, 2-4-DNT, and 2-nitrotoluene), AA2 
detected 3 (1,3-DNB; 2,4-DNT; and 2,6-DNT),  MNTA exhibited 3 (1,3-DNB, 2, 4-DNT, and 
2,6-DNT), and the UTT Area detected 2,6-DNT.  From the four sampling events (2 wet season 
and 2 dry season) in which groundwater was collected, the nitroaromatics above RBSC levels 
were detected during the wet season of May 1998 or April 2002 in all of the AOCs. 
 
8.2.1.2  Organic Compounds 
Benzene was the most frequently detected VOC above RBSC and BSC values during sampling 
of bedrock groundwater during the 4 sampling periods.  It was detected in each of the 13 
monitoring wells sampled and in a total of 38 samples of the 46 samples collected since 
November 1997.  Benzene concentrations above the RBSC and BSC ranged from 5.7 µg/L (well 
BED-MW18, November 1997 dry season) to 2,500 µg/L (well BED-MW23, April 2002 wet 
season).  Other VOC compounds that were above screening levels usually associated with the 
natural hydrocarbon that is typical of the Delaware Limestone include toluene, ethyl benzene, 
and total xylenes.  These compounds were also found above the RBSC and/or BSC values in all 
samples except those from monitoring well BED-MW14 in the WARWP.  Another frequent 
VOC detected above RBSCs was methylene chloride.  It was found in 30 of the 46 groundwater 
samples since November 1997.  Concentrations above the RBSC value ranged from 4.4 µg/L 
(well AA1-BEDGW-001, May 1998 wet season) to 330 µg/L (well TNTA-BEDGW-001, 
October 2001 dry season).  Other contaminants exceeding screening levels that may be 
considered related to former DOD site activities are chloromethane (AA2), bromomethane (AA2 
and AA3), trichloroethene (MNTA), 1,1,2-trichloroethane (PRRWP), and toluene (UTT). 
 
Several SVOCs were also detected at levels exceeding RBSCs in the bedrock wells.  The most 
frequent SVOC was bis(2-ethylhexyl)phthalate.  It was detected above RBSCs in 11 of the 13 
monitoring wells.  Concentrations above the screening level ranged from 4.9 µg/L in well BED-
MW16 (UTT-June 1998 wet season) to 920 µg/L at the same well during the dry season of 
November 1997.  SVOCs 2-methylnaphthalene (range 28 to 31 µg/L) and naphthalene (range 16 
to 18 µg/L) were detected above the RBSCs in AA1 in November 1997 and May 1998.  In AA2, 
naphthalene exceeded the RBSC in all sampling events with a range of 2.1 µg/L to 12 µg/L. The 
groundwater sample from BED-MW14 at the WARWP exhibited SVOCs that may be site 
related.  Five nitroaromatics recorded as SVOCs (2,4-DNT [May 1998], 4,6-dinitro-2-
methylphenol [May 1998], 2,4-dinitrophenol [May 1998 and April 2002], nitrobenzene [May 
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1998], and 3-nitroaniline [April 2002]) have impacted the bedrock groundwater as a result of 
past site activities.   
 
8.2.1.3 Inorganic Compounds 
Many filtered and unfiltered metals were detected in the bedrock water-bearing zone during 
monitoring well sampling activities.  Most of the metals were removed during the field filtration 
process but several metals (arsenic, iron, manganese, and thallium) remained above the RBSC 
and/or BSC values.   
 
In addition, review of anion analytical data suggests that chloride is the dominant anion (versus 
sulfate) in the Delaware Limestone bedrock at most of the sites.  The most notable areas where 
sulfate is dominant are TNTC and the WARP.  At TNTC, well TNTC-BEDGW-001 was 
installed at a process building known to have elevated concentrations of nitroaromatics in the 
soil.  The presence of sulfate may be indicative of leaching from acidic waste; however, 
nitroaromatics were not reported from this well.  It is possible that the absence of nitroaromatics 
reflects the tendency of these compounds to sorb to soil, where sulfate tends to more readily 
leach to groundwater.  In the WARP, elevated sulfate was seen in bedrock well BED-MW14.  
Nitroaromatics were also detected in this well at concentrations up to 28 µg/L  This suggests that 
elevated sulfate may be associated with site impacts, but further evaluation may be warranted. 
 
8.2.2  Downgradient Perimeter Well Samples 
Following the conclusion of the 2002 Groundwater Data Summary and Evaluation Report, it was 
determined that low-level nitroaromatics 2,4-DNT and 2,6-DNT above RBSCs were migrating to 
off-site areas.  Two new wells (BED-MW30 and BED-MW33) were installed on off-site 
property to ascertain the impact, if any, and the extent of nitroaromatic contamination from the 
PBOW facility.   
 
Groundwater analytical results from 8 downgradient wells were presented in Section 7.0.  
Sample results from 4 monitoring wells (BED-MW17, BED-MW19, BED-MW22, and BED-
MW24) exist on-site, and the analytical data from on-site well BED-MW27 was obtained prior 
to abandonment in January 2003.  Monitoring well BED-MW17 was previously associated with 
TNTA, and BED-MW19 was associated with AA2.  However, due to their downgradient 
location close to the property line, analytical data from the wells may also be used to measure 
any contamination possibly moving off-site.  Monitoring well BED-MW24 was previously 
associated and sampled during the 10 events with the background monitoring.  After review of 
analytical and groundwater level data, it was determined that the well is actually downgradient of 
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the WARWP.  Private well PT-5912 is northwest of PBOW, downgradient of the WARWP and 
AA2.  The owner of well PT-5912 signed a right-of-entry form to allow sampling for this 
investigation. 
 
8.2.2.1  Nitroaromatic Compounds 
In the samples from the downgradient perimeter wells, four nitroaromatic compounds were 
detected at concentrations that exceeded screening criteria.  In the 1997 dry season sampling 
event (November), nitrobenzene was detected above the RBSC in BED-MW17 at a 
concentration of 0.34 µg/L.  2,4-DNT (1.5 µg/L) was detected in BED-MW27 in the 2001 dry 
season event (October).  In this same event, 2,6-DNT at concentrations of 0.3 µg/L and 1.1 µg/L 
were detected above the RBSC in BED-MW17 and BED-MW27, respectively.  In the 2002 wet 
season sampling event (April), 2-nitrotoluene (0.55 µg/L) was detect above the RBSC in BED-
MW17.  In the same event, 2,4-DNT (0.58 µg/L) was above the RBSC in BED-MW27.  The 
compound 2,6-DNT was also detected at 0.43 µg/L and 0.59 µg/L in BED-MW24 and BED-
MW27, respectively.  In the 2002 dry season sampling event (October), 2,4-DNT (0.98 µg/L) 
and 2,6-DNT (1.4 µg/L) were above the RBSCs.  The compound 2-nitrotoluene (0.16 µg/L) was 
detected at a concentration above the RBSC in BED-MW30.   
 
Throughout all of the sampling events, no nitroaromatics were detected above the screening 
criteria in BED-MW19 and BED-MW22.  No nitroaromatics at all were detected in BED-MW33 
and off-site private well PT-5912. 
 
8.2.2.2  Organic Compounds 
The VOC compounds BTEX were frequently detected above RBSC and/or BSC values during 
sampling of downgradient perimeter wells.  BTEX compounds were detected in each of the 8 
monitoring wells sampled and in a total of 32 samples out of the 34 samples collected since 
November 1997.  Benzene concentrations above both the RBSC and BSC ranged from 2.4 µg/L 
(well BED-MW30, May 2004 wet season) to 130 µg/L (well BED-MW27, October 2001 dry 
season).  Other VOC compounds that were above RBSC levels included methylene chloride (all 
wells except BED-MW30 and PT-5912), acetone and chlorobenzene (well BED-MW17), and 
bromomethane (well BED-MW19).  The detection of acetone was B qualified, and 
chlorobenzene may be associated with natural hydrocarbons.  The VOC contaminant exceeding 
the RBSC level that may be considered related to former DOD site activities is bromomethane 
(7.9 µg/L), from well BED-MW19, downgradient of the WARWP and AA2.  Three SVOCs 
were detected above the RBSCs.  The SVOC (bis[2-ethylhexyl]phthalate) was detected in the 
samples from BED-MW19 in the 1997 dry season sampling event (November), BED-MW17 and 
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BED-MW19 in the 1998 wet season event (May), and BED-MW19 in the 2002 wet season 
sampling event (April).  With the exception of the 2004 wet season sampling event (March), 
naphthalene was detected at concentrations above the RBSC in all sampling events, particularly 
in BED-MW17, BED-MW-19, BED-MW24, BED-MW27, and BED-MW30.  Another SVOC 
(2-methylnaphthalene) was detected at concentrations above the RBSC in the 1998 wet season 
event (May), 2001 dry season event (October), 2002 wet season event (April), and 2002 dry 
season event (October).  These detections above the RBSC were always in BED-MW17 and 
BED-MW27. 
 
8.2.2.3  Inorganic Compounds 
Many filtered and unfiltered metals were detected in the bedrock water-bearing zone during 
monitoring well sampling activities.  Most of the metals were removed during the field filtration 
process but several metals (aluminum, arsenic, barium, manganese, thallium, and vanadium) 
remained above the RBSC and/or BSC values. 
 
Only one well showed concentrations of sulfate consistently above chloride.  Bedrock well BED-
MW27 was abandoned due to nuisance hydrogen sulfide.  It is thought that the release of 
hydrogen sulfide into the well and subsequent oxidation of the metal casing is the source of this 
sulfate. 
 
8.2.3  Background Well Samples 
Using groundwater elevation measurements and analytical data results, monitoring wells BG8-
BEDGW-001, BED-MW20, BED-MW25, BED-MW28, and BED-MW29 were determined to 
be background monitoring wells upgradient of any former PBOW activities.  A total of 12 
groundwater sampling events have taken place at these wells.  Although monitoring well BED-
MW20 was determined to be a background well, the groundwater analytical data from this well 
was not used to determine BSCs of BTEX and inorganics because of the abundance of natural 
gas (methane) within the bedrock around the well.  This gas was believed to be causing high and 
irregular recordings of inorganic analytical data.   
 
8.2.3.1  Nitroaromatic Compounds 
Three nitroaromatic compounds (4A-2,6-DNT, nitrobenzene, and RDX) were detected at low 
levels in the background bedrock groundwater.  Nitroaromatics nitrobenzene (April 2002 wet 
season [0.088 µg/L]), RDX (April 2003 wet season [0.17 µg/L]), and 4A-2,6-DNT (September 
2003 dry season [0.19 µg/L]) were detected in monitoring well BED-MW20.  Nitrobenzene was 
detected in well BED-MW25 during the April 2002 wet season (0.076 µg/L) and October 2002 
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dry season (0.12 µg/L).  RDX is not known to have ever been used or manufactured at PBOW and 
is not a degradation product of nitroaromatics formerly produced.  Based on information and 
analyses at a similar site, the reported concentrations of RDX at PBOW are likely a laboratory 
artifact. 
 
8.2.3.2  Organic Compounds 
The VOC compounds carbon disulfide, benzene, acetone, and toluene were the top 4 compounds 
most frequently detected during sampling of the background wells.  Carbon disulfide was 
detected 24 times from 42 samples with a maximum concentration of 13 µg/L in well BED-
MW29 (December 2003 dry season).  Benzene was detected in 19 samples, predominantly from 
wells BED-MW20, BED-MW25, BED-MW28, and BED-MW29, with a maximum 
concentration of 3.2 µg/L in well BED-MW20 (July 2002 dry season).  Acetone was detected in 
18 samples with a maximum concentration of 17 µg/L in well BED-MW29 (September 2003 dry 
season).  Although acetone was detected in 18 samples, the results from 9 were B qualified.  
Toluene was detected in 16 samples with a maximum concentration of 2.4 µg/L in well BED-
MW20 (January 2002 wet season), and 6 of the results were B qualified.  All of these qualified 
results were associated with samples from BED-MW20. 
 
Only 2 SVOC compounds were detected in the 42 background groundwater samples.  Bis[2-
ethylhexyl]phthalate was detected in 7 of the 42 samples at a maximum concentration of 5.4 
µg/L in well BED-MW20, but this result was B qualified.  In fact, from the 7 detections, 4 of the 
results were B qualified.  SVOC 2-methylnaphthalene was detected once, and it was found in 
well BED-MW20 in the November 1997 dry season.   
 
Based upon the analytical results, monitoring wells BG8-BEDGW-001, BED-MW25, BED-
MW28, and BED-MW29 exhibit no impact from former PBOW site activities and should be 
used to construct groundwater BSCs.   
 
8.2.3.3  Inorganic Compounds 
Manganese was the most common unfiltered metal detected.  It was encountered 42 times in the 
42 samples collected (i.e., in each well every time a sample was collected).  The maximum 
concentration detected was 2,240 µg/L in well BG8-BEDGW-001 during the dry season of 
November 1997.  Barium was detected in 40 unfiltered samples at a maximum value of 26,900 
µg/L in well BED-MW20 during the wet season of April 2003.  Aluminum and iron were each 
encountered 39 times in the 42 unfiltered samples.  Aluminum was detected at a maximum 
concentration of 9,020 µg/L in well BG8-BEDGW-001 (November 1997 dry season), and it was 



2004 GW Data Summary and Evaluation Report 
Section:  8.0 
Revision No.:  1 

  Date: April 2005 
 

KN5\PBOW\04 GWDS\Final\04 GWDS-Txt-F.doc\6/28/2005\4:08:42 PM 8-11 

B qualified 20 of the 39 times.  Unfiltered iron was detected at a maximum concentration of 
22,600 µg/L from the same well during the same time and was only B qualified once.  In the 
filtered groundwater samples, like the unfiltered samples, manganese was the most common 
metal to be detected.  It was encountered in 42 samples at a maximum value of 1,300 µg/L in 
well BG8-BEDGW-001 during the November 1997 dry season.  Barium was detected in 41 
samples at a maximum concentration of 26,200 µg/L in BED-MW20 during the April 2003 wet 
season.  Filtered iron and zinc were each detected in 33 samples.  Iron was found at a maximum 
concentration of 6,180 µg/L in a sample from well BED-MW20 in January 2002, and zinc was 
found at 673 µg/L in well BED-MW20 in the December 2003 dry season.   
 
The background overburden well (IT-MW01) had concentrations of sulfate that were more than 
an order of magnitude higher than those of chloride.  This may be the result of more oxygen-rich 
groundwater oxidizing sulfide minerals present in the overburden and shallow bedrock.  The 
background bedrock wells were all chloride-dominant, with only limited sampling events having 
sulfate detected at higher concentrations.  Bedrock well BG8-BEDGW-001 had three sampling 
events in which sulfate was detected at a higher concentration than chloride.  This may reflect 
the fact that the well is screened near the overburden/shale contact, which could result in 
seasonal recharge to the well.  In addition, one sample from bedrock well BED-MW25 had 
sulfate present at a concentration greater than chloride.  The background data suggest that the 
presence of sulfate in source wells could potentially be an indicator of site impacts.  Caution 
should be used in interpreting sulfate data, given that the overburden groundwater appears to 
have naturally-elevated levels of sulfate. 
 
8.2.3.4  Background Screening Concentrations 
BSCs of the bedrock groundwater were derived only from groundwater samples collected by the 
low-flow sampling methodology and are calculated from the upper tolerance limit or the MDC, 
whichever is less.  Screening values are: 
 

VOCs BSC (µg/L) 
Benzene 2.4 
Ethyl benzene 0.87 
Toluene 1.7 
Total Xylenes 5.5 
  
Metals – Unfiltered BSC (µg/L) 
Aluminum 309 
Arsenic 7.4 
Barium 11,800 
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Calcium 316,000 
Cobalt 12.1 
Copper  19.8 
Metals – Unfiltered BSC (µg/L) 
Iron 1,550 
Magnesium 217,000 
Manganese 636 
Nickel 8.6 
Potassium 116,000 
Sodium 1,390,000 
Zinc 507 

 
8.2.3.5  Geochemical Evaluation of Elevated Inorganics 
Water quality readings (alkalinity, chloride, and sulfate along with unfiltered metals calcium, 
magnesium, manganese, and sodium, and filtered iron) were plotted against time to ascertain if 
any long-term or seasonal trends could be observed (Figures 8-1 through 8-8).  An examination 
of the data provides no clear evidence of either seasonal or long-term trends in the groundwater 
from the background wells. 
 
8.3  Geologic and Hydrogeological Conclusions 
Groundwater flow in the bedrock at the PBOW site is predominantly to the northeast, toward 
Lake Erie.  In the far western corner of the PBOW site and in the western mid portion, 
groundwater flow is to the northwest.  Bedrock groundwater flowing toward the northeast 
convenes in an area northeast of the reactor facility, exits PBOW, and flows northeast toward 
Lake Erie (Figure 6-5).   
 
Based on the boring logs and monitoring well construction details from bedrock wells, there are 
currently 29 monitoring wells completed in the Delaware Limestone (Table 4-2).  The large 
southwest trending trough, as seen on Figure 6-5, is thought to be caused by the pumping wells 
in the reactor facility and is structurally or fracture controlled based on the geologic map (Figure 
2-1).  
 
Groundwater elevations in the Delaware Limestone water-bearing zone showed significant 
elevation fluctuations since the initial recording of water levels in December 1994 (applicable 
date only to wells existing in December 1994).  The greatest change in water level elevations, as 
compared to the other well measurements, was 62.30 ft in well BED-MW16.  The next greatest 
change in water level elevations, in case the water level measurement is in error, was 39.10 ft in 
well BED-MW23.  The minimal change in water level elevations was 0.79 ft in well REACTOR 
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2, but this change was determined from only 5 water level measurements.  The average 
fluctuation of water levels in the Delaware Limestone monitoring wells was 17.25 ft. 
 
Hydraulic conductivity in monitoring wells of the Delaware Limestone, as measured by slug 
tests, range from 0.002 in abandoned well BED-MW27 to 1.84 ft/day in downgradient well 
BED-MW24.  This range also demonstrates the variability in hydraulic conductivity of the 
bedrock across the site.  Vertical gradients indicated that there is a downward gradient from the 
overburden to the bedrock in the western and northern portions of the site.  The greatest 
groundwater elevation difference was 25 ft in water levels of the overburden/Delaware 
Limestone well pair (AA1-GW002/AA1-BED-GW001) located in the north central portion of 
the site. 
 
Natural petroleum hydrocarbon and hydrogen sulfide, a by-product of anaerobic petroleum 
degradation, have been present in monitoring wells screened within the Delaware Limestone at 
PBOW.  Free-phase hydrocarbons were detected in bedrock cores of new monitoring wells 
(BED-MW30 and BED-MW33) and also on rock cores from the borings (BED-MW31, BED-
MW32, and BED-MW34) during drilling (Table 6-2).  Free-phase hydrocarbon was encountered 
during sampling episodes, and hydrogen sulfide vapors were detected in at least 14 wells during 
sampling.  A minimum of 14 ft of petroleum hydrocarbon has been measured in monitoring well 
TNTA-BEDGW-001 during the quarterly water level measurements in the well, which began in 
February 2002.  In addition, the occurrence of natural hydrocarbon is already known to be 
present in the Delaware Limestone (Appendix N).   
 
Quarries mining the Delaware Limestone in the vicinity north of PBOW are reported to have 
encountered naturally occurring hydrocarbons and hydrogen sulfide.  Free-phase hydrocarbons 
and BTEX analytical compounds detected in the groundwater of PBOW bedrock monitoring 
wells are also interpreted to have a similar origin.  This similarity is based upon the following 
observations: 
 

• A majority of wells with hydrocarbon detections are screened in the Delaware 
Limestone. 

 
• The hydrocarbon-contaminated monitoring wells are widespread and are located 

from the northeast side of the site to the west side of the site. 
 
• Drilling logs note hydrocarbons in the Delaware Limestone bedrock. 
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• Delaware Limestone rock core photographs show petroleum hydrocarbons on the 
rock cores. 

 
• The detection of hydrogen sulfide associated with the petroleum hydrocarbon is 

typical of that found in the Delaware Limestone.   
 
A discussion with OEPA indicated the presence of producing oil wells in Erie County.  These oil 
wells reportedly are pumping from the Delaware Limestone and the Columbus Limestone 
(Swinford, 2002). 
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9.0  Recommendations 
 
Based upon conclusions from groundwater analytical results during this investigation, the 
following are recommended: 
 

• Toluene was detected at elevated concentrations in well MK-MW20 in the UTT 
area.  Based on the relative absence of other aromatic hydrocarbons, the source of 
the contamination is interpreted to be from toluene storage used in the production 
of nitroaromatics.  Based on these findings, further evaluation is warranted.   

 
• Monitoring wells have not been installed at the Middle Toluene Tanks Area.  

Based upon the results from the UTT Area, consideration should be given to the 
installation of overburden water-bearing zone wells at the Middle Toluene Tank 
Area (assessment of possible toluene contamination in overburden groundwater) 
and bedrock wells at the Middle and Lower Toluene Tank Areas (assessment of 
possible toluene contamination in bedrock groundwater), if deemed necessary. 

 
• Installation of one additional bedrock monitoring well in the PRRWP Area to 

monitor bedrock contamination. 
 
• With consistent nitroaromatic contamination in overburden/shale well MK-MW17, 

the location of the well at the mouth of Ransom Brook, additional surface water 
samples should be collected in Ransom Brook during periods of groundwater 
discharge to verify no impact to the stream.   

 
• During the 2000 RI soil sampling activities, a total of 9 open manholes (3 at 

TNTA and 6 at TNTC) were discovered.  Several open manholes were also 
discovered in AA3 during recent investigations.  For health and safety reasons, 
Shaw recommends a sitewide sweep of PBOW be conducted to identify the 
location of all former DOD open manholes followed by proper abandonment. 

 
Planned Activities 
 

• Complete site-wide groundwater model (2005). 
• Complete site-wide groundwater risk assessment (2005). 
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Figure 2-3
Geologic Cross-Section A-A'

2004 Data Summary and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio

Note:	 (1) The area shaded by diagonal lines shows weathered bedrock.
	  (2) Water levels were measured from August 10-11, 2004
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Figure 2-4
Geologic Cross-Section B-B'

2004 Data Summary and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio

Note:	 (1) The area shaded by diagonal lines shows weathered bedrock.
	  (2) Water levels were measured from August 10-11, 2004
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Figure 2-5
Geologic Cross-Section C-C'

2004 Data Summary and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio

Note:	 (1) The area shaded by diagonal lines shows weathered bedrock.
	  (2) Water levels were measured from August 10-11, 2004
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Figure 2-6
Geologic Cross-Section D-D'

2004 Data Summary and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio

Note:	 (1) The area shaded by diagonal lines shows weathered bedrock.
	  (2) Water levels were measured from August 10-11, 2004
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Figure 2-7
Geologic Cross-Section E-E'

2004 Data Summary and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio

Note:	 (1) The area shaded by diagonal lines shows weathered bedrock.
	  (2) Water levels were measured from August 10-11, 2004
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Figure 2-8
Geologic Cross-Section F-F'

2004 Data Summary and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio

Note:	 (1) The area shaded by diagonal lines shows weathered bedrock.
	  (2) Water levels were measured from August 10-11, 2004
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Figure 2-13
Generalized PBOW Cross-Section
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Figure 6-11
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 Sandusky, Ohio



KN5\PBOW\04 GWDS\Final\Tables\Figs 6-13 & 6-14.xls\6-14\6/29/2005\10:28 AM

-3.00

-2.00

-1.00

0.00

1.00

2.00

3.00
Ja

n-
94

Ju
l-9

4

Ja
n-

95

Ju
l-9

5

Ja
n-

96

Ju
l-9

6

Ja
n-

97

Ju
l-9

7

Ja
n-

98

Ju
l-9

8

Ja
n-

99

Ju
l-9

9

Ja
n-

00

Ju
l-0

0

Ja
n-

01

Ju
l-0

1

Ja
n-

02

Ju
l-0

2

Ja
n-

03

Ju
l-0

3

Ja
n-

04

Months

In
ch

es

Recharge in
Inches

Legend:

Figure 6-14

Calculated Monthly Recharge Rates at PBOW
Former Plum Brook Ordnance Works
NASA Plum Brook Station                
Sandusky, Ohio































KN5\PBOW\04 GWDS\Final\04 GWDS-Txt-F.doc\6/30/2005\10:52:27 AM 

2004 Groundwater Data Summary  
and Evaluation Report 

 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 
 

Volume 1, Part 2 of 2 
 

Appendices 
 
 

Prepared for: 
 
 

U.S. Army Corps of Engineers, Nashville District 
P. O. Box 1070 

Nashville, Tennessee 37202-1070 
 
 
 
 

Prepared by: 
 

Shaw Environmental, Inc. 
312 Directors Drive 

Knoxville, Tennessee 37923 
 
 
 

Shaw Project No. 843656 
 

Revision 1 
 
 

April 2005 



2004 GW Data Summary and Evaluation Report 
Section:  Table of Contents 
Revision No.:  1 
Date:  April 2005 

 

KN5\PBOW\04 GWDS\Final\04 GWDS-Txt-F.doc\6/30/2005\10:53:31 AM  

List of Appendices 
 
Appendix A – Groundwater Sample Collection Logs 
Appendix B – Soil Boring and Monitoring Well HTRW Drill Logs/Well  

Construction Diagrams 
Appendix C – Photographs 
Appendix D – Well Development Logs 
Appendix E – Hydraulic Conductivity Data 
Appendix F –  Land Survey Data 
Appendix G - IDW Waste Manifests (August 2003 – August 2004) 
Appendix H – Data Validation Summaries 
Appendix I – Chemical Analytical Data Summary 
Appendix J – Detected Hits Summary Excluding “B” Qualifiers 
Appendix K – Data Quality Evaluations 
Appendix L - Chains-of-Custody 
Appendix M – Methods Related to the Evaluation of Background 
Appendix N – Teleconference Notes on BTEX in Quarry/E-Mail Message on  

Active Oil/Gas Field 
Appendix O – Recharge Calculations 
Appendix P  – Comments and Responses 
 
 

































































































































































































































































































KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-1

28bx1_R1_E

28bx1_R1_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-2

28bx2_R2_E

28bx2_R2_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-3

28bx3_R3_E

28bx4_R4_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-4

28bx4_R4_M

29bx1_R1_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-5

29bx1_R1_M

29bx2_R2_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-6

29bx2_R2_T

29bx2_R2_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-7

30bx1_R1_E

30bx1_R1_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-8

30bx1_R1_M

30bx1_R1_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-9

30bx2_R2_E

30bx2_R2_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-10

30bx2_R2_B

30bx3_R2_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-11

30bx3_R3_E

30bx3_R3_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-12

31bx1_R1_E

31bx1_R1_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-13

31bx1_R1_B

31bx2_R2_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-14

31bx2_R2_T

31bx2_R2_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-15

31bx3_R3_E

31bx3_R3_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-16

31bx4_R4_E

31bx4_R4_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-17

31bx4_R4_M

31bx4_R4_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-18

31bx5_R5_E

31bx5_R5_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-19

31bx5_R5_M

31bx5_R5_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-20

31bx6_R6_E

31bx6_R6_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-21

31bx6_R6_B

31bx7_R7_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-22

31bx7_R7_T

31bx7_R7_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-23

31bx7_R7_B_Hydrocarbon

31bx8_R7_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-24

32bx1_R1_E

32bx1_R1_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-25

32bx1_R1_M

32bx1_R1_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-26

32bx2_R1+2_E

32bx2_R1+2_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-27

32bx2_R1+2_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-28

32bx3_R2+3_E

32bx3_R2+3_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-29

32bx3_R2+3_B

32bx4_R3+4_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-30

32bx4_R3+4_T

32bx4_R3+4_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-31

32bx5_R4+5+6_E

32bx5_R4+5+6_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-32

32bx5_R4+5+6_M

32bx6_R6+7_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-33

32bx6_R6+7_T

32bx6_R6+7_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-34

32bx7_R7_E

32bx7_R7_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-35

32bx7_R7_B

33bx1_R1+2_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-36

33bx1_R1+2_T

33bx1_R1+2_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-37

33bx2_R2_E

33bx2_R2_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-38

33bx2_R2_B

33bx3_R2+3_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-39

33bx3_R2+3_T

33bx3_R2+3_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-40

33bx4_R3+4+5_E

33bx4_R3+4+5_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-41

33bx4_R3+4+5_B

33bx5_R5_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-42

33bx5_R5_T

33bx5_R5_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-43

33bx6_R5+6_E

33bx6_R5+6_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-44

33bx6_R5+6_B

33bx7_R6+7_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-45

33bx7_R6+7_T

33bx7_R6+7_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-46

34bx1_R1+2_E

34bx1_R1+2_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-47

34bx1_R1+2_B

34bx2_R3_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-48

34bx2_R3_T

34bx2_R3_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-49

34bx3_R3+4_E

34bx3_R3+4_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-50

34bx3_R3+4_B

34bx4_R4+5_E



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-51

34bx4_R4+5_T

34bx4_R4+5_B



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-52

34bx5_R6_E

34bx5_R6_T



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-53

34bx5_R6_B

34bx6_R6_B





KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-54

BED-MW28

BED-MW29



KN5\PBOW\04GWDS\Final\APC\Core_rev2.ppt\6/8/2005 11:34 AM C-55

BED-MW30

















































































































































































































































































































































































































































































































































































































































































Alkalinity

0

100

200

300

400

500

600

Jan-97

Jan-98

Jan-99

Jan-00

Jan-01

Jan-02

Jan-03

Jan-04

Jan-05

Sampling Date

P
P

M

BEDGW01
BED MW-20
BEDMW25
BEDMW28
BEDMW29

Figure M2-1

Alkalinity Concentration (ppm) versus Sampling Date
2004 Groundwater Data Summary 
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio
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Magnesium Concentration (ppm) versus Sampling Date
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Figure M2-3

Calcium Concentration (ppm) versus Sampling Date)
2004 Groundwater Data Summary
and Evaluation Report
Former Plum Brook Ordnance Works
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Sodium Concentration (ppm) versus Sampling Date
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Chloride Concentration (ppm) versus Sampling Date
2004 Groundwater Data Summary 
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
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Figure M2-6

Sulfate Concentration (ppm) versus Sampling Date
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and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
Sandusky, Ohio

KN5\PBOW\04 GWDS\Final\APM\Figs M2-1 - M2-8.xls\Fig M2-6 S+\6/8/2005\1:30 PM



Manganese

0

100

200

300

400

500

600

700

800

Jan-97

Jan-98

Jan-99

Jan-00

Jan-01

Jan-02

Jan-03

Jan-04

Sampling Date

PP
M

BG8-BEDGW-001
BED-MW20
BED-MW25
BED-MW28
BED-MW29

Figure M2-7

Manganese Concentration (ppm) versus Sampling Date
2004 Groundwater Data Summary 
and Evaluation Report
Former Plum Brook Ordnance Works
NASA Plum Brook Station
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Executive Summary 
 

A baseline human health risk assessment (BHHRA) was conducted to evaluate risks associated 

with exposure to groundwater underlying the three former 2,4,6-trinitrotoluene (TNT) production 

areas, the two former red water pond areas, and downgradient areas at the Plum Brook Ordnance 

Works (PBOW), Sandusky, Ohio.  The approach used in the BHHRA is consistent with 

methodologies described in the U.S. Environmental Protection Agency’s primary risk assessment 

guidance documents, the site-specific work plan, and ongoing discussions between the Ohio 

Environmental Protection Agency (OEPA), the U.S. Army Corps of Engineers Nashville and 

Huntington Districts, and Shaw Environmental, Inc. 

 

Site History/Description.  The 9,009-acre PBOW facility was built in early 1941 as a 

manufacturing plant for 2,4,6-TNT, dinitrotoluene (DNT), and pentolite. Production of 

explosives at PBOW began in December 1941 and continued until 1945.  During PBOW 

operation, 12 process lines were used in the manufacture of explosives:  4 lines at TNT Area A 

(TNTA), 3 lines at TNT Area B (TNTB), and 5 lines at TNT Area C (TNTC).  Manufacturing 

wastewater (“red water”) from these production lines was stored at the two ponds in the West 

Area Red Water Ponds (WARWP) Area and the single pond at the Pentolite Road Red Water 

Pond Area (PRRWP) Area.  The three former production areas, together with the WARWP and 

PRRWP Areas, are the potential source areas of concern (AOC) addressed by this BHHRA.   

 

Some of the areas used by the U.S. Department of Defense were decontaminated in the 1940s by 

the War Department.  After decontamination, the property was initially transferred to the 

Ordnance Department, then to the War Assets Administration after it was certified by the U.S. 

Army to be decontaminated.  In 1949, PBOW was transferred to the General Services 

Administration (GSA).  In the 1950s and 1960s, GSA completed further decontamination of 

PBOW sites; other areas had been decommissioned but not decontaminated.  The National 

Aeronautics and Space Administration (NASA) acquired the property on March 15, 1963.  

NASA currently owns most of the former PBOW property, which is operated as the Plum Brook 

Station of the John Glenn Research Center, headquartered in Cleveland, Ohio.  Most of the 

aerospace testing facilities built in the 1960s at the site are on standby or inactive status.  On 

April 18, 1978, NASA declared approximately 2,152 acres of PBOW as excess.  The Perkins 

Township Board of Education acquired 46 acres of the excess land and uses this area as a bus 

transportation area.  GSA obtained ownership of the remaining excess acreage and currently has 

a use agreement with the Ohio National Guard for 604 acres of this land.  NASA currently 
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controls approximately 6,400 acres and is using the site to conduct space research as a satellite 

operation facility of the John Glenn Research Center.   

 

Approach.  The BHHRA evaluated chemicals in bedrock groundwater for overall risks and 

site-related risks associated with assumed exposure to this groundwater under on-site worker and 

resident tap water use scenarios.  A screening for chemicals of potential concern (COPC) was 

used to focus the evaluation on those chemicals most likely to present a risk to potentially 

exposed individuals.  Overburden groundwater was not quantitatively evaluated in the BHHRA 

with respect to direct exposure because of low and undependable yield.  However, 

concentrations of TNT, 2,4-DNT, and 2,6-DNT in both the overburden groundwater and soil 

were used as inputs for modeled impact to the bedrock aquifer.  The model includes both a soil 

leaching component and a groundwater flow component.  Quantitative risk evaluation was 

performed for all COPCs and for modeled concentrations of TNT, 2,4-DNT, and 2,6-DNT 

underlying each of the five AOCs and the facility boundary downgradient of these AOCs. 

 

Each COPC was qualitatively evaluated for site relatedness.  This evaluation used information 

such as groundwater production volume at a given well, sampling methods, analytical results of 

filtered versus unfiltered samples, prevalence of the COPC in site soil samples and/or overburden 

groundwater samples, the presence of petroleum observed on well cores during installation, and 

issues associated with potential blank contamination.   

 

Results/Conclusions.  Hypothetical residential use of groundwater at each of the five AOCs 

and the downgradient boundary locations was evaluated.  Currently, there are no groundwater 

users on the site or at the facility boundary.  Noncancer hazards were evaluated against a target 

hazard index (HI) criterion of 1 and the OEPA target cancer risk of 1E-5 (i.e., 1 additional 

incidence of cancer per 100,000 individuals exposed).  Note that the use of a 1E-5 target cancer 

risk is a departure from Army policy, which uses a cancer risk of 1E-4 to trigger remedial action 

concerns.  This Army trigger value equals the upper end of the cancer risk range of 1E-6 to 1E-4 

which the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) identifies 

as acceptable. 

 

Based on the OEPA cancer criterion, residential and on-site worker use of groundwater at each 

of these locations was found to result in unacceptable cancer risks and to have the potential to 

produce adverse noncancer health effects.  The BHHRA results also show that long-term worker 

use of site groundwater would results in levels of exposure that would exceed the OEPA target 

level.  At each area, except the WARWP Area, the non-site-related COPCs dominate both the 

cancer risk and noncancer hazards; at the WARWP Area, residential and worker incremental 
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lifetime cancer risk (ILCR) values associated with non-site-related arsenic also exceed the target 

ILCR.   

 

The following COPCs are dominant with respect to cancer risk and/or noncancer hazard for the 

five AOCs and the downgradient areas; site-related COPCs are specifically noted as such: 

 
• TNTA – Naturally occurring petroleum-related organic compounds 
• TNTB – Inorganics and naturally occurring petroleum-related organic compounds 
• TNTC – Naturally occurring petroleum-related organic compounds 
• PRRWP – Naturally occurring petroleum-related organic compounds  
• WARWP – Site-related nitroaromatics and naturally occurring arsenic 
• Downgradient – Naturally occurring petroleum-related organic compounds. 

 

For each of these areas, even if no site-related COPCs were present, noncancer hazards 

associated with residential groundwater use, cancer risk associated with residential groundwater 

use, and cancer risks associated with worker use would result in respective HI and ILCR values 

that would exceed the target HI criterion (1) and OEPA target cancer risk (1E-5).  Site-related 

risks associated with groundwater are discussed for the respective site areas in the following 

paragraphs. 

 

Site-related risks associated with residential use of TNTA groundwater (ILCR=4E-5; HI=2) were 

found to exceed the OEPA target cancer risk criterion and target HI criterion, but those 

associated with on-site worker use (ILCR=1E-5; HI=0.2) were not.  The modeled nitroaromatics 

concentrations for TNTA indicate unacceptable cancer risks for the resident (ILCR=5E-4) and 

worker (ILCR=1E-4), and the HI (4) for the resident based on modeled TNTA nitroaromatics 

exceeded the target HI. 

 

No site-related COPCs were identified for TNTB groundwater.  The modeled nitroaromatics 

concentrations for TNTB indicate that cancer risks (ILCR=2E-5) only marginally exceed the 

OEPA target cancer risk criterion for the resident, but not for the worker (ILCR=6E-6); both of 

these values are less than the Army’s criterion of 1E-4 used to trigger remedial action concerns.  

It is noted that the groundwater model is likely to be conservative with respect to human health 

protection.  The HI associated with residential use of groundwater at modeled concentrations 

(HI=0.1) meet the OEPA noncancer hazard criterion.  Much of the planned soil remediation, 

based on risks associated with direct contact, has already been completed at TNTB, and the 

remainder is planned for completion in 2006.  These remedial actions were accounted for in the 

soil-to-groundwater leaching model.  Thus, the model results indicate that soil removal based on 

direct contact is effective for groundwater protection as well at TNTB.  
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No site-related COPCs were identified for TNTC groundwater.  The modeled nitroaromatics 

concentrations for TNTC indicate unacceptable cancer risks for the worker (ILCR=4E-4) and 

resident (ILCR=2E-3).  The HI (8) of the resident based on nitroaromatic modeling also exceeds 

the target criterion of 1.   

 

The site-related noncancer hazard (HI=0.07) and cancer risk (ILCR=4E-6) for the on-site worker 

associated with PRRWP Area bedrock groundwater use meet the target HI of 1 and the OEPA 

target cancer risk of 1E-5.  The site-related HI (1) for the resident also meets the noncancer 

criterion.  The ILCR associated with residential use of PRRWP Area bedrock groundwater (2E-

5) slightly exceeds the OEPA criterion.  Additionally, elevated sulfate present appears to be site 

related.  The modeled nitroaromatics concentrations associated with PRRWP Area bedrock 

groundwater indicate unacceptable cancer risks for the worker (ILCR=4E-5) and resident 

(ILCR=2E-4).  The HI values of the worker (0.1) and resident (0.7), based on the modeled 

nitroaromatics concentrations, meet the target criterion of 1.   

 

As mentioned, the WARWP Area is the only area evaluated in this BHHRA where the non-site-

related groundwater COPCs do not dominate both the overall HI and ILCR values.  The site-

related cancer risks and noncancer hazards for residential groundwater use (ILCR=2E-4; HI=61) 

exceed the target criteria, as do those for worker groundwater use (ILCR=6E-5; HI=6).  These HI 

and ILCR values are mostly associated with site-related nitroaromatics.  It is noted that the 

ILCRs for naturally occurring arsenic (2E-4 for the resident; 5E-5 for the worker) are 

approximately as high as those associated with site-related nitroaromatics.  The modeled 

nitroaromatics concentrations for the WARWP Area indicate that noncancer hazards would meet 

the target criterion for both the worker (HI=0.09) and resident (HI=0.6).  The cancer risks 

associated with the worker (ILCR=4E-5) and resident (ILCR=2E-4) would both exceed the 

OEPA criterion of 1E-5. 

 

Because land use outside of the PBOW facility boundary cannot be prescribed, only the resident 

was evaluated at the facility boundary.  Based on current, measured concentrations of COPCs in 

groundwater, the site-related noncancer HI (0.4) meets the target criterion of 1, but the site-

related ILCR (3E-5) exceeds the OEPA criterion of 1E-5.  The site-related ILCR is less than the 

Army criterion of 1E-4.  Site-related nitroaromatics were primarily responsible for this 

exceedance.  Thus, under the conditions of the BHHRA, if a hypothetical resident were to drink 

water from the PBOW downgradient facility boundary at current concentrations, the associated 

ILCR is estimated to be greater than the OEPA criterion, within the range regarded as acceptable 

by the NCP, and less than the Army cancer risk trigger level.   
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Three downgradient areas along the PBOW facility boundary were identified and modeled for 

future concentrations of nitroaromatics.  These modeled concentrations were evaluated for risk.  

The HI values for the resident (0.002 to 0.08) meet the target HI of 1 for noncancer effect at each 

of the three modeled downgradient locations.  The ILCR values for boundary areas downgradient 

of TNTA (4E-7) and the WARWP Area (1E-6) meet the OEPA target cancer risk criterion of 1E-

5.  The ILCR downgradient of TNTB at the PBOW facility boundary (2E-5) slightly exceeds the 

OEPA criterion for cancer risk, but is less than the Army cancer risk trigger and less than the risk 

range of 1E-6 to 1E-4 identified in the NCP as acceptable.  These results indicate that potential 

future users of groundwater at the property boundary are unlikely to suffer adverse site-related 

human health effects or an unacceptable additional risk of cancer, with the possible exception of 

cancer risk along the northern PBOW boundary that is downgradient of TNTB. 
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1.0  Introduction 
 

The purpose of this baseline human health risk assessment (BHHRA) is to evaluate potential 

human health risks associated with exposure to groundwater underlying and associated with the 

former Plum Brook Ordnance Works (PBOW), Sandusky, Erie County, Ohio.  Specifically, the 

BHHRA evaluates groundwater at the following areas: 

 
• TNT Area A (TNTA) 
• TNT Area B (TNTB) 
• TNT Area C (TNTC) 
• Pentolite Road Red Water Pond (PRRWP) Area  
• West Area Red Water Ponds (WARWP) Area 
• Downgradient areas at the facility boundary. 

 

Risks associated with exposure to other environmental media from the five site areas listed above 

(not including the facility boundary) were evaluated in previous BHHRAs (IT Corporation [IT], 

2001a; 2000a, b).  The approach and methodologies described in Chapters 1.0 through 5.0 of this 

BHHRA follow the groundwater BHHRA work plan (Shaw Environmental, Inc. [Shaw], 2005a).  

They are intended to apply directly to the evaluation of groundwater risks but not necessarily to 

the evaluation of other environmental media.  Chapter 6.0 presents the groundwater risk 

characterization results.  In Chapter 8.0, the groundwater risk characterization results are 

combined with the risks from potential exposure to other media (as reported in the previous risk 

assessment reports) for the five site areas to estimate overall risks for each respective area.  

Combining risks associated with groundwater with those of other environmental media evaluated 

previously is consistent with the groundwater BHHRA work plan and earlier PBOW work plans 

(IT, 1999a; 1998). 

 

This BHHRA was prepared for the U.S. Army Corps of Engineers (USACE) in partnership with, 

and supported by, the State of Ohio and is consistent with U.S. Environmental Protection 

Agency (EPA) guidance.  As the lead agency for environmental response actions at PBOW, 

USACE is responsible for site investigation and evaluation regarding PBOW as well as any 

remedial activities.  The Ohio Environmental Protection Agency (OEPA) provides regulatory 

review, comment, and oversight.  This work is being pursued by USACE under the Defense 

Environmental Restoration Program—Formerly Used Defense Sites (DERP-FUDS).  The 

environmental restoration of PBOW is a U.S. Army DERP-FUDS project, managed and 

overseen by the Huntington, West Virginia, and Nashville, Tennessee, USACE district offices.   
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1.1  Facility Description 

 

Location.  PBOW is located in Erie County, Ohio, approximately 4 miles south of Sandusky 

and 59 miles west of Cleveland (Figure 1-1).  Although most of the PBOW facility is within 

Perkins and Oxford Townships, the eastern edge of the facility extends into Huron and Milan 

Townships.  PBOW is bounded on the north by Bogart Road, on the south by Mason Road, on 

the west by Patten Tract Road, and on the east by U.S. Highway 250.  The area surrounding 

PBOW is mostly agricultural and residential (IT, 2001b).   

 

1.2  Background 

The 9,009-acre PBOW facility was built in early 1941 as a manufacturing plant for 2,4,6-

trinitrotoluene (TNT), dinitrotoluene (DNT), and pentolite (International Consultants 

Incorporated, 1995).  Production of explosives at PBOW began in December 1941 and continued 

until 1945.  It is estimated that more than 1 billion pounds of nitroaromatic explosives were 

manufactured during the 4-year operating period.   

 

Some of the areas used by the U.S. Department of Defense were decontaminated in the 1940s by 

the War Department.  After decontamination, the property was initially transferred to the 

Ordnance Department, then to the War Assets Administration after it was certified by the Army 

to be decontaminated.  In 1949, PBOW was transferred to the General Services Administration 

(GSA).  In the 1950s and 1960s, GSA completed further decontamination of PBOW sites; other 

areas had been decommissioned but not decontaminated.  The National Aeronautics and Space 

Administration (NASA) acquired the property on March 15, 1963.  NASA currently owns most 

of the former PBOW property, which is operated as the Plum Brook Station of the John Glenn 

Research Center, headquartered in Cleveland, Ohio.  Most of the aerospace testing facilities built 

in the 1960s at the site are on standby or inactive status.  On April 18, 1978, NASA declared 

approximately 2,152 acres of PBOW as excess.  The Perkins Township Board of Education 

acquired 46 acres of the excess land and uses this area as a bus transportation area.  GSA 

obtained ownership of the remaining excess acreage and currently has a use agreement with the 

Ohio National Guard for 604 acres of this land.  NASA presently controls approximately 6,400 

acres and is using the site to conduct space research as a satellite operation facility of the John 

Glenn Research Center.   

 

During PBOW operation, 12 process lines were used in the manufacture of explosives:  4 lines at 

TNTA, 3 lines at TNTB, and 5 lines at TNTC.  Manufacturing wastewater (“red water”) from 

these production lines was stored at the two ponds on the WARWP Area and the single pond at 

the PRRWP Area.  The three former production areas, together with the WARWP and PRRWP 



 

KN6\PBOW\GW BHHRA\Final\GW BHHRA-F.doc\9/26/06\4:19 PM 1-3 

Areas, are the potential source areas of concern (AOC) addressed by this BHHRA.  Note that in 

this work plan, the term “facility” refers to the entire former PBOW property, and the term “site” 

refers to an AOC or other specified area within PBOW.  Each of the AOCs is identified on 

Figure 1-2 and briefly described below. 

 

TNTA.  Located in the northeastern portion of PBOW, TNTA occupies approximately 114 acres. 

TNT Manufacturing Lines 1 through 4 were located at this area.  It is mostly covered with prairie 

grasses and scrub trees, though it is partly wooded in the extreme southern section.  It is slightly 

hilly, generally decreasing in elevation from southeast to northwest.  The Engineering Building, 

occupied by NASA employees, is currently in the central portion of TNTA.  

 

TNTB.  TNTB is located in the south-central portion of PBOW and comprises an area of 

approximately 55 acres.  TNT Manufacturing Lines 5, 6, and 7 were located at TNTB.  The area 

is relatively flat with some low hummocks and marshy areas present.  Two active NASA 

facilities are present:  the Hypersonic Tunnel Facility and the Nitrogen Dewar Tanks. 

 

TNTC.  Located in the southwestern portion of PBOW, TNTC is densely wooded, with small 

areas of open grassland.  It occupies approximately 119 acres.  TNT Manufacturing Lines 8 

through 12 were located at this area.  TNTC is not used by NASA and one inactive building 

formerly used by EPA is present. 

 

PRRWP Area.  A single, unlined “red water” pond was located in the north-central portion of 

PBOW and had an area of approximately 2 acres (Figure 1-2).  During PBOW operations, “red 

water” was pumped from manufacturing activities at TNTA and TNTB to the PRRWP.  In 1977, 

“red water” was removed from the former pond and the area was regraded (Science Applications 

International Corporation [SAIC], 1991).  Currently, the PRRWP Area is covered in grasses and 

is largely marshy.  Ponded areas, which resulted from the regrading activities, are present in the 

PRRWP Area but outside of the original PRRWP Area footprint.  Note that the corresponding 

area on Figure 1-2 is larger than 2 acres, as it depicts the AOC, which includes the areas that had 

been suspected of receiving potential impact from site activities (in addition to the original pond 

footprint).  The PRRWP Area is not used by NASA, and no buildings are present.   

 

WARWP Area.  Two unlined “red water” ponds, an “east pond” and a “west pond,” were 

present in the WARWP Area of the site and covered approximately 8 acres (Figure 1-2) (SAIC, 

1991).  During PBOW operations, the WARWP received “red water” from TNTC.  Currently, 

only the “west pond” is present and occupies approximately 4 acres.  According to information 

from Dames & Moore, Inc. (D&M) (1997), the east pond existed from the 1940s until the 1970s, 
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when it was breached in an attempt to drain it.  Most of the WARWP Area (i.e., the “west pond”) 

is typically ponded, with the remainder being marshy.  This area is not used by NASA, and no 

buildings are present.   

 

1.3  Site Use and Groundwater Use 

The facility is currently surrounded by a chain-link fence, and the perimeter is patrolled 

regularly. Access by authorized personnel is limited to established checkpoints.  Public access is 

restricted except during the controlled annual deer hunting season. 

 

Two deep or bedrock groundwater aquifer systems are utilized for drinking water in the area:  a 

carbonate aquifer to the west and a shale aquifer to the east (IT, 1997).  PBOW is located within 

the transition of the two systems.  A majority of residents in Erie County receive water from 

public utilities whose sources are surface water.  The Erie County Health Department does not 

allow the use of surface water as private drinking water.  However, there are six known private 

wells within 1 mile downgradient of PBOW.  The nearest known downgradient private well is 

approximately 840 feet northeast of the facility boundary, in the east-middle portion of PBOW 

(northeast of abandoned well BED-MW27).  Owners of five of these wells had agreed to 

participate in a well survey and sampling event conducted by the USACE in September 2003.  

None of these five wells was being used as a source of drinking water.  Three of the wells were 

being used for watering lawns and gardens, one was being used for irrigating an herb farm, and 

the remaining well was not being used for any purpose.  Nitroaromatics were not detected in any 

of the five private wells that were sampled (refer to Appendix A). Two additional wells were 

identified as present in the survey.  However, one of these was later reported to have a tree trunk 

growing on top of it; no remnant of the well was discernible from the ground surface.  The other 

additional well was found to be more distant and upgradient from PBOW and thus was not 

sampled in the survey.   

 

Perched groundwater exists within the unconsolidated material atop the bedrock under much of 

PBOW.  The perched water within the five AOCs included in this BHHRA (TNTA, TNTB, 

TNTC, PRRWP Area, and WARWP Area) is isolated, discontinuous, and seasonally dependent, 

generally resulting in low and undependable production where it exists.  Therefore, perched 

groundwater is not a suitable drinking water source in these AOCs.  Perched zone-to-bedrock 

modeling is being performed to determine the potential impact that nitroaromatic contaminants 

in the perched zone may have on the bedrock water-bearing unit. 

 

Both current and potential future land users are pertinent for the purpose of identifying plausible 

human receptors and exposure pathways for evaluation in the BHHRA.  Current use of the 
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PBOW facility is classified as industrial.  It is the desire of NASA to release PBOW for 

unrestricted use.  D&M (1997) describes the following potential future uses of all or portions of 

the facility: 

 
• Continued industrial use (NASA activities and programs). 

 
• Recreational use of portions of the site by hunters and fishermen. 

 
• Portions of the site may be sold to state or local government or private individuals 

(unrestricted land use). 
 

• Parts of the facility may be used for residential or agricultural purposes. 
 

• Parts of the facility may be used for training by the National Guard. 
 

• Construction activities may be performed during development of any of the sites. 
 

1.4  Protocol for the Baseline Human Health Risk Assessment 

The BHHRA was performed consistent with the groundwater BHHRA work plan (Shaw, 2005a). 

The groundwater BHHRA work plan was developed consistent with previous PBOW BHHRAs 

and is based on EPA, USACE, and OEPA guidance, including, but not limited to, the following: 

 
• OEPA, 1993, Closure Plan Review Guidance for RCRA Facilities, Interim Final, 

OEPA Division of Hazardous Waste Management, September 1. 
 

• EPA, 1989a, Risk Assessment Guidance for Superfund, Volume I, Human Health 
Evaluation Manual (Part A), Interim Final, Office of Emergency and Remedial 
Response, Washington, D.C., EPA/540/1-89/002. 

 
• EPA, 1991a, Risk Assessment Guidance for Superfund, Volume I: Human Health 

Evaluation Manual Supplemental Guidance, Standard Default Exposure Factors, 
Interim Final, Office of Solid Waste and Emergency Response, OSWER 
Directive: 9285.6-03. 

 
• EPA, 1991b, Risk Assessment Guidance for Superfund, Volume 1, Human Health 

Evaluation Manual Part B – Development of Risk-Based Preliminary Remediation 
Goals, Interim, Office of Emergency and Remedial Response, Washington, D.C., 
EPA/540/R-92/003, December. 

 

• EPA, 1992a, Supplemental Guidance to RAGS:  Calculating the Concentration 
Term, Office of Solid Waste and Emergency Response, Washington, D.C., 
Publication 9285.7-081. 
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• EPA, 1992b, Dermal Exposure Assessment:  Principles and Applications, Interim 
Report, Office of Research and Development, Washington, D.C., EPA/600/8-
91/011B, including Supplemental Guidance dated August 18, 1992. 
 

• EPA, 1992c, "Guidance on Risk Characterization for Risk Managers and Risk 
Assessors," Memorandum from F. Henry Habicht II, Deputy Administrator, to 
Assistant Administrators, Regional Administrators, February 26. 
 

• EPA, 1997a, Exposure Factors Handbook, Office of Research and Development, 
National Center for Environmental Assessment, Washington, D.C., EPA/600/P-
95/002F, August. 
 

• USACE, 1999, Risk Assessment Handbook, Volume I:  Human Health Evaluation, 
Engineer Manual EM 200-1-4. 
 

• EPA, 2004a, Risk Assessment Guidance for Superfund, Volume I, Human Health 
Evaluation Manual (Part E - Supplemental Guidance for Dermal Risk 
Assessment), Final, Office of Superfund Remediation and Technology Innovation, 
Washington, D.C., EPA/540/R-99/005, July. 

 

1.5  Organization of the Baseline Human Health Risk Assessment 

The BHHRA presents the methods used, results generated, and the interpretation of these results. 

The report is organized as follows:   

 
• Data Evaluation.  Identifies data sources, evaluates data quality, identifies 

chemicals of potential concern (COPC), and provides a background screening. 
 

• Exposure Assessment.  Presents a conceptual site exposure model (CSEM), 
including contaminant sources, contaminant release mechanisms, receptors, and 
exposure pathways; describes exposure-point concentrations (EPC); and presents 
methods for calculating chemical intake and contact rates. 

 
• Toxicity Assessment.  Describes the potential for cancer and/or noncancer 

human health effects, provides an estimate of the quantitative relationship between 
the magnitude of dose or contact rate and the probability and/or severity of adverse 
effects, identifies the toxicity values that are used in the BHHRA, and describes 
the development of dermal toxicity values. 

 
• Risk Characterization.  Combines the output of the exposure assessment and 

toxicity assessment to quantify the risk to each receptor in each AOC and at the 
downgradient boundary.  Risks associated with exposure to groundwater from 
each of these areas were evaluated.   

 
• Uncertainty Analysis.  Identifies uncertainties in all phases of the BHHRA and 

discusses their individual effects on the risk assessment results, focusing on those 
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issues that are most likely to have the greatest effect on risk estimates and/or risk 
management decisions. 

 
• Aggregate Risk Summary.  Overall groundwater risks for the on-site resident 

and on-site worker are combined with those associated with exposure to other 
environmental media (as estimated in previous BHHRA reports) to estimate 
overall risks.  Combined risks associated with exposure to groundwater and other 
environmental media for each of the AOCs are summarized. 

 
• Risk-Based Remediation Criteria Development for Groundwater.  

Provides risk-based remediation criteria (RBRC) for groundwater, based on the 
methodology of the BHHRA.  RBRCs are intended for consideration as cleanup 
goals during the feasibility study process. 

   
• Summary/Conclusions.  Provides a brief summary of the entire BHHRA, 

including quantitative results, uncertainties, and pertinent site information.  
Summary and discussion are focused on those results and issues that are most 
likely to directly affect site management decisions. 

 
• References.  Provides a complete bibliography of all references used and cited in 

the BHHRA. 
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2.0 Data Evaluation 
 

2.1  Selection of Analytical Data 

Analytical data for each AOC were selected based on the representativeness and quality of the 

data.  For inorganics, the sampling method can affect the representativeness of the analytical 

data; thus, the sampling method is also considered in selection of the analytical data set.  The 

basis for data selection based on sampling method is presented in Section 2.1.1, and the protocol 

for the evaluation of data quality is presented in Section 2.1.2.  Bedrock wells, overburden wells, 

and overburden direct-push groundwater samples considered for the evaluation of the respective 

AOCs, as well as downgradient locations, are identified in Table 2-1.  Sampling locations for 

TNTA, TNTB, TNTC, the PRRWP Area, and the WARWP Area are depicted on Figures 2-1 

through 2-5, respectively.  The downgradient bedrock well locations near the PBOW facility 

boundary that were used in this BHHRA are shown on Figure 1-2. 

 
2.1.1  Sampling Method Considerations 

Although groundwater samples have been collected for laboratory analysis dating back to 1989 

(IT, 1997), comprehensive site-wide groundwater monitoring began in November 1997 (IT, 

1999b).  Consistent with the 2004 groundwater data summary and evaluation report (Shaw, 

2005b), the BHHRA includes analytical data from November 1997 through the most recent 

samples collected.  The most recent samples were collected for site wells in April 2002, and the 

downgradient and background wells were most recently sampled in June 2004.   

 

Low-flow groundwater sampling was begun in 2001 for monitoring wells with sufficient 

production to result in laminar flow.  The PBOW project team has agreed that low-flow data 

should be used where possible because low-flow sampling results in samples that more closely 

represent groundwater conditions in the subsurface.  Prior to 2001, all groundwater monitoring 

wells were sampled by bailer.  Similarly, samples that could not be collected using low-flow 

techniques due to insufficient recharge were collected with a bailer during recent (2001 through 

2004) sampling events as well.  Whether collected by bailer or low-flow methodology, two 

fractions for inorganics analysis were taken where possible for each sample:  1) one fraction to 

be analyzed for dissolved inorganics was filtered in the field at the time of sample collection, and 

2) a second sample was collected for analysis without filtration.  Only the unfiltered fraction was 

collected in cases where well recharge was insufficient and allowed only limited water volume 

for analysis. 

 
Because of possible turbidity issues, particularly with respect to the bailer-collected samples, a 

May 23, 2005 technical memorandum was prepared by Shaw to evaluate which samples for each 
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well should be included in the BHHRA.  The technical memorandum and accompanying data 

tables were reviewed by OEPA, and the USACE/Shaw responses to OEPA comments on this 

technical memorandum were accepted by OEPA during the PBOW team meeting on September 

15, 2005.  The technical memorandum and responses to comments are attached to this BHHRA 

as Appendix B.  The following protocol was used in the BHHRA to select monitoring well 

samples for evaluation of groundwater at each AOC as well as the property boundary: 

 
• All unfiltered monitoring well analytical data resulting from low-flow samples 

were evaluated for inclusion unless rejected because of a data quality issue (see 
Section 2.1.2). 

 
• Natural site conditions are present that may introduce turbidity, such that even 

samples collected by low-flow methodology may be noticeably turbid.  This may 
be especially true for wells that have naturally occurring hydrogen sulfide (refer to 
the technical memorandum in Appendix B).  A review of the unfiltered low-flow 
data revealed that all low-flow samples had turbidity readings of 150 
nephelometric turbidity units or less.   

 
• For each unfiltered bailer-collected sample having a turbidity reading above 150 

nephelometric turbidity units, a sample-by-sample comparison was performed to 
determine whether these high-turbidity samples yielded inorganics results that 
were consistent with those of other samples collected from that well.   

 
• Where it was determined that high turbidities did not have an appreciable impact 

on inorganics concentrations, these high-turbidity unfiltered samples were 
included as part of the data set evaluated in the BHHRA.  For high-turbidity 
unfiltered samples having inorganics concentrations that were accordingly higher 
than those of other samples from that well, the inorganics data for that sample 
were excluded from the BHHRA.  

 
• For all analytes other than inorganics, the results of samples collected by bailer and 

low-flow methodology were used unless rejected because of data quality issues 
(Section 2.1.2).   

 
The turbidity evaluation summarized above resulted in the exclusion of inorganics results from 

five unfiltered bailer-collected samples for the BHHRA.  These include the 1997 sample 

collected from BED-MW14, the 1998 sample collected from TNTC-MW3, the 1998 sample 

collected from IT-MW10, the 2001 sample collected from TNTA-MW11, and the July 2002 

sample collected from BED-MW24.  The technical memorandum considered the use of filtered 

samples to replace the unfiltered aliquots that showed unusually high turbidity, but OEPA 

commented that the results of filtered samples should not be combined with those of unfiltered 

samples under any circumstances.  Consistent with this OEPA position, no filtered data were 
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used in the risk assessment (See Response to OEPA Comment No. 1a on the technical 

memorandum).   

 

In addition to the monitoring well samples, overburden groundwater samples were collected 

using direct-push technology from TNTA, TNTB, TNTC, and the two former red water pond 

areas.  TNTA and TNTC direct-push samples were collected in September/October 2000 as part 

of the remedial investigation (IT, 2001b), the PRRWP and WARWP direct-push samples were 

collected in June 1998 (IT, 2000b), and two samples were collected from each of the three 

former TNT areas in 2001 (Shaw, 2003a).  Additional direct-push sampling locations were 

planned for the 2001 sampling effort, but further collection was abandoned due to a paucity of 

groundwater in the overburden.  Because the direct-push sampling technique does not include 

well development or use of a filter pack, the inorganics results from these samples are regarded 

as unsuitable for risk assessment purposes due to turbidity issues.  Based on review of filtered 

and unfiltered nitroaromatics sampling results at other sites, it has been observed that turbidity 

does not generally have a notable effect on nitroaromatics concentrations.  However, it is noted 

that differences in sampling technique between collection from monitoring wells and the direct-

push technique may result in differences in analytical results, and the effect of turbidity on the 

results of nitroaromatics and other organics cannot be entirely ruled out.  All validated analytical 

data from these direct-push samples are included in the BHHRA data evaluation summary 

(Section 2.3) unless rejected because of data quality issues (Section 2.1.2).  A complete list of 

samples and associated analytes evaluated is provided in Table 2-2.  

 

2.1.2  Evaluation of Data Quality 

The quality of the analytical data was evaluated to select data for inclusion in the BHHRA.  Data 

quality is expressed by the assignment of qualifier codes during the analytical laboratory quality 

control process or during data validation that reflect the level of confidence in the data.  The 

following are some of the more common qualifiers and their meanings (EPA, 1989a): 

 
U - Chemical was analyzed for but not detected; the associated value is the sample 

quantitation limit. 
 

J - Value is estimated, probably below the contract-required quantitation limit. 
 

N - The analysis indicates an analyte for which there is presumptive evidence to make a 
tentative identification. 

 
NJ - The analysis indicates a Atentatively identified analyte,@ and the reported value 

represents its approximate concentration. 
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UJ - The analyte was not detected above the reported sample quantitation limit.  
However, the reported quantitation limit is approximate and may or may not 
represent the actual limit of quantitation necessary to accurately and precisely 
measure the analyte in the sample. 

 
R - Quality control indicates that the data are unusable (chemical may or may not be 

present). 
 

B - The concentration in the sample is not sufficiently higher than concentration in the 
blank, using the 5-times, 10-times (5x, 10x) rule:  A chemical is considered a 
nondetect unless its concentration exceeds five times the blank concentration.  For 
common laboratory contaminants (acetone, 2-butanone [methyl ethyl ketone], 
methylene chloride, toluene, and the phthalate esters), the sample concentration 
must exceed 10 times the blank concentration to be considered a detection. 

 

AJ@-, AN@-, and ANJ@-qualified data were used in the BHHRA; AR@- and AB@-qualified data were 

not.  The handling of AU@-qualified data (nondetects) in the BHHRA is described in Section 

3.2.1.  The use of data with other, less common qualifiers is typically evaluated on a case-by-

case basis.  However, no such qualifiers were associated with any of the groundwater samples 

considered for use in the BHHRA. 

 

Some chemicals may be analyzed under two different analytical programs.  For example, the 

DNT isomers are analyzed by EPA Method 8330 for nitroaromatics as well as EPA Method 

8270C for semivolatile organic compounds.  Risks associated with the reported values from both 

analyses are considered in the risk characterization (Chapter 5.0) and discussed as appropriate in 

the uncertainty analysis (Chapter 7.0), together with potential issues such as the relative 

sensitivities (i.e., differences in respective reporting limits) of the methods.   

 

2.2  Identification of Chemicals of Potential Concern 

A screening process is used to identify COPCs, which are the detected analytes carried through 

the full risk assessment process.  The objectives of COPC screening are to focus the risk 

assessment on those chemicals that may contribute significantly to overall risk and to remove 

from quantification those chemicals whose contribution is clearly inconsequential.  COPC 

screening includes a risk-based screen which also considers status as a human nutrient (Section 

2.2.1), a frequency-of-detection evaluation (Section 2.2.2), and a background screen (Section 

2.2.3).   

 

2.2.1  Risk-Based Screening 

In the risk-based screen, the maximum detected concentration (MDC) is compared to the 

appropriate risk-based screening concentration (RBSC) for each analyte.  The units of the MDC 
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and RBSC are the same for each chemical in a given medium; with respect to the PBOW 

groundwater BHHRA, both the MDC and RBSC have units of micrograms per liter (µg/L) in 

water. 

 

If the MDC of a chemical is less than or equal to its RBSC, then the chemical in this medium is 

not considered further in the BHHRA, because it is very unlikely that chemical concentrations at 

or below the RBSC would contribute substantially to risk.  An analyte may be identified as a 

COPC if its MDC exceeds its RBSC.  As indicated in Section 2.2, actual status as a COPC also 

depends on a chemical’s frequency of detection (Section 2.2.2), concentration with respect to 

background (Section 2.2.3), and potential status as a nutrient.  RBSCs used in the PBOW 

groundwater BHHRA were derived from the EPA Region 9 preliminary remediation goals 

(PRG) table “tap water” values (EPA, 2004b).   

 

PRG values are based on a concentration equal to either an incremental lifetime cancer risk 

(ILCR) of 1E-6 or a noncancer hazard quotient (HQ) of 1, the threshold at (or below) which 

adverse noncancer effects are regarded as unlikely to occur.  For the PBOW groundwater 

BHHRA, the noncancer values listed in the PRG tables were multiplied by a factor of 0.1 to 

provide additional protection for simultaneous exposure to multiple chemicals (EPA, 2004c; 

1995).  This results in groundwater RBSC values associated with an HQ of 0.1.  For cancer risk, 

the PRG values were used directly as RBSCs in the BHHRA, as they are based on an ILCR of 

1E-6.  The National Oil and Hazardous Substances Pollution Contingency Plan (NCP) identifies 

acceptable exposure levels that are generally associated with concentration levels that represent 

an excess upper bound lifetime cancer risk to an individual of 1E-6 to 1E-4 (EPA, 1990).  This 

range is hereinafter referred to as the “NCP risk management range.”  Cancer risks associated 

with PRG values represent the lower end of this range.  The RBSC for a chemical that elicits 

both cancer and noncancer health effects was selected based on either a cancer risk of 1E-6 or an 

HQ of 0.1, whichever associated water concentration is lower.   

 

There are no PRGs for lead or sulfate, but the EPA (2004d) Office of Water lists a treatment 

technique action level of 0.015 milligrams per liter (mg/L) for lead and a health-based advisory 

level of 500 mg/L for sulfate.  These values were used as RBSCs.  It is noted that a secondary 

maximum contaminant level (SMCL) of 250 mg/L exists for sulfate.  SMCLs are non-

promulgated values, based on aesthetic characteristics, which are used as guidelines for public 

water systems.  The sulfate SMCL is associated with taste and odor, rather than human health; 

therefore, the health advisory rather than the SMCL was used for risk-based human health 

screening.  The exposure assessment, toxicity assessment, and risk characterization associated 
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with lead in bedrock groundwater are discussed in Sections 3.1.3.3, 4.5, and 6.4, respectively.  

The evaluation of sulfate in bedrock groundwater is provided in Section 6.5. 

 

Certain elements are essential human nutrients that are generally regarded as innocuous at levels 

found in environmental media.  These include calcium, chloride, iodine, magnesium, 

phosphorous, potassium, and sodium.  There are no EPA Region 9 PRGs listed for these 

nutrients.  Therefore, none of these essential nutrients is typically included as a COPC unless its 

concentration is judged to be associated with potential adverse human health effects.  None of 

these nutrients were judged to be present at a concentration likely to be associated with adverse 

human health effects. 

 

2.2.2  Frequency of Detection 

When confidence is high that a given chemical is present, the data generally are used in the 

BHHRA.  For most chemicals, their detection is presumptive evidence of their presence.  As 

suggested by EPA (1989a), chemicals that are reported infrequently may be artifacts in the data 

that do not reflect the actual presence of the chemical in question.  For the BHHRA, chemicals 

that are reported only at low concentrations in less than 5 percent of the samples from a given 

medium were excluded from further consideration, unless their presence was expected based on 

historical information about the site.  Chemicals detected infrequently at high concentrations 

may identify the existence of contaminant plumes or limited “hot spots” and are retained as 

COPCs. 

 

2.2.3  Comparison to Background  

A number of the chemicals detected in PBOW groundwater may have MDCs that exceed RBSCs 

but are part of normal background concentrations associated with groundwater.  Such chemicals 

may include inorganics and polycyclic aromatic hydrocarbons (PAH), a class of organic 

compounds which form from natural or anthropogenic combustion of organic matter, including 

fossil fuels, and are generally ubiquitous in the environment.  Airborne PAHs associated with 

non-Department of Defense sources may be deposited on soil and leach to groundwater.  

Benzene, ethylbenzene, toluene, and xylenes (BTEX) compounds, as well as PAHs, may also be 

associated with background concentrations due to the presence of natural petroleum-derived 

compounds present in the vicinity of PBOW (see Section 3.1.1).   

 

Site concentrations of inorganic chemicals in bedrock groundwater were compared to those of 

PBOW background using a two-step approach:  1) background screening and 2) statistical data 

set testing.  This second step (Section 2.2.3.2) was initiated only in cases where the concentration 

used for background screening is exceeded (refer to Section 2.2.3.1) and is addressed after the 
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risk characterization (Chapter 5.0) in the uncertainty analysis (Chapter 7.0).  No suitable 

background data set exists for overburden wells, so no comparisons to background 

concentrations were made for perched groundwater.   

 

Inorganics and organics were treated similarly from a quantitative perspective.  However, all 

organics not eliminated on the basis of RBSC exceedance (Section 2.2.1) or infrequent detection 

(Section 2.2.2) were carried through the risk assessment process (exposure assessment, toxicity 

assessment, and risk characterization).  As presented in Section 2.2.3.3, organic compounds were 

quantitatively eliminated as background related only through the uncertainty analysis (Chapter 

7.0). 

 

2.2.3.1  Background Screening of Inorganics 

Background screening was applied to each inorganic whose MDC in bedrock groundwater 

exceeds the RBSC and that cannot be characterized as an infrequently detected analyte.  In 

background screening, the MDC is compared to the PBOW chemical-specific background 

screening concentration (BSC).  The derivation of BSCs is described in the 2004 groundwater 

report (Shaw, 2005b).  Briefly, BSCs were calculated for use at PBOW based on concentrations 

found in background bedrock monitoring wells installed upgradient of PBOW sources.  Each 

BSC is either the MDC or the calculated 95th percent upper tolerance limit of the background 

data set (based on unfiltered samples collected using low-flow sampling), whichever value is 

lower (Shaw, 2005b).  The BSCs and a data summary of the bedrock groundwater background 

data set are included in Table 2-3. 

 

The screening consists of comparing the MDC of the site data set to the BSC.  The chemical was 

regarded as a COPC if its MDC exceeds the BSC for that chemical or if no BSC could be 

determined due to a lack of detections in the background data set.  COPCs were fully evaluated 

in the exposure assessment, toxicity assessment, and risk characterization.  The chemical was not 

regarded as a COPC if its MDC is equal to or less than the BSC.   

 

2.2.3.2  Statistical Data Set Testing of Inorganics 

Statistical testing was performed to compare data sets of site inorganics data against the PBOW 

background data set (identified in Appendix M of the 2004 groundwater data summary and 

evaluation report [Shaw, 2005b]) using the nonparametric Wilcoxon Rank Sum (WRS) statistical 

test (also known as the Mann-Whitney U test).  WRS testing was performed for inorganics 

whose MDCs exceed the respective BSCs and are identified as COPCs based on RBSC 

comparison (Section 2.2.1) and frequency of detection (Section 2.2.2).  All COPCs were carried 

through the risk characterization process; thus, statistical testing results were not used to screen 
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out any chemicals.  Site data sets were interpreted as being significantly different from PBOW 

background if the associated p-level is less than 0.05.  WRS statistical output and box and 

whisker plots of the various inorganic COPC data sets are provided in Appendix C, and the WRS 

results are discussed as part of the uncertainties associated with site relatedness (Section 7.2.3).  

Analytes shown by the WRS results to exceed background (or for which the WRS testing was 

not run) are assumed to be site related, unless a qualitative chemical-specific explanation is 

presented in the uncertainties analysis as to why the analyte should not be regarded as site 

related.  The WRS test was not run in this BHHRA if the COPC was not detected in the PBOW 

background groundwater data set or, in the case of the WARWP, the data set was too small to 

run the statistical method.  Data sets for which the WRS results do not suggest site relatedness 

(i.e., site data and background data are not statistically different) were still evaluated for risks 

and hazards (Section 6.1). 

 

2.2.3.3  Treatment of Organics 

As mentioned in Section 2.2.3, certain organic compounds (BTEX and PAHs) in site 

groundwater may be attributable to background conditions.  The MDC of PAH and BTEX data 

may also be compared to BSCs (Section 2.2.3.1) and may be compared to PBOW background 

data using the WRS test (Section 2.2.3.2), but no organic compounds were summarily screened 

out.  Instead, all detected organic compounds were carried through the risk assessment process 

(i.e., exposure assessment, toxicity assessment, risk characterization) unless screened out on the 

basis of comparison to RBSCs (Section 2.2.1) or characterized as infrequently detected (Section 

2.2.2).  Background contribution of organics is discussed in the uncertainties analysis (Section 

7.2.3).  

 

2.2.4  Role of COPC Screening in the Risk Assessment Process 

Figure 2-6 depicts the role of COPC screening as it applies to the risk assessment process.  The 

figure highlights the role of COPC screening, including frequency of detection, risk-based 

screening, and comparison to background.  The figure is not intended as a detailed flowchart of 

the risk assessment itself, but rather is intended to illustrate how the steps described in Sections 

2.1 through 2.3 are integrated into the overall risk assessment and the processes that lead to risk 

management decisions. 

 

2.3  Data Evaluation Summary 

Tables with the following information for each detected chemical were prepared for bedrock 

groundwater underlying each AOC and downgradient area (Tables 2-4 through 2-9): 

 
• Chemical name 



 

KN6\PBOW\GW BHHRA\Final\GW BHHRA-F.doc\9/26/06\4:19 PM 2-9 

• Frequency of detection 
• Range of detected concentrations 
• Range of detection limits 
• Arithmetic mean of site concentrations 
• 95th percent upper confidence limit on the arithmetic mean (UCL) 
• Appropriate RBSC 
• Appropriate BSC 
• Selection/exclusion of chemical as a COPC. 

 

Similar tables are provided for overburden groundwater in each AOC for data summary 

purposes.  Note that summaries of samples from overburden groundwater wells are kept separate 

from overburden groundwater samples collected using direct-push techniques (Tables 2-10 

through 2-19).  However, because overburden groundwater is not regarded as a potential source 

of tap water (Section 1.3), chemicals with MDCs exceeding the RBSCs are indicated on the 

tables but are not identified as COPCs.  Likewise, comparisons to background concentrations are 

not included on the tables for the overburden wells, because no background data exist for 

overburden groundwater at PBOW (Section 2.2.3).
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3.0  Exposure Assessment 
 

Exposure is the contact by a receptor with a chemical or physical agent.  An exposure assessment 

estimates the type and magnitude of potential exposure of a receptor to COPCs found at or 

migrating from a site (EPA, 1989a).  The following steps are included in an exposure 

assessment: 

 
• Characterize the physical setting 
• Identify the contaminant sources, release mechanisms, and migration pathways 
• Identify the potentially exposed receptors 
• Identify the potential exposure pathways 
• Estimate EPCs 
• Estimate chemical intakes or contact rates. 

 

The exposure assessment characterizes exposure to COPCs in groundwater associated with the 

respective AOCs and at the facility boundary.  As mentioned in Chapter 1.0, exposure and risks 

associated with COPCs in soils, surface water, and sediment, as applicable, were estimated for 

the AOCs in previous BHHRAs (IT, 2001a; 2000a, b).  The Scope of Work (USACE, 2001) 

requires the summation of groundwater risks with those of the environmental media previously 

evaluated (see Chapter 8.0).  Therefore, the respective CSEMs described in Section 3.1 include 

all environmental media evaluated for each AOC (i.e., those evaluated previously as well as 

groundwater).  However, discussion of the receptors and exposure pathways (Section 3.1.3), 

methodologies for quantification of EPCs (Section 3.2), and methodologies for quantification of 

chemical intake (Section 3.3) presented in the text pertain only to groundwater, because pertinent 

information and calculations based on this information for other environmental media are 

presented in the previous BHHRAs.   

 

3.1  Conceptual Site Exposure Model 

A CSEM provides the basis for identifying and evaluating the potential risks to human health in 

the BHHRA.  A CSEM is constructed from plausible site-use scenarios and the potential 

exposure pathways.  The elements of a CSEM include the following: 

 
• Source 
• Source media (i.e., initially contaminated environmental media) 
• Contaminant release mechanisms 
• Contaminant transport pathways 
• Intermediate or transport media 
• Exposure media 
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• Plausible receptors 
• Routes of exposure. 

 

Contaminant release mechanisms and transport pathways are not relevant for direct receptor 

contact with a contaminated source medium (e.g., ingestion of or dermal contact with 

groundwater).   

 

Figure 3-1 depicts the CSEM used for each of the three former production areas.  The CSEM for 

each of the two former red water pond areas is depicted on Figure 3-2.  The receptors and 

pathways on Figures 3-1 and 3-2 reflect plausible scenarios developed from information 

regarding site background and history, topography, climate, and demographics as presented by 

the site-wide groundwater investigation (IT, 1997).  Exposure pathways that are identified as 

complete (on Figures 3-1 and 3-2) either are addressed in this groundwater BHHRA or have 

been addressed by previous BHHRAs.  Additional potential receptors not listed on the CSEM 

figures are briefly discussed in Section 3.1.3.2. 

 

Previous BHHRAs were performed to evaluate exposure to environmental media other than 

groundwater (IT, 2001a; 2000a, b).  Note that the CSEM figures include groundwater as well as 

the media previously evaluated for the five respective on-site areas.  For the current and future 

off-site resident, only groundwater exposure is evaluated (Figures 3-1 and 3-2).  Although a 

majority of the residents are serviced by municipal water (from surface water sources), there are 

numerous private groundwater wells in the vicinity, including six that are downgradient of the 

TNT areas and red water pond areas within 1 mile of the facility boundary (refer to Section 1.3).  

Also, based on monitoring wells and a nearby off-site private well sampled as part of the site 

groundwater investigation, the bedrock units can produce an adequate quantity of groundwater.  

Although natural hydrocarbons are known to be present within the bedrock limestone and shale 

formations, bedrock groundwater underlying the site cannot be summarily excluded for 

consideration as a tap water source based on natural water quality parameters.  Therefore, given 

the presence of numerous off-site wells and the assumption of unrestricted future land use on 

site, the development of bedrock groundwater for off-site or on-site residential (or on-site 

worker) use as tap water is regarded as plausible. 

 

3.1.1  Physical Setting 

 

Climate/Meteorology.  The climate in the Sandusky area is continental and strongly affected 

by Lake Erie.  July is generally the warmest month (average high and low temperatures of 82 and 

65 degrees Fahrenheit [°F], respectively), and January is generally the coldest (average high and 
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low temperatures of 32 and 19°F, respectively) (The Weather Channel, 2004).  On average, the 

first freezing day (low of 32°F or less) occurs in late October (average of three per month), and 

the last freezing day falls in early May (average of one per month) (National Oceanic and 

Atmospheric Administration, 1990).  The average annual precipitation for Sandusky is 34.5 

inches per year, with a monthly average of more than 3 inches per month falling in April through 

September and less than 3 inches in each of the other seven months (The Weather Channel, 

2004).  Precipitation is fairly evenly distributed throughout the year, with the fewest precipitation 

days (0.01 inch or greater) per month (10) occurring during July, August, September, and 

October, and the most (15) occurring in December and January (City-Data.com, 2004).  The 

mean annual wind speed is 10.3 miles per hour (City-Data.com, 2004), with winds 

predominantly from the southwest (SAIC, 1991).  Sandusky area winters are cloudy, with 33 

percent sunshine during November through February, as compared with to 65 percent sunshine 

during the summer months (City-Data.com, 2004). 

 

Geology.  Three formations, all of Devonian Age, outcrop across PBOW, each of which was 

encountered in the upper 100 feet of bedrock at PBOW (Shaw, 2005b).  The Delaware 

Limestone is the lowermost formation screened by site wells.  It is characterized as a hard, dense, 

finely crystalline limestone and dolomite.  The unit is typically buff colored and usually is 

described as fossiliferous.  In the vicinity of PBOW, quarries mine limestone from the Delaware.  

Traces of natural petroleum-derived hydrocarbons and hydrogen sulfide are common in area 

quarries (Shaw, 2005b).  Overlying the Delaware Limestone is the Olentangy Shale.  Two 

members of the Olentangy Shale have been characterized at the site, the Plum Brook Shale and 

the overlying Prout Limestone.  The Plum Brook Shale is interpreted to consist of approximately 

35 feet of bluish-gray, soft, fossiliferous shale containing thin layers of dark, hard, fossiliferous 

limestone.  The Prout Limestone has been described as a 15-foot-thick unit which occasionally 

outcrops in a 1,000-to-2,000-foot-wide, northeast-striking band across the middle portion of 

PBOW.  It is described as a dark-gray to blue, very hard, siliceous, fossiliferous limestone or 

dolomitic mudstone.  The uppermost formation at the site is the Ohio Shale.  Only one member 

of the Ohio Shale is present in the PBOW area, the Huron Shale.  This unit has been described as 

black, thinly bedded, with abundant carbonaceous matter.  Some large pyrite/carbonate 

concretions are also present in the Huron Shale, some as large as 6 feet in diameter (D&M, 

1997).   

 

Soils.  The bedrock overburden in Erie County is predominantly glacial till, glacial outwash, or 

glacial lacustrine (lake) deposits.  In the vicinity of PBOW, the soil has been interpreted to be 

lacustrine.  In many areas, the overburden also consists of highly weathered bedrock.  The 

thickness of the overburden ranges from 1 foot to greater than 25 feet.  Overburden is thickest on 
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the northern portion of the site in the vicinity of the Reactor Facility Area, where it has filled in a 

bedrock low (Shaw, 2005b). 

 

The soil in the northwest portion of PBOW is placed within the Kibbie-Elnora-Tuscola-Colwood 

Association, which is described as nearly level to gently sloping.  This soil is described as 

somewhat poorly drained, moderately well drained, and very poorly drained soils formed in 

outwash, lacustrine, and deltaic sediments.  Along a strip from west to northeast across the site is 

the Castalia-Millsdale-Milton-Ritchey Association.  This association is described as shallow to 

moderately deep, nearly level to moderately steep, well-drained and very poorly drained soils 

formed in glacial till, lacustrine sediments, and limestone residuum.  Across much of the central 

portion of the site is the Hornell-Fries-Colwood Association, described as moderately deep to 

deep, nearly level to gently sloping, somewhat poorly drained to very poorly drained soils 

formed in glacial till and lacustrine sediments over shale bedrock.  At the extreme southeast 

portion of PBOW is the Pewamo-Bennington Association, described as nearly level to gently 

sloping, very poorly drained and somewhat poorly drained soils formed from glacial till and 

lacustrine sediments. 

 

Hydrology.  The two main water-bearing zones at PBOW are located in the overburden and the 

bedrock, and are thus called the overburden and bedrock water-bearing zones.  Data collected 

during the more recent investigations (IT, 2001a,b; 1999b; 1997) indicate that groundwater in the 

overburden is in discontinuous pockets during dry time periods.  In contrast, the bedrock water-

bearing zone is saturated year round.  During periods of low precipitation, only limited migration 

of contaminants would occur in the overburden due to less infiltration.  During a wet period, the 

general flow direction in the overburden water-bearing zone is to the north-northeast, largely 

mirroring surface topography.  A hydrogeological study by the U.S. Geological Survey (1992) 

conducted in the glacial deposits of Sandusky in 1990 reported a horizontal hydraulic 

conductivity of 0.046 feet per day and a vertical hydraulic conductivity of 1.2 feet per day. 

 

Regional groundwater flow is to the north-northeast towards Lake Erie, although local flow may 

vary due to local topography.  Water in the limestone typically occurs in joints and along 

bedding planes or in solutionally enlarged openings.  The conceptual model interprets that 

bedrock groundwater flow in the Delaware Limestone water-bearing zone migrates and is 

influenced by the frequency, orientation, density, and connectivity of the bedrock fractures.   

 

At PBOW, the bedrock groundwater has been subdivided into three zones based on location and 

yield.  Zone 1 occurs in the north and northwestern portion of PBOW.  It has been characterized 

as yielding from 100 to 500 gallons per minute (gpm) from karstic limestone approximately 100 



 

KN6\PBOW\GW BHHRA\Final\GW BHHRA-F.doc\9/26/06\4:19 PM 3-5 

feet below grade.  Zone 2 is in the northern portion of PBOW and has yields of 15 gpm or less 

from limestone approximately 300 feet below grade.  Zone 3 is located in the eastern and 

southern portion of the site in predominantly shale bedrock.  In addition to being found in the 

shale, groundwater is located in thin sand and gravel horizons interbedded with silt and clay 

deposits.  Most Zone 3 wells are poor yielding, many of them providing less than 3 gpm (D&M, 

1997). 
 

3.1.2 Contaminant Sources, Release Mechanisms, and Migration Pathways  
 Associated with Groundwater 

Contaminant sources, release mechanisms, and migration pathways are discussed below for the 

production areas (Figure 3-1) and red water pond areas (Figure 3-2), respectively.   
 

Production Areas.  Each manufacturing line in the production areas consisted of individual 

buildings connected by pipelines that carried the reactive materials and the reactions to 

completion.  Contamination involved the inadvertent release of TNT, its precursors, 

contaminants and residues, and acids or sellite (sodium sulfite made from soda ash and sulfur) 

from the process lines, drying areas, or packaging areas.  Releases occurred to the surface soil as 

spills and to the subsurface soil from leaking or damaged underground pipes.  Releases in the 

production areas may also have occurred during decontamination and during building and 

equipment removal processes.  Runoff and erosion may have spread contamination over the 

surrounding surface soil and may have carried contaminants to nearby streams.  Infiltration and 

leaching may have carried contaminants into the subsurface soil and groundwater.   
 

Red Water Ponds.  The pond areas received wastewater from TNT production.  The PRRWP 

had received wastewater from TNTA and TNTB that had been treated at Wastewater Disposal 

Area No. 1.  Reportedly, a tile drain carried water from the PRRWP to a ditch which parallels 

Pentolite Road.  The WARWP Area ponds had received wastewater from TNTC that had been 

treated at Waste Disposal Area No. 2 (D&M, 1997).  Underlying subsurface soils may have been 

impacted by infiltration; underlying overburden groundwater and possibly bedrock groundwater 

may have been impacted by leaching.  Surrounding surface soil may have been impacted if 

periods of overflow occurred.  Sediment within the drainage ditch along Pentolite Road may 

have been impacted by contaminants present in the PRRWP surface water that drained into the 

ditch; groundwater infiltration may also have occurred at this ditch.  However, sediment samples 

collected from this ditch showed no contamination (IT, 2000b). 
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3.1.3  Groundwater Receptors and Exposure Pathways 

 

3.1.3.1  Overburden Groundwater 

As mentioned in Section 1.3, perched groundwater in the vicinity of the former TNT 

manufacturing areas and red water ponds is not regarded as a potential source of potable water 

because it is isolated, discontinuous, and seasonally dependent; these characteristics result in low 

(if any) and undependable yield.  It is possible that a construction worker may be exposed to 

perched water via direct contact; however, such exposure would likely be sporadic and of short 

duration.  Therefore, the BHHRA does not quantitatively evaluate exposure to perched 

groundwater.  As mentioned in Section 1.3, the potential impact of nitroaromatics in perched 

overburden groundwater on the bedrock unit was modeled.  Specifically, future groundwater 

concentrations of 2,4-DNT, 2,6-DNT, and TNT were modeled based on concentrations currently 

found in the overburden groundwater and soil. 

 

3.1.3.2  Bedrock Groundwater 

Groundwater is not currently being used on site, nor may it plausibly be used in the immediate 

future at any of the five PBOW sites evaluated.  It is the desire of NASA to eventually release 

PBOW for unrestricted use.  Thus, it is reasonable to assume that residential, commercial, and/or 

industrial development may occur on site in the foreseeable future.  Currently, the nearest off-site 

well is approximately 840 feet downgradient of the PBOW facility boundary (refer to Section 

1.3).  However, it is plausible that an off-site resident could install a bedrock well just outside the 

PBOW facility boundary in the immediate future (approximating current time).  Because of this 

possibility, current/future residential groundwater use was evaluated at the property boundary, 

even though no wells are currently or anticipated to be installed at such a location.   

 

The following receptors were evaluated to represent the upper bound on bedrock groundwater 

exposure for all plausibly exposed groups of people at the respective AOCs and the facility 

boundary.   

 
• Current/future off site.  Based on measured concentrations at the five boundary 

wells and well BED-MW30, assuming a just off-site resident.  Data for all six 
wells (Figure 1-2) are combined into a single evaluation.  (Note that downgradient 
well BED-MW30 was added to the evaluation because it exhibited low levels of 
nitroaromatics.)  It is emphasized that groundwater at the facility boundary is not 
currently used, but such use is plausible in the near or distant future. 

 
• Future on site.  Based on measured concentrations at each of the five PBOW 

AOCs (five separate evaluations).  Future receptors are an on-site worker and on-
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site resident.  If current exposure to on-site groundwater existed, then this 
evaluation would be appropriate for such a hypothetical resident or worker.   

 
• Modeled future on site.  Additionally, risks associated with modeled future 

groundwater concentrations for 2,4-DNT, 2,6-DNT, and TNT are estimated for the 
future on-site resident and future on-site worker who uses groundwater as a 
drinking water source.  This model is presented in Section 3.2.4 and discussed in 
the uncertainties analysis (Section 7.2.7).   

 
• Modeled future off site.  Based on modeled concentrations of 2,4-DNT, 2,6-

DNT, and TNT at the just off-site location exhibiting the highest concentrations of 
these analytes, for up to five areas downgradient of the AOCs based on bedrock 
groundwater flow directions.  This model is presented in Section 3.2.4 and 
discussed in the uncertainties analysis (Section 7.2.7). 

 

If on-site groundwater were to be developed as a tap water source, other potential future 

groundwater receptors may include short-term (e.g., construction) workers or site visitors.  

However, the levels of exposure to these would be shorter in duration and/or frequency than 

those of an on-site worker or resident.  Therefore, the long-term, on-site worker and resident 

receptor represent an upper bound on exposure for all potential receptors. 

 

Quantitative evaluations of exposure to groundwater COPCs are based on a reasonable 

maximum exposure (RME) approach for each receptor.  The intent of the RME approach is to 

estimate the highest exposure level that could reasonably be expected to occur, but not 

necessarily the worst possible case (EPA, 1991a; 1989a).  It is interpreted as reflecting the 90th 

to 95th percentile on exposure.  In keeping with EPA (1991a) guidance, variable values chosen 

for a baseline RME scenario for intake rate, exposure frequency (EF) and exposure duration 

(ED) are generally upper bounds.  Other variables, e.g., body weight (BW) and exposed skin 

surface area, are generally central or average values.  In the case of contact rates consisting of 

multiple components (e.g., dermal contact with water, which consists of a permeability 

coefficient [Kp] and exposure time [ET]), only one variable, (e.g., Kp) needs to be an upper 

bound.  The conservativeness built into individual variables is designed to result in contact rate 

estimates that are more than adequately health protective. 

 

The averaging time (AT) for noncancer evaluation is computed as the product of ED (years) 

times 365 days/year, to estimate an average daily dose over the entire exposure period (EPA, 

1989a).  For cancer evaluation, AT is the product of 70 years multiplied by 365 days/year 

(25,550 days, the assumed human lifetime), to estimate an average daily dose prorated over a 

lifetime, regardless of the frequency or duration of exposure.  This methodology assumes that the 

risk from short-term exposure to a high dose of a given carcinogen is equivalent to long-term 
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exposure to a correspondingly lower dose, provided that the total lifetime doses are equivalent.  

This approach is consistent with current EPA (1986) policy of carcinogen evaluation, although it 

introduces considerable uncertainty into the cancer evaluation component of the BHHRA. 

 

The only receptors evaluated under the exposure scenarios evaluated for PBOW groundwater are 

the resident (evaluated for current off-site, future on-site, and future off-site conditions) and the 

future on-site worker.  Exposure assumptions and parameter values specific to the resident and 

worker are described in the paragraphs that follow.  The fraction of tap water intake/exposure 

(refer to “FI” term in the equations in Section 3.2) attributed to groundwater from each PBOW 

AOC (as well as the off-site locations) is 1.0 for each receptor.  Exposure parameters and 

parameter values are summarized in Table 3-1. 

 

Resident.  The resident is assumed to be exposed to groundwater as household tap water and, 

for volatile compounds, air concentrations that are associated with groundwater use in the 

residence.  Exposure assumptions and parameter values for the current off-site resident, future 

on-site resident, and future off-site resident are identical.  Cancer and noncancer assessments 

were performed for both an adult and child.  The evaluations assume 30 years of exposure:  24 

years as a 70-kilogram (kg) adult (EPA, 1991a) and 6 years as a 15-kg child (EPA, 2004c).  For 

cancer effects, the adult and child effects were summed together; for noncancer effects, the child 

and adult were evaluated separately.  An EF of 350 days per year (EPA, 1991a) was used for 

adult and child residential pathways.   

 

Drinking water ingestion rates for the adult of 2 liters per day (L/day) (EPA, 1991a) and for the 

child of 1 L/day (EPA, 2004c) are assumed.  Both the child and adult resident are assumed to be 

dermally exposed to COPCs in groundwater during household use (e.g., bathing).  Available skin 

surface areas of 20,000 and 6,600 square centimeters (cm2) were used for the adult and child, 

respectively, regarding contact with water while bathing.  The child is assumed to bathe for 20 

minutes per day (0.333 hour/day) (EPA, 1997a), and the adult is assumed to shower for 12 

minutes per day (0.2 hour/day) (EPA, 2003a).  Inhalation rates of 0.833 cubic meters per hour 

(m3/hour) for the adult (EPA, 1991a) and 0.416 m3/hour for the child (EPA, 2004c) were used.  

Because the Exposure Factors Handbook (EPA, 1997a) lists a 90th percentile for time spent in a 

residence as over 23 hours per day, it was conservatively assumed that the resident spends 24 

hours per day in the house. 

 

On-Site Worker.  In the future land-use scenario, a site worker may be exposed to 

groundwater, which theoretically could be developed as a source of drinking water.  His drinking 

water ingestion rate is assumed to be 1 L/day (EPA, 1991a).  He may also experience dermal 
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contact with groundwater used to clean equipment and to rinse dust or perspiration from his 

body.  For this evaluation, it is assumed that the head, forearms, and hands, approximately 3,300 

cm2 (EPA, 2004a), would be exposed intermittently for up to 1 hour per day. Because exposure 

is assumed to be intermittent, rather than continuous, organic chemical uptake across the dermis 

would not reach steady state, which guides selection of the EPA (2004a) model to be used to 

quantify this pathway (Section 3.3.3).  Although a worker may be exposed to volatile organic 

compounds (VOC) released from groundwater during use, potential exposure via this pathway is 

regarded as minimal and is thus not evaluated in the BHHRA. 

 

3.1.3.3  Exposure to Lead 

Exposure to lead in PBOW groundwater is evaluated separately from other COPCs using the 

Integrated Exposure Uptake Biokinetic (IEUBK) model (EPA, 2005).  This model assumes 

residential exposure to soil, household dust assumed to originate from soil, and drinking water 

(as well as other sources such as dietary, maternal levels, and ambient air) by a young child and 

estimates the resulting blood-lead concentration.  Exposure and associated risks are characterized 

based on the resulting modeled blood-lead concentration.  For the PBOW sites at which lead was 

identified as a COPC (i.e., TNTA and TNTB), the respective average soil (IT, 2001a; 2000a, b) 

and groundwater concentrations (Section 2.3) were used as inputs as prescribed by the IEUBK 

model.  Output for the IEUBK model is included in Appendix D, and results of the modeling are 

discussed in Section 6.4.   

 

3.2  Quantification of Exposure-Point Concentrations 

The EPC is an estimate of the concentration of a COPC in a given medium to which a receptor 

may be exposed over the duration of the exposure.  An EPC may be based on media 

concentrations that have been directly measured, or it may be derived based on environmental 

medium-to-medium transport modeling.  The EPCs of COPCs in groundwater were statistically 

derived values, based on measured analytical data.  Concentrations of COPCs in air were not 

measured (and in the case of groundwater volatilization or future exposure scenarios, cannot 

reasonably be measured) but were based on models, which use the EPCs of COPCs in 

groundwater as input values.   

 

3.2.1  Groundwater Concentrations 

Generally, the UCL or the MDC of the measured concentrations, whichever is lower, is selected 

as the groundwater EPC and is understood to represent a conservative estimate of average 

concentration for use in the exposure assessment for RME evaluation.  Unusually high detected 

values are included in the calculation of the UCL concentration.  Inclusion of these high values 

increases the statistical variability and the overall conservativeness of the risk estimate.   
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Exposure to an environmental medium is generally assumed to be random, and the EPC should 

be the arithmetic average encountered over the ED (EPA, 1989a).  Therefore, the population 

mean concentration, if known, would be the ideal value selected as the EPC.  The sample mean 

is an obvious estimate of the population mean.  However, uncertainties exist as to how well the 

sample mean represents the population mean.  Therefore, EPA (1989a) has recommended the 

inclusion of an upper confidence limit of 95 percent on the sample mean for RME evaluation.  

The following paragraphs describe the statistical approaches and the models used to derive EPCs 

for groundwater.  This is basically the same statistical approach used in the previous BHHRAs 

for soils and other environmental media (IT, 2001a; 2000a, b). 

 

The nature of the statistical distribution (normal, lognormal, nonparametric) is determined for 

COPC data sets having five or more samples with the Shapiro-Wilks test (EPA, 1992d).  Either a 

normal or lognormal UCL is calculated, whichever provides the better fit in the Shapiro-Wilks 

test.  Where either distribution provides virtually the same level of fit (at p<0.05) based on the 

Shapiro-Wilks test results, a normal distribution is selected because the UCL calculation for the 

normal distribution has greater mathematical stability (EPA, 1997b; Hardin and Gilbert, 1993).   

A nonparametric confidence limit was calculated when the data fit neither a normal or lognormal 

distribution.  For data sets with less than five samples, the MDC was used as the EPC.  Also, 

because most of the downgradient boundary wells are spatially unrelated, the MDC of the 

combined set of boundary wells was used as the EPC in the BHHRA.   

 

The UCL is calculated for a normal distribution as follows (EPA, 1992a): 

 

 )n(s/  t + x = UCL 1-n ,-1 α  Eq. 3.1 

 
 
where: 
 

UCL = upper 95th confidence limit on the arithmetic mean concentration (calculated) 
  = sample arithmetic mean 

t1  = critical value for Student's t-test 
α  = 0.05 (95 percent confidence limit for a one-tailed test) 
n  = number of samples in the data set 
s  = sample standard deviation. 

 
The UCL is calculated for a lognormal distribution as follows (Gilbert, 1987): 
 

 e = UCL )1(n-

s
  H + )s  (0.5 + y

0.5
y

0.95
2
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⎡
••  Eq. 3.2 
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where: 
 

UCL = upper 95th confidence limit on the arithmetic mean concentration (calculated) 
ȳ  = 3y/n = sample arithmetic mean of the log-transformed data, y = ln x 
sy  = sample standard deviation of the log-transformed data 
n  = number of samples in the data set 
H0.95 = value for computing the one-sided upper 95 percent confidence limit on a 

lognormal mean from standard statistical tables (Land, 1975). 
 

A nonparametric confidence limit was calculated when the data fit neither a normal or lognormal 

distribution.  The nonparametric UCL is the 95th percent upper confidence limit on the median, 

rather than the mean, because the median is a better estimate of central tendency for a 

nonparametric distribution.  The rank order of the data point selected as the UCL is estimated 

from the following equation (Gilbert, 1987): 

 

 p) - (1 p n Z + 1) + (n p =u  - 1 α  Eq. 3.3 

 
where: 
 

u   =  rank order of value selected as UCL, calculated 
p   =  percentile corresponding to the arithmetic mean 
n   =  number of samples in the data set 
α   =  confidence limit (95 percent) 
Z1-α  =  normal deviate variable. 

 

The concentration corresponding to the calculated rank order UCL was used as the EPC for 

nonparametric data in the BHHRA.  It is theoretically possible using the lognormal and 

nonparametric methods that the UCL for a given COPC may be less than the arithmetic mean 

concentration; however, all of the UCLs that were used as EPCs were observed to be greater than 

the respective mean concentrations for all BHHRA data sets.   

 

Analytical results are presented as "nondetects" ("U" qualifier) whenever chemical concentra-

tions in samples do not exceed the reporting limits.  To apply the previously mentioned statistical 

procedures to a data set with nondetects, a concentration value must be assigned to nondetects.  

Nondetects are assumed to be present at one-half the reporting limit, although judgment is used 

in those cases where matrix interference or other phenomena drive the reporting limits unusually 

high (EPA, 1989a).  No samples were eliminated from any of the BHHRA groundwater data sets 

due to high reporting limits. 
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3.2.2 Concentrations in Household Air from Groundwater Use 

Inhalation of VOCs released from groundwater, which is assumed to be used as tap water, were 

evaluated for the on-site and off-site resident scenarios.  Chemicals that have a Henry’s Law 

value exceeding 1E-5 atmospheres per cubic meter (atm/m3) per mole and a molecular weight 

less than 200 grams per mole are considered to be VOCs and are subject to evaluation via this 

pathway; Henry’s Law values and molecular weights are shown in Table 3-2.  Other 

groundwater contaminants were considered case by case for their potential contribution to risk 

via the inhalation pathway based on the degree of departure from the Henry’s Law and molecular 

weight criteria, groundwater concentration, and toxicity.  As a result of this evaluation, no 

COPCs having a Henry’s Law value of greater than 1E-5 atm/m3 or a molecular weight greater 

than 200 grams per mole were added as VOCs.   

 

The simple whole-house tap water-to-air model described in Part B of the human health 

evaluation manual (HHEM) (EPA, 1991b) was used to evaluate the tap water-to-air pathway.  

This model was selected based on correspondence between OEPA (2004) and USACE.  Part B 

of the HHEM recommends a volatilization constant of 0.0005 for the total concentrations of all 

VOCs detected in groundwater; the conversion is characterized by the following equation:   
 

 3000,1
m

LKCC wagwa ••=  Eq. 3-4 

 

where: 
 
 Ca  = modeled concentration in air (milligrams per cubic meter [mg/m3]) 
 Cgw = groundwater EPC (mg/L) 
 Kwa = tap water-to-air volatilization constant (0.0005 [unitless]:  [EPA, 1991b]) 
 

Implicit in the HHEM Part B application of this model are the following:  1) a family of four 

uses the groundwater as the sole source of household tap water; 2) the volume of the house is 

150 cubic meters (m3); 3) the daily groundwater use is 720 L/day; 4) 50 percent of VOCs in tap 

water volatilize to household air; and 5) the air exchange rate of the house is 0.25 volumes per 

hour (EPA, 1991b).  The EPA (1997a) Exposure Factors Handbook lists values different from 

some of those assumed by HHEM Part B.   

 

3.2.3  Concentrations of VOCs in Groundwater:  Resident Dermal Uptake 

Volatilization of VOCs from household water reduces the remaining concentration available for 

dermal contact.  As mentioned in Section 3.2.2, the HHEM Part B whole-house tap water-to-air 

model assumes that 50 percent of the VOC concentrations are released to household air.  Thus, 
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the concentrations of VOCs remaining in the water after volatilization occurs are calculated by 

difference as follows: 

 
where: 
 

 Cd = concentration of VOC in household water available for dermal exposure 
(mg/L, calculated) 

Cgw = concentration of VOC in groundwater (mg/L) 
 Fv = fraction of VOCs volatilized to air, (0.5, unitless). 
 

Only the concentration remaining in tap water after volatilization (Cd), as applicable, is assumed 

to be available for contact with the skin during bathing/showering. 
 

3.2.4  Modeled Future Groundwater Concentrations 

Estimated potential future groundwater concentrations of 2,4-DNT, 2,6-DNT, and TNT were 

modeled for each of the AOCs and the downgradient property boundary.  This model is based on 

soil-to-groundwater leaching and overburden groundwater-to-bedrock groundwater migration.  

Each model run for these three compounds simulated migration from the soil to groundwater 

over a 150-year period.  The results from the year at which the maximum concentrations were 

predicted for each area were used as the EPCs.  A description of the site groundwater model and 

complete modeling results are provided in Appendix E.   
 

Soil remedial actions, based on direct soil contact, are planned for each of the TNT areas and the 

PRRWP Area; additionally, limited sediment remediation is planned for a drainage ditch at 

TNTC.  It was previously determined that no soil remediation was required for the WARWP 

Area.  The commencement of remediation at TNTA and TNTC has not yet been scheduled.  At 

TNTB, most of the remediation has already been completed and the extent of additional 

remediation for direct soil contact has been identified (subject to post-remediation confirmation 

sampling) and is scheduled for completion during 2006.  A relatively small amount of 

remediation has already occurred at the PRRWP Area, and the extent of additional remediation 

has largely been identified.  However, additional remediation of the PRRWP Area has not yet 

been scheduled. 
 

Based on the remedial activities completed and scheduled thus far, TNTB was modeled 

assuming that remediation had already occurred.  Post-remediation confirmation samples and 

samples previously collected outside of the excavations were incorporated into the soil-to-

groundwater model for TNTB.   

 )F - (1  C = C vgwd •  Eq.  3-5 



 

KN6\PBOW\GW BHHRA\Final\GW BHHRA-F.doc\9/26/06\4:19 PM 3-14 

 

The PRRWP Area was modeled based on the limited remediation performed to date and 

incorporation of the confirmation samples as well as the samples collected previously outside of 

the excavated areas.  However, no further remediation was assumed, as it is uncertain when 

additional excavation may occur.  Similarly, no remediation was assumed for TNTA or TNTC. 
 

3.3  Quantification of Chemical Intakes 

This section describes the models used to quantify doses or intakes of the COPC by the exposure 

pathways identified in Section 3.1.2, incorporating the exposure parameter values described in 

Section 3.1.3.  Models were taken or modified from EPA (1989a) unless otherwise indicated.  

Intakes were calculated for both cancer and noncancer evaluations.  The AT variable shown in 

the following equations is replaced with ATn for noncancer calculations (365 × ED), and with 

ATc (25,550 days) for the cancer calculations.  Intake values are based on the EPCs (Section 3.2) 

and the equations discussed below for the respective exposure pathways.  
 

3.3.1  Ingestion of COPCs in Groundwater 

The ingested dose of COPCs in groundwater is estimated from the following equation: 
 

where: 
 

 Iw   =  ingested dose of COPCs in groundwater (milligrams per kilogram per day 
[mg/kg-day], calculated) 

 Cw  =  concentration of COPCs in groundwater (mg/L) 
 IRw  =  drinking water ingestion rate (L/day) 
 FIw  =  fraction of exposure attributed to site groundwater (unitless) 
 EF  =  exposure frequency (days/year) 
 ED  =  exposure duration (years) 
 BW  =  body weight (kg) 
 AT  =  averaging time (days). 
 

3.3.2  Inhalation of COPCs from Air 

The following equation is used to estimate the inhaled dose of COPCs in air as a result of 

volatilization from tap water.  Air concentrations used in this equation are modeled (Section 

3.2.2).   

      w
w w w

I =
(C )(IR )(FI )(EF)(ED)

(BW)(AT)
  Eq. 3.6 

     
(BW)(AT)

)(EF)(ED)ET)(IR)(C(
=I

aaa
sa   Eq. 3.7 
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where: 

 
 Ia   =  inhaled dose of COPC (mg/kg-day, calculated) 
 Ca  =  concentration of COPC in air from dust and volatilization (mg/m3) 
 IRa  =  inhalation rate (m3/hour) 
 ETa  =  exposure time to VOCs in air (hours/day) 
 EF  =  exposure frequency (days/year) 
 ED  =  exposure duration (years) 
 BW  =  body weight (kg) 
 AT  =  averaging time (days). 
 
3.3.3  Dermal Contact with COPCs in Water 

Unlike the methodologies for estimating inhaled or ingested doses of a COPC, which quantify 

the dose presented to the barrier membrane (the pulmonary or gastrointestinal mucosa, 

respectively), the dermal dose is estimated as the dose that crosses the skin and is systematically 

absorbed.  For this reason, dermal toxicity values are also based on absorbed dose.  The absorbed 

dose of COPCs from groundwater are estimated using the following equation (EPA, 2004a): 
 

where: 
 
 DAD =  average dermally absorbed dose of COPC (mg/kg-day, calculated) 

 DA  =  dose absorbed per unit body surface area per event (milligrams per square 
centimeter per event [mg/cm2-event]) 

 
 SA  = surface area of the skin available for contact with environmental medium 

(soil, groundwater, sediment, or surface water) (cm2) 
 EF  =  exposure frequency (days/year) 
 ED  =  exposure duration (years) 
 BW  =  body weight (kg) 
 AT  =  averaging time (days). 
 

Quantification of dermal uptake of constituents from water depends on a Kp, which describes the 

rate of movement of a constituent from water across the dermal barrier to the systemic 

circulation (EPA, 1992b).  Separate calculation methods are applied to estimate the DA term 

(defined above) for inorganic and organic chemicals in water.  For inorganic chemicals, DA is 

calculated from the following equation: 

 

      
(BW)(AT)

)(EF)(ED)SA(DA)(
=DAD   Eq. 3.8 

      )CF)(ET)()(KC(=DA wpw   Eq. 3.9 
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where: 
 

 DA  =  dose absorbed per unit body surface area per event (mg/cm2-event, 
calculated) 

 Cw  =  concentration of COPC in water (mg/L) 
 Kp  =  permeability coefficient (centimeters per hour [cm/hour]) 
 ETw  =  time of exposure (hours/day) 
 CF  =  conversion factor (0.001 liters per cubic centimeter). 
 

Kp values are available for some inorganics (EPA, 2004a).  A default Kp value of 0.001 cm/hour 

(EPA, 2004a) was used for those inorganics for which no chemical-specific values were 

available. 

 

Kp values for organic chemicals vary by several orders of magnitude, largely dependent on 

lipophilicity, expressed as a function of the octanol/water partition coefficient (Kow).  Because 

the stratum corneum (the outer skin layer) is rich in lipid content, it may act as a sink, initially 

reducing the transport of chemical to the systemic circulation.  With continued exposure and the 

attainment of steady-state conditions, the rate of transfer to the systemic circulation increases.  

Therefore, different equations are used to estimate DA, depending on whether the ET is less or 

greater than the estimated time to reach steady state.  Dermal exposure to groundwater is 

expected to generally be of relatively short duration (e.g., limited to bathing/showering time 

and/or intermittent hand and face washing).  Therefore, it is assumed that steady state is not 

reached, which is the usual case for such relatively short ETs.  The ET value is accordingly 

expressed as hours/day.  Under these conditions, DA is calculated from the following equation 

(EPA, 2004a): 

 

where: 
 

 DA  =  dose absorbed per unit body surface area per day (milligrams per square 
centimeter per day, calculated) 

 FA = fraction available post exposure for absorption in the stratum corneum 
 Kp  =  permeability coefficient (cm/hour) 

 Cw  =  concentration of constituent in water (µg/L) (note that for volatiles in shower 
water the Cw should be the concentration remaining after volatilization from 
the water droplet [i.e., Cd from Equation 3-5]) 

 CF  = conversion factor (0.001 liters per cubic centimeter) 

      ( ) ⎟
⎠

⎞
⎜
⎝

⎛
π

τ )ET(6
)CF)(C)((KFA2 = DA w

wp   Eq. 3.10 
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  J  =  time for concentration of contaminant in stratum corneum to reach steady 
state (hours) 

 ETw  =  exposure time to groundwater (hours/day). 
 

When available, values for Kp and J were taken from EPA (2004a).  For organics that have no Kp 

values listed, the values were calculated using Equation 3.11 (EPA, 2004a): 
 

where: 
 
 Kp   =  permeability coefficient (cm/hour, calculated) 
 log Kow  =  log of the octanol/water partition coefficient (unitless) 
 MW   =  molecular weight. 
 
Where values for J were not available, they were calculated using Equation 3.12 (EPA, 2004a).  
Values of Kp and J to be used in the BHHRA are provided in Table 3-2 and are documented in 
Appendix F. 
 

where: 
 
  J  =  time for concentration of contaminant in stratum corneum to reach steady 

state (hours, calculated) 
 MW  =  molecular weight. 
 

3.3.4  Inhalation of Air Containing VOCs from Groundwater 

Equation 3.13 is used to estimate the inhaled dose of VOCs in air that results from household use 

of groundwater.  The inhaled dose is estimated using the following equation: 
 

where: 
 
 Iwa  =  inhaled dose of COPC (mg/kg-day, calculated) 
 Cwa  =  concentration of VOCs in air from volatilization (mg/m3) 
 IRa  =  inhalation rate (m3/hour) 
 FIwa  =  fraction of exposure attributed to contaminated medium (unitless) 
 ETwa  =  exposure time to VOCs in air (hours/day) 
 EF  =  exposure frequency (days/year) 

    (MW)0.00-)K(0.+-2.=)(K owp 56log6680Log   Eq. 3.11 

      
)0056.0(10105.0 MW= ××τ
  Eq. 3.12 

     wa
wa a wa wa

n

I =
(C )(IR )(FI )(ET )(EF)(ED)

(BW)(AT )
  Eq. 3.13 
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 ED  = exposure duration (years) 
 BW  =  body weight (kg) 
 ATn  =  averaging time for noncancer (days). 
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4.0  Toxicity Assessment 
 

Toxicity is defined as the ability of a chemical to induce adverse effects in biological systems.  

The purpose of the toxicity assessment is two-fold: 

 
• Identify the cancer and noncancer effects that may arise from exposure of humans 

to the COPC (hazard assessment) 
 

• Provide an estimate of the quantitative relationship between the magnitude and 
duration of exposure and the probability or severity of adverse effects (dose-
response assessment). 

 

The latter is accomplished by the derivation of cancer and noncancer toxicity values, as 

described in the following section. 

 

4.1  Evaluation of Carcinogenicity  

A few chemicals are known, and many more are suspected, to be human carcinogens.  The 

evaluation of the potential carcinogenicity of a chemical includes both a qualitative and a 

quantitative aspect (EPA, 1986).  The qualitative aspect is a weight-of-evidence evaluation of the 

likelihood that a chemical might induce cancer in humans.  EPA (1986) recognizes six weight-

of-evidence group classifications for carcinogenicity: 

 
• Group A - Human Carcinogen:  Human data are sufficient to identify the 

chemical as a human carcinogen. 
 

• Group B1 - Probable Human Carcinogen:  Human data indicate that a 
causal association is credible, but alternative explanations cannot be dismissed. 

 
• Group B2 - Probable Human Carcinogen:  Human data are insufficient to 

support a causal association, but testing data in animals support a causal 
association. 

 
• Group C - Possible Human Carcinogen:  Human data are inadequate or 

lacking, but animal data suggest a causal association, although the studies have 
deficiencies that limit interpretation. 

 
• Group D - Not Classifiable as to Human Carcinogenicity:  Human and 

animal data are lacking or inadequate. 
 

• Group E - Evidence of Noncarcinogenicity to Humans:  Human data are 
negative or lacking, and adequate animal data indicate no association with cancer. 
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The toxicity value for carcinogenicity, called a cancer slope factor (SF), is an estimate of 

potency.  SFs are developed only for chemicals in Groups A, B1, B2, and C, and only if the data 

are sufficient.  The SFs are statistically derived from the dose-response curve from the best 

human or animal study or studies of the chemical.  Although human data are often considered to 

be more reliable than animal data because there is no need to extrapolate the results obtained in 

one species to another, most human studies have one or more of the following limitations: 

 
• The duration of exposure is usually considerably less than lifetime. 

 
• The concentration or dose of chemical to which the humans were exposed can be 

approximated only crudely, usually from historical data. 
 

• Concurrent exposure to other chemicals frequently confounds interpretation. 
 

• Data regarding other factors (tobacco, alcohol, illicit or medicinal drug use, 
nutritional factors and dietary habits, heredity) are usually insufficient to eliminate 
confounding or quantify confounding effects on the results. 

 
• Most epidemiologic studies are occupational investigations of workers, which may 

not accurately reflect the range of sensitivities of the general population. 
 

• Most epidemiologic studies lack the statistical power (i.e., sample size) to detect a 
low, but chemical-related increased incidence of tumors. 

 

Most potency estimates are derived from animal data, which present different limitations: 

 
• It is necessary to extrapolate from results in animals to predict results in humans, 

usually by estimating an equivalent human dose from the animal dose. 
 
• The range of sensitivities arising from genotypic and phenotypic diversity in the 

human population is not reflected in the animal models ordinarily used in cancer 
studies. 

 
• Usually very high doses of chemical are used, which may alter normal biology, 

creating a physiologically artificial state and introducing substantial uncertainty 
regarding the extrapolation to the low-dose range expected with environmental 
exposure. 

 
• Individual studies vary in quality (e.g., duration of exposure, group size, scope of 

evaluation, adequacy of control groups, appropriateness of dose range, absence of 
concurrent disease, sufficient long-term survival to detect tumors with long 
induction or latency periods). 
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The SF is usually expressed as "extra risk" per unit dose, that is, the additional risk above 

background in a population corrected for background incidence.  It is calculated using the 

following equation: 

 
 ( p - p ) / (1- p )(d) (0) (0)  Eq. 4.1 

where: 
 
 p(d)  =  the probability of cancer associated with dose = 1 mg/kg-day 
 p(0)  =  the background probability of developing cancer at dose = 0 mg/kg-day. 
 

The SF is expressed as risk per mg/kg-day, shown mathematically as mg/kg-day-1.  In order to be 

appropriately conservative, the SF is usually the 95 percent upper bound on the slope of the 

dose-response curve extrapolated from high (experimental) doses to the low-dose range expected 

in environmental exposure scenarios.  EPA (1986) assumes that there are no thresholds for 

carcinogenic expression; therefore, any exposure represents some quantifiable risk. 

 

The oral SF is usually derived directly from the experimental dose data, because oral dose is 

usually expressed as mg/kg-day.  When the test chemical was administered in the diet or 

drinking water, oral dose first must be estimated from data for the concentration of the test 

chemical in the food or water, food or water intake data, and BW data.   

 

The Integrated Risk Information System (IRIS) (EPA, 2006) expresses inhalation cancer potency 

as a unit risk based on concentration, or risk per milligram of chemical per m3 of ambient air, 

shown mathematically as (mg/m3)-1.  Because cancer risk characterization requires an SF 

expressed as risk per mg/kg-day, the unit risk must be converted to the mathematical equivalent 

of an inhalation cancer SF, or risk per unit dose as mg/kg-day-1.  Since the inhalation unit risk is 

based on continuous lifetime exposure of an adult human (assumed to inhale 20 m3 of air per day 

and to weigh 70 kg) the mathematical conversion consists of multiplying the unit risk (per 

mg/m3) by 70 kg and by 1,000 micrograms per milligram, and dividing the result by 20 m3 per 

day.   

 

Cancer toxicity values and sources are provided in Table 4-1. 
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4.2  Evaluation of Noncarcinogenic Effects 

Many chemicals, whether or not associated with carcinogenicity, are associated with adverse 

noncarcinogenic effects.  The evaluation of noncancer effects (EPA, 1989b) involves the 

following: 

 
• Qualitative identification of the adverse effect(s) associated with the chemical; 

these may differ depending on the duration (acute or chronic) or route (oral or 
inhalation) of exposure. 

 
• Identification of the critical effect for each duration of exposure (i.e., the first 

adverse effect that occurs as dose is increased). 
 

• Estimation of the threshold dose for the critical effect for each duration of 
exposure. 

 
• Development of an uncertainty factor (UF); i.e., quantification of the uncertainty 

associated with interspecies extrapolation, intraspecies variation in sensitivity, 
severity of the critical effect, slope of the dose-response curve, and deficiencies in 
the database, in regard to developing a reference dose (RfD) for human exposure. 

 
• Identification of the target organ(s) for the critical effect for each route of 

exposure. 
 

These information points are used to derive an exposure route- and duration-specific toxicity 

value called an RfD, expressed as mg/kg-day, which is considered to be the dose for humans, 

with uncertainty of an order of magnitude or greater, at which adverse effects are not expected to 

occur.  Mathematically, it is estimated as the ratio of the threshold dose to the UF.  Although a 

limited number of subchronic RfDs have been identified, only chronic RfDs have been used in 

this BHHRA.  For purposes of risk assessment, chronic exposure is typically defined as equal to 

or greater than 7 years, i.e., at least 10 percent of expected life span; subchronic exposure is 

typically defined as 2 weeks to 7 years.  However, professional judgment may be used where 

exposure durations approach 10 percent of the expected life span.  Also, exposure during a 

critical stage of development, such as a portion of early childhood, may be treated as chronic 

even if the anticipated exposure duration were to be considerably less than 10 percent of the 

expected life span.   

 

IRIS (EPA, 2006) expresses the inhalation noncancer reference value as a reference 

concentration (RfC) in units of mg/m3.  Because noncancer risk characterization requires a 

reference value expressed as mg/kg-day, the RfC must be converted to an inhalation RfD.  Since 

the inhalation RfC is based on continuous exposure of an adult human (assumed to inhale 20 m3 
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of air per day and to weigh 70 kg), the mathematical conversion consists of multiplying the RfC 

(mg/m3) by 20 m3/day and dividing the result by 70 kg. 

 

RfD and RfC values are derived for both chronic and subchronic exposure.  Under the assump-

tion of monotonicity (incidence, intensity, or severity of effects can increase, but cannot 

decrease, with increasing magnitude or duration of exposure), a chronic RfD may be considered 

sufficiently protective for subchronic exposure, but a subchronic RfD may not be protective for 

chronic exposure.  Currently, subchronic RfD values exist for few chemicals.  Subchronic RfD 

values can be derived from chronic RfD values as follows: 

 
• If the UF applied in the derivation of the chronic RfD does not provide for 

expansion from subchronic to chronic exposure (e.g., if the chronic RfD was 
derived from a chronic study), the chronic RfD is adopted as being sufficiently 
protective for subchronic exposure. 

 
• If the UF applied in the derivation of the chronic RfD contains a component to 

expand from subchronic to chronic exposure, the subchronic RfD is derived by 
multiplying the chronic RfD by the factor used to expand from subchronic to 
chronic exposure (e.g., if a factor of 10 was used to expand from subchronic to 
chronic exposure, the subchronic RfD would be 10 times larger than the chronic 
RfD). 

 

Oral and dermal (discussed in Section 4.3) RfDs, as well as RfCs and inhalation RfDs, are 

provided in Table 4-1. 

 

4.3  Dermal Toxicity Values 

Dermal RfDs and SFs are derived from the corresponding oral values, provided there is no 

evidence to suggest that dermal exposure induces exposure route-specific effects that are not 

appropriately modeled by oral exposure data.  In the derivation of a dermal RfD, the oral RfD is 

multiplied by the gastrointestinal absorption factor (GAF), expressed as a decimal fraction.  The 

resulting dermal RfD, therefore, is based on absorbed dose.  The RfD based on absorbed dose is 

the appropriate value with which to compare a dermal dose, because dermal doses are expressed 

as absorbed rather than exposure doses.  The dermal SF is derived by dividing the oral SF by the 

GAF.  The oral SF is divided, rather than multiplied, by the GAF because the SF is expressed as 

a reciprocal dose. 

 

4.4  Target Organ Toxicity 

As a matter of science policy, EPA assumes dose and effect to be additive for noncarcinogenic 

effects (EPA, 1989a).  This assumption provides the justification for adding the HQs or hazard 
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indices (HI) in the risk characterization for noncancer effects (Section 5.2) resulting from 

exposure to multiple chemicals, pathways, or media.  However, EPA (1989a) acknowledges that 

adding all HQ or HI values may overestimate hazard, because the assumption of additivity is 

probably appropriate only for those chemicals that exert their toxicity by the same mechanism. 

 

Mechanisms of toxicity data sufficient for predicting additivity with a high level of confidence 

are available for very few chemicals.  In the absence of such data, EPA (1989a) assumes that 

chemicals that act on the same target organ may do so by the same mechanism of toxicity; that 

is, the target organ serves as a surrogate for mechanism of toxicity.  When total HI for all media 

for a receptor exceeds 1 due to the contributions of several chemicals, it is appropriate to 

segregate the chemicals by route of exposure and mechanism of toxicity (i.e., target organ) and 

estimate separate HI values for each target organ. 

 

As a practical matter, since human environmental exposures are likely to involve near- or sub-

threshold doses, the target organ chosen for a given chemical is the one associated with the 

critical effect.  If more than one organ is affected by a given chemical at the threshold, then the 

affected target organs are selected for this chemical.  The target organ is also selected on the 

basis of duration of exposure (i.e., the target organ for chronic or subchronic exposure to low or 

moderate doses is selected rather than the target organ for acute exposure to high doses) and 

route of exposure.  Because dermal RfD values are derived from oral RfD values, the oral target 

organ is adopted as the dermal target organ.  For some chemicals, no target organ is identified.  

This occurs when no adverse effects are observed or when adverse effects such as reduced 

longevity or growth rate are not accompanied by recognized organ- or system-specific functional 

or morphologic alteration.  Target organs for the COPCs via oral and inhalation pathway are 

provided in Table 4-1. 

 

4.5  Lead Toxicity 

The primary toxic effects of lead are neurological and hematological.  Subtle neurological 

changes in children and the effects in the levels of certain blood enzymes appear to occur at 

levels so low as to be considered nonthreshold effects.  Therefore, EPA (2006) considered the 

derivation of an RfD inappropriate.  Although lead is classified as a B2 carcinogen, EPA 

declined to derive an SF for carcinogenicity because of high uncertainties associated with a 

number of factors (refer to the toxicological profile for lead in Appendix F).  The IEUBK model 

was used to evaluate lead toxicity and exposure (Section 3.1.3.3).  This model generates an 

estimated blood-lead concentration based on a variety of potential lead sources.  The results of 

this model are presented in Appendix D and discussed in Section 6.4. 
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4.6  Sources of Toxicity Information Used in the Risk Assessment 

Toxicity values were selected for use in the BHHRA based on the EPA Office of Solid Waste 

and Emergency Response Directive 9285.7-53 (EPA, 2003b), which prescribes the following 

hierarchy: 

 

• Tier 1 values:  IRIS (EPA, 2006) database. 
 

• Tier 2 values:  These are EPA’s provisional peer-reviewed toxicity values.  The 
provisional peer-reviewed toxicity values are developed by the Office of Research 
and Development, the National Center for Environmental Assessment, and the 
Superfund Health Risk Technical Support Center on a chemical-specific basis 
when requested by the Superfund program.   

 
• Tier 3 values:  These are other toxicity values from additional EPA and non-EPA 

sources of toxicity information.  As stated in the EPA Office of Solid Waste and 
Emergency Response directive, “priority should be given to those sources of 
information that are the most current, the basis for which is transparent and 
publicly available, and which have been peer reviewed.”  Two common examples 
of Tier 3 values are the EPA’s Health Effects Assessment Summary Tables (EPA, 
1997c) and the California Environmental Protection Agency (2005) Office of 
Environmental Health Hazard Assessment Toxicity Criteria Database. 

 

GAFs, used to derive dermal RfD values and SFs from the corresponding oral toxicity values, 

are obtained from the following sources: 

 
• Oral absorption efficiency data compiled by the National Center for Environmental 

Assessment for the Superfund Health Risk Technical Support Center of EPA 
 

• Federal agency reviews of the empirical data, such as Agency for Toxic 
Substances and Disease Registry toxicological profiles and various EPA criteria 
documents 

 
• Other published reviews of the empirical data 

 
• The primary literature. 

 

GAFs obtained from reviews are compared to empirical (especially more recent) data, when 

possible, and are evaluated for suitability for use in deriving dermal toxicity values from oral 

toxicity values.  The suitability of the GAF increases when the following similarities are present 

in the oral pharmacokinetic study from which the GAF is derived and in the key toxicity study 

from which the oral toxicity value is derived: 
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• The same strain, sex, age, and species of test animal were used. 

 
• The same chemical form (e.g., the same salt or complex of an inorganic element or 

organic compound) was used. 
 

• The same mode of administration (e.g., diet, drinking water, or gavage vehicle) 
was used. 

 
• Similar dose rates were used. 

 

The most defensible GAF values, used in the BHHRA, are provided in Table 4-1.  Individual 

toxicity profiles of the COPCs, including all pertinent toxicity information, are provided in 

Appendix F.   
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5.0  Risk Characterization Methodology 
 
 

Risk characterization is the process of applying numerical methods and professional judgment to 

determine the potential for adverse human health effects to result from the presence of site-

specific contaminants.  This is done by combining the intake rates estimated during the exposure 

assessment with the appropriate toxicity information identified during the toxicity assessment.  

Noncancer hazards and cancer risks are characterized separately, including COPCs that induce 

both types of effects. 

 

Quantitative expressions are calculated during risk characterization that describe the probability 

of developing cancer (ILCRs), or the nonprobabilistic comparison of estimated dose with an RfD 

for noncancer effects (HQs and HIs).  Quantitative estimates are developed for individual 

chemicals, exposure pathways, and exposure media for each receptor.  These quantitative risk 

characterization expressions, in combination with qualitative information, are used to guide risk 

management decisions.  Risk characterization, as described in this section, is applied only to 

COPCs. 

 

Generally, the risk characterization follows the methodology prescribed by EPA (1989a), as 

modified by more recent information and guidance.  EPA methods are, appropriately, designed 

to be health protective and tend to overestimate rather than underestimate risk.  The risk results, 

however, may be overly conservative, because risk characterization involves multiplication of 

the conservative assumptions built into the estimation of the EPCs, exposure (intake) estimates, 

and toxicity dose-response assessments. 
 

5.1  Carcinogenic Effects of Chemicals 

The risk from exposure to potential chemical carcinogens is estimated as the probability of an 

individual developing cancer over a lifetime and is expressed as the ILCR.  In the low-dose 

range, which would be expected for most environmental exposures, cancer risk is estimated from 

the following linear equation (EPA, 1989a): 
 

 (SF) (CDI) = ILCR  Eq. 5.1 
 

where: 
 

ILCR  = incremental lifetime cancer risk, a unitless expression of the probability of 
developing cancer, adjusted for background incidence, calculated 

CDI   = chronic daily intake, averaged over 70 years (mg/kg-day) 
SF   = cancer slope factor (per mg/kg-day)-1. 
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The CDI term in Equation 5.1 is equivalent to the "I" or "DAD" terms (intake or dose) in 

Equations 3.6, 3.7, 3.8, and 3.13, when these equations are evaluated for cancer intakes. 

 

The use of Equation 5.1 assumes that chemical carcinogenesis does not exhibit a threshold and 

that the dose-response relationship is linear in the low-dose range.  Because this equation could 

generate theoretical cancer risks greater than 1 for high dose levels, it is considered to be 

inaccurate at cancer risks greater than 1E-2.  In these cases, cancer risk is estimated by the one-

hit model:   

 
 [ ]e - 1 = ILCR (SF) (CDI)−  Eq. 5.2 

 
where: 
 

ILCR  = incremental lifetime cancer risk, a unitless expression of the probability of 
developing cancer, adjusted for background incidence, calculated 

e(-CDI)(SF) = the exponential of the negative of the risk calculated using Equation 5.1. 
 

As a matter of policy, EPA (1986) considers the carcinogenic potency of simultaneous exposure 

to low doses of carcinogenic chemicals to be additive, regardless of the chemical's mechanisms 

of toxicity or sites (organs of the body) of action.  Cancer risk arising from simultaneous 

exposure by a given pathway to multiple chemicals is estimated from the following equation: 

 
 ILCR...+ILCR+ILCR = ILCR i) (chem2) (chem1) (chemp  Eq. 5.3 

 
where: 
 

ILCRp   = total pathway incremental lifetime cancer risk, calculated 
ILCR(chemi) = individual chemical cancer risk. 

 

Cancer risk for a given receptor across pathways and across media is summed in the same 

manner.  The sum of the ILCRs summed across pathways is the total ILCR as shown in the 

equation below:   
 

 ILCR i) (p ... + ILCR 2) (p + ILCR 1) (p = ILCR Total  Eq. 5.4 

 

where: 
 

Total ILCR  = total incremental lifetime cancer risk across all pathways 
ILCRpi    = incremental lifetime cancer risks associate with pathway “i.” 
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The total ILCR represents all additional cancer risks posed to a given receptor by contact with 

contaminants in site environmental media.   

 

Total ILCRs in the range of 1E-6 to 1E-4 are regarded as acceptable (EPA, 1990); as mentioned 

in Section 2.2.1, this range referred to as the “NCP risk management range.”  Risks less than this 

range are regarded as negligible.  A target cancer risk criterion of 1E-5 is used by OEPA and is 

used in this BHHRA.  Use of this 1E-5 criterion represents a departure from Army policy, which 

prescribes a cancer risk value of 1E-4 (the upper end of the NCP risk management range) to 

trigger remedial action concerns. 

 

5.2  Noncancer Effects of Chemicals 

The hazards associated with noncancer effects of chemicals are evaluated by comparing an 

exposure level or intake with an RfD.  The HQ, defined as the ratio of intake to RfD, is estimated 

as follows (EPA, 1989a): 

 
 RfD / I = HQ  Eq. 5.5 
 
where: 
 

HQ = hazard quotient (unitless, calculated) 
I  = intake of chemical averaged over subchronic or chronic exposure period 

(mg/kg-day) 
RfD  = reference dose (mg/kg-day). 

 

The I term in Equation 5.5 is equivalent to the "I" or "DAD" terms (intake or dose) in Equations 

3.6, 3.7, 3.8, and 3.13, when these equations are evaluated for noncancer intakes. 

 

As shown above, both the “I” and the RfD are in units of mg/kg-day.  The RfD has been 

developed to represent a dose rate unlikely to result in any adverse noncancer health effects, even 

to the most susceptible members of the population.  Therefore, if the “I” is equal to or less than 

the RfD (i.e., HQ<1), adverse noncancer health effects are unlikely.  HQ values exceeding 1 do 

not indicate that noncancer hazard is likely to occur, but rather that the occurrence of an adverse 

noncancer health effect cannot be termed “unlikely.”  The HQ does not define a particular risk 

level, nor can it be used to infer information regarding a dose-response curve.  That is, an HQ of 

0.01 does not imply a 1 in 100 chance of an adverse effect but indicates that the estimated intake 

is 100 times lower than the RfD.  This approach is different from the probabilistic approach 

described in Section 5.1 to evaluate cancer risks.  
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In the case of simultaneous exposure of a receptor to several chemicals, an HI is calculated as the 

sum of the HQs as follows: 

 
 RfD / I... + RfD / I + RfD / I = HI ii2211  Eq. 5.6 

 
where: 
 

HI  = hazard index (unitless, calculated) 
Ii   = intake for the ith toxicant 
RfDi  = reference dose for the ith toxicant. 

 

A total HI is calculated as the sum of all HI values for a given receptor.  If the total HI for that 

receptor exceeds 1, individual HI values may be calculated for each target organ.  A total target 

organ HI is calculated by summing the HI values (associated by target organ[s]), across exposure 

pathways as follows: 

 

 Total Target Organ apiapapa ...HI + HI + HI = HI −−− 21  Eq. 5.7 

 
where: 
 

Total target organ HIa  =  total hazard index for target organ “a” (unitless, calculated) 
HIpi-a             =  hazard index for target organ “a” via pathway “i.” 
 

HI values of 1 or less indicate that adverse noncancer health effects associated with that target 

organ of any individual under the exposure assumptions for that receptor are unlikely.  If the 

total target organ HI exceeds a value of 1, then adverse noncancer health effects concerning that 

target organ and receptor cannot be regarded as unlikely.   
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6.0  Risk Characterization Results 
 

The results of the risk characterization process described in Chapter 5.0 were applied to the 

COPCs identified in Section 2.2 for bedrock groundwater underlying each of the AOCs 

evaluated in this BHHRA, assuming both worker and residential use of groundwater as described 

in Chapter 3.0.  Only the residential scenario is evaluated for downgradient bedrock 

groundwater.  This is because future land use cannot be restricted off site, and the residential 

scenario is generally the most protective.  These noncancer hazard and cancer risks results are 

discussed in the following sections and presented in the accompanying tables.  Detailed 

spreadsheet calculations are provided in Appendix G.  Note that the tables referenced in the text 

include 1) overall groundwater risks and 2) site-related groundwater risks that exclude COPCs 

which, based on the evaluation of site relatedness, are regarded as unlikely to be related to 

former site activities.   

 
Overall groundwater risks for each AOC and the downgradient bedrock groundwater, including 

the noncancer and cancer risks associated with all COPCs, are discussed in detail in the 

subsections of Section 6.1.  The risks associated with COPCs identified as site related are 

presented in the subsections of Section 6.2.  Section 6.2 also identifies the bases for the inclusion 

of COPCs as site related and the exclusion of the other COPCs with respect to site relatedness.  

The detailed evaluation of site relatedness for each COPC is attached as Appendix H.  

Uncertainties associated with the determination of site relatedness are presented in Section 7.2.3.  

The site-related risk results presented in Section 6.2 should be evaluated only in light of the 

associated uncertainties of the site-relatedness selection process as described in the uncertainties 

analysis.   

 
The target organ-specific tables included in the following discussions include only those target 

organs with an overall HI that exceeds the HI criterion of 1, as values of 1 or less are regarded as 

unlikely to result in adverse noncancer health effects (Section 5.2).  Complete evaluations of all 

target organs and corresponding HI values are presented in Appendix G.   

 
6.1  Overall Groundwater Risk Results 
 
6.1.1  Overall TNTA Groundwater Risk Results 
 
Site Worker.  The total HI for worker exposure to TNTA bedrock groundwater is 10 (Table 

6-1).  HI values associated with two target organs exceed the target HI of 1 (Table 6-2), 

indicating that noncancer health effects cannot be regarded as unlikely to occur.  These are the 
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nervous system/central nervous system (HI=5, or 4.9 prior to rounding) and blood/blood cells 

(HI=2, or 1.8 prior to rounding).  With respect to the former, virtually all of the HI is associated 

with manganese (HQ=4.8), and benzene in groundwater is responsible for the entire blood/blood 

cell HI.  Each of the other target organs have associated HQ values less than or equal to the 

target organ value of 1.  Thus, manganese and benzene are the only two COPCs that may result 

in adverse noncancer health effects under the worker groundwater use scenario.   

 

The total ILCR for worker exposure to TNTA groundwater is 3E-4 (2.6E-4 prior to rounding) 

(Table 6-1).  This value exceeds the NCP risk management range of 1E-6 to 1E-4 and exceeds 

the OEPA target ILCR of 1E-5.  Over half of the ILCR is associated with exposure to benzene 

(1.4E-4), and the ILCR associated solely with arsenic (9.1E-5) also exceeds the OEPA target 

criterion.  Four other COPCs have individual ILCRs of 1E-6 or greater:  methylene chloride 

(8.8E-6), 2,6-DNT (8.7E-6), chrysene (2.7E-6), and 2,4-DNT (1.2E-6).   

 

On-Site Resident Child.  The total HI for exposure of a hypothetical child resident to TNTA 

bedrock groundwater, based on current concentrations, is 347 (Table 6-3).  HI values associated 

with 13 target organs (nervous system/central nervous system [NS/CNS], skin, peripheral 

vascular system [PVS], gastrointestinal system, respiratory tract, iron overload, kidney, 

erythrocyte, eye, body weight/organ weight [BW/OW], nasal and olfactory epithelia [NOE], 

blood/blood cells [other than the erythrocyte], and liver) exceed the target HI criterion of 1 

(Table 6-4).  These target organ HI exceedances of 1 indicate that adverse noncancer health 

effects cannot be regarded as unlikely to occur.  Nearly 70 percent of the total HI is associated 

with 2-methylnaphthalene (HQ=176) and naphthalene (HQ=64), almost entirely via inhalation.  

Other COPCs with prominent HQ values exceeding a value of 1 include benzene (HQ=38), 

manganese (HQ=31), and xylenes (HQ=16).  Several other COPCs (arsenic, iron, vanadium, and 

toluene) have HQ values exceeding the HI target value of 1, as shown in Table 6-3. 

 

On-Site Resident Adult.  The total HI for exposure of a hypothetical adult resident to TNTA 

bedrock groundwater, based on current concentrations, is 149 (Table 6-5).  HI values associated 

with nine target organs (NS/CNS, skin, PVS, NOE, iron overload, kidney, erythrocyte, BW/OW, 

and blood/blood cells) exceed the target HI of 1 (Table 6-6).  These target organ-specific HI 

values indicate that adverse noncancer health effects cannot be regarded as unlikely to occur.  

Nearly 70 percent of the total HI is associated with 2-methylnaphthalene (HQ=76) and 

naphthalene (HQ=27), almost entirely via inhalation.  Other COPCs with prominent HQ values  

include benzene (HQ=16), manganese (HQ=13), and xylenes (HQ=7). Other COPCs having HQ 

values exceeding the HI target value of 1 are arsenic (HQ=2) and iron (HQ=3) (Table 6-5). 
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On-Site Child/Adult Resident.  The total ILCR for child/adult exposure to TNTA bedrock 

groundwater is 3E-3 (2.5E-3 prior to rounding) (Table 6-7).  This value exceeds the NCP risk 

management range of 1E-6 to 1E-4 and the OEPA target ILCR of 1E-5.  Approximately 80 

percent of the ILCR is associated with exposure to benzene (2.0E-3), and 70 percent of the 

benzene ILCR is associated with the inhalation pathway.  The individual ILCRs of methylene 

chloride (7.7E-5) and 2,6-DNT (3.7E-5) exceed the OEPA target ILCR, and the ILCR values of 

four other COPCs (chrysene [1.4E-5], 2,4-DNT [5.2E-6], bis[2-ethylhexyl]phthalate [BEHP] 

[3.3E-6], and 2-nitrotoluene [1.1E-6]) have individual ILCRs of 1E-6 or greater.  

 

6.1.2  Overall TNTB Groundwater Risk Results 

 

Site Worker.  The total HI for worker exposure to TNTB bedrock groundwater is 2 (Table 6-8). 

However, none of the HI values associated with the target organs exceed 1, indicating that 

adverse noncancer health effects are unlikely to occur under the worker groundwater use 

scenario.   

 

The total ILCR for worker exposure to TNTB bedrock groundwater is 7E-5 (7.1E-5 prior to 

rounding) (Table 6-8).  This value is within the NCP risk management range of 1E-6 to 1E-4 but 

exceeds the OEPA target ILCR of 1E-5.  Approximately 95 percent of the ILCR is associated 

with exposure to arsenic (6.8E-5).  The only other TNTB carcinogenic COPC is benzene, with an 

ILCR (3.5E-6) that is within the NCP risk management range and less than the OEPA target 

value.  

  

On-Site Resident Child.  The total HI for exposure of a hypothetical child resident to TNTB 

bedrock groundwater, based on current concentrations, is 18 (Table 6-9).  HI values associated 

with six target organs (NS/CNS, skin, PVS, iron overload, kidney, and NOE) exceed the target 

HI of 1 (Table 6-10).  These target organ HI exceedances of 1 indicate that adverse noncancer 

health effects cannot be regarded as unlikely to occur.  Five COPCs have HQ values exceeding 

the target HI value of 1:  arsenic (HQ=2.8), iron (HQ=5.5), manganese (HQ=2.1), vanadium 

(1.7), and 2-methylnaphthalene (HQ=1.8). 

 

On-Site Resident Adult.  The total HI for exposure of a hypothetical adult resident to TNTB 

bedrock groundwater, based on current concentrations, is 8 (7.5, prior to rounding) (Table 6-11).  

However, the only target organ exceeding the target HI value of 1 is iron overload (HI = 2 [2.3 

prior to rounding]) (Table 6-12).  This target organ-specific HI value indicates that noncancer 
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health effects cannot be regarded as unlikely to occur.  It is noted, however, that the exceedance 

of the target HI value is marginal.  This exceedance is associated entirely with the presence of 

iron. 

 

On-Site Child/Adult Resident.  The total ILCR for child/adult exposure to TNTB bedrock 

groundwater is 3E-4 (3.4E-4 prior to rounding) (Table 6-13).  This value exceeds the NCP risk 

management range of 1E-6 to 1E-4 and exceeds the OEPA target ILCR of 1E-5.  Over 85 

percent of this ILCR is associated with exposure to arsenic (2.9E-4).  The only other TNTB 

carcinogenic COPC is benzene (4.9E-5).  

 

6.1.3  Overall TNTC Groundwater Risk Results 

 

Site Worker.  The total HI for worker exposure to TNTC groundwater is 1 (1.4. prior to 

rounding (Table 6-14), most of which is associated with benzene (HQ=1.1).  Because this value 

does not exceed the OEPA target HI, it is unlikely that exposure under the worker scenario 

would result in adverse noncancer health effects.   

 

The total ILCR for worker exposure to TNTC bedrock groundwater is 9E-5 (9.4E-5 prior to 

rounding) (Table 6-14).  This value is within the NCP risk management range of 1E-6 to 1E-4 

but exceeds the OEPA target ILCR of 1E-5.  Approximately 90 percent of the ILCR is associated 

with exposure to benzene (8.5E-5).  The only other TNTC carcinogenic COPCs are the common 

laboratory contaminants BEHP (4.7E-6) and methylene chloride (4.3E-6), both with ILCR values 

that are within the NCP risk management range and less than the OEPA target value. 

 

On-Site Resident Child.  The total HI for exposure of a hypothetical child resident to TNTC 

bedrock groundwater, based on current concentrations, is 65 (Table 6-15).  HI values associated 

with three target organs (NS/CNS, NOE, and blood/blood cells) exceed the target HI of 1 (Table 

6-16).  These target organ HI exceedances indicate that adverse noncancer health effects cannot 

be regarded as unlikely to occur.  Five COPCs have HQ values exceeding the target HI value of 

1:  benzene (22), xylenes (HQ=15), naphthalene (HQ=13), 2-methylnaphthalene (HQ=10), and 

bromomethane (HQ=3.6).  Over 85 percent of the total HI is associated with the inhalation 

pathway. 

 

On-Site Resident Adult.  The total HI for exposure of a hypothetical adult resident to TNTC 

bedrock groundwater, based on current concentrations, is 28 (Table 6-17).  HI values associated 

with three target organs (NS/CNS, NOE, and blood/blood cells) exceed the target HI of 1 (Table 
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6-18).  These target organ HI exceedances of 1 indicate that adverse noncancer health effects 

cannot be regarded as unlikely to occur.  Five COPCs have HQ values exceeding the target HI 

value of 1:  benzene (HQ=9.5), xylenes (HQ=6.4), naphthalene (HQ=5.5), 2-methylnaphthalene 

(HQ=4.3), and bromomethane (HQ=1.5).  Over 85 percent of the total HI is associated with the 

inhalation pathway. 

 

On-Site Child/Adult Resident.  The total ILCR for child/adult exposure to TNTC bedrock 

groundwater is 1E-3 (1.2E-3 prior to rounding) (Table 6-19).  This value exceeds the NCP risk 

management range of 1E-6 to 1E-4 and exceeds the OEPA target ILCR of 1E-5.  Approximately 

95 percent of the ILCR is associated with exposure to benzene (1.2E-3).  The only other TNTC 

carcinogenic COPCs are the common laboratory contaminants methylene chloride (3.7E-5) and 

BEHP (2.2E-5), both of which have ILCRs exceeding the OEPA target ILCR. 

 

6.1.4  Overall PRRWP Area Groundwater Risk Results 

 

Site Worker.  The total HI for worker exposure to PRRWP Area bedrock groundwater is 15 

(Table 6-20).  HI values associated with three target organs (skin, blood/blood cells, and liver) 

exceed the target HI of 1 (Table 6-21).  These target organ HI exceedances indicate that 

noncancer health effects cannot be regarded as unlikely to occur.  Two COPCs (thallium 

[HQ=7.7] and benzene [HQ=6.6]) have HQ values exceeding the target HI value of 1.  

 

The total ILCR for worker exposure to PRRWP Area bedrock groundwater is 5E-4 (5.3E-4, prior 

to rounding) (Table 6-20).  This value exceeds both the NCP risk management range of 1E-6 to 

1E-4 and the OEPA target ILCR of 1E-5.  Approximately 98 percent of the ILCR is associated 

with exposure to benzene (5.2E-4).  The other PRRWP Area carcinogenic COPCs with ILCR 

values within the NCP risk management range are 2,4-DNT (2.2E-6), 2,6-DNT (2.2E-6), 1,1,2-

trichloroethane (1.0E-6) and the common laboratory contaminants methylene chloride (4.3E-6) 

and BEHP (3.2E-6); each of these values is less than the OEPA target ILCR range. 

 

On-Site Resident Child.  The total HI for exposure of a hypothetical child resident to 

PRRWP Area bedrock groundwater, based on current concentrations, is 235 (Table 6-22).  HI 

values associated with eight target organs (NS/CNS, skin, gastrointestinal system, respiratory 

tract, iron overload, NOE, blood/blood cells, and liver) exceed the target HI of 1 (Table 6-23).  

These target organ HI exceedances of 1 indicate that noncancer health effects cannot be regarded 

as unlikely to occur.  Eight COPCs have HQ values exceeding the target HI value of 1:  benzene 
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(HQ=134), thallium (HQ=50), xylenes (HQ=16), 2-methylnaphthalene (HQ=13), naphthalene 

(HQ=11), manganese (HQ=3.1), toluene (3.1), and iron (1.6).   

 

On-Site Resident Adult.  The total HI for exposure of a hypothetical adult resident to 

PRRWP Area bedrock groundwater, based on current concentrations, is 101 (Table 6-24).  HI 

values associated with five target organs (NS/CNS, skin, NOE, blood/blood cells, and liver) 

exceed the target HI of 1 (Table 6-25).  These target organ HI exceedances of 1 indicate that 

noncancer health effects cannot be regarded as unlikely to occur.  Five COPCs have HQ values 

exceeding the target HI value of 1:  benzene (HQ=58), thallium (HQ=21), xylenes (HQ=6.8), 

2-methylnaphthalene (HQ=5.6), and naphthalene (HQ=4.8).   

 

On-Site Child/Adult Resident.  The total ILCR for child/adult exposure to PRRWP Area 

bedrock groundwater is 7E-3 (7.3E-3 prior to rounding) (Table 6-26).  This value exceeds the 

NCP risk management range of 1E-6 to 1E-4 and exceeds the OEPA target ILCR of 1E-5.  

Approximately 99 percent of the ILCR is associated with exposure to benzene (7.2E-3).  The 

other PRRWP Area carcinogenic COPCs are 1,1,2-trichloroethane (2.5E-5), 2,4-DNT (9.3E-6), 

2,6-DNT (9.2E-6), and the common laboratory contaminants methylene chloride (3.7E-5) and 

BEHP (1.5E-5), both of which have ILCRs exceeding the OEPA target ILCR. 

 

6.1.5  Overall WARWP Area Groundwater Risk Results 

 

Site Worker.  The total HI for worker exposure to WARWP Area bedrock groundwater is 9 

(Table 6-27).  HI values associated with two target organs (erythrocytes and cellular respiration) 

exceed the target HI of 1 (Table 6-28).  These target organ HI exceedances of 1 indicate that 

adverse noncancer health effects cannot be regarded as unlikely to occur.  Two COPCs (3-

nitroaniline [HQ=5.0] and 4,6-dinitro-2-methylphenol [HQ=2.8]), have HQ values exceeding the 

target HI criterion of 1.  

 

The total ILCR for worker exposure to WARWP Area bedrock groundwater is 1E-4 (1.1E-4, 

prior to rounding) (Table 6-27).  This value equals the upper end of the NCP risk management 

range and exceeds the OEPA target ILCR of 1E-5.  Virtually all of this ILCR is associate with 

the three COPC having ILCRs within the NCP risk management range:  arsenic (5E-5), 2,4-DNT 

(4.7E-5), and 3-nitroaniline (1.1E-5).   

 

On-Site Resident Child.  The total HI for exposure of a hypothetical child resident to 

WARWP Area bedrock groundwater, based on current concentrations, is 63 (Table 6-29).  HI 
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values associated with six target organs (skin, PVS, kidney, erythrocyte, cellular respiration, and 

liver) exceed the target HI of 1 (Table 6-30).  These target organ HI exceedances indicate that 

adverse noncancer health effects cannot be regarded as unlikely to occur.  Five COPCs have HQ 

values exceeding the target HI value of 1:  3-nitroaniline (HQ=33), 4,6-dinitro-2-methylphenol 

(HQ=18), nitrobenzene (HQ=4.0), nitrate (HQ=3.2), and arsenic (HQ=2.0).   

 

On-Site Resident Adult.  The total HI for exposure of a hypothetical adult resident to 

WARWP Area bedrock groundwater, based on current concentrations, is 27 (Table 6-31).  HI 

values associated with four target organs (kidney, erythrocyte, cellular respiration, and liver) 

exceed the target HI of 1 (Table 6-32).  These target organ HI exceedances indicate that adverse 

noncancer health effects cannot be regarded as unlikely to occur.  Three COPCs have HQ values 

exceeding the target HI value of 1:  3-nitroaniline (HQ=14), 4,6-dinitro-2-methylphenol 

(HQ=7.8), and nitrobenzene (HQ=1.7).   

 

On-Site Child/Adult Resident.  The total ILCR for child/adult exposure to WARWP Area 

bedrock groundwater is 5E-4 (4.6E-4 prior to rounding) (Table 6-33).  This value exceeds the 

NCP risk management range of 1E-6 to 1E-4 and the OEPA target ILCR of 1E-5.  Over 99 

percent of the ILCR is attributed to arsenic (2.1E-4), 2,4-DNT (2.0E-4), and 3-nitroaniline 

(4.8E-5); benzene contributes a relatively minor ILCR (3.1E-6).   

 

6.1.6  Overall Downgradient Areas Groundwater Risk Results 

Because restrictions against residential land use cannot be considered outside the PBOW facility, 

only the residential scenario, which is more conservative, is evaluated for risk at downgradient 

locations. 

 

Resident Child.  The total HI for exposure of a hypothetical child resident to downgradient 

bedrock groundwater, based on current concentrations, is 100 (Table 6-34).  HI values associated 

with four target organs (NS/CNS, iron overload, NOE, and blood/blood cells) exceed the target 

HI of 1 (Table 6-35).  These target organ HI exceedances indicate that adverse noncancer health 

effects cannot be regarded as unlikely to occur.  Six COPCs have HQ values exceeding the target 

HI value of 1:  iron (HQ=55), manganese (HQ=12), 2-methylnaphthalene (HQ=9.0), benzene 

(HQ=7.0), naphthalene (6.7), and xylenes (HQ=6.4).   

 

Resident Adult.  The total HI for exposure of a hypothetical adult resident to downgradient 

bedrock groundwater, based on current concentrations, is 43 (Table 6-36).  HI values associated 

with four target organs (NS/CNS, iron overload, NOE, and blood/blood cells) exceed the target 
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HI of 1 (Table 6-37).  These target organ HI exceedances indicate that adverse noncancer health 

effects cannot be regarded as unlikely to occur.  Six COPCs have HQ values exceeding the target 

HI value of 1:  iron (HQ=24), manganese (HQ=5.3), 2-methylnaphthalene (HQ=3.9), benzene 

(HQ=3.0), naphthalene (HQ=2.9), and xylenes (HQ=2.7).   

 

Child/Adult Resident.  The total ILCR for child/adult exposure to downgradient bedrock 

groundwater is 4E-4 (4.3E-4 prior to rounding) (Table 6-38).  This value exceeds the NCP risk 

management range of 1E-6 to 1E-4 and the OEPA target ILCR of 1E-5.  Over 85 percent of the 

ILCR is associated with exposure to benzene (3.7E-4).  Other carcinogenic COPCs that 

contribute to the overall ILCR are 2,4-DNT (1.6E-5), 2,6-DNT (1.5E-5), 2-nitroaniline (2.0E-6), 

and the two common laboratory contaminants methylene chloride (2.3E-5) and BEHP (3.9E-6). 

 

6.2  Site-Related Groundwater Risk Results 

The following subsections describe the risk characterization results for the COPCs that were 

identified as site related based on the evaluation performed in Appendix H.  A synopsis of this 

evaluation is provided in Table 6-39.  As described in Appendix H, a variety of lines of evidence, 

combined with best professional judgment, was used in the inclusion and exclusion of COPCs as 

site related.  These lines of evidence for determination of site relatedness and non-site 

relatedness include the following: 

 
• Sampling method artifacts (e.g., high total metals concentrations among certain 

samples, associated with high turbidity, that had to be collected using a bailer) 
 
• Statistical evaluation with background data set 

 
• Association with naturally occurring petroleum 

 
• Infrequent, low detections among combined site groundwater samples that were 

not found in other media 
 

• Evidence of laboratory artifact 
 

• Site history indicating absence/presence. 
 

In many cases, multiple lines of evidence were used in the determination of whether or not a 

given COPC was identified as site related.  For instance, no COPC was identified as non-site 

related simply because site history did not indicate that it was used or produced at the site.  

Instead, the other lines of evidence also were used to determine whether such a COPC should 

truly be regarded as site related.  Although the goal was to reach a reasonable determination as to 
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whether a given COPC should be regarded as site related, effort was made to err on the side of 

inclusion rather than exclusion.  Because of the uncertainties involved, the results described 

below should be viewed with reference to the uncertainties discussed in Section 7.2.3 and the 

specific determinations made in Appendix H. 

 

6.2.1  Site-Related TNTA Groundwater Risk Results 

 

Site Worker.  The total site-related HI for worker exposure to TNTA bedrock groundwater is 

0.2 (Table 6-1), which is less than the target value of 1.  This indicates that adverse noncancer 

health effects are unlikely to result from worker exposure to site-related COPCs in TNTA 

bedrock groundwater.  

 

The total site-related ILCR for worker exposure to TNTA bedrock groundwater is 1E-5 (Table 

6-1).  This value is within the NCP risk management range of 1E-6 to 1E-4 and equals the OEPA 

target ILCR of 1E-5.  Virtually all of this ILCR is associated with 2,6-DNT (8.7E-6) and 

2,4-DNT (1.2E-6).   

 

On-Site Resident Child.  The total site-related HI for exposure of a hypothetical child 

resident to TNTA bedrock groundwater, based on current concentrations, is 2 (Table 6-3).  HI 

values associated with three target organs (kidney, erythrocyte, and liver) exceed the target HI of 

1 (Table 6-4).  For each target organ, nitrobenzene (HQ=1.4) is the primary contributor.   

 

On-Site Resident Adult.  The total site-related HI for exposure of a hypothetical adult 

resident to TNTA bedrock groundwater, based on current concentrations, is equal to the target HI 

criterion of 1 (Table 6-5).  This indicates that exposure by an adult resident to site-related 

COPCs in groundwater used as drinking water is unlikely to result in adverse noncancer health 

effects. 

 

On-Site Child/Adult Resident.  The total site-related ILCR for child/adult exposure to TNTA 

bedrock groundwater is 4E-5 (4.4E-5, prior to rounding) (Table 6-7).  This value is within the 

NCP risk management range of 1E-6 to 1E-4 but exceeds the OEPA target ILCR of 1E-5.  This 

ILCR is associated with 2,6-DNT (3.7E-5), 2,4-DNT (5.1E-6), and 2-nitrotoluene (1.1E-6).   

 

6.2.2  Site-Related TNTB Groundwater Risk Results 

None of the TNTB bedrock groundwater COPCs were identified as site related. 
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6.2.3  Site-Related TNTC Groundwater Risk Results 

None of the TNTC bedrock groundwater COPCs were identified as site related. 

 

6.2.4  Site-Related PRRWP Area Groundwater Risk Results 

 

Site Worker.  The total site-related HI for worker exposure to PRRWP Area bedrock 

groundwater is 0.07 (Table 6-20).  Because this value is less than the target HI criterion of 1, 

adverse noncancer health effects associated with exposure to site-related COPCs are unlikely. 

 

The total site-related ILCR for worker exposure to PRRWP Area bedrock groundwater is 4E-6 

(4.3E-6 prior to rounding) (Table 6-20).  This value is within the NCP risk management range of 

1E-6 to 1E-4 and is less than the OEPA target ILCR of 1E-5.  This site-related ILCR is 

associated exclusively with the DNT isomers. 

 

On-Site Resident Child.  The total site-related HI for exposure of a hypothetical child 

resident to PRRWP Area bedrock groundwater, based on current concentrations, is 0.6 (Table 

6-22).  Because this value is less than the target HI criterion of 1, adverse noncancer health 

effects associated with exposure to site-related COPCs are unlikely. 

 

On-Site Resident Adult.  The total site-related HI for exposure of a hypothetical adult 

resident to PRRWP Area bedrock groundwater, based on current concentrations, is 0.3 (Table 

6-24).  This value is less than the target HI criterion, which indicates that adverse noncancer 

health effects are regarded as unlikely to occur as the result of adult residential exposure to site-

related COPCs in PRRWP Area bedrock groundwater.   

 

On-Site Child/Adult Resident.  The total site-related ILCR for child/adult exposure to 

PRRWP Area bedrock groundwater is 2E-5 (1.9E-5 prior to rounding) (Table 6-26).  This value 

is near the midpoint of the NCP risk management range of 1E-6 to 1E-4 but exceeds the OEPA 

target ILCR of 1E-5.  This site-related ILCR is associated entirely with 2,4-DNT (9.3E-5) and 

2,6-DNT (9.2E-5). 

 

6.2.5  Site-Related WARWP Area Groundwater Risk Results 

 

Site Worker.  The total site-related HI for worker exposure to WARWP Area bedrock 

groundwater is 9 (Table 6-27).  HI values associated with two target organs (erythrocytes and 

cellular respiration) exceed the target HI of 1 (Table 6-28).  These target organ HI exceedances 
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of 1 indicate that adverse noncancer health effects cannot be regarded as unlikely to occur.  Two 

site-related COPCs have HQ values exceeding the target HI value of 1:  3-nitroaniline (HQ=5.0) 

and 4,6-dinitro-2-methylphenol (HQ=2.8). 

 

The total site-related ILCR for worker exposure to WARWP Area bedrock groundwater is 6E-5 

(5.8E-5 prior to rounding) (Table 6-27).  This is within the NCP risk management range but 

exceeds the OEPA target ILCR of 1E-5.  Virtually all of this ILCR is associated with 2,4-DNT 

(4.7E-5) and 3-nitroaniline (1.1E-5).   

 

On-Site Resident Child.  The total site-related HI for exposure of a hypothetical child 

resident to WARWP Area bedrock groundwater, based on current concentrations, is 61 (Table 6-

29).  HI values associated with four target organs (kidney, erythrocyte, cellular respiration, and 

liver) exceed the target HI of 1 (Table 6-30).  These target organ HI exceedances indicate that 

adverse noncancer health effects associated with site-related COPCs cannot be regarded as 

unlikely to occur under the residential child exposure scenario.  Four site-related COPCs have 

HQ values exceeding the target HI value of 1:  3-nitroaniline (HQ=33), 4,6-dinitro-2-

methylphenol (HQ=18), nitrobenzene (HQ=4.0), and nitrate (HQ=3.2).   

 

On-Site Resident Adult.  The total site-related HI for exposure of a hypothetical adult 

resident to WARWP Area bedrock groundwater, based on current concentrations, is 26 (Table 6-

31).  HI values associated with four target organs (kidney, erythrocyte, cellular respiration, and 

liver) exceed the target HI of 1 (Table 6-32).  These target organ HI exceedances of 1 indicate 

that adverse noncancer health effects cannot be regarded as unlikely to occur as the result of 

exposure to site-related COPCs under the residential adult exposure scenario.  Three site-related 

COPCs have HQ values exceeding the target HI value of 1:  3-nitroaniline (HQ=14), 4,6-dinitro-

2-methylphenol (HQ=7.8), and nitrobenzene (HQ=1.7).   

 

On-Site Child/Adult Resident.  The total site-related ILCR for child/adult exposure to 

WARWP Area bedrock groundwater is 2E-4 (Table 6-33).  This value exceeds the NCP risk 

management range of 1E-6 to 1E-4 and exceeds the OEPA target ILCR of 1E-5.  All of this 

ILCR is attributed to 2,4-DNT (2E-4) and 3-nitroaniline (4.8E-5).  

 

6.2.6  Site-Related Downgradient Areas Groundwater Risk Results 

Because restrictions against residential land use cannot be considered outside the PBOW facility, 

only the resident is evaluated for risk at downgradient locations. 
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Resident Child.  The total site-related HI for exposure of a hypothetical child resident to off-

site boundary bedrock groundwater, based on current concentrations, is 0.4 (Table 6-34).  

Because this value is less than the target HI criterion of 1, adverse noncancer health effects 

associated with residential child exposure to site-related COPCs are unlikely. 

 

Resident Adult.  The total site-related HI for exposure of a hypothetical adult resident to off-

site boundary bedrock groundwater, based on current concentrations, is 0.2 (Table 6-36).  

Because this value is less than the target HI criterion of 1, adverse noncancer health effects 

associated with residential adult exposure to site-related COPCs are unlikely. 

 

Child/Adult Resident.  The total site-related ILCR for child/adult exposure to off-site 

boundary downgradient bedrock groundwater is 3E-5 (3.2E-5, prior to rounding) (Table 6-38).  

This value is within the NCP risk management range of 1E-6 to 1E-4 but exceeds the OEPA 

target ILCR of 1E-5.  Approximately 95 percent of the site-related ILCR is associated with 

exposure to the DNT isomers (3.0E-5 combined), with 2-nitrotoluene (2.0E-6) also contributing 

to risk. 

 

6.3  Modeled Future Groundwater Risk Results 

Potential future concentrations of 2,4-DNT, 2,6-DNT, and TNT were modeled, based on soil and 

overburden groundwater concentrations, as discussed in Section 3.2.4 and presented in Appendix 

E.  Each model run for 2,4-DNT, 2,6-DNT, and TNT simulated contaminant migration from the 

soil into groundwater over a 150-year period.  The risks associated with the maximum modeled 

concentrations were estimated for each of the five AOCs and each of three downgradient 

locations.  These downgradient locations were selected based on groundwater flow and apparent 

impact from the five AOCs.  It was determined that the downgradient flow from TNTB, TNTC, 

and the PRRWP Area would meet at approximately the same area along the northern facility 

boundary.  Separate areas of potential areas of downgradient effect were identified along the 

downgradient boundary for TNTA and the WARWP.   

 

Because the relationship of cancer risk and noncancer hazard of a given chemical is linear with 

concentration, ILCRs and HIs were estimated for the modeled concentrations using the following 

respective equations: 

 
 ILCRm-a = ILCRc-a × Cm-a/Cc-a Eq. 6.1 
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where: 
 
 ILCRm-a =  incremental lifetime cancer risk of the modeled concentration for 

chemical “a” 
 ILCRc-a =  incremental lifetime cancer risk of the EPC for chemical “a” (presented in 

Sections 6.1 and 6.2) 
 Cm-a  = modeled concentration of chemical “a” (mg/L) 
 Cc=a  = EPC of chemical “a” (mg/L) (presented in Section 2.3). 
 

 HIm-a = ILCRc-a × Cm-a/Cc-a Eq. 6.2 
 

where: 
 
 HIm-a  =  hazard index of the modeled concentration for chemical “a” 
 HIc-a  =  hazard index of the EPC for chemical “a” (presented in Sections 6.1 and 

6.2) 
 Cm-a  = modeled concentration of chemical “a” (mg/L) 
 Cc=a  = EPC of chemical “a” (mg/L) (presented in Section 2.3). 
 

The relationship between the ILCRm-a (or HIm-a) with the Cm-a is consistent throughout the five 

AOCs.  Thus, the ILCRc-a and Cc-a for the TNTA site worker, for example, may be used with the 

Cm-a for the PRRWP in Equation 6.1 to derive the ILCRm-a for the site worker at the PRRWP.  

TNT was not identified as a COPC for any of the five AOCs or downgradient locations, but it is 

modeled based on its identification as a chemical of concern (COC) in soil for the TNT areas and 

the PRRWP Area (IT, 2001c, 2002; Shaw, 2003b).  However, the TNT ILCR and HI values for 

the PRRWP receptors were derived in Appendix G for the UCL value. These values were used in 

Equations 6.1 and 6.2, along with the model output for each of the site areas and downgradient 

locations, to estimate future cancer risks and noncancer hazards, respectively.   

 

The resulting cancer risks and noncancer hazards associated with the modeled concentrations are 

described for each receptor in the following subsections.  The modeled risks for each of the five 

AOCs and the three downgradient boundary areas are based on the year in which the combined 

modeled concentration of these three nitroaromatics is expected to be at a maximum in that AOC 

or at that downgradient location.  The year selected for each location is identified below. 

 

6.3.1  Modeled  TNTA Groundwater Risk Results  

The model for TNTA assumes that no soil remediation has occurred, even though remediation 

for direct contact is planned for TNTA (USACE, 2004a).  Concentrations used in the evaluation 

of future risk are based on year 130 of the model run; after year 130, the combined 

concentrations of these three nitroaromatics begin to decrease.  Based on the model results, the 
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nitroaromatic contaminants in overburden groundwater would contribute much more heavily to 

future bedrock groundwater concentrations than would those in soil via leaching.   

 

Site Worker.  The total HI for worker exposure to modeled TNTA bedrock groundwater is 0.5 

(Table 6-40), which is less than the target value of 1.  This indicates that adverse noncancer 

health effects are unlikely to result from worker exposure to modeled nitroaromatic 

concentrations in TNTA bedrock groundwater.  

 

The total ILCR for worker exposure to modeled TNTA bedrock groundwater is 1E-4 (Table 

6-40).  This value equals the upper bound of the NCP risk management range of 1E-6 to 1E-4 

and exceeds the OEPA target ILCR of 1E-5.  Virtually all of this ILCR is associated with 2,6-

DNT (9.8E-5) and 2,4-DNT (2.3E-5).   

 

On-Site Resident Child.  The total HI for exposure of a hypothetical child resident to 

modeled TNTA bedrock groundwater, based on current concentrations, is 4 (Table 6-40).  This 

value indicates the potential for adverse noncancer health effects in the TNTA resident child. 

 

On-Site Resident Adult.  The total HI for exposure of a hypothetical adult resident to 

modeled TNTA bedrock groundwater, based on current concentrations, is 2 (1.5. prior to 

rounding) (Table 6-40).  This marginally exceeds the HI criterion of 1.  Because these 

concentrations would not last through a duration of greater than about 5 years, it is considered 

unlikely that adverse noncancer health effects would be associated with the modeled 

concentrations, based only on adult exposure. 

 

On-Site Child/Adult Resident.  The total site-related ILCR for child/adult exposure to 

modeled TNTA bedrock groundwater is 5E-4 (Table 6-40).  This exceeds the NCP risk 

management range of 1E-6 to 1E-4 as well as the OEPA target ILCR of 1E-5.  This ILCR is 

associated primarily with 2,6-DNT (4.2E-4) and 2,4-DNT (9.8E-5). 

 

6.3.2  Modeled  TNTB Groundwater Risk Results 

The model for TNTB assumes that soil remediation has occurred, as described in the TNTB soil 

remediation report (WasteTron, Inc. [WTI], 2005a).  Concentrations used in the evaluation of 

future risk are based on year 130 of the model run; after year 130, the combined concentrations 

of these three nitroaromatics begin to decrease.  Based on the model results, the nitroaromatic 

contaminants in overburden groundwater would contribute much more heavily to future bedrock 

groundwater concentrations than would those in soil via leaching.   
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Site Worker.  The total HI for worker exposure to modeled TNTB bedrock groundwater is 0.02 

(Table 6-41), which is less than the target value of 1.  This indicates that adverse noncancer 

health effects are unlikely to result from worker exposure to modeled nitroaromatic 

concentrations in TNTB bedrock groundwater.  

 

The total ILCR for worker exposure to modeled TNTB bedrock groundwater is 6E-6 (Table 6-

41).  This value is within the NCP risk management range of 1E-6 to 1E-4 and is less than OEPA 

target ILCR of 1E-5.   

 

On-Site Resident Child.  The total HI for exposure of a hypothetical child resident to 

modeled TNTB bedrock groundwater, based on current concentrations, is 0.l (Table 6-41).  This 

indicates that adverse noncancer health effects are unlikely to result from childhood exposure to 

modeled nitroaromatic concentrations in TNTB bedrock groundwater.  

 

On-Site Resident Adult.  The total HI for exposure of a hypothetical adult resident to 

modeled TNTB bedrock groundwater, based on current concentrations, is 0.05 (Table 6-41).  

This indicates that adverse noncancer health effects are unlikely to result from adult resident 

exposure to modeled nitroaromatic concentrations in TNTB bedrock groundwater.  

 

On-Site Child/Adult Resident.  The total site-related ILCR for child/adult exposure to 

modeled TNTB bedrock groundwater is 2E-5 (2.5E-5 prior to rounding) (Table 6-41).  This is 

within the NCP risk management range of 1E-6 to 1E-4 but exceeds the OEPA target ILCR of 

1E-5.  This ILCR is associated primarily with 2,4-DNT (1.4E-5) and 2,6-DNT (1.1E-5). 

 

6.3.3  Modeled  TNTC Groundwater Risk Results 

The model for TNTC assumes that no soil remediation has occurred, even though remediation 

for direct contact is planned for TNTC (USACE, 2004b).  Concentrations used in the evaluation 

of future risk are based on year 145 of the model run; after year 145, the combined 

concentrations of these three nitroaromatics begin to decrease.  Based on the model results, the 

nitroaromatic contaminants in overburden groundwater would contribute much more heavily to 

future bedrock groundwater concentrations than would those in soil via leaching.   

 

Site Worker.  The total HI for worker exposure to modeled TNTC bedrock groundwater is 1 

(1.3 prior to rounding) (Table 6-42), which equals the target value of 1.  This indicates that 
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adverse noncancer health effects are unlikely to result from worker exposure to modeled 

nitroaromatic concentrations in TNTC bedrock groundwater.  

 

The total ILCR for worker exposure to modeled TNTC bedrock groundwater is 4E-4 (Table 6-

42).  This value exceeds the NCP risk management range of 1E-6 to 1E-4 and the OEPA target 

ILCR of 1E-5.  Virtually all of this ILCR is associated with 2,4-DNT (2.1E-4) and 2,6-DNT 

(1.5E-4).   

 

On-Site Resident Child.  The total HI for exposure of a hypothetical child resident to 

modeled TNTC bedrock groundwater, based on current concentrations, is 8 (Table 6-42).  This 

value indicates the potential for adverse noncancer health effects in the TNTA resident child. 

 

On-Site Resident Adult.  The total HI for exposure of a hypothetical adult resident to 

modeled TNTC bedrock groundwater, based on current concentrations, is 4 (Table 6-42).  This 

marginally exceeds the HI criterion of 1, indicating that the potential for adverse noncancer 

health effects in the TNTC resident child cannot be regarded as unlikely. 

 

On-Site Child/Adult Resident.  The total site-related ILCR for child/adult exposure to 

modeled TNTC bedrock groundwater is 2E-3 (Table 6-42).  This exceeds the NCP risk 

management range of 1E-6 to 1E-4 as well as the OEPA target ILCR of 1E-5.  This ILCR is 

associated primarily with 2,4-DNT (9.1E-4) and 2,6-DNT (6.3E-4). 

 

6.3.4  Modeled PRRWP Area Groundwater Risk Results 

The model for the PRRWP Area assumes that initial remediation for direct contact to soil has 

occurred, as described in the PRRWP Area soil remediation report (WTI, 2005b).  

Concentrations used in the risk evaluation of future risk are based on year 150 of the model run.    

 

Site Worker.  The total HI for worker exposure to modeled PRRWP Area bedrock groundwater 

is 0.1 (Table 6-43), which is less than the target value of 1.  This indicates that adverse 

noncancer health effects are unlikely to result from worker exposure to modeled nitroaromatic 

concentrations in PRRWP Area bedrock groundwater.  

 

The total ILCR for worker exposure to modeled  PRRWP Area bedrock groundwater is 4E-5 

(Table 6-43).  This value is within the NCP risk management range of 1E-6 to 1E-4 but exceeds 

the OEPA target ILCR of 1E-5.   
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On-Site Resident Child.  The total HI for exposure of a hypothetical child resident to 

modeled PRRWP Area bedrock groundwater, based on current concentrations, is 0.7 (Table 6-

43).  This indicates that adverse noncancer health effects are unlikely to result from childhood 

exposure to modeled nitroaromatic concentrations in PRRWP Area bedrock groundwater.  

 

On-Site Resident Adult.  The total HI for exposure of a hypothetical adult resident to 

modeled PRRWP bedrock groundwater, based on current concentrations, is 0.3 (Table 6-43).  

This indicates that adverse noncancer health effects are unlikely to result from adult resident 

exposure to modeled nitroaromatic concentrations in PRRWP Area bedrock groundwater.  

 

On-Site Child/Adult Resident.  The total site-related ILCR for child/adult exposure to 

modeled PRRWP bedrock groundwater is 2E-4 (1.5E-4 prior to rounding) (Table 6-43).  This 

marginally exceeds the NCP risk management range of 1E-6 to 1E-4 but exceeds the OEPA 

target ILCR of 1E-5.  This ILCR is associated primarily with 2,4-DNT (7.6E-5) and 2,6-DNT 

(7.5E-5). 

 

6.3.5  Modeled WARWP Area Groundwater Risk Results 

Nitroaromatics concentrations used in the risk evaluation of future risk are based on year 105 of 

the WARWP Area model run; after year 105, the combined concentrations of these three 

nitroaromatics begin to decrease.  Based on the model results, the nitroaromatic contaminants in 

overburden groundwater would contribute much more heavily to future bedrock groundwater 

concentrations than would those in soil via leaching.   

 

Site Worker.  The total HI for worker exposure to modeled WARWP Area bedrock 

groundwater is 0.09 (Table 6-44), which is less than the target value of 1.  This indicates that 

adverse noncancer health effects are unlikely to result from worker exposure to modeled 

nitroaromatic concentrations in WARWP Area bedrock groundwater.  

 

The total ILCR for worker exposure to modeled WARWP Area bedrock groundwater is 4E-5 

(Table 6-44).  This value is within the NCP risk management range of 1E-6 to 1E-4 but exceeds 

the OEPA target ILCR of 1E-5.  Virtually all of this ILCR is associated with 2,4-DNT (3.9E-5) 

and 2,6-DNT (1.1E-6).   

 

On-Site Resident Child.  The total HI for exposure of a hypothetical child resident to 

modeled WARWP Area bedrock groundwater, based on current concentrations, is 0.6 (Table 6-

44), which is less than the target HI value of 1.  This value indicates that adverse noncancer 



 

 

KN6\PBOW\GW BHHRA\Final\GW BHHRA-F.doc\9/26/06\4:19 PM 6-18 

health effects would be unlikely to result from residential use of the groundwater by a child 

receptor. 

 

On-Site Resident Adult.  The total HI for exposure of a hypothetical adult resident to 

modeled WARWP bedrock groundwater, based on current concentrations, is 0.2 (Table 6-44).  

This value is less than the target HI criterion of 1, indicating that the potential for adverse 

noncancer health effects in the WARWP resident child is regarded as unlikely. 

 

On-Site Child/Adult Resident.  The total site-related ILCR for child/adult exposure to 

modeled WARWP bedrock groundwater is 2E-4 (1.7E-4 prior to rounding) (Table 6-44).  This 

marginally exceeds the NCP risk management range of 1E-6 to 1E-4 and exceeds the OEPA 

target ILCR of 1E-5.  This ILCR is associated primarily with 2,4-DNT (1.7E-4) and 2,6-DNT 

(4.9E-6). 

 

6.3.6  Modeled Groundwater Risk Results – Area Downgradient from TNTA 

The location of the maximum modeled groundwater nitroaromatics concentrations downgradient 

of TNTA was identified from the PBOW groundwater model (Appendix E).  Model results from 

year 150 were used, as these provided the maximum modeled concentrations of TNT, 2,4-DNT, 

and 2,6-DNT.  Cancer risks and noncancer hazards were determined using these maximum 

concentrations as input for Equations 6.1 and 6.2.  Because restrictions against residential land 

use cannot be considered outside the PBOW facility, only the resident is evaluated for risk at 

downgradient locations.  The risks are characterized for the residential receptor just 

downgradient of TNTA at the facility boundary in the paragraphs that follow.   

 

On-Site Resident Child.  The total HI for exposure of a child resident to groundwater just 

outside of the PBOW facility boundary, downgradient of TNTA, is modeled as 0.002 (Table 6-

45).  Because this value is less than the target HI criterion of 1, adverse noncancer health effects 

associated with residential child exposure to site-related COPCs are unlikely. 

 

On-Site Resident Adult.  The total HI for exposure of an adult resident to groundwater just 

outside of the PBOW facility boundary and downgradient of TNTA is modeled as 0.0009 (Table 

6-46).  Because this value is less than the target HI criterion of 1, adverse noncancer health 

effects associated with residential adult exposure to site-related COPCs are unlikely. 

 

On-Site Child/Adult Resident.  The total ILCR for child/adult resident to groundwater just 

outside of the PBOW facility boundary and downgradient of TNTA is modeled as 4E-7 (Table 6-
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47).  This value is less than the NCP risk management range of 1E-6 to 1E-4 and the OEPA 

target ILCR of 1E-5.   

 

6.3.7 Modeled Groundwater Risk Results – Area Downgradient from TNTB, 
 TNTC, and the PRRWP Area 

The location of the maximum modeled groundwater nitroaromatics concentrations downgradient 

of TNTB, TNTC, and the PRRWP was identified from the PBOW groundwater model.  As 

mentioned in Section 6.3, the locations at which the maximum potential impact from TNTB, 

TNTC and the PRRWP were modeled co-occur.  Thus, the remainder of this text refers to 

groundwater downgradient of TNTB, but this is understood to mean downgradient of these other 

two locations as well.  Model results from year 150 were used, as these provided the maximum 

modeled concentrations of TNT, 2,4-DNT, and 2,6-DNT.  Cancer risks and noncancer hazards 

were determined using these maximum concentrations as input for Equations 6.1 and 6.2.  

Because restrictions against residential land use cannot be considered outside the PBOW facility, 

only the resident is evaluated for risk at downgradient locations.  The risks are characterized for 

the residential receptor just downgradient of TNTB at the facility boundary in the paragraphs that 

follow.   

 

On-Site Resident Child.  The total HI for exposure of a child resident to groundwater just 

outside of the PBOW facility boundary and downgradient of TNTB is modeled as 0.08 (Table 6-

46).  Because this value is less than the target HI criterion of 1, adverse noncancer health effects 

associated with residential child exposure to site-related COPCs are unlikely. 

 

On-Site Resident Adult.  The total HI for exposure of an adult resident to groundwater just 

outside of the PBOW facility boundary and downgradient of TNTB is modeled as 0.04 (Table 6-

46).  Because this value is less than the target HI criterion of 1, adverse noncancer health effects 

associated with residential adult exposure to site-related COPCs are unlikely. 

 

On-Site Child/Adult Resident.  The total ILCR for child/adult resident to groundwater just 

outside of the PBOW facility boundary and downgradient of TNTB is modeled as 2E-5 (Table 6-

46).  This value is within the NCP risk management range of 1E-6 to 1E-4 but slightly exceeds 

the OEPA target ILCR of 1E-5.   
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6.3.8 Modeled Groundwater Risk Results – Area Downgradient from the  
 WARWP Area 

The location of the maximum modeled groundwater nitroaromatics concentrations downgradient 

of the WARWP Area was identified from the PBOW groundwater model (Appendix E).  Model 

results from year 150 were used, as these provided the maximum modeled concentrations of 

TNT, 2,4-DNT, and 2,6-DNT.  Cancer risks and noncancer hazards were determined using these 

maximum concentrations as input for Equations 6.1 and 6.2.  Because restrictions against 

residential land use cannot be considered outside the PBOW facility, only the resident is 

evaluated for risk at downgradient locations.  The risks are characterized for the residential 

receptor just downgradient of the WARWP at the facility boundary in the paragraphs that follow.   

 

On-Site Resident Child.  The total HI for exposure of a child resident to groundwater just 

outside of the PBOW facility boundary and downgradient of the WARWP Area is modeled as 

0.006 (Table 6-47).  Because this value is less than the target HI criterion of 1, adverse 

noncancer health effects associated with residential child exposure to site-related COPCs are 

unlikely. 

 

On-Site Resident Adult.  The total HI for exposure of an adult resident to groundwater just 

outside of the PBOW facility boundary and downgradient of the WARWP Area is modeled as 

0.002 (Table 6-47).  Because this value is less than the target HI criterion of 1, adverse 

noncancer health effects associated with residential adult exposure to site-related COPCs are 

unlikely. 

 

On-Site Child/Adult Resident.  The total ILCR for child/adult resident to groundwater just 

outside of the PBOW facility boundary and downgradient of the WARWP Area is modeled as 

1E-6 (Table 6-47).  This value equals the lower end of the NCP risk management range of 1E-6 

to 1E-4 and is less than the OEPA target ILCR of 1E-5.   

 

6.4  Evaluation of Lead  

The IEUBK blood-lead model (Section 3.1.3.3) is a multimedia model that incorporates the 

mean concentrations of each environmental medium being evaluated (EPA, 2005).  Lead was 

identified as a COPC for TNTA and TNTB groundwater.  Thus, the IEUBK model was run using 

the recommended default settings and the respective TNTA and TNTB arithmetic mean lead 

concentrations in groundwater and total soil.  The IEUBK model output for each of these areas is 

provided in Appendix D.   
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TNTA.  The IEUBK model was first run for TNTA using the arithmetic mean lead 

concentrations in groundwater (12.3 µg/L) and total soil (377 milligrams per kilogram [mg/kg]), 

the latter as presented in the TNTA remedial investigation.  The resulting geometric mean blood-

lead concentration for an exposed child was estimated as 5.47 micrograms per deciliter (µg/dL).  

Under the modeled parameters, 9.99 percent of children would be expected to have a blood-lead 

concentration of 10 µg/dL or greater.  This does not meet the health protection goal of 5 percent 

(or less) of children exceeding a blood-lead concentration of 10 µg/dL (EPA, 2004e), indicating 

that unacceptable human health risks may occur.  It is noted that according to the model 

behavior, much of blood-lead concentration is associated with the relatively high soil lead 

concentrations. 

 

Lead was identified as a COC in TNTA soil (Shaw, 2003b).  An action memorandum (USACE, 

2004a) has been signed to remediate TNTA soil for lead as well as other chemicals.  As 

mentioned in Section 3.2.4, the commencement of the remediation activities is not yet scheduled, 

but they are anticipated to proceed in the near future (e.g., within the next few years).  This 

property will not be released for residential use until remediation is completed and the goals of 

the action memorandum are met; thus, a rerunning of the model based on a post-remediation 

concentration is appropriate.  The post-remediation lead concentration was estimated as 69.5 

mg/kg (Shaw, 2003b).  Therefore, a separate IEUBK model was run based on the current mean 

groundwater concentration (12.3 µg/L) and this estimated post-remediation lead concentration 

for TNTA.  The resulting geometric mean blood-lead concentration for an exposed child was 

estimated as 2.86 µg/dL.  Under the modeled parameters, only 0.39 percent of children would be 

expected to have a blood-lead concentration of 10 µg/dL or greater.  This easily meets the health 

protection goal of 5 percent (or less) of children exceeding a blood-lead concentration of 10 

µg/dL (EPA, 2004e).   

 

TNTB.  The IEUBK model was first run for TNTB using the arithmetic mean lead 

concentrations in groundwater (4.85 µg/L) and total soil (46.8 mg/kg), the latter as presented in 

the TNTB remedial investigation.  The resulting geometric mean blood-lead concentration for an 

exposed child was estimated as 2.08 µg/dL.  Under the modeled parameters, only 0.042 percent 

of children would be expected to have a blood-lead concentration of 10 µg/dL or greater.  This 

easily meets the health protection goal of 5 percent (or less) of children exceeding a blood-lead 

concentration of 10 µg/dL (EPA, 2004e).  Therefore, the IEUBK model concludes that 

residential exposure to groundwater would not result in unacceptable human health risks. 
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6.5  Evaluation of Sulfate 

No RfDs or similar toxicity values exist for sulfate.  The EPA (2004d) Office of Water health 

advisory level of 500 mg/L was used for COPC screening.  Bedrock groundwater underlying 

TNTC, the PRRWP Area, and the downgradient wells have sulfate MDCs that exceed the health 

advisory level.  Specifically, the following wells had one or more samples with a sulfate 

concentration exceeding the health advisory level:  TNTC-BEDGW-001 (located within TNTC), 

BEDMW-14 (located within the WARWP Area), and BEDMW-27 (downgradient boundary 

well).  Sulfate concentrations among these wells range from 269 to 2,660 mg/L, with most 

samples exceeding 500 mg/L. 

 

Numerous potential natural and anthropogenic sources of sulfate in groundwater are possible at 

PBOW.  As concluded in the groundwater summary report (Shaw, 2005b), naturally occurring 

sulfate is interpreted to be present in the overburden groundwater due to the oxidation of sulfide 

minerals.  However, this is complicated by the use and disposal of sulfate-bearing compounds in 

the TNT manufacturing process.  These sources include sulfur, sulfuric acid, and sellite (sodium 

sulfate) used in the production and purification of TNT, particularly at the Wash Houses.  

Wastewater from the purification process was discharged to the PRRWP and WARWP.   

 

Naturally occurring sources of sulfate are present at two of the three wells exhibiting elevated 

sulfate.  These two wells are TNTC-BEDGW-001 (TNTC) and BEDMW-27 (downgradient).  

During monitoring well installation and groundwater sampling, these two wells exhibited 

hydrogen sulfide gas as well as petroleum.  Oxidation of the hydrogen sulfide could produce the 

sulfate detected in these groundwater samples.  In addition, the general low concentrations of 

nitroaromatics in these three wells suggest that this sulfate likely is from hydrogen sulfide.  This 

cannot be definitively stated because there is also the potential of leaks and disposal of waste 

sulfate in the form of sulfuric acid.  Sellite likely is not the source of the sulfate, because the 

concentration of sodium is relatively low in these three wells (10.9 to 109 mg/L).  The presence 

of hydrogen sulfide was not observed during the installation and monitoring of BEDMW-14, 

located in the WARWP Area.  BEDMW-14 also had notably higher concentrations of 

nitroaromatics (up to 150 µg/L) and sodium (269 to 1,020 mg/L), which is a component of 

sellite, than TNTC-BEDGW-001 and BEDMW-27.   

 

In summary, the detection of sulfate in well BEDMW-14 is likely resultant from the disposal of 

waste products (sellite) associated with the production of TNT based on the following: 
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• The presence of relatively high concentrations of nitroaromatics in this well, which 
indicate site-related contamination 

 
• The lack of hydrogen sulfide 

 
• Concentrations of sodium that are high enough to be consistent with the disposal of 

sellite 
 

• Historically, wastewater containing sellite would have been disposed of at the 
WARWP. 

 

It is doubtful that sulfate associated with the other wells (TNTC-BEDGW-001 and BEDMW-27) 

is related to former site operations.  This statement is based on low concentrations or nondetects 

of nitroaromatics, the presence of hydrogen sulfide, low concentrations of sodium that are 

regarded as uncharacteristic of sellite contamination, and the unlikely use of sellite at TNTC and 

the site boundary locations. 
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7.0  Uncertainty Analysis 
 
 

The primary objective of the BHHRA is to characterize and quantify potential human health 

risks.  However, these risks are estimated using incomplete and imperfect information that 

introduces uncertainties at various stages of the risk assessment process.  Uncertainties 

associated with earlier stages of the risk assessment become magnified when they are 

concatenated with other uncertainties in the latter stages.  Reliance on a simplified numerical 

presentation of dose rate and risk without consideration of uncertainties, limitations, and 

assumptions inherent in their derivation can be misleading.  For example, the calculated ILCR 

for a given scenario “A” may be 8E-6 (within the risk management range) and that of scenario 

“B” given as 2E-4 (exceeding the risk management range).  However, if the uncertainties 

associated with scenario “B” span, for instance, orders of magnitude and the ILCR is regarded as 

biased high, it is not unlikely that scenario “A” actually presents a higher risk of developing 

cancer.   

 

The chief goal of this analysis is to evaluate uncertainties and present them in context of their 

potential impact on the interpretation of the risk assessment results and the types of 

environmental management decisions that may be based on these results.  The uncertainty 

analysis does not exhaustively describe all potential uncertainties but presents those that have the 

largest implications for the interpretation of the risk assessment results.  This analysis also 

overviews the types and, as applicable, the magnitude of the uncertainties at each stage of the 

risk assessment.  Although the following discussion also includes generic uncertainties that are 

common to the state of human health risk assessment practice (e.g., additivity of health effects in 

the risk characterization), overall, the uncertainty analysis focuses on a set of uncertainties that is 

peculiar to the specific PBOW sites.   

 

7.1  Types of Uncertainty 

Uncertainties in risk assessment are categorized into two general types:  1) variability inherent in 

the (true) heterogeneity of the data set, measurement precision, and measurement accuracy and 

2) uncertainty that arises from data gaps.  Estimates of the degree of variability tend to decrease 

as the sample size increases.  This is because larger data sets are less impacted by individual 

samples/measurements and typically allow for greater accuracy.  Uncertainty that arises from 

data gaps is addressed by applying models and assumptions.  Models are applied because they 

represent a level of understanding to address certain exposure parameters that are impractical or 

impossible to measure (e.g., COPC concentrations in air that would result from groundwater use  
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that has not yet occurred —or may never occur—at the site).  Assumptions represent an educated 

estimate to address information that is not available (e.g., additivity of carcinogens).  

 

7.2  Sources of Uncertainty 

The following discussion provides an overview of uncertainty, with a focus on those sources that 

are most likely to affect interpretation of the risk assessment results.   

 

7.2.1  Sample Selection 
Well locations and direct-push locations were selected primarily from potential nitroaromatics 

source areas.  The use of these samples assumes that they are representative of a given site in 

general.  Therefore, the use of these sampling locations is more likely to introduce a high bias 

than a low bias.  However, if a private well were to be installed on site at some future time, that 

well could potentially be located in the part of a plume exhibiting the highest groundwater 

concentrations.  There are potential sources at the TNT areas; at a given location, one COPC may 

be present at a concentration greater than the EPC, but another COPC may be present at a very 

low concentration. Also, contaminant concentrations might vary greatly throughout the course of 

groundwater use by a resident or business, and groundwater concentrations may either decrease 

or increase.  As a result, the degree to which the placement of PBOW wells and direct-push 

samples may overestimate (or underestimate) actual exposure would depend upon the well’s 

location with respect to source areas. 

 
7.2.2  Exposure-Point Concentration Estimates 

Uncertainty is introduced in the statistical approach used to calculate the EPCs.  As stated in the 

Human Health Evaluation Manual (Part A) (EPA, 1989a), the average concentration of the site 

should be used as the concentration term, generally with a 95 percent upper confidence limit 

used to account for the uncertainty of using a sample data set to estimate the true population 

mean concentration for the site.  As described in Section 3.2.1, either the UCL or the MDC was 

generally used as the EPC.  It is unclear whether the use of the UCL or MDC value of a specific 

EPC would result in an underestimate or overestimate of the true population mean.  However, 

the general use of the UCL or MDC on all the data sets would result in general overestimation of 

the population mean and associated risks.  Therefore, as intended by the guidance (EPA, 1989a), 

this practice of using the UCL or MDC as the EPC introduces bias that tends to overestimate the 

EPC and the resultant risk values.  However, as indicated in Section 7.2.1, the EPC or MDC may 

underestimate the risks of certain COPCs at specific locations, especially with respect to 

groundwater plumes. 



 

 

KN6\PBOW\GW BHHRA\Final\GW BHHRA-F.doc\9/26/06\4:19 PM 7-3 

 

For off-site groundwater, the MDC was used exclusively as the EPC.  This assumption should 

particularly add a conservative bias.  This is because there were several sampling rounds 

performed at each well and because, in reality, no individual at any single location would be 

exposed to the MDC of each COPC.   

 

7.2.3  Site Relatedness of Risks 

Site relatedness with respect to background comparisons was mentioned in Section 2.2.3, which 

discusses background screening of inorganics (Section 2.2.3.1), statistical testing of inorganics as 

part of the uncertainties analysis (Section 2.2.3.2), and the treatment of organics with respect to 

background as part of the uncertainties analysis (Section 2.2.3.3).  The background screening 

compares the MDC of the site data set to the BSC of the background data set; those chemicals 

with MDCs less than the BSC are excluded from identification as COPCs.  It is possible that an 

inorganic chemical that is truly site related may be screened out using this method because it 

emphasizes the MDC of the site data more than the central tendency.  However, a review of the 

inorganics that were screened out reveals that the mean concentrations of the site data were 

generally less than those of the PBOW background data set; the few site mean concentrations 

that exceeded the corresponding PBOW background means of these screened-out chemicals 

were found to be only slightly greater.  Therefore, it does not appear that any inorganics were 

inappropriately eliminated using this method.  It is noted that use of the BSC screening was 

intended to conservatively eliminate those compounds which were clearly associated with 

background.  This screening was not intended as a tool to identify all inorganics that may be 

associated with background.  Chemicals that were not screened out are not conclusively defined 

as site related.  Thus, the background screening method accomplished its intended purpose 

without any apparent bias. 

 

The WRS statistical comparison of site to background data was performed for all inorganic 

TNTA, TNTB, PRRWP Area, and downgradient well COPCs detected in PBOW background.  

The data set for the WARWP Area was judged to be too small for quantitative statistical 

analysis, and no inorganic COPCs were identified for TNTC.  The data sets for TNTA, TNTB, 

and the PRRWP Area are rather small as well, so the WRS comparisons must be viewed 

cautiously due to the uncertainties associated with small sample sizes.  Thus, WRS results should 

not be judged as ultimately determining whether or not an inorganic analyte is truly site related.  

WRS results are summarized in Table 7-1.  The WRS statistical test output tables and plots are 

provided in Appendix C. 
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Many of the site samples could only be collected using a bailer because of poor well production, 

whereas the PBOW background samples were all collected using low-flow methodology.  Also, 

petroleum had to be bailed out of some of the on-site and downgradient wells prior to sampling, 

and some of the wells were bailed dry.  This bailing action, especially in wells with limited water 

column, agitates sediment in the well.  This agitation increases turbidity and may also effectively 

increase the solubility of inorganics in the substrate.  Both of these effects might substantially 

elevate inorganics concentrations in site groundwater.  Therefore, a qualitative evaluation was 

performed on inorganic COPCs that focuses on issues such as groundwater production at a given 

well, analytical results of filtered versus unfiltered samples, prevalence of the COPC in site soil 

samples, and issues associated with potential blank contamination.  This qualitative analysis of 

site-relatedness is provided for inorganic and organic (see discussion below) COPCs in 

Appendix H. 

 

Organic COPCs were evaluated for site relatedness based on a number of lines of evidence.  

Naturally occurring petroleum occurs regionally.  This qualitative evaluation evaluates the 

depths at which petroleum is encountered based on boring logs, the concentrations (or lack 

thereof) of COPCs found in site soil and overburden groundwater, the potential for contributions 

to COPC concentrations associated with artifacts of laboratory analysis, and site history.  This 

qualitative analysis is provided in Appendix H.  A synopsis of this analysis is provided in Table 

6-39.   

 

Based on information provided in the qualitative analysis provided in Appendix H, it is apparent 

that the concentrations reported for certain COPCs are unlikely to be associated with past site 

operations.  Of particular note is the presence of petroleum-related compounds (e.g., BTEX and 

PAHs) in wells where petroleum was found at depth during boring but not at shallower locations, 

and where petroleum-related compounds were not detected in soils or overburden groundwater at 

appreciable concentrations.  Also of note were elevated inorganic COPC concentrations reported 

in unfiltered fractions but not in filtered groundwater fractions, especially where the well was 

bailed (nearly) dry and was a poor water producer.   

 

With respect to the petroleum-related compounds, all but one of the wells completed in the 

Delaware Limestone exhibited evidence of petroleum during well installation and sampling.  

This evidence included petroleum stains on rock cores, visible petroleum on drilling bits, free 

product detected during groundwater sampling, and detectable levels of hydrogen sulfide in 

boreholes and monitoring wells.  The exception to this was BED-MW18 at TNT Area A.  This 

well was completed across the contact of the Olentangy Shale and Delaware Limestone.  
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Groundwater from all of the wells completed in the Delaware Limestone (including BED-

MW18) had reportable concentrations of petroleum-related compounds.  The concentrations for 

benzene and total xylenes exceeded 1,000 µg/L in some site wells.   

 
The only bedrock wells not completed in the Delaware Limestone are the three TNTB wells.  

These three wells (TNTB-BEDGW-001, TNTB-BEDGW-003, and TNTB-BEDGW-004) were 

all completed in the Olentangy Shale.  No staining or product was observed in rock cores or 

drilling equipment during completion of these wells, though hydrogen sulfide was observed at 

isolated intervals during drilling.  The detection of hydrogen sulfide without observable staining 

suggests the possibility that petroleum may be present but at much lower concentrations than 

were found in the Delaware Limestone; this expectation was corroborated by a comparison of the 

TNTB analytical data to that of the other site areas.  Petroleum-related compounds (benzene, 

ethylbenzene, toluene, and xylene) were also detected in the background wells at concentrations 

similar to those observed in TNT Area B.  Just as the TNTB wells, the background wells were all 

completed in the Olentangy Shale.  The following table compares the MDCs of the BTEX 

compounds among the site areas, downgradient locations, and upgradient background. 

 

Comparison of Maximum Detected BTEX Compound Concentrations  
Among the Site Areas and Hydrological Units 

Area 
Hydrologica

l Unit 
Benzene 

(µg/L) 
Toluene 
(µg/L) 

Ethylbenzene 
(µg/L) 

Xylene 
(µg/L) 

Background SH 2.4 0.87 1.7 5.5 

TNTA LS 700 240 730 1400 

TNTB SH 17 0.52 5.2 2.3 

TNTC LS 410 130 300 1300 

PRRWP LS 2500 230 1000 1600 

WARWP LS 1.1 ND 0.59 3.9 

Downgradient LS 130 120 180 560 

 

The list of COPCs identified as site related is the product of data review and best professional 

judgment.  It was recognized that a level of uncertainty would be associated with any selection of 

site-related chemicals, so care was taken not to remove a COPC as non-site related without 

logical cause.  Thus, an effort was made to err on the side of inclusion rather than exclusion.  

This was the basis under which the inorganics such as cobalt and nickel, which have no known 

site-related source based on knowledge of the TNT manufacturing process, were included as site 

related (refer to Appendix H). 
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In summary, it is difficult to hold this list or any other as the definitive set of site-related COPCs.  

It is possible that this list may include COPCs that are not truly site related or, despite the 

emphasis on inclusion, it may exclude COPCs that are truly site related.  Thus, the list of site-

related chemicals provided (Table 6-39) is intended as a suggestion for site management 

decisions.  It is expected that further consideration of site relatedness during the feasibility study 

will result in an amended, final list of site-related COCs. 

  

7.2.4  Land-Use Assumptions/Receptor Selection 

The off-site current and future residential receptor at the facility boundary is reasonable, because 

residential land use is generally the most conservative assumption; land use outside of the facility 

cannot reasonably be restricted.  Future residential and long-term, on-site worker use of 

groundwater are not unreasonable given that NASA intends to release the property for 

unrestricted use.   

 

7.2.5  Exposure Assumption Values 

The exposure assumption values used in the exposure assessment (Table 3-1) are selected to 

represent either an upper bound (e.g., 95th percentile) or mid-range value, depending on the 

particular parameter.  Mathematically combining these terms in exposure equations is generally 

thought to result in decidedly conservative exposure estimations (Cogliano, 1997; Burmaster and 

Harris, 1993).  However, this conservativeness is associated with the state of risk assessment 

practice, which attempts to focus on the upper end of exposure possibilities rather than the more 

likely levels of exposure, rather than on assumptions made specifically for the PBOW sites.   

 

The BHHRA assumes a bathing duration for the resident child of 20 minutes per day and a 

showering duration for the resident child of 12 minutes per day, as described and referenced in 

the final work plan (Shaw, 2005a) and presented in Section 3.1.3.2.  The BHHRA assumes that a 

resident bathes once per day.  The 12-minute bathing and 20-minute showering durations would 

yield slightly higher risk estimates than would the 15-minute durations identified in the previous 

PBOW work plans (IT, 1999a; 1998) for the child and child/adult resident used to evaluate long-

term residential cancer risks.  Although the current Exposure Factors Handbook (EPA, 1997a) 

references survey data that describes 12 minutes for showering and 20 minutes for bathing as 

median values, a previous version of the Exposure Factors Handbook (EPA, 1989c) references a 

paper (James and Knimann, 1987) that identifies a 7-minute showering/bathing duration as the 

median and 12 minutes as an upper-end estimate.  The 1997 Exposure Factors Handbook (EPA, 

1997a) revisited the James and Knuimann study and found that only 50 of 2,550 respondents 

reported taking showers of greater than 20 minutes duration.  This reevaluation identified a mean 
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shower duration of 8 minutes and a 95th percentile of 16 minutes, as well as a median of 7 

minutes.   

 

Alternative values that might have been selected for the BHHRA include those found in the EPA 

(2004a) Risk Assessment for Superfund, Volume 1:  Human Health Evaluation Manual, Part E 

(RAGS E), which recommends a daily bathing duration of 60 minutes for a child and a 

showering duration of 35 minutes per day for the adult.  These values are based on a 95th 

percentile of the study referenced by RAGS E and reported in the Exposure Factors Handbook.  

However, as suggested by the following statements, a 60-minute bathing duration for a young 

child may be a considerable overestimate of even an upper bound: 

 
• The survey on which the Exposure Factors Handbook (EPA, 1997a) is based does 

not include children.  Instead, this 35 minutes-per-day shower value is based only 
on adult activities (age 18 and older). 

 
• A young child would need constant attention because of safety concerns; for a 

young child to remain in the bathtub for an hour would mean that the parent does 
essentially nothing but bathe and stay with the child for an hour every day.  It is 
doubtful that in one could find a parent in 20 (equating to the 95th percentile) who 
could reasonably afford this level of time to bathe a child each day. 

 
• Multiple children in the family would multiply this time accordingly. 

 
• Long bathing durations, especially for young children, can lead to skin problems 

such as eczema. 
 

• Apparent exaggerations were found in the Tsang and Klepeis (1996) study 
referenced in the Exposure Factors Handbook, which forms the basis for the 
RAGS E recommendation of the 60-minute bath (e.g., the average number of 
showers per day reported by some respondents in the study was 10; the average 
number of baths reported by some individuals was 15 per day.)  Such apparent 
exaggerations would artificially skew high-end estimates such as the 95th 
percentile.  

 

Moreover, even if an average duration of 60 minutes per bathing event were assumed for a child, 

it is noted that EPA has identified that children in the age group of 1 through 6 years bathe only, 

on average, approximately every other day (EPA, 2001).  Thus, if an average bathing duration 

for an exposed individual were assumed to be 60 minutes per bathing event, the average daily 

duration would be only about 30 minutes.   
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In summary, the bathing duration values used in the BHHRA may be technically more defensible 

than the values recommended by the RAGS E guidance, even for application to conservative 

estimates of exposure.  If the RAGS E showering and bathing duration values had been used, the 

effect on the risk and hazard estimates would be negligible because the ingestion pathway 

dominates over the ingestion pathway.  For example, the dermal HQ for associated with 2,4-

DNT in TNTA bedrock groundwater assumed to be used by the resident child is 0.00054 and the 

oral HQ is 0.0157; these combine for a 2,4-DNT HQ of 0.0162 (refer to Table 6-3).  Use of the 

RAGS E 60-minute shower duration would result in a dermal HQ for 2,4-DNT that is 

approximately 2 percent higher; both of these values would be rounded to 0.02.  Given the level 

of uncertainties associated with the discipline of risk assessment, the difference in results 

between use of the sets of bathing/showering durations in this BHHRA and those recommended 

by RAGS E would be within rounding error and would have no impact on the BHHRA 

conclusions or related site management decisions. 

 

7.2.6  Groundwater-to-Air Household Model 

The groundwater-to-air household model (EPA, 1991b) has considerable uncertainties.  Some 

parameters that can change the model include the air exchange rate of the house, which can vary 

with the season; level of groundwater usage; and size of the house.  EPA (1991b) states that the 

model assumes a four-member household that uses 720 liters of water per day, the home has a 

volume of 150 cubic meters, and 0.25 household air exchanges per hour.  The Exposure Factors 

Handbook (EPA, 1997a) lists the following information for the average four-person home:  

household use of 892 L/day (4 × 223 L/day), volume of 431 m3, and an air exchange rate of 0.63 

volumes per hour.  If the values from the Exposure Factors Handbook were used instead of the 

default values from EPA (1991b), the resultant estimated household air concentrations would be 

less than those estimated in the BHHRA by a factor of nearly 5.  This would affect total HI and 

total ILCR values, but because no volatile compounds were identified as site related, it would not 

affect the site-related HI and ILCR values.  

 

7.2.7  Site Groundwater Model 

Groundwater flow and fate and transport modeling is subject to uncertainties due to the limited 

information typically available, even for well-characterized sites. Hydraulic properties of the 

aquifer are derived from soil borings and from well slug tests and pumping tests that, in reality, 

affect only a limited area around the well. These data are then extrapolated to areas between the 

soil borings and wells. This can introduce errors if there are large variations in the actual 

hydrogeological properties across the site. In addition, other input data, such as groundwater 

recharge from precipitation, are also estimated values.  Proper model calibration reduces the 
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impact of this variability by producing a best-fit condition of all the model input parameters. 

These input parameters are only varied within the range of values considered to be representative 

of the site being modeled. While calibration produces a model that may accurately simulate flow 

direction and groundwater gradients, the potential exists that actual groundwater flow velocities 

may be higher or lower than the groundwater flow velocity predicted by the model.  

 

Fate and transport modeling of chemical contaminants is subject to the same scalar effects as 

flow modeling. Typically, the required input parameters (e.g., fraction of organic carbon, bulk 

density) are available for a limited number of locations that must be extrapolated across the site 

being modeled. The selection of these parameter values is biased on the conservative side, 

resulting in a simulation that likely produces higher concentrations in groundwater than may 

actually occur.  Other input parameters to the fate and transport modeling include the leaching of 

contamination from source material (unsaturated soils) to groundwater and the degradation of 

contaminants over time.  Simulation of contaminant leaching was modeled through the soil 

column with conservative input parameter values.  For example, degradation likely occurs at 

PBOW but accurately estimating the rate is difficult; therefore, no degradation was assumed in 

the model, which likely will contribute a high (i.e., conservative with respect to health 

protectiveness) bias toward modeled future concentrations.  Also, preferential flowpaths of water 

percolating downward through the water column were not included in the model; this lack of 

preferred pathways through the soil column reflected by the model likely contributes a high bias. 

The considerable seasonal fluctuation in the overburden groundwater cannot be specifically 

portrayed by the model.  To assume a relatively constant water level in the overburden as 

reflected by the model is likely to introduce a high bias to modeled groundwater concentrations. 

In addition, the actual concentration mass in the unsaturated soil must be estimated based on soil 

samples collected in previous investigations. It is common in models that numerous soil sample 

results are available for areas to be modeled. Determining the concentration of contaminants to 

be simulated can be difficult, given the wide variability in analytical results due to soil 

heterogeneity. For the PBOW model, the highest soil concentrations detected in a given modeled 

area were used.  This approach contributes a high bias, although if the data do not adequately 

reflect the full range of soil concentrations, it is still possible that a low bias may result for a 

given area.  

 

Overall, the groundwater modeling results are expected to be conservative, resulting in higher 

concentrations than are actually likely to occur in the future, due to the selection of conservative 

parameters critical for input in the model. Still, while the selection of most input parameters was 

biased toward conservative values, the range of input values was still limited to what was 
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deemed possible for this site.  Therefore, although the modeling results may be biased toward 

overestimation of future concentrations, they are still likely within the realm of realistic 

possibilities for a site of this complexity.  

 
7.2.8  Toxicity Assessment 

Uncertainties associated with the toxicity assessment include those regarding development of the 

health effects criteria values, the classification of potential carcinogenicity, the extrapolation of 

exposure route-specific toxicity values to other routes of exposure, and the extrapolation of toxic 

effects observed in animal studies to potential adverse effects in humans.  A general summary of 

these uncertainties is provided in the following paragraphs. 

 

The development of health effects criteria for noncancer effects involves considerable 

professional judgment.  An uncertainty factor of up to 10 may be applied to a toxicologically 

identified benchmark dose or concentration to address the unknown regarding each of the 

following (EPA, 1989b): lowest-observed-adverse-effects level to no-observed-adverse-effects 

level, subchronic-to-chronic extrapolation, route-to-route extrapolation, and species-to-species 

extrapolation.  A “modifying factor” of 10 or less is likewise applied in the development of RfDs 

and RfCs, using professional judgment.  This modifying factor is intended to address gaps in the 

database and steepness of the dose-response curve.  In practice, the overall UF, derived by 

multiplying the individual uncertainty factors by the modifying factor, associated with RfD and 

RfC values may span up to four orders of magnitude.   

 

The EPA weight-of-classification system for carcinogens is used to examine and classify 

chemical agents with respect to their carcinogenic potential.  Most EPA potential carcinogens are 

classified based on animal data, without sufficient human data to support a causal association 

(i.e., Group B2; refer to Section 4.1).  Also, the linearized multistage (LMS) mathematical model 

was used to extrapolate values from relatively high-dose rodent studies to relatively low-dose 

human exposures in the development of SFs for these compounds; the LMS model is the subject 

of much controversy.  Thus, the LMS approach used to develop SFs, combined with other 

assumptions, tends to overestimate potential risks.   

 

Overall, the toxicity values, assuming similar effects between humans and test species, tend to 

result in overestimates of noncancer hazards or cancer risks.  However, it is possible that a given 

chemical can elicit a toxic response in humans that is not observed in the laboratory species 

studied or that humans may be more sensitive to a given chemical.  In this instance, it is possible 



 

 

KN6\PBOW\GW BHHRA\Final\GW BHHRA-F.doc\9/26/06\4:19 PM 7-11 

for the use of the toxicity values to result in underestimates of risks/hazards.  Specific toxicity 

values that may affect some of the PBOW sites are discussed below. 

 

Iron.  Iron was identified as a risk driver (refer to Chapter 9.0) in bedrock groundwater 

underlying TNTA, TNTB, the PRRWP Area, and in downgradient areas, but in each case was 

determined as unrelated to former PBOW activities.  Although iron is identified as a risk driver, 

it is doubtful that receptors exposed to iron in PBOW groundwater would suffer adverse human 

health effects for several reasons.   

 

The RfD for iron (i.e., the acceptable daily dose that is not expected to cause adverse effects) that 

is used to calculate the HQ is a provisional value based on dietary intakes estimated from 

nutritional surveys rather than toxicological endpoints as is preferable.  This RfD is a daily dose 

of 0.3 mg/kg of BW per day.  This value is dependent on the estimation of a dose rate that is 

protective against iron deficiency but unlikely to cause iron overload.  A symptom of iron 

overload has been observed in one individual who ingested iron supplements at a dose rate of 

approximately 19 mg/kg-day for 27 years (i.e., 60 times the RfD) (EPA, 1996).  Iron 

supplements are salts intended for gastrointestinal absorption.  It is expected that gastrointestinal 

absorption of the chemical forms of iron found in groundwater, particularly those associated with 

suspended particulates, would not exceed that found in the iron supplements.  Also, the dietary 

iron ingestion rate among Ethiopians ranges from 1.4 to 20 mg/kg-day, with an average of 

6.7 mg/kg-day; Ethiopians exhibit no signs of toxicity associated with dietary iron.   

 

The table below shows child and worker iron intakes from the tables in Appendix G for each of 

the four areas at which iron was identified as a risk driver.   

 

Iron Intake Rates 

Site Worker Intake 
(mg/kg-day) 

Child Resident 
Intake (mg/kg-day) 

Identified as 
Site Related? 

TNTA 0.32 2.4 No 

TNTB 0.25 1.6 No 

PRRWP Area 0.072 0.47 No 

Downgradient NA 16 No 

NA – Not applicable. 

 

The intake rate for the on-site worker at each of the three applicable sites is much less than the 

average Ethiopian dietary range and is less than the chronic dose observed to result in iron 

overload by a factor of 59 to 260.  The iron intake rate for the on-site TNTB child resident 
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approximates the lower end of the average Ethiopian diet.  The TNTA resident child has a 

slightly higher iron intake rate than the TNTB resident child, and the downgradient resident has 

an associated iron intake approaching that which was shown, in highly absorbable supplement 

form, to result in adverse effects.  However, the elevated iron concentrations in TNTA and 

downgradient groundwater was shown to be virtually entirely associated with suspended 

particulates that are an artifact of the sampling technique (Section 7.2.3).  It is also noted that, 

with respect to TNTB and the PRRWP Area, it appears that the presence of elevated iron is 

mostly associated with natural reducing conditions (Appendix H). 

 

Manganese.  Manganese was identified as a risk driver (refer to Chapter 9.0) in bedrock 

groundwater underlying TNTA, TNTB, the PRRWP Area, and in downgradient areas, but was 

not identified as site related (Section 6.2).  Its presence was attributed either to sampling 

technique (turbidity associated with collection by bailer) or reducing conditions (Appendix H).  

Manganese is nutritionally required by humans for normal growth and health.  An RfD of 0.14 

mg/kg-day was verified, but this value is based on total intake, including dietary.  This RfD 

equals an adult intake of approximately 10 milligrams/day.  However, EPA (2006) notes that a 

normal dietary intake may well exceed 10 milligrams/day.  EPA apportions 0.024 mg/kg-day of 

the RfD for nondietary sources including groundwater.  Thus, there is considerable uncertainty in 

the RfD.  

 

Humans exposed to 0.8 mg/kg-day in drinking water exhibited adverse effects such as lethargy, 

tremors, and mental disturbances.  This approximates 28 mg/L in drinking water.  The 

manganese EPC for each of the site areas was less than this value.  Of particular note, the 

manganese EPC for TNTA (11.7 mg/L), which by far had the highest MDC among the five sites 

and downgradient locations, was less than one-half the concentration in groundwater found to 

result in adverse health effects.  The other PBOW sites had manganese MDCs of 1.2 mg/L or 

less. 

 

7.2.9  Risk Characterization 

It is assumed that the effects of simultaneous exposures to multiple carcinogens at a site are 

additive.  Likewise, it is assumed that noncancer effects of contaminants are additive if they have 

a similar mechanism of toxicity.  In risk assessment practice, it is assumed that the effects of 

chemicals that affect the same target organ are additive unless chemical-specific information 

would dictate otherwise.  However, chemicals in combination may act additively, synergistically, 

or antagonistically or may not influence one another at all.  Therefore, depending on the 
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interactive effects (if any), the risk characterization approach to multiple contaminants may lead 

to either underestimates or overestimates of potential risk/hazard.   

 

As mentioned in Section 6.5, no RfD was identified for sulfate.  The EPA health advisory level 

of 500 mg/L is based on mild laxative effects observed at 800 to 1,200 mg/L.  It also appears that 

over a prolonged exposure period (e.g., 2 to 3 weeks), humans may become acclimated to 

elevated sulfur such that this laxative effect subsides (EPA, 2003c).  As discussed in Section 6.5, 

sulfate was detected in three wells at concentrations exceeding 500 mg/L.  However, sulfate was 

identified as likely to be site related only in well BEDMW-14, located in the WARWP Area, in 

which it was detected at concentrations ranging from 630 to 2,660 mg/L.  The fact that no RfD 

has been identified for sulfate makes it impossible to characterize risks using standard risk 

assessment protocol.  Although the short-term mild laxative effects in humans appear to be well 

documented and these effects would be expected at the WARWP Area groundwater 

concentrations, it is unclear whether these effects would continue (or any others arise) during 

chronic exposure as evaluated in this BHHRA.  A further issue, certainly outside of the realm of 

risk assessment, is that sulfate in tap water at concentrations in the range of 250 to 1,000 mg/L 

(or greater) is judged by many individual to have an unacceptable taste and/or odor.   
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8.0  Aggregate Risk Summary 
 

Human health risk assessments were performed previously for the three TNT areas and the two 

red water pond areas based on risks associated with other environmental media.  The following 

sections provide aggregate risk estimates for a future resident and future site workers.  The risks 

associated with groundwater from each of the AOCs as determined in this BHHRA was summed 

with the risks associated with other environmental media from these sites, as determined based 

on the previous risk assessments (IT, 2001a, b; 2000), to derive estimates of aggregate risks.  The 

previous risk assessment reports included a long-term groundskeeper (duration of 25 years) and a 

short-term construction worker (duration of 1 year).  This groundwater BHHRA includes only a 

generic long-term worker (duration of 25 years), which is the same as the groundskeeper from 

previous risk assessments.  Construction worker cancer risks associated with groundwater were 

determined by dividing the worker groundwater risks (of this BHHRA) by a factor of 25 (i.e., 

ratio of the duration of long-term worker exposure to duration of the construction worker 

exposure); all other aggregate risks were determined using direct addition.  The aggregate risks 

for each of the receptors are discussed in the paragraphs that follow.  For noncancer residential 

hazards, the aggregate risks of only the child are evaluated because in the previous risk 

evaluations, only the child resident was evaluated for noncancer risks, as the child resident is the 

more conservative receptor to consider for potential future land use and site management 

decisions. 

 

Soil remediation, based on potential risks associated with direct contact, has commenced or is 

planned for each of the AOCs.  These aggregate risk estimates do not consider these remedial 

actions.  Most of the soil in TNTB has been remediated (WTI, 2005a), with the remainder 

scheduled for remediation in 2006.  Soil at the PRRWP Area has been partly remediated as well, 

with the remainder planned for remediation (WTI, 2005b).  Soil remediation at TNTA (USACE, 

2004a) and TNTC (USACE, 2004b) has not yet commenced but is anticipated to occur in the 

near future (e.g., within the next few years). 

 

8.1  TNTA Aggregate Risk Estimates 

 

Noncancer.  The aggregate overall HI for each of the three site receptors is greater than 1 

(Table 8-1), indicating that adverse noncancer health effects cannot be regarded as unlikely to 

occur.  The aggregate site-related construction worker and resident HI values are greater than 1, 

but the aggregate site-related HI for the groundskeeper is not.  Groundwater comprises 
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approximately 90 percent of the groundskeeper aggregate overall HI, 15 percent of the 

construction worker aggregate overall HI, and 60 percent of the on-site resident aggregate overall 

HI.  However, the site-related groundwater HI comprised only 20 percent of the aggregate site-

related groundskeeper HI, approximately 0.3 percent of the aggregate site-related construction 

worker HI, and approximately 0.9 percent of the aggregate site-related resident HI.  In summary, 

the aggregate results indicate that the groundskeeper is unlikely to suffer adverse health effects 

associated with exposure to site-related chemicals, and the contributions of site-related 

groundwater to the aggregate site-related HIs are relatively minimal for the construction worker 

and resident.  The contributions of the overall groundwater HIs to the aggregate overall HIs are 

more substantial. 

 

Cancer.  The aggregate overall ILCR for each of the three site receptors is greater than the NCP 

risk management range of 1E-6 to 1E-4 and the OEPA target cancer risk of 1E-5, as are the 

aggregate site-related ILCRs for the construction worker and the resident.  The aggregate site-

related ILCR from the groundskeeper is within the NCP range but exceeds the OEPA criterion 

(Table 8-1).  Groundwater comprises approximately 94 percent of the groundskeeper overall 

ILCR, 2 percent of the construction worker overall HI, and 8 percent of the on-site resident 

overall ILCR. However, the site-related groundwater ILCR comprised only 60 percent of the 

aggregate site-related groundskeeper ILCR, approximately 0.1 percent of the aggregate site-

related construction worker ILCR, and approximately 0.1 percent of the aggregate site-related 

resident ILCR.  In summary, the contributions of groundwater to the aggregate ILCRs are 

relatively minimal in comparison to total soil for the construction worker and resident, especially 

with respect to the aggregate site-related ILCR.  The contribution of groundwater to the 

aggregate site-related ILCR, and especially to the aggregate overall ILCR, is substantial in 

comparison to the contribution of surface soil to groundskeeper ILCR values. 

 

8.2  TNTB Aggregate Risk Estimates 

 

Noncancer.  The aggregate overall HI and aggregate site-related HI for each of the three site 

receptors are greater than 1 (Table 8-2), indicating that adverse noncancer health effects cannot 

be regarded as unlikely to occur.  Groundwater comprises approximately 12 percent of the 

groundskeeper aggregate overall HI, 3 percent of the construction worker overall HI, and 7 

percent of the on-site resident aggregate overall HI.  The site-related groundwater HI comprised 

only 7 percent of the aggregate site-related groundskeeper HI, approximately 2 percent of the 

aggregate site-related construction worker HI, and approximately 3 percent of the aggregate site-

related resident HI.  In summary, the relative contributions of site-related groundwater to the 
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aggregate site-related HI values are relatively minimal.  The contributions of the overall 

groundwater HIs to the aggregate overall HIs are slightly greater, but are considerably less than 

the contributions associated with exposure to soil. 

 

Cancer.  The aggregate overall ILCR for the groundskeeper and on-site resident are greater 

than the NCP risk management range of 1E-6 to 1E-4 and the OEPA target cancer risk of 1E-5 

(Table 8-2).  The aggregate overall and aggregate site-related ILCRs for the construction worker 

(2E-5) are within the NCP range but slightly exceed the OEPA target risk criterion of 1E-5.  

Groundwater comprises approximately 40 percent of the groundskeeper aggregate overall ILCR, 

15 percent of the construction worker aggregate overall HI, and 23 percent of the on-site resident 

aggregate overall ILCR.  Site-related groundwater components do not contribute significantly to 

aggregate site-related ILCR, as no carcinogenic site-related chemicals were identified for TNTB 

groundwater (Section 6.2.2).  In summary, the contribution of groundwater to the aggregate 

overall ILCR is substantial for the groundskeeper.  The contribution of groundwater to the 

aggregate overall ILCR for the construction worker and resident are also substantial but are less 

than the contributions from total soil.  Site-related components of groundwater do not contribute 

appreciably, as no carcinogenic site-related chemicals were identified in TNTB groundwater.   

 

8.3  TNTC Aggregate Risk Estimates 

 

Noncancer.  The aggregate overall HI for each of the three site receptors is far greater than 1 

(Table 8-3), indicating that adverse noncancer health effects cannot be regarded as unlikely to 

occur.  Groundwater comprises approximately 1 percent of the groundskeeper aggregate overall 

HI, 0.4 percent of the construction worker aggregate overall HI, and 5 percent of the on-site 

resident aggregate overall HI.  No site-related COPCs were identified for TNTC groundwater; 

thus, TNTC groundwater has virtually no contribution to the aggregate site-related HI.  In 

summary, the contributions of the overall groundwater HIs to the aggregate overall HIs are very 

minimal.  The contribution of groundwater to the aggregate site-related HIs is virtually nil. 

 

Cancer.  The aggregate overall ILCR for the groundskeeper and on-site resident are greater 

than the NCP risk management range of 1E-6 to 1E-4 and the OEPA target cancer risk of 1E-5 

(Table 8-3).  The aggregate overall ILCR for the construction worker (6E-5) is within the NCP 

range, but exceeds the OEPA target risk criterion of 1E-5.  Groundwater comprises 

approximately 15 percent of the groundskeeper overall ILCR, 7 percent of the construction 

worker overall HI, and 25 percent of the on-site resident overall ILCR. No site-related COPCs 

were identified for TNTC groundwater; therefore, TNTC groundwater has essentially no 
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contribution to the aggregate site-related ILCR.  In summary, the contributions of the overall 

groundwater ILCRs to the aggregate overall ILCRs are appreciable but smaller than the 

contributions from soil.  TNTC groundwater makes virtually no contribution to the aggregate 

site-related ILCRs. 

 

8.4  PRRWP Aggregate Risk Estimates 

 

Noncancer.  The aggregate overall HI for each of the three site receptors is greater than 1 

(Table 8-4), indicating that adverse noncancer health effects cannot be regarded as unlikely to 

occur.  The aggregate site-related HI is greater than 1 for the construction worker and resident 

but not for the groundskeeper.  This indicates that adverse noncancer health effects would be 

unlikely to result from exposure by the groundskeeper to site-related chemicals.  Groundwater 

comprises approximately 98 percent of the groundskeeper aggregate overall HI, 13 percent of the 

construction worker aggregate overall HI, and 40 percent of the on-site resident aggregate overall 

HI. The site-related groundwater HI comprised 83 percent of the aggregate site-related 

groundskeeper HI, approximately 0.3 percent of the aggregate site-related construction worker 

HI, and approximately 0.6 percent of the aggregate site-related resident HI.  In summary, the 

contribution of site-related groundwater to the aggregate site-related HI is very minimal for the 

construction worker and resident in comparison to the contribution of total soil.  Groundwater 

contributes a greater portion to the aggregate site-related HI of the groundskeeper, but this is 

because of the relatively low HI associated with surface soil.  The contributions of groundwater 

to the aggregate overall HI values are more substantial than the contributions of groundwater to 

the aggregate site-related HI. 

 

Cancer.  The aggregate overall groundskeeper ILCR, aggregate overall on-site resident ILCR, 

and aggregate site-related resident ILCR are greater than the NCP risk management range of 1E-

6 to 1E-4 and the OEPA target cancer risk of 1E-5 (Table 8-4).  The aggregate overall ILCR for 

the construction worker (3E-5) is within the NCP range but exceeds the OEPA target risk 

criterion of 1E-5.  The aggregate site-related ILCRS for the groundskeeper (5E-6) and 

construction worker (1E-5) are within the NCP cancer risk range and are less than or equal to the 

OEPA target cancer risk.  Groundwater comprises 99.8 percent of the groundskeeper overall 

ILCR, approximately 65 percent of the construction worker overall HI, and 45 percent of the on-

site resident overall ILCR.  The site-related groundwater ILCR comprises 88 percent of the 

aggregate site-related groundskeeper ILCR, approximately 1 percent of the aggregate site-related 

construction worker ILCR, and approximately 0.2 percent of the aggregate site-related resident 

ILCR.  In summary, the contribution of groundwater to the aggregate site-related ILCR is 
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relatively minimal in comparison to total soil for the construction worker and resident.  

Groundwater contributes most of the ILCR with respect to the aggregate site-related 

groundskeeper and most of the aggregate overall ILCR with respect to the groundskeeper and 

construction worker.  Groundwater contributes nearly half of the aggregate overall ILCR to the 

resident.   

 

8.5  WARWP Aggregate Risk Estimates 

 

Noncancer.  The aggregate overall and site-related HI for each of the three site receptors is 

greater than 1 (Table 8-5), indicating that adverse noncancer health effects cannot be regarded as 

unlikely to occur.  Groundwater comprises 99.9 percent of the groundskeeper overall HI, 96 

percent of the construction worker overall HI, and 99 percent of the on-site resident overall HI; 

the site-related groundwater HIs contribute nearly identical percentages to the aggregate site-

related HIs.  In summary, groundwater dominates the aggregate site-related and overall HI 

values.  This is not unexpected because no appreciable noncancer hazards were previously found 

associated with WARWP Area soil, sediment, or surface water.   

 

Cancer.  The aggregate overall and aggregate site-related ILCRs for the on-site resident are 

greater than the NCP risk management range of 1E-6 to 1E-4 and the OEPA target cancer risk of 

1E-5 (Table 8-5).  The aggregate overall ILCR for the groundskeeper equals the upper limit of 

the NCP range (1E-4) but exceeds the OEPA target cancer risk.  The aggregate ILCR for the 

construction worker (5E-6) is within the NCP cancer risk range and is less than the OEPA target 

cancer risk.  Aggregate site-related ILCRs for the construction worker and groundskeeper are 

both within the NCP range and less than the OEPA target cancer risk criterion.  Groundwater 

comprises approximately 94 percent of the groundskeeper aggregate overall ILCR, 84 percent of 

the construction worker overall HI, and 97 percent of the on-site resident overall ILCR.  The site-

related groundwater ILCR comprises 89 percent of the aggregate site-related groundskeeper 

ILCR, approximately 74 percent of the aggregate site-related construction worker ILCR, and 

approximately 94 percent of the aggregate site-related resident ILCR.  In summary, groundwater 

dominates the aggregate site-related and overall ILCR values.  This is not unexpected, because 

no unacceptable cancer risks were previously found associated with WARWP Area soil, 

sediment, or surface water.   
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9.0  Development of Risk-Based Remediation Criteria  
 for Groundwater 
 

RBRCs are derived to provide support for risk management decisions.  Thus, they are developed 

only for the COPCs in media that are associated with unacceptable risk and that may potentially 

warrant corrective action.  This “association with unacceptable risk” is defined as either 

contributing a groundwater ILCR to the on-site resident of equal to or greater than 1E-6 or 

contributing an HQ of 0.1 or greater to a target organ-specific HI for the child resident that 

exceeds a value of 1.  Such chemicals are referred to as “risk drivers.”  RBRCs are site-specific 

concentrations that reflect the exposure and toxicity assumptions applied in the BHHRA(s).   

 

Separate sets of groundwater RBRC values were derived for the risk drivers at each of the five 

AOCs and the site boundary; these are presented in Tables 9-1 through 9-6.  Site relatedness was 

identified as described in Section 6.2 and Appendix H.  RBRCs were derived for all risk-driving 

COPCs, although these site-related chemicals are duly identified on the tables.   
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10.0  Summary, Conclusions, and Recommendations 
 

10.1  Summary 

Risks associated with groundwater underlying the three former TNT areas, the former red water 

pond areas, and downgradient boundary areas were evaluated.  A qualitative screening was 

performed on bedrock and overburden groundwater in each of these three areas.  Overburden 

groundwater was not further evaluated for risks associated with direct contact because this 

groundwater zone greatly fluctuates seasonally and would not yield adequate quantities for tap 

water uses.  Chemicals in bedrock groundwater which failed the screen were identified as 

COPCs and were evaluated quantitatively for risks.  This quantitative risk assessment of the 

COPCs included an exposure assessment, toxicity assessment, risk characterization, and 

uncertainties analysis.  The risk characterization included overall risks, site-related risks, and 

modeled future risks associated with 2,4-DNT, 2,6-DNT, and TNT.  Site relatedness of each of 

the COPCs is evaluated in Appendix H and presented in Section 6.2.  Uncertainties associated 

with the determination of site relatedness are discussed in Section 7.2.3.   

 

The groundwater risks associated with each of the AOCs are summarized in the paragraphs that 

follow.  The HI values presented below are for the target organ with the highest corresponding 

HI, unless the total HI is equal to or less than 1; in the latter case, the total HI or summed site-

related HI is presented.  Currently, there are no groundwater users either on site or at the facility 

boundary.  Thus, the risks and hazards presented below are for potential or hypothetical human 

receptors, not for any currently exposed individuals. 

 

TNTA.  The site-related noncancer hazard for the on-site worker (HI=0.2) and cancer risk 

(ILCR=1E-5) associated with TNTA bedrock groundwater meet the target HI of 1 and the OEPA 

target cancer risk of 1E-5.  The site-related HI (2) and ILCR (4E-5) associated with TNTA 

bedrock groundwater exceed these targets for the long-term resident, who is assumed to spend 

early childhood on this site and use this water as tap water.  Overall risks, which include those 

identified as not related to the site as well as those which are site related (Section 7.2.3), 

exceeded these target levels for both the worker (HI=5; ILCR=3E-4) and resident (HI=237; 

ILCR=3E-3).  Site-related risks are associated with nitroaromatics, and overall risks are mostly 

associated with naturally occurring petroleum-related compounds. 
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The modeled nitroaromatics concentrations for TNTA indicate unacceptable cancer risks for the 

worker (ILCR=1E-4) and resident (ILCR=5E-4).  The HI (4) of the resident also exceeds the 

target criterion of 1.  

 

The IEUBK model predicted unacceptable blood-lead concentrations associated with residential 

use of TNTA, as 9.99 percent of children were predicted to exceed a blood-lead concentration of 

10 µg/dL.  However, soil contributed far more to the elevated model results than did 

groundwater.  When the model was run assuming that the planned soil remediation (to protect for 

direct soil contact) was complete, the results showed that only 0.39 percent of children would 

have a blood-lead concentration exceeding 10 µg/dL, which easily meets the criterion of no more 

than 5 percent exceedance (Section 6.4). 

  

TNTB.  No site-related COPCs were identified for TNTB bedrock groundwater.  Therefore, 

aside from the discussion about modeled concentrations of nitroaromatics below, site-related 

risks would be very minor and are not discussed.  The overall (HI=0.8) noncancer hazard values 

associated with worker use of TNTB bedrock groundwater meet the target HI of 1.  The overall 

HI (5) for the resident is associated with iron.  As discussed in Section 7.2.8, the iron RfD is 

based on dietary assumptions, and it is likely that iron at these intake levels would not result in 

adverse health effects.  The target organ HI values associated with five other target organs 

exceed the target HI of 1; the chemicals responsible for these exceedances are inorganics and 

petroleum-related compounds.  As described in Section 7.2.8, the RfD for manganese was based 

partly on dietary assumptions, and it is likely as described therein that concentrations of 

manganese present in TNTB groundwater would not result in adverse human health effects.  The 

overall cancer risk for the resident (ILCR=3E-4) exceeds the OEPA target level.  This value is 

associated with arsenic and (petroleum-related) benzene.   

 

The modeled nitroaromatics concentrations for TNTB indicate that noncancer hazards would 

meet the target criterion for both the worker (HI=0.02) and resident (HI=0.1).  The cancer risks 

associated with the worker would meet the OEPA criterion of 1E-5, but the resident cancer risk 

(ILCR=2E-5) is predicted to slightly exceed the OEPA criterion but would still be well within 

the NCP risk management range of 1E-6 to 1E-4.  It is noted that the modeled concentrations 

likely overestimate the future concentrations, thus biasing the risk estimates high.   

 
TNTC.  No site-related COPCs were identified for TNTC bedrock groundwater.  Therefore, 

aside from the discussion about modeled concentrations of nitroaromatics below, site-related 

risks would be very minor and are not discussed.  The overall noncancer hazards (HI=1) 
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associated with the on-site worker meet the noncancer target criterion; however, the noncancer 

hazards for the resident (HI=25) do not.  The cancer risks for the worker (ILCR=9E-5) and 

resident (ILCR=1E-3) exceed the OEPA target criterion of 1E-5.  The noncancer hazards and 

cancer risks are mostly associated with naturally occurring petroleum-related chemicals. 

 

The modeled nitroaromatics concentrations for TNTC indicate unacceptable cancer risks for the 

worker (ILCR=4E-4) and resident (2E-3).  The HI (8) of the resident also exceeds the target 

criterion of 1.   

  

PRRWP Area.  The site-related noncancer hazard for the on-site worker (HI=0.07) and cancer 

risk (ILCR=4E-6) associated with PRRWP Area bedrock groundwater meet the target HI of 1 

and the OEPA target cancer risk of 1E-5.  The site-related HI (0.6) for the resident is less than 

the noncancer criterion.  The site-related ILCR (2E-5) associated with residential use of PRRWP 

Area bedrock groundwater slightly exceeds the OEPA criterion.  Overall risks, which includes 

those identified as not related to the site as well as those which are site related (Section 7.2.3), 

exceeded these target levels for both the worker (HI=8; ILCR=5E-4) and resident (HI=134; 

ILCR=2E-5).  Site-related risks are associated with nitroaromatics, and overall risks are mostly 

associated with naturally occurring petroleum-related compounds.   

 

The modeled nitroaromatics concentrations for the PRRWP Area indicate unacceptable cancer 

risks for the worker (ILCR=4E-5) and resident (ILCR=2E-4), though the former is within the 

NCP risk management range.  The HI values of the worker (0.1) and resident (0.7) meet the 

target criterion of 1.   

 

WARWP Area.  Each WARWP Area site-related and overall noncancer HI exceeds the 

criterion of 1 for the worker (site-related and overall HI=6) and resident (site-related and overall 

HI=41).  These HI values are mostly associated with site-related nitroaromatics.   

 

Each site-related and overall ILCR exceeds the OEPA criterion of 1E-5 for the worker (site-

related ILCR=6E-5; overall ILCR=1E-4) and resident (site-related ILCR=2E-4; overall 

ILCR=5E-4).  These ILCR values are mostly associated with site-related nitroaromatics and 

naturally occurring arsenic.  Additionally, elevated sulfate present at the WARWP Area appears 

to be site related. 

 

The modeled nitroaromatics concentrations for the WARWP Area indicate that noncancer 

hazards would meet the target criterion for both the worker (HI=0.09) and resident (HI=0.6).  
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The cancer risks associated with the worker (4E-5) and resident (2E-4) would both exceed the 

OEPA criterion of 1E-5. 

 

Downgradient Areas.  Only the resident was evaluated at the facility boundary.  The site-

related noncancer HI (0.4) meets the target criterion of 1.  However, the site-related ILCR (3E-5) 

exceeds the OEPA criterion of 1E-5.  Site-related nitroaromatics were primarily responsible for 

this exceedance.  The overall HI (55) and the overall ILCR (4E-4) exceed the respective 

noncancer and cancer criteria.  Noncancer COPCs which exceeded the HI criterion include iron, 

manganese, and naturally occurring petroleum-related compounds.  Benzene, a naturally 

occurring petroleum-related compound, was responsible for most of the ILCR. 

 

Three downgradient areas along the PBOW facility boundary were identified (Section 6.3) and 

modeled for future concentrations of 2,4-DNT, 2,6-DNT, and TNT.  These modeled 

concentrations were evaluated for risk.  The HI values (0.0009 to 0.08) meet the target HI target 

of 1 for each boundary area.  The ILCR values for boundary areas downgradient of TNTA (4E-

7) and the WARWP Area (4E-7) meet OEPA target cancer risk of 1E-5.  The ILCR 

downgradient of boundary area of TNTB (2E-5) slightly exceeds the OEPA 1E-5 target level but 

is within the NCP risk management range of 1E-6 to 1E-4. 

 

10.2  Conclusions 

Conclusions of the groundwater risk assessment results, considering risks associated with both 

site-related and naturally occurring COPCs, are briefly summarized below in context of the site 

conditions. 

 
• Based on current site bedrock concentrations, overall HI and ILCR values for each 

of the five AOCs and the downgradient boundary exceed the respective risk 
management criteria for residential use. 

 
• With the exception of the WARWP Area, both noncancer hazards and cancer risks 

associated with bedrock groundwater use in each of these areas is dominated by 
chemicals that were identified as naturally occurring.  (Site-related nitroaromatics 
were mostly responsible for the HI and ILCR exceedances in WARWP Area 
groundwater.)  For the WARWP Area, cancer risks associated with naturally 
occurring arsenic exceed the OEPA criterion (1E-5) for the resident (ILCR=2E-4) 
and worker (ILCR=5E-5).   

 
• Even if no site-related contamination were present, hazards and risks associated 

with natural constituents of the groundwater for each of the five AOCs and 
downgradient areas would result in unacceptable human health risks. 
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• The risk results of modeled concentrations in the five AOCs show that four of 

these would eventually reach an ILCR for the worker that would exceed the OEPA 
criterion of 1E-5.  The modeled concentrations of TNTB indicate that the worker 
ILCR (6E-6) would be less than the target criteria.  The PBOW groundwater 
model includes the soil remediation (based on direct contact) that has been 
completed to date and the remaining soil remediation, which is planned for 2006.  
The model results indicate that the TNTB soil remediation conducted for direct 
contact has also been effective to protect future groundwater against unacceptable 
levels of nitroaromatic contamination. The modeled concentration resulted in an 
ILCR of 2E-5 for the TNTB resident.  However, it should be understood that the 
groundwater model is likely to be conservative, overestimating concentrations and 
risks based on those concentrations. 

 
• Based on the PBOW groundwater model, off-site groundwater will stay within 

concentrations that are protective of human health with respect to noncancer 
effects.  The estimated model-based cancer risks at the PBOW boundary 
downgradient of TNTB (ILCR=2E-5) slightly exceeded the OEPA criterion of 1E-
5, but was well within the NCP risk management range and the Army policy 
trigger level for remedial concerns (1E-4).  Estimated model-based cancer risks 
along other areas of the PBOW boundary met the OEPA target criterion. 

 
• Site-related COPCs were not identified in TNTC bedrock groundwater. 
 
• With respect to the PBOW groundwater model, overburden groundwater 

contributed a majority of the nitroaromatics modeled in bedrock groundwater, with 
respect to each of the COCs. 

 
• Iron and manganese were identified as the only site-related COPCs in TNTB 

bedrock groundwater.  Their site relatedness is questionable, as these chemicals 
are not known to have been used in quantity during former site operations.  Also, 
based on toxicological information, it is very possible that the concentrations 
present in TNTB groundwater would not result in adverse human health effects 
(Section 7.2.8). 

 
• Once the planned soil remediation (based on direct contact) is complete for TNTA, 

lead should not adversely affect a hypothetical resident child at TNTA who would 
use the groundwater as tap water (Section 6.4). 

 
• Site-related impact from sulfate appears to be present in WARWP Area 

groundwater. 
 

10.3  Recommendations 

The performance of a feasibility study is recommended for groundwater underlying TNTA, 

TNTB, TNTC, the PRRWP Area, and the WARWP Area.  This recommendation is made based 
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on the results of the BHHRA, which indicates the potential for site-related human health risks 

and hazards associated with use of the on-site bedrock groundwater as a drinking water source.  

This potential for human health risks and hazards is based on either the risks associated with 

analytical concentrations collected from groundwater samples to date, or modeled future 

concentrations based on leaching of contaminants from the soil and/or the seasonal overburden 

groundwater.   

 

A soil removal action was completed at TNTB in September 2006 primarily to reduce exposure 

via direct contact with soil.  Similar soil removal actions are likewise planned for TNTA, TNTC, 

and the PRRWP Area.  The removal action at the PRRWP Area was begun in 2005 and only 

partially completed.  Therefore, the site groundwater model was run for the BHHRA under the 

following assumptions: 

 
1. All remediation at TNTB is complete. 
2. Partial remediation of the PRRWP Area has been performed. 
3. Remediation planned for TNTA and TNTC has not begun.   

 

The modeling results assumed for TNTB indicate that soil removal may be successful in 

reducing risks and hazards from bedrock groundwater exposure to acceptable criteria.  The 

modeled on-site cancer risks for TNTB groundwater (2E-5), assuming resident use, marginally 

exceed the OEPA criterion, but are well within the NCP risk management range (1E-6 to 1E-4) 

and less than the Army policy criterion (1E-4).  Because of the conservative nature of the model, 

it is possible that actual future concentrations will be less than predicted and will result in cancer 

risks that do not exceed the OEPA criterion.  The noncancer HI (0.1), based on the model’s 

assumption that remediation is complete, is less than the acceptable criterion of 1.   

 

As part of the groundwater feasibility study, it is recommended that the site groundwater model 

be run under the assumption that the planned removal actions for TNTA, TNTC, and the 

PRRWP Area likewise have been completed.  Additional remedial actions may likewise be 

considered in the groundwater feasibility study.  These include actions which may be taken 

directly with respect to groundwater and those which would apply to additional soil remediation 

beyond those actions which have already taken place (i.e., at TNTB) or are planned. 
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Baseline Human Health Risk Assessment of Groundwater 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 
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Site Area 

Overburden Sampling 
Location 

Bedrock Sampling 
Location 

 
TNT Area A 

 
TNTA-MW10 
TNTA-MW11 
MK-MW22 
MK-MW23 
MK-MW24 

TNTA-GW01 through TNTA-GW08a 
TNTA-GW10a 

TNTA-DP14a 

TNTA-DP21a 

 
PB-BED-MW18 (SH/LS) 
TNTA-BEDGW-001 (LS) 

 
TNT Area B 

 
MK-MW17 

TNTB-DP02 a 
TNTB-DP03 a 

 
TNT-BEDGW-001 (SH) 
TNT-BEDGW-003 (SH) 
TNT-BEDGW-004 (SH) 

 
TNT Area C 

 
TNTC-MW03 
TNTC-MW04 
TNTC-MW05 
TNTC-MW06 

IT-MW09 
TNTC-GW02 through TNTC-GW10a 

TNTC-DP13a 

TNTC-DP19 a 

  
TNTC-BEDGW-001 (LS) 

BED-MW13 (LS) 

 
Pentolite Road Red 
Water Pond Area 

 
IT-MW05 
PR-MW07 
PR-MW08 
PR-MW09 

PRRP-DP01 through PRRP-DP20a 

 
BED-MW15 (LS) 
BED-MW23 (LS) 

 

 
West Area Red Water 
Ponds Area 
 

 
WA-MW01 
WA-MW02 
IT-MW02 
IT-MW10 

WARP-DP01  
WARP-DP02 
WARP-DP04 

WARP-DP06 through WARP-DP09a 

WARP-DP11 through WARP-DP13a 

WARP-DP15 through WARP-DP17a 
WARP-DP19 

 
BED-MW14 (LS) 
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Sampling Locations Used in the 
Baseline Human Health Risk Assessment of Groundwater 

Former Plum Brook Ordnance Works 
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Site Area 

Overburden Sampling 
Location 

Bedrock Sampling 
Location 

 
Downgradient Boundary 
Wells 

 
NAb 

 
BED-MW17 (LS) 
BED-MW19 (LS) 
BED-MW22 (LS) 
BED-MW24 (LS) 
BED-MW27 (LS) 
BED-MW30 (LS) 

 
(LS) – Well screened in limestone. 
(SH) – Well screened in shale. 
(SH/LS) – Well screened in the limestone/shale interface. 
a Sample collected using direct-push method. 
b “NA” indicates “not applicable.”  Some overburden groundwater samples were collected near the facility           
boundary, but these are not regarded as representing conditions downgradient because groundwater within the 
overburden is highly discontinuous. 



Table 2-2

Groundwater Samples Evaluated
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 6)

Location

Sample 
Number Sample Date Analyses

Bedrock Wells
PB-BED-MW18 5940 11/19/1997 ALKALINITY, Chloride, Cyanide, Exp, Hardness, Metals*, Nitrate, Pests, PCBs, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW18 5945 05/19/1998 ALKALINITY, Chloride, Cyanide, Exp, Hardness, Metals*, Nitrate, PCBs, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW18 BD3024 10/02/2001 ALKALINITY, Chloride, Cyanide, Exp, Hardness, Metals*, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turbidity, VOC
TNTA-BEDGW-001 BD3037 10/09/2001 Exp, Metals*, SVOC, TOC, VOC
PB-BED-MW18 CB3015 04/05/2002 ALKALINITY, Chloride, Cyanide, Exp, Hardness, Metals*, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turbidity, VOC
TNTA-BEDGW-001 CB3044 04/15/2002 ALKALINITY, Chloride, Cyanide, Exp, Hardness, Metals*, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turbidity, VOC
Overburden Wells
MK-MW24 5840 11/13/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
MK-MW22 5820 11/14/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
MK-MW23 5830 11/16/1997 Exp, Metals, SVOC, VOC
PB-TNTA-MW10 5610 11/18/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
PB-TNTA-MW10 5611 (FD) 11/18/1997 Exp, Metals, PCBs, SVOC, TOC, VOC
PB-TNTA-MW11 5620 11/18/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
MK-MW22 5825 05/18/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
MK-MW24 5845 05/20/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
MK-MW23 5835 05/29/1998 Exp, Metals, PCBs, SVOC, TOC, VOC
PB-TNTA-MW10 5615 05/29/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
PB-TNTA-MW10 5616 (FD) 05/29/1998 Exp, Metals, PCBs, SVOC, VOC
PB-TNTA-MW11 5625 05/29/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
PB-TNTA-MW11 BD3034 10/03/2001 Exp, SVOC, TOC, VOC
PB-TNTA-MW10 CB3042 04/15/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-TNTA-MW11 CB3043 04/15/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
Overburden Direct-Push Samples
TNTA-GW10 AA3010 09/26/2000 Exp, Metals, PCBs, SVOC, VOC
TNTA-GW10 AA3011 (FD) 09/26/2000 Exp, Metals, PCBs, SVOC, VOC
TNTA-GW06 AA3006 09/27/2000 Exp, Metals, PCBs, SVOC, VOC
TNTA-GW01 AA3001 10/11/2000 Exp, Metals, PCBs, SVOC, VOC
TNTA-GW02 AA3002 10/11/2000 Exp, Metals, PCBs, SVOC, VOC
TNTA-GW05 AA3005 10/11/2000 Exp, Metals, PCBs, SVOC, VOC
TNTA-GW07 AA3007 10/11/2000 Exp, Metals, PCBs, SVOC, VOC
TNTA-GW03 AA3003 10/12/2000 Exp, Metals, PCBs, SVOC, VOC
TNTA-GW04 AA3004 10/12/2000 Exp, Metals, PCBs, SVOC, VOC
TNTA-GW08 AA3008 10/12/2000 Exp, Metals, PCBs, SVOC, VOC
TNTA-DP21 BA3021 08/01/2001 Exp, VOCs
TNTA-DP14 BA3014 08/02/2001 Exp, VOCs

Bedrock Wells
IT-TNTB-BEDGW-001 5420 11/17/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCBs, SVOC, Sulfate, TDS, TOC, TSS, VOC
IT-TNTB-BEDGW-001 5425 05/18/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOC, Sulfate, TDS, TOC, TSS, VOC

TNT Area B

TNT Area A
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Groundwater Samples Evaluated
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 6)

Location

Sample 
Number Sample Date Analyses

Bedrock Wells (continued)
IT-TNTB-BEDGW-001 BD3009 09/28/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, SVOC, Sulfate, TDS, TOC, TSS
IT-TNTB-BEDGW-001 BD3009R 10/05/2001 Metals, Nitrate, Turb, VOC
TNTB-BEDGW-004 BD3041 10/05/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
TNTB-BEDGW-004 BD3050 (FD) 10/05/2001 Exp, Metals, SVOC, VOC
TNTB-BEDGW-003 BD3038 10/08/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
IT-TNTB-BEDGW-001 CB3019 04/05/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
IT-TNTB-BEDGW-001 CB3020 (FD) 04/05/2002 Exp, Metals, SVOC, VOC
TNTB-BEDGW-004 CB3023 04/08/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
TNTB-BEDGW-003 CB3024 04/10/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
Overburden Wells
MK-MW17 5790 11/21/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
MK-MW17 5795 05/27/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
MK-MW17 BD3012 10/01/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCB, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
MK-MW17 CB3038 04/12/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCB, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
Overburden Direct-Push Samples
TNTB-DP03 BB3003 08/01/2001 Exp, Metals
TNTB-DP02 BB3002 08/06/2001 Exp, Metals

Bedrock Wells
PB-BED-MW13 5890 11/13/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCBs, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW13 5895 05/29/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pests, PCBs, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW13 BD3017 10/03/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
TNTC-BEDGW-001 BD3042 10/04/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
TNTC-BEDGW-001 BD3048 (FD) 10/04/2001 Exp, Metals, Nitrate, SVOC, VOC
TNTC-BEDGW-001 CB3026 04/09/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW13 CB3025 04/10/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
Overburden Wells
PB-TNTC-MW6 5660 11/20/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-TNTC-MW3 5630 11/21/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-TNTC-MW5 5650 11/21/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
IT-MW09 5590 11/23/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-TNTC-MW4 5640 11/24/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-TNTC-MW6 5665 05/16/1998 Alkalinity, Chloride, Cyanide, Hardness, Metals, Nitrate, Sulfate, TDS, TOC, TSS
PB-TNTC-MW3 5635 05/18/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Nitrate, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-TNTC-MW4 5645 05/18/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-TNTC-MW5 5655 05/18/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-TNTC-MW6 5665R 05/18/1998 Exp, PCB, SVOC, VOC
IT-MW09 5595 05/19/1998 Alkalinity, Cyanide, Exp, Hardness, Metals, Nitrate, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC

TNT Area C

TNT Area B (continued)
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Overburden Direct-Push Samples (continued)
PB-TNTC-MW5 BD3035 10/03/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-TNTC-MW4 BD3043 10/04/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-TNTC-MW5 CB3029 04/08/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-TNTC-MW3 CB3027 04/10/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-TNTC-MW4 CB3028 04/10/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
Overburden Direct-Push Samples
TNTC-GW10 AB3010 09/27/2000 Exp, Metals, PCB, SVOC, VOC
TNTC-GW10 AB3011 (FD) 09/27/2000 Exp, Metals, PCB, SVOC, VOC
TNTC-GW03 AB3003 09/28/2000 Exp, Metals, PCB, SVOC, VOC
TNTC-GW04 AB3004 09/28/2000 Exp, Metals, PCB, SVOC, VOC
TNTC-GW06 AB3006 09/28/2000 Exp, Metals, PCB, SVOC, VOC
TNTC-GW07 AB3007 09/28/2000 Exp, Metals, PCB, SVOC, VOC
TNTC-GW09 AB3009 09/29/2000 Exp, Metals, PCB, SVOC, VOC
TNTC-GW02 AB3002 10/10/2000 Exp, Metals, PCB, SVOC, VOC
TNTC-GW05 AB3005 10/10/2000 Exp, Metals, PCB, SVOC, VOC
TNTC-GW08 AB3008 10/10/2000 Exp, Metals, PCB, SVOC, VOC
TNTC-DP13 BC3013 08/01/2001 Exp, VOC
TNTC-DP19 BC3019 08/06/2001 Exp, VOC

Bedrock Wells
PB-BED-MW15 5910 11/18/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW15 5915 05/28/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW15 BD3019 10/09/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW23 BD3028 10/09/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW23 CB3040 04/11/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW15 CB3041 04/15/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
Overburden Wells
PB-PR-MW7 5690 11/17/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-PR-MW8 5700 11/17/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-PR-MW8 5701 (FD) 11/17/1997 Exp, Metals, PCBs, SVOC, VOC
PB-PR-MW9 5710 11/17/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
IT-MW05 5550 11/19/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-PR-MW7 5695 05/20/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-PR-MW7 5696 (FD) 05/20/1998 Exp, Metals, PCBs, SVOC, VOC
PB-PR-MW8 5705 05/20/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-PR-MW9 5715 05/20/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
IT-MW05 5555 05/28/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
IT-MW05 5556 (FD) 05/28/1998 Exp, Metals, PCBs, SVOC, VOC

Pentolite Road Red Water Ponds Area

TNT Area C (continued)
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Table 2-2

Groundwater Samples Evaluated
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 4 of 6)

Location

Sample 
Number Sample Date Analyses

Overburden Direct-Push Samples
PRRP-DP03 7310 06/08/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOC, Sufate, TDS, TOC, TSS, VOC
PRRP-DP04 7350 06/09/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOC, Sufate, TDS, TOC, TSS, VOC
PRRP-DP06 7430 06/09/1998 Exp
PRRP-DP07 7470 06/10/1998 Metal, SVOC, VOC
PRRP-DP08 7510 06/10/1998 Exp, Metals, SVOC, VOC
PRRP-DP10 7590 06/10/1998 Exp, Metals, PCBs, SVOC, VOC
PRRP-DP12 7670 06/11/1998 Exp, Metal, PCBs, SVOC, VOC
PRRP-DP17 7870 06/11/1998 Exp, Metals, PCBs, SVOC, VOC
PRRP-DP17 7871 (FD) 06/11/1998 Exp, Metals, PCBs, SVOC, VOC
PRRP-DP01 7230 06/12/1998 Exp, Metals, PCBs, SVOC, VOC
PRRP-DP13 7710 06/12/1998 Exp, Metals, PCBs, SVOC, VOC
PRRP-DP14 7750 06/12/1998 Exp, Metals, PCBs, SVOC, VOC
PRRP-DP15 7790 06/12/1998 Exp, Metals, PCBs, SVOC, VOC
PRRP-DP18 7910 06/12/1998 Exp, Metals, PCBs, SVOC, VOC
PRRP-DP16 7830 06/13/1998 Exp, Metals, SVOC, VOC
PRRP-DP19 7950 06/13/1998 Exp, Metals, SVOC, VOC
PRRP-DP02 7270 06/14/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOC, Sufate, TDS, TOC, TSS, VOC
PRRP-DP05 7390 06/14/1998 Exp, Metals, PCBs, SVOC, VOC
PRRP-DP09 7550 06/14/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOC, Sufate, TDS, TOC, TSS, VOC
PRRP-DP11 7630 06/14/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sufate, TDS, TOC, TSS, VOC
PRRP-DP20 7990 06/14/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOC, Sufate, TDS, TOC, TSS, VOC
PRRP-DP11 7630R 06/25/1998 Exp, PCB

Bedrock Wells
PB-BED-MW14 5900 11/18/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW14 5905 05/16/1998 Alkalinity, Chloride, Cyanide, Hardness, Metals, Nitrate, Sulfate, TDS, TOC, TSS
PB-BED-MW14 5905R 05/18/1998 Exp, PCB, SVOC, VOC
PB-BED-MW14 BD3018 09/28/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, SVOC, Sulfate, TDS, TOC, TSS
PB-BED-MW14 BD3018R 10/05/2001 Nitrate, Turb, VOC
PB-BED-MW14 CB3022 04/08/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
Overburden Wells
IT-MW10 5600 11/14/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
IT-MW02 5540 11/21/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
PB-WA-MW1 5670 11/21/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
PB-WA-MW2 5680 11/23/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
IT-MW10 5605 05/14/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Nitrate, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
IT-MW02 5545 05/15/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
PB-WA-MW2 5685 05/15/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs
PB-WA-MW1 5675 05/18/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCBs, SVOCs, Sulfate, TDS, TOC, TSS, VOCs

West Area Red Water Pond Area

Pentolite Road Red Water Ponds Area (continued)
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Table 2-2

Groundwater Samples Evaluated
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 5 of 6)

Location

Sample 
Number Sample Date Analyses

Overburden Direct-Push Samples
WARP-DP01 8130 06/25/1998 Exp, VOC
WARP-DP02 8170 06/24/1998 Exp, Metals, VOC
WARP-DP04 8250 06/24/1998 Exp, VOC
WARP-DP04 8251 (FD) 06/24/1998 Exp, VOC
WARP-DP04 8250B 06/25/1998 Metals, SVOC
WARP-DP06 8330 06/23/1998 Exp, VOC
WARP-DP07 8370 06/26/1998 Exp, Metals, SVOC, VOC
WARP-DP08 8410 06/16/1998 Exp, VOC
WARP-DP09 8450 06/16/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
WARP-DP11 8530 06/26/1998 Exp, Metals, SVOC, VOC
WARP-DP12 8570 06/15/1998 Exp, VOC
WARP-DP13 8610 06/15/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
WARP-DP15 8690 06/26/1998 Exp, VOC
WARP-DP16 8730 06/25/1998 Exp, Metals, PCB, SVOC, VOC
WARP-DP17 8770 06/25/1998 Exp, Metals, PCB, SVOC, VOC
WARP-DP19 8850 06/26/1998 Exp, VOC

Bedrock Wells
PB-BED-MW19 5950 11/14/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW17 5930 11/20/1997 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW19 5955 05/16/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW17 5935 05/29/1998 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, Pest, PCB, SVOC, Sulfate, TDS, TOC, TSS, VOC
PB-BED-MW17 BD3021 10/03/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW19 BD3025 10/04/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW19 BD3046 (FD) 10/04/2001 Exp, Metals, SVOC, VOC
PB-BED-MW22 BD3027 10/08/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW24 BD3029 10/09/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW27 BD3032 10/09/2001 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW24 CA3001 01/17/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW24 CB3008 04/03/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW19 CB3013 04/04/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW22 CB3009 04/04/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW22 CB3010 (FD) 04/04/2002 Exp, Metals, SVOC, VOC
PB-BED-MW27 CB3012 04/09/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW17 CB3014 04/11/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW24 CC3004 07/12/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW27 CD3009 10/18/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW24 CD3004 10/19/2002 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW24 DA3004 04/09/2003 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC

West Area Red Water Pond Area (continued)

Downgradient Boundary Area
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Table 2-2

Groundwater Samples Evaluated
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 6 of 6)

Location

Sample 
Number Sample Date Analyses

PB-BED-MW24 DC3002 09/17/2003 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC

Bedrock Wells (continued)
PB-BED-MW24 DD3003 12/11/2003 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW24 DE3002 03/10/2004 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW19 DF3001 05/05/2004 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW22 DF3002 05/05/2004 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW22 DF3005 (FD) 05/05/2004 Exp, Metals, SVOC, VOC
PB-BED-MW17 DF3000 05/06/2004 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW30 DF3003 05/07/2004 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW19 DH3001 08/25/2004 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW30 DH3003 08/25/2004 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW17 DH3000 08/26/2004 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW22 DH3002 08/26/2004 Alkalinity, Chloride, Cyanide, Exp, Hardness, Metals, Nitrate, SVOC, Sulfate, TDS, TOC, TSS, Turb, VOC
PB-BED-MW22 DH3005 (FD) 08/26/2004 Exp, Metals, SVOC, VOC

FD - Field duplicate.
PCB - Polychlorinated biphenyl.
SVOC - Semivolatile organic compound.
TDS - Total dissolved solid.
TOC - Total organic carbon.
TPH - Total petroleum hydrocarbon.
TSS - Total suspended solid.
Turb - Turbidity.
VOC - Volatile organic compound.
EXP - Nitroaromatic explosive.

Downgradient Boundary Area (continued)
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Table 2-3

Background Screening Concentrations
for Inorganics and BTEX Compounds in Groundwater
Former Plum Brook Ordnance Works, Sandusky, Ohio

Range of Values, µg/L
Detection Percent Detected Concentrations Reporting Limits Mean Standard UTL a BSC b

Chemical Frequency hits Minimum Maximum Minimum Maximum µg/L Deviation µg/L µg/L

Metals - Unfiltered

Aluminum 11 / 13 85 3.15E+01 3.09E+02 2.00E+02 2.00E+02 1.05E+02 6.98E+01 4.17E+02 309

Arsenic 4 / 26 15 3.30E+00 7.40E+00 1.00E+01 1.00E+01 4.99E+00 6.56E-01 7.92E+00 7.4

Barium 28 / 28 100 2.58E+01 1.18E+04 2.00E+02 2.00E+03 1.73E+03 3.77E+03 1.86E+04 11800

Calcium 28 / 28 100 1.74E+04 3.16E+05 5.00E+03 5.00E+03 1.38E+05 8.31E+04 5.09E+05 316000

Cobalt 6 / 27 22 1.00E+00 1.21E+01 5.00E+01 5.00E+01 2.05E+01 8.75E+00 5.96E+01 12.1

Copper 2 / 28 7 3.30E+00 1.98E+01 2.50E+01 2.50E+01 1.24E+01 2.26E+00 2.25E+01 19.8

Iron 24 / 27 89 3.82E+01 1.55E+03 1.00E+02 1.00E+02 4.15E+02 4.87E+02 2.59E+03 1550

Magnesium 28 / 28 100 7.28E+03 2.17E+05 5.00E+03 5.00E+03 7.17E+04 5.85E+04 3.33E+05 217000

Manganese 28 / 28 100 3.60E+00 6.88E+02 1.50E+01 1.50E+01 8.12E+01 1.24E+02 6.36E+02 636

Nickel 4 / 27 15 4.80E+00 8.60E+00 4.00E+01 4.00E+01 1.81E+01 4.67E+00 3.90E+01 8.6

Potassium 28 / 28 100 2.53E+03 1.16E+05 5.00E+03 5.00E+04 2.70E+04 3.06E+04 1.64E+05 116000

Sodium 28 / 28 100 1.33E+04 1.39E+06 5.00E+03 5.00E+04 3.55E+05 4.36E+05 2.30E+06 1390000

Zinc 14 / 19 74 8.30E-01 5.07E+02 2.00E+01 2.00E+01 5.55E+01 1.23E+02 6.06E+02 507

Volatile Organic Compounds

Benzene 9 / 28 32 1.45E-01 2.40E+00 1.00E+00 5.00E+00 6.73E-01 5.43E-01 3.10E+00 2.4

Ethylbenzene 6 / 28 21 1.30E-01 8.70E-01 1.00E+00 5.00E+00 5.82E-01 4.00E-01 2.37E+00 0.87

Toluene 8 / 28 29 1.20E-01 1.70E+00 1.00E+00 5.00E+00 4.99E-01 2.83E-01 1.76E+00 1.7

Xylenes, total 8 / 28 29 3.60E-01 5.50E+00 1.00E+00 5.00E+00 1.22E+00 1.53E+00 8.07E+00 5.5

a The UTL (upper tolerance limit) is calculated using the Chebychev equation (mean + 4.47 * standard deviation).
b The BSC (background screening criterion) is the calculated UTL or the maximum detected concentration, whichever is less.
µg/L - Micrograms per liter.
mg/L - Milligrams per liter.
BTEX - Benzene, toluene, ethylbenzene, and xylenes.

Source:  Shaw Environmental, Inc., 2005, 2004 Data Summary and Evaluation Report, Final, Plum Brook Ordnance Works, Sandusky, Ohio, April.
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Table 2-4

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Values, µg/L Exposure Point
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L b µg/L COPC? e,f µg/L
Inorganics
Aluminum 3 / 5 60 79.2 - 8300 200 - 200 NP 1.77E+03 8.30E+03 3.09E+02 3.65E+03 Y 8.30E+03
Arsenic 2 / 6 33 10.8 - 17.3 10 - 200 L 3.14E+01 5.31E+02 7.40E+00 4.48E-02 Y 1.73E+01
Barium 6 / 6 100 471 - 1290 200 - 200 N 9.19E+02 1.14E+03 1.18E+04 2.55E+02 N (b) ---
Beryllium 1 / 5 20 1.1 - 1.1 5 - 5 NP 2.22E+00 2.50E+00 7.30E+00 N (a) ---
Cadmium 1 / 6 17 1.2 - 1.2 5 - 5 NP 2.28E+00 2.50E+00 1.82E+00 N (a) ---
Calcium 6 / 6 100 724000 - 12000000 50000 - 500000 L 3.01E+06 1.93E+07 3.16E+05 Nutrient N (c) ---
Chromium 1 / 6 17 37.2 - 37.2 10 - 10 NP 1.04E+01 3.72E+01 1.09E+01 h Y 3.72E+01
Cobalt 2 / 6 33 6.4 - 12.7 50 - 50 NP 1.99E+01 2.50E+01 1.21E+01 7.30E+01 N (a) ---
Copper 2 / 6 33 3.2 - 53.1 25 - 25 L 1.77E+01 8.43E+01 1.98E+01 1.46E+02 N (a) ---
Iron 4 / 5 80 40 - 33400 100 - 100 NP 6.76E+03 3.34E+04 1.55E+03 1.09E+03 Y 3.34E+04
Lead 1 / 6 17 18.4 - 18.4 3 - 60 N 1.23E+01 2.14E+01 1.50E+01 i Y 1.84E+01
Magnesium 6 / 6 100 384000 - 943000 5000 - 50000 L 6.53E+05 1.02E+06 2.17E+05 Nutrient N (c) ---
Manganese 6 / 6 100 36.8 - 11700 15 - 15 L 2.30E+03 5.15E+07 6.36E+02 8.76E+01 Y 1.17E+04
Mercury 2 / 6 33 0.067 - 1 0.2 - 0.2 NP 2.45E-01 1.00E+00 1.09E+00 N (a) ---
Nickel 2 / 6 33 48.8 - 75.7 40 - 40 NP 3.41E+01 7.57E+01 8.60E+00 7.30E+01 Y 7.57E+01
Potassium 6 / 6 100 94200 - 334000 5000 - 50000 L 1.78E+05 2.84E+05 1.16E+05 Nutrient N (c) ---
Sodium 6 / 6 100 442000 - 4050000 5000 - 200000 N 2.40E+06 3.48E+06 1.39E+06 Nutrient N (c) ---
Vanadium 1 / 6 17 36.9 - 36.9 50 - 50 NP 2.70E+01 3.69E+01 3.65E+00 Y 3.69E+01
Zinc 4 / 6 67 31 - 425 20 - 20 L 1.37E+02 1.90E+04 5.07E+02 1.09E+03 N (a) ---
Explosives
1,3,5-Trinitrobenzene 1 / 6 17 1.5 - 1.5 0.2 - 0.2 NP 3.33E-01 1.50E+00 1.09E+02 N (a) ---
1,3-Dinitrobenzene 1 / 6 17 1 - 1 0.2 - 0.36 NP 2.74E-01 1.00E+00 3.65E-01 Y 1.00E+00
2,4-Dinitrotoluene 1 / 6 17 0.49 - 0.49 0.2 - 1.8 N 3.56E-01 6.21E-01 9.89E-02 j Y 4.90E-01
2,6-Dinitrotoluene 1 / 6 17 3.6 - 3.6 0.2 - 1.1 NP 7.64E-01 3.60E+00 9.89E-02 j Y 3.60E+00
2-Amino-4,6-dinitrotoluene 2 / 4 50 0.33 - 0.55 0.2 - 0.2 NA 2.70E-01 NA 7.30E-01 k N (a) ---
2-Nitrotoluene 1 / 6 17 0.31 - 0.31 0.2 - 8.1 NP 8.13E-01 4.05E+00 4.87E-02 Y 3.10E-01
3-Nitrotoluene 1 / 6 17 0.3 - 0.3 0.2 - 0.27 NP 1.40E-01 3.00E-01 1.22E+01 N (a) ---
4-Amino-2,6-dinitrotoluene 2 / 6 33 1.3 - 1.3 0.2 - 1.8 NP 6.33E-01 1.30E+00 7.30E-01 k Y 1.30E+00
Nitrobenzene 1 / 6 17 2 - 2 0.2 - 1.9 NP 5.62E-01 2.00E+00 3.40E-01 Y 2.00E+00
Semivolatile Organic Compounds
2,4-Dimethylphenol 6 / 6 100 5.1 - 18 10 - 100 N 1.11E+01 1.48E+01 7.30E+01 N (a) ---
2-Methylnaphthalene 6 / 6 100 1.6 - 470 10 - 100 L 8.85E+01 4.07E+05 6.20E-01 l Y 4.70E+02
2-Methylphenol 5 / 6 83 2.6 - 12 10 - 100 L 1.25E+01 1.44E+02 1.82E+02 N (a) ---
4-Methylphenol 6 / 6 100 1.2 - 15 10 - 100 L 6.20E+00 3.14E+01 1.82E+01 N (a) ---
Bis(2-ethylhexyl)phthalate 2 / 5 40 3.5 - 8.6 10 - 100 L 5.42E+00 8.15E+00 4.80E+00 Y 8.15E+00
Chrysene 2 / 6 33 0.62 - 15 10 - 100 NP 5.94E+00 1.50E+01 9.21E+00 Y 1.50E+01
Dibenzofuran 1 / 6 17 12 - 12 10 - 100 NP 6.17E+00 1.20E+01 1.22E+00 Y 1.20E+01
Fluorene 2 / 6 33 1.9 - 28 10 - 100 NP 8.32E+00 2.80E+01 2.43E+01 Y 2.80E+01
Naphthalene 6 / 6 100 3.1 - 170 10 - 100 L 3.93E+01 2.50E+03 6.20E-01 Y 1.70E+02
Phenanthrene 2 / 6 33 3.4 - 74 10 - 100 NP 1.62E+01 7.40E+01 1.83E+01 m Y 7.40E+01
Phenol 5 / 6 83 1.4 - 27 10 - 100 L 1.18E+01 1.57E+02 1.09E+03 N (a) ---
Volatile Organic Compounds
Acetone 3 / 3 100 34 - 290 50 - 1000 NA 1.37E+02 NA 5.48E+02 N (a) ---
Benzene 5 / 6 83 5.7 - 700 5 - 200 L 2.12E+02 5.12E+05 3.54E-01 Y 7.00E+02
Carbon disulfide 3 / 6 50 4.8 - 32 5 - 200 N 4.08E+01 6.96E+01 1.04E+02 N (a) ---

RBSC d

µg/L
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Table 2-4

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of Values, µg/L Exposure Point
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L b µg/L COPC? e,f µg/L
RBSC d

µg/L
Chloromethane 1 / 6 17 35 - 35 10 - 400 L 5.83E+01 1.10E+04 1.58E+01 Y 3.50E+01
Ethylbenzene 6 / 6 100 32 - 240 5 - 200 L 1.17E+02 5.53E+02 1.34E+02 Y 2.40E+02
Methylene chloride 3 / 5 60 47 - 330 5 - 400 L 1.11E+02 1.45E+07 4.28E+00 Y 3.30E+02
Toluene 5 / 6 83 21 - 730 5 - 200 L 2.60E+02 1.40E+04 7.23E+01 Y 7.30E+02
Xylenes, total 6 / 6 100 150 - 1400 5 - 200 L 6.27E+02 3.60E+03 2.06E+01 Y 1.40E+03
Miscellaneous
Chloride 5 / 5 100 1200 - 12900 0.1 - 200 N 7.05E+03 1.13E+04 Nutrient N (d) 1.13E+04
Sulfate 4 / 4 100 16 - 388 0.01 - 100 NA 1.20E+02 NA 5.00E+05 n N (a) ---

COPC - Chemical of potential concern; UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N = Normal distribution; L = Lognormal distribution; NP = Nonparametric distribution; NA = Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - essential nutrient with no toxicity value available.
f Y - Chemical is chosen as COPC.
g  Exposure point concentration is chosen based on criteria described in section 3.2.1.
h Based on PRG for chromium VI.
i  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
j Based on PRG for dinitrotoluene mixture.
k Based on PRG for aminodinitrotoluene.
l Based on PRG for naphthalene.
m Based on PRG for pyrene.
n  Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-5

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of values, µg/L Arithmetic Exposure Point
Detection Percent Detected Conc Reporting Limits Statistical Mean 95% UCLb BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L COPC? e,f µg/L
Metals
Aluminum 7 / 7 100 53.1 - 16900 200 - 200 L 3.77E+03 1.54E+06 3.09E+02 3.65E+03 Y 1.69E+04
Arsenic 3 / 8 38 12.5 - 22.7 10 - 10 NP 9.14E+00 1.29E+01 7.40E+00 4.48E-02 Y 1.29E+01
Barium 7 / 8 88 39.9 - 1780 200 - 200 N 8.80E+02 1.36E+03 1.18E+04 2.55E+02 N (b) ---
Calcium 8 / 8 100 76500 - 217000 5000 - 5000 L 1.20E+05 1.64E+05 3.16E+05 Nutrient N (c) ---
Chromium 3 / 8 38 1.3 - 32.3 10 - 10 L 9.18E+00 3.03E+01 1.09E+01 h Y 3.03E+01
Cobalt 2 / 8 25 10.1 - 18.7 50 - 50 NP 2.24E+01 2.50E+01 1.21E+01 7.30E+01 N (a) ---
Copper 5 / 7 71 10.9 - 99.2 25 - 25 L 4.28E+01 1.79E+02 1.98E+01 1.46E+02 N (a) ---
Iron 7 / 8 88 132 - 41700 100 - 100 N 1.52E+04 2.56E+04 1.55E+03 1.09E+03 Y 2.56E+04
Lead 4 / 8 50 3.9 - 15.7 3 - 3 L 4.85E+00 1.54E+01 1.50E+01 i Y 1.54E+01
Magnesium 8 / 8 100 22800 - 72500 5000 - 5000 N 4.80E+04 6.22E+04 2.17E+05 Nutrient N (c) ---
Manganese 8 / 8 100 32.65 - 1140 15 - 15 N 5.18E+02 7.91E+02 6.36E+02 8.76E+01 Y 7.91E+02
Mercury 1 / 8 13 0.079 - 0.079 0.2 - 0.2 NP 9.74E-02 1.00E-01 1.09E+00 N (a) ---
Nickel 4 / 8 50 5.1 - 71.2 40 - 40 L 2.95E+01 7.48E+01 8.60E+00 7.30E+01 N (a) ---
Potassium 8 / 8 100 851 - 136000 5000 - 50000 L 4.95E+04 5.15E+06 1.16E+05 Nutrient N (c) ---
Selenium 2 / 8 25 5.6 - 14.4 5 - 5 NP 4.38E+00 5.60E+00 1.82E+01 N (a) ---
Sodium 8 / 8 100 6660 - 849000 5000 - 50000 N 3.60E+05 5.71E+05 1.39E+06 Nutrient N (c) ---
Vanadium 3 / 8 38 2.3 - 48.6 50 - 50 NP 2.49E+01 2.50E+01 3.65E+00 Y 2.50E+01
Zinc 8 / 8 100 3.8 - 184 20 - 20 L 7.27E+01 9.41E+02 5.07E+02 1.09E+03 N (a) ---
Semivolatile Organic Compounds
2-Methylnaphthalene 1 / 8 13 4.8 - 4.8 10 - 14.5 NP 5.26E+00 5.00E+00 6.20E-01 j Y 4.80E+00
Bis(2-ethylhexyl)phthalate 2 / 7 29 2 - 3.6 10 - 14.5 N 4.69E+00 5.87E+00 4.80E+00 N (a) ---
Naphthalene 1 / 8 13 2.8 - 2.8 10 - 14.5 NP 5.01E+00 5.00E+00 6.20E-01 Y 2.80E+00
Phenanthrene 1 / 8 13 0.73 - 0.73 10 - 14.5 NP 4.75E+00 5.00E+00 1.83E+01 k N (a) ---
Phenol 2 / 8 25 1.6 - 2.2 10 - 14.5 N 4.51E+00 5.71E+00 1.09E+03 N (a) ---
Volatile Organic Compounds
1,1-Dichloroethane 2 / 8 25 0.19 - 0.4 1 - 5 L 7.93E-01 1.80E+00 8.11E+01 N (a) ---
2-Butanone 2 / 4 50 69 - 75 5 - 25 N 3.73E+01 8.46E+01 6.97E+02 N (a) ---
2-Hexanone 1 / 6 17 0.56 - 0.56 5 - 25 L 4.47E+00 3.54E+01 1.99E+02 l N (a) ---
4-Methyl-2-pentanone 1 / 8 13 0.7 - 0.7 5 - 25 L 3.99E+00 1.04E+01 1.99E+02 N (a) ---
Acetone 3 / 3 100 38 - 110 10 - 50 N 7.77E+01 NA 5.48E+02 N (a) ---
Benzene 5 / 8 63 0.14 - 17 1 - 5 L 4.38E+00 1.53E+02 3.54E-01 Y 1.70E+01
Carbon disulfide 4 / 8 50 0.37 - 8 1 - 5 NP 2.39E+00 7.20E+00 1.04E+02 N (a) ---
Ethylbenzene 1 / 8 13 0.52 - 0.52 1 - 5 NP 8.46E-01 1.00E+00 1.34E+02 N (a) ---
Toluene 3 / 7 43 1.25 - 5.2 1 - 5 L 1.95E+00 1.01E+01 7.23E+01 N (a) ---
Xylenes, total 2 / 7 29 0.945 - 2.3 1 - 5 L 1.18E+00 2.79E+00 2.06E+01 N (a) ---
Miscellaneous
Chloride 8 / 8 100 2800 - 3720000 1000 - 1000 L 9.18E+05 1.21E+10 Nutrient N (d) ---
Nitrate 1 / 7 14 48 - 48 1000 - 1000 NP 4.35E+02 5.00E+01 1.00E+02 m N (a) ---
Sulfate 8 / 8 100 31100 - 160000 1000 - 1000 N 9.64E+04 1.29E+05 5.00E+05 n N (a) ---

RBSC d

µg/L
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Table 2-5

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

COPC - Chemical of potential concern; UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter; NA - Not applicable.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution 1not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - essential nutrient with no toxicity value available.
f Y - Chemical is chosen as COPC.
g  Exposure point concentration is chosen based on criteria described in section 3.2.1.
h Based on PRG for chromium VI.
i  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
j Based on PRG as for naphthalene.
k Based on PRG as for pyrene.
l Based on PRG as for 4-methyl-2-pentanone.
m Based on PRG for nitrite.
n Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-6

Statistical Distribution and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Values, µg/L Exposure Point
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Concentration g

Chemical Frequency Hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L COPC? e,f µg/L
Metals
Aluminum 1 / 3 33 96.8 - 96.8 200 - 200 NA 9.89E+01 NA 3.09E+02 3.65E+03 N (a) ---
Arsenic 1 / 6 17 4.1 - 4.1 10 - 10 NP 4.74E+00 5.00E+00 7.40E+00 4.48E-02 N (b) ---
Barium 5 / 6 83 16.5 - 2680 200 - 200 L 9.28E+02 5.49E+06 1.18E+04 2.55E+02 N (b) ---
Calcium 6 / 6 100 125000 - 439000 5000 - 5000 NP 3.48E+05 4.34E+05 3.16E+05 Nutrient N (c) ---
Copper 1 / 6 17 6.1 - 6.1 25 - 25 NP 1.16E+01 1.25E+01 1.98E+01 1.46E+02 N (a) ---
Iron 4 / 6 67 55.1 - 335 100 - 100 L 1.37E+02 4.59E+02 1.55E+03 1.09E+03 N (a) ---
Magnesium 6 / 6 100 9250 - 334000 5000 - 5000 N 1.67E+05 2.43E+05 2.17E+05 Nutrient N (c) ---
Manganese 6 / 6 100 5.1 - 271 15 - 15 L 9.17E+01 2.84E+03 6.36E+02 8.76E+01 N (b) ---
Nickel 1 / 6 17 2.3 - 2.3 40 - 40 NP 1.75E+01 2.00E+01 8.60E+00 7.30E+01 N (a) ---
Potassium 5 / 6 83 9610 - 101000 5000 - 5000 L 4.89E+04 1.46E+06 1.16E+05 Nutrient N (c) ---
Sodium 6 / 6 100 29500 - 1330000 5000 - 50000 NP 5.52E+05 1.19E+06 1.39E+06 Nutrient N (c) ---
Zinc 3 / 6 50 5.6 - 47.2 20 - 20 NP 1.43E+01 1.00E+01 5.07E+02 1.09E+03 N (a) ---
Semivolatile Organic Compounds
2,4-Dimethylphenol 4 / 6 67 13 - 22 10 - 10 N 1.24E+01 1.84E+01 7.30E+01 N (a) ---
2-Methylnaphthalene 6 / 6 100 3.2 - 34 10 - 10 N 1.67E+01 2.66E+01 6.20E-01 h Y 2.66E+01
2-Methylphenol 4 / 6 67 3.3 - 6.6 10 - 10 N 5.00E+00 5.87E+00 1.82E+02 N (a) ---
4-Methylphenol 4 / 6 67 3.3 - 6.9 10 - 10 N 5.10E+00 5.97E+00 1.82E+01 N (a) ---
Bis(2-ethylhexyl)phthalate 4 / 6 67 5.2 - 55 10 - 10 NP 1.95E+01 5.50E+01 4.80E+00 Y 5.50E+01
Fluorene 2 / 6 33 1 - 1.4 10 - 10 NP 3.91E+00 5.00E+00 2.43E+01 N (a) ---
Isophorone 1 / 6 17 2.7 - 2.7 10 - 10 NP 4.67E+00 5.00E+00 7.08E+01 N (a) ---
Naphthalene 6 / 6 100 2.5 - 34 10 - 10 L 1.38E+01 8.66E+01 6.20E-01 Y 3.40E+01
Phenanthrene 2 / 6 33 1.3 - 1.9 10 - 10 NP 4.03E+00 5.00E+00 1.83E+01 i N (a) ---
Phenol 4 / 6 67 11 - 69 10 - 10 NP 2.41E+01 6.20E+01 1.09E+03 N (a) ---
Volatile Organic Compounds
Acetone 1 / 6 17 53 - 53 200 - 200 NA 5.30E+01 NA 5.48E+02 N (a) ---
Benzene 6 / 6 100 8.4 - 410 20 - 100 L 1.34E+02 3.55E+03 3.54E-01 Y 4.10E+02
Bromomethane 1 / 6 17 13 - 13 2 - 200 L 4.41E+01 3.88E+03 8.66E-01 Y 1.30E+01
Carbon disulfide 1 / 6 17 5.8 - 5.8 1 - 100 L 2.55E+01 8.87E+01 1.04E+02 N (a) ---
Ethylbenzene 6 / 6 100 12 - 130 20 - 100 L 6.26E+01 2.87E+02 1.34E+02 N (a) ---
Methylene chloride 4 / 5 80 19 - 160 1 - 200 L 5.03E+01 2.73E+05 4.28E+00 Y 1.60E+02
Toluene 6 / 6 100 8.8 - 300 20 - 100 L 1.34E+02 3.46E+03 7.23E+01 Y 3.00E+02
Xylenes, total 6 / 6 100 90 - 1300 20 - 100 L 5.76E+02 3.48E+03 2.06E+01 Y 1.30E+03
Miscellaneous
Chloride 5 / 6 83 242000 - 4290000 50 - 1000000 L 2.00E+06 6.96E+07 Nutrient N (d) ---
Sulfate 6 / 6 100 5000 - 1340000 10 - 250000 L 4.22E+05 6.91E+09 5.00E+05 j Y 1.34E+06

RBSC d

µg/L
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Table 2-6

Statistical Distribution and COPC Selection of Chemicals Detected in Bedrock Groundwater
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

COPC - Chemical of potential concern; UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - essential nutrient with no toxicity value available.
f Y - Chemical is chosen as COPC.
g  Exposure point concentration is chosen based on criteria described in section 3.2.1.
h Based on PRG for naphthalene.
i Based on PRG as for pyrene.
j Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-7

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Values, µg/L Exposure Point
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L COPC? e,f µg/L
Metals
Aluminum 2 / 3 67 350 - 513 200 - 200 N 3.21E+02 6.72E+02 3.09E+02 3.65E+03 N (a) ---
Barium 6 / 6 100 64.2 - 1710 200 - 200 L 6.37E+02 1.46E+04 1.18E+04 2.55E+02 N (b) ---
Calcium 6 / 6 100 199000 - 859000 5000 - 50000 L 4.43E+05 9.13E+05 3.16E+05 Nutrient N (c) ---
Chromium 3 / 6 50 6.1 - 20.6 10 - 10 NP 9.45E+00 2.06E+01 1.09E+01 h Y 2.06E+01
Cobalt 1 / 6 17 5.9 - 5.9 50 - 50 NP 2.18E+01 2.50E+01 1.21E+01 7.30E+01 N (a) ---
Copper 2 / 6 33 4.8 - 39.5 25 - 25 L 1.57E+01 4.08E+01 1.98E+01 1.46E+02 N (a) ---
Iron 5 / 6 83 142 - 7280 100 - 100 L 3.14E+03 1.97E+07 1.55E+03 1.09E+03 Y 7.28E+03
Magnesium 6 / 6 100 169000 - 591000 5000 - 50000 L 2.73E+05 4.63E+05 2.17E+05 Nutrient N (c) ---
Manganese 6 / 6 100 5.6 - 1170 15 - 15 L 2.61E+02 1.06E+06 6.36E+02 8.76E+01 Y 1.17E+03
Nickel 3 / 6 50 3.8 - 13.6 40 - 40 N 1.41E+01 2.00E+01 8.60E+00 7.30E+01 N (a) ---
Potassium 6 / 6 100 58800 - 96000 5000 - 50000 L 7.20E+04 8.56E+04 1.16E+05 Nutrient N (c) ---
Sodium 6 / 6 100 559000 - 1810000 5000 - 50000 NP 8.40E+05 1.81E+06 1.39E+06 Nutrient N (c) ---
Thallium 1 / 6 17 50.8 - 50.8 10 - 50 NP 1.26E+01 5.08E+01 2.41E-01 Y 5.08E+01
Zinc 3 / 5 60 3 - 30.6 20 - 20 L 1.43E+01 1.05E+02 5.07E+02 1.09E+03 N (a) ---
Explosives
2,4,6-Trinitrotoluene 2 / 6 33 1.3 - 1.6 0.2 - 2 N 8.63E-01 1.30E+00 1.82E+00 N (a) ---
2,4-Dinitrotoluene 1 / 6 17 0.89 - 0.89 0.2 - 2 N 5.97E-01 9.33E-01 9.89E-02 i Y 8.90E-01
2,6-Dinitrotoluene 1 / 6 17 0.89 - 0.89 0.4 - 6 L 1.49E+00 2.55E+00 9.89E-02 i Y 8.90E-01
4-Amino-2,6-dinitrotoluene 1 / 6 17 0.97 - 0.97 0.2 - 2.6 N 7.63E-01 1.11E+00 7.30E-01 j Y 9.70E-01
Nitrobenzene 1 / 6 17 0.35 - 0.35 0.2 - 2 L 3.76E-01 1.92E+00 3.40E-01 Y 3.50E-01
RDX 1 / 6 17 0.51 - 0.51 0.5 - 5 L 8.77E-01 4.42E+00 6.11E-01 N (a) ---
Semivolatile Organic Compounds
2,4-Dimethylphenol 6 / 6 100 5.6 - 51 10 - 10 L 2.04E+01 1.32E+02 7.30E+01 N (a) ---
2-Methylnaphthalene 6 / 6 100 22 - 37 10 - 10 L 2.90E+01 3.45E+01 6.20E-01 k Y 3.45E+01
2-Methylphenol 6 / 6 100 3 - 37 10 - 10 L 1.32E+01 1.24E+02 1.82E+02 N (a) ---
4-Methylphenol 6 / 6 100 3.9 - 43 10 - 10 L 1.42E+01 8.51E+01 1.82E+01 Y 4.30E+01
Bis(2-ethylhexyl)phthalate 5 / 5 100 1.8 - 37 10 - 10 L 1.03E+01 4.06E+02 4.80E+00 Y 3.70E+01
Butyl benzyl phthalate 1 / 6 17 1.5 - 1.5 10 - 10 NP 4.42E+00 5.00E+00 7.30E+02 N (a) ---
Diethyl phthalate 2 / 6 33 0.68 - 1.2 10 - 10 NP 3.65E+00 5.00E+00 2.92E+03 N (a) ---
Di-n-butyl phthalate 1 / 6 17 1.1 - 1.1 10 - 10 NP 4.35E+00 5.00E+00 3.65E+02 N (a) ---
Fluorene 2 / 6 33 1.4 - 1.7 10 - 10 NP 3.85E+00 5.00E+00 2.43E+01 N (a) ---
Isophorone 2 / 6 33 3.8 - 4.2 10 - 10 NP 4.67E+00 5.00E+00 7.08E+01 N (a) ---
Naphthalene 6 / 6 100 21 - 31 10 - 10 L 2.57E+01 2.99E+01 6.20E-01 Y 2.99E+01
n-Nitrosodiphenylamine 1 / 6 17 0.64 - 0.64 10 - 10 NP 4.27E+00 5.00E+00 1.37E+01 N (a) ---
Phenanthrene 6 / 6 100 0.98 - 2.4 10 - 10 L 1.70E+00 2.51E+00 1.83E+01 l N (a) ---
Phenol 6 / 6 100 12 - 150 10 - 10 L 5.12E+01 3.57E+02 1.09E+03 N (a) ---
Volatile Organic Compounds
1,1,2-Trichloroethane 1 / 6 17 4.9 - 4.9 20 - 200 L 4.83E+01 9.88E+02 2.00E-01 Y 4.90E+00
Acetone 4 / 4 100 87 - 1600 200 - 2000 L 8.14E+02 5.03E+06 5.48E+02 Y 1.60E+03
Benzene 6 / 6 100 570 - 2500 20 - 200 L 1.20E+03 3.07E+03 3.54E-01 Y 2.50E+03
Carbon disulfide 1 / 6 17 3.1 - 3.1 20 - 200 L 4.97E+01 1.47E+03 1.04E+02 N (a) ---

RBSC d

µg/L

KN6\PBOW\GW BHHRA\FINAL\2.0 Tbls.xls(Tbl 2-7 PRRP GW bdrk copc)\9/26/2006(3:27 PM)



Table 2-7

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of Values, µg/L Exposure Point
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L COPC? e,f µg/L
RBSC d

µg/L
Chlorobenzene 1 / 6 17 5.5 - 5.5 20 - 200 L 4.84E+01 8.45E+02 1.06E+01 N (a) ---
Ethylbenzene 6 / 6 100 130 - 230 20 - 200 L 1.62E+02 2.02E+02 1.34E+02 Y 2.02E+02
Methylene chloride 4 / 4 100 31 - 160 40 - 400 N 1.03E+02 1.66E+02 4.28E+00 Y 1.60E+02
Toluene 6 / 6 100 460 - 1000 20 - 200 L 6.73E+02 9.46E+02 7.23E+01 Y 9.46E+02
Xylenes, total 6 / 6 100 880 - 1600 20 - 200 L 1.10E+03 1.40E+03 2.06E+01 Y 1.40E+03
Miscellaneous
Chloride 6 / 6 100 1400000 - 6400000 50 - 100000 L 2.75E+06 5.13E+06 Nutrient N (d) ---
Sulfate 5 / 6 83 82000 - 218000 5 - 50000 N 9.63E+04 1.54E+05 5.00E+05 m N (a) ---

COPC - Chemical of potential concern; UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, 1distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - essential nutrient with no toxicity value available.
f Y - Chemical is chosen as COPC.
g  Exposure point concentration is chosen based on criteria described in section 3.2.1.
h Based on PRG for chromium VI.
i Based on PRG for dinitrotoluene mixture.
j Based on PRG for aminodinitrotoluene.
k Based on PRG for naphthalene.
l Based on PRG for pyrene.
m Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-8

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Values, µg/L Exposure Point
Detection Percent Detected Concentrations Reporting Limits Statistical Mean BSC b Concentration f

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L COPC? d,e µg/L
Metals
Arsenic 2 / 3 67 6.1 - 9.5 10 - 100 NA 2.19E+01 7.40E+00 4.48E-02 Y 9.50E+00
Barium 2 / 3 67 49.5 - 51.4 200 - 200 NA 6.70E+01 1.18E+04 2.55E+02 N (a) --
Calcium 3 / 3 100 99000 - 325000 5000 - 5000 NA 2.13E+05 3.16E+05 Nutrient N (c) --
Chromium 2 / 3 67 1.6 - 3.4 10 - 10 NA 3.33E+00 1.09E+01 g N (a) --
Cobalt 2 / 3 67 102 - 267 50 - 50 NA 1.31E+02 1.21E+01 7.30E+01 Y 2.67E+02
Copper 2 / 3 67 30.7 - 94.8 25 - 25 NA 4.60E+01 1.98E+01 1.46E+02 N (a) --
Iron 3 / 3 100 164 - 438 100 - 100 NA 3.43E+02 1.55E+03 1.09E+03 N (a) --
Lead 1 / 3 33 3.6 - 3.6 3 - 30 NA 6.70E+00 1.50E+01 h N (a) --
Magnesium 3 / 3 100 59700 - 230000 5000 - 5000 NA 1.45E+05 2.17E+05 Nutrient N (c) --
Manganese 3 / 3 100 32 - 136 15 - 15 NA 7.77E+01 6.36E+02 8.76E+01 N (b) --
Nickel 3 / 3 100 45.5 - 278 40 - 40 NA 1.45E+02 8.60E+00 7.30E+01 Y 2.78E+02
Potassium 3 / 3 100 42100 - 56800 5000 - 5000 NA 4.93E+04 1.16E+05 Nutrient N (c) --
Selenium 2 / 3 67 5.5 - 7.8 5 - 50 NA 1.28E+01 1.82E+01 N (a) --
Sodium 3 / 3 100 269000 - 1020000 5000 - 50000 NA 6.39E+05 1.39E+06 Nutrient N (c) --
Vanadium 1 / 2 50 5.5 - 5.5 50 - 50 NA 1.53E+01 3.65E+00 Y 5.50E+00
Zinc 2 / 2 100 10.8 - 64.8 20 - 20 NA 3.78E+01 5.07E+02 1.09E+03 N (a) --
Semivolatile Organic Compounds
2,4-Dinitrotoluene 2 / 4 50 16 - 19 10 - 1000 NA 1.65E+02 9.89E-02 i Y 1.90E+01
4,6-Dinitro-2-methylphenol 1 / 4 25 28 - 28 50 - 5000 NA 7.88E+02 3.65E-01 Y 2.80E+01
2,4-Dinitrophenol 1 / 4 25 14 - 14 50 - 5000 NA 7.85E+02 7.30E+00 Y 1.40E+01
3-Nitroaniline 1 / 4 25 150 - 150 50 - 5000 NA 8.19E+02 1.09E+00 Y 1.50E+02
Nitrobenzene 1 / 4 25 5.8 - 5.8 10 - 1000 NA 1.59E+02 3.40E-01 Y 5.80E+00
Volatile Organic Compounds
Benzene 1 / 4 25 1.1 - 1.1 1 - 5 NA 1.65E+00 3.54E-01 Y 1.10E+00
Carbon disulfide 2 / 4 50 0.25 - 1.3 1 - 5 NA 1.64E+00 1.04E+02 N (a) --
Ethylbenzene 1 / 4 25 0.59 - 0.59 1 - 5 NA 1.52E+00 1.34E+02 N (a) --
Xylenes, total 1 / 4 25 3.9 - 3.9 1 - 5 NA 2.35E+00 2.06E+01 N (a) --
Miscellaneous
Chloride 4 / 4 100 3000 - 79000 50 - 20000 NA 5.75E+04 Nutrient N (d) --
Cyanide, total 3 / 4 75 16 - 44 10 - 10 NA 2.58E+01 7.30E+01 N (a) --
Nitrate 3 / 3 100 22000 - 79300 2000 - 10000 NA 4.18E+04 1.00E+03 Y 7.93E+04
Nitrate-Nitrite 1 / 1 100 300 - 300 0.1 - 0.1 NA 3.00E+02 1.00E+02 j Y 3.00E+02
Sulfate 4 / 4 100 610000 - 2660000 500 - 1000000 NA 1.34E+06 5.00E+05 k Y 2.66E+06

RBSC c

µg/L
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Table 2-8

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

COPC - Chemical of potential concern; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:   NA - Not applicable, distribution not determined for sample sets less than 5.
b Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
c Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
d N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - essential nutrient with no toxicity value available.
e Y - Chemical is chosen as COPC.
f  Exposure point concentration is equal to the maximum detected.  
g Based on PRG for chromium VI.
h  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
i Based on PRG for dinitrotoluene mixture.
j Based on PRG for nitrite.
k  Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-9

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
Downgradient Areas at the Facility Boundary, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Values, µg/L Exposure Point

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L COPC? e,f µg/L
Metals
Aluminum 16 / 19 84 35.7 - 1171 200 - 200 L 2.44E+02 4.30E+02 3.09E+02 3.65E+03 N (a) ---
Arsenic 3 / 25 12 4.5 - 6.1 10 - 20 NP 5.24E+00 5.00E+00 7.40E+00 4.48E-02 N (b) ---
Barium 28 / 28 100 86.2 - 1860 200 - 200 N 8.72E+02 1.03E+03 1.18E+04 2.55E+02 N (b) ---
Cadmium 2 / 28 7 0.25 - 1.1 5 - 10 NP 2.46E+00 2.50E+00 1.82E+00 N (a) ---
Calcium 28 / 28 100 117500 - 462000 5000 - 5000 NP 2.12E+05 2.55E+05 3.16E+05 Nutrient N (c) ---
Chromium 5 / 28 18 1.6 - 24.4 10 - 10 NP 5.76E+00 5.00E+00 1.09E+01 h Y 2.44E+01
Cobalt 5 / 28 18 1.2 - 10.9 50 - 50 NP 2.14E+01 2.50E+01 1.21E+01 7.30E+01 N (a) ---
Copper 7 / 27 26 13.3 - 94.45 25 - 25 NP 1.99E+01 1.25E+01 1.98E+01 1.46E+02 N (a) ---
Iron 16 / 27 59 48.3 - 257000 100 - 100 NP 1.25E+04 2.51E+02 1.55E+03 1.09E+03 Y 2.57E+05
Lead 1 / 28 4 6.8 - 6.8 3 - 14 NP 2.26E+00 1.50E+00 1.50E+01 i N (a) ---
Magnesium 28 / 28 100 34600 - 279000 5000 - 5000 NP 1.10E+05 8.45E+04 2.17E+05 Nutrient N (c) ---
Manganese 25 / 27 93 2 - 4660 15 - 15 NP 2.69E+02 3.04E+01 6.36E+02 8.76E+01 Y 4.66E+03
Mercury 1 / 28 4 0.035 - 0.035 0.2 - 0.2 NP 9.77E-02 1.00E-01 1.09E+00 N (a) ---
Nickel 7 / 27 26 3.5 - 17.7 40 - 40 NP 1.76E+01 2.00E+01 8.60E+00 7.30E+01 N (a) ---
Potassium 28 / 28 100 2365 - 67200 5000 - 5000 N 3.28E+04 3.89E+04 1.16E+05 Nutrient N (c) ---
Sodium 28 / 28 100 18550 - 685000 5000 - 5000 NP 1.76E+05 1.06E+05 1.39E+06 Nutrient N (c) ---
Thallium 1 / 22 5 3.7 - 3.7 10 - 20 NP 5.17E+00 5.00E+00 2.41E-01 N (d) ---
Vanadium 1 / 28 4 7.8 - 7.8 50 - 50 NP 2.44E+01 2.50E+01 3.65E+00 N (d) ---
Zinc 20 / 25 80 3.9 - 139.5 20 - 20 L 2.97E+01 4.81E+01 5.07E+02 1.09E+03 N (a) ---
Explosives
1,3-Dinitrobenzene 1 / 29 3 0.22 - 0.22 0.2 - 0.41 NP 1.08E-01 1.00E-01 3.65E-01 N (a) ---
2,4,6-Trinitrotoluene 2 / 29 7 0.081 - 0.27 0.2 - 0.53 NP 1.17E-01 1.00E-01 1.82E+00 N (a) ---
2,4-Dinitrotoluene 3 / 29 10 0.58 - 1.5 0.2 - 0.41 NP 1.99E-01 1.00E-01 9.89E-02 j Y 1.50E+00
2,6-Dinitrotoluene 5 / 29 17 0.3 - 1.4 0.2 - 0.44 NP 2.26E-01 1.00E-01 9.89E-02 j Y 1.40E+00
2-Amino-4,6-dinitrotoluene 1 / 25 4 0.19 - 0.19 0.2 - 0.2 NP 1.04E-01 1.00E-01 7.30E-01 k N (a) ---
2-Nitrotoluene 2 / 29 7 0.16 - 0.55 0.2 - 6.3 NP 2.81E-01 1.00E-01 4.87E-02 Y 5.50E-01
3-Nitrotoluene 1 / 29 3 0.62 - 0.62 0.2 - 2.2 NP 1.58E-01 1.00E-01 1.22E+01 N (a) ---
4-Nitrotoluene 1 / 25 4 0.23 - 0.23 0.2 - 4 NP 1.91E-01 1.00E-01 6.59E-01 N (a) ---
Nitrobenzene 3 / 29 10 0.32 - 0.34 0.2 - 2.8 NP 1.94E-01 1.00E-01 3.40E-01 Y 3.40E-01
RDX 2 / 29 7 0.17 - 0.22 0.5 - 6.5 NP 4.45E-01 2.50E-01 6.11E-01 N (a) ---
Semivolatile Organic Compounds
2,4-Dimethylphenol 8 / 30 27 0.76 - 5.1 5 - 100 NP 5.88E+00 5.00E+00 7.30E+01 N (a) ---
2-Methylnaphthalene 25 / 30 83 1.4 - 24 5 - 100 L 9.27E+00 1.31E+01 6.20E-01 l Y 2.40E+01
2-Methylphenol 2 / 30 7 0.89 - 1.1 5 - 100 NP 6.15E+00 5.00E+00 1.82E+02 N (a) ---
4-Methylphenol 3 / 30 10 1.1 - 2 5 - 100 NP 6.07E+00 5.00E+00 1.82E+01 N (a) ---
Bis(2-ethylhexyl)phthalate 6 / 27 22 2.3 - 9.7 5 - 100 NP 6.46E+00 5.00E+00 4.80E+00 Y 9.70E+00
Chrysene 1 / 30 3 1 - 1 5 - 100 NP 6.28E+00 5.00E+00 9.21E+00 N (a) ---
Naphthalene 21 / 30 70 2.1 - 18 5 - 100 L 8.54E+00 1.06E+01 6.20E-01 Y 1.80E+01
Phenanthrene 8 / 30 27 0.74 - 1.4 5 - 100 NP 5.34E+00 5.00E+00 1.83E+01 m N (a) ---
Phenol 10 / 30 33 1.2 - 55 5 - 100 NP 7.14E+00 5.00E+00 1.09E+03 N (a) ---

RBSC d

µg/L
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Table 2-9

Statistical Summary and COPC Selection of Chemicals Detected in Bedrock Groundwater
Downgradient Areas at the Facility Boundary, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of Values, µg/L Exposure Point

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Concentration g

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L COPC? e,f µg/L
RBSC d

µg/L
Volatile Organic Compounds
2-Butanone 3 / 5 60 8.1 - 130 5 - 500 L 4.60E+01 7.95E+02 6.97E+02 N (a) ---
Acetone 8 / 14 57 19 - 230 5 - 1800 L 1.20E+02 7.77E+02 5.48E+02 N (a) ---
Benzene 26 / 30 87 0.195 - 130 1 - 180 NP 3.22E+01 3.60E+01 3.54E-01 Y 1.30E+02
Bromomethane 1 / 28 4 13.95 - 13.95 2 - 360 L 3.35E+01 1.17E+02 8.66E-01 N (d) ---
Carbon disulfide 15 / 29 52 0.59 - 40 1 - 180 L 1.57E+01 3.95E+01 1.04E+02 N (a) ---
Chlorobenzene 2 / 30 7 2.2 - 11 1 - 180 L 1.45E+01 4.17E+01 1.06E+01 Y 1.10E+01
Chloromethane 1 / 30 3 1.3 - 1.3 2 - 360 L 3.22E+01 9.70E+01 1.58E+01 N (a) ---
Ethylbenzene 27 / 30 90 1 - 120 1 - 180 L 3.20E+01 8.71E+01 1.34E+02 N (a) ---
Methylene chloride 12 / 26 46 5.95 - 98 1 - 360 L 2.01E+01 5.95E+01 4.28E+00 Y 9.80E+01
Toluene 25 / 28 89 1.2 - 180 1 - 180 NP 5.25E+01 7.30E+01 7.23E+01 Y 1.80E+02
Xylenes, total 27 / 30 90 6.4 - 560 1 - 180 NP 1.66E+02 1.80E+02 2.06E+01 Y 5.60E+02
Miscellaneous
Chloride 30 / 30 100 33400 - 2790000 1000 - 1000 NP 5.76E+05 2.60E+05 Nutrient N (e) ---
Cyanide, total 2 / 28 7 16 - 320 1000 - 1000 NP 4.76E+02 5.00E+00 7.30E+01 Y 3.20E+02
Sulfate 25 / 30 83 11300 - 1280000 1000 - 1000 NP 1.38E+05 4.27E+04 5.00E+05 n Y 1.28E+06

COPC - Chemical of potential concern; UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - Chemical is not chosen as a COPC:
         (a) - maximum detected concentration is less than the RBSC.
         (b) - maximum detected concentration is less than the BSC.
         (c) - essential nutrient.
         (d) - frequency of detection is less than 5 percent.
         (e) - essential nutrient with no toxicity value available.
f Y - Chemical is chosen as COPC.
g  Because the downgradient wells are in various areas, the maximum detected concentration was selected as the exposure point concentration.
h Based on PRG for chromium VI.
i  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
j Based on PRG for dinitrotoluene mixture.
k Based on PRG for aminodinitrotoluene.
l Based on PRG for naphthalene.
m Based on PRG for pyrene.
n Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-10

Statistical Summary and COPC Selection of Chemicals Detected in Overburden Groundwater
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Values, µg/L Arithmetic MDC

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L RBSC? e,f

Metals
Aluminum 13 / 13 100 242 - 143000 200 - 200 L 1.68E+04 1.38E+05 3.09E+02 3.65E+03 Y
Antimony 1 / 14 7 82 - 82 60 - 60 NP 3.37E+01 3.00E+01 1.46E+00 Y
Arsenic 7 / 14 50 10.5 - 113 10 - 100 NP 2.39E+01 3.19E+01 7.40E+00 4.48E-02 Y
Barium 5 / 14 36 24 - 373 200 - 200 NP 1.38E+02 1.00E+02 1.18E+04 2.55E+02 Y (a)
Beryllium 1 / 14 7 6.9 - 6.9 5 - 5 NP 2.81E+00 2.50E+00 7.30E+00 N
Calcium 14 / 14 100 112000 - 1010000 5000 - 50000 NP 3.01E+05 2.52E+05 3.16E+05 Nutrient N
Chromium 9 / 14 64 2 - 258 10 - 10 L 3.36E+01 9.60E+01 1.09E+01 g Y
Cobalt 2 / 14 14 50.8 - 222 50 - 50 NP 4.09E+01 2.50E+01 1.21E+01 7.30E+01 Y
Copper 3 / 14 21 40.4 - 225 25 - 25 NP 3.22E+01 1.25E+01 1.98E+01 1.46E+02 Y
Iron 14 / 14 100 1700 - 304000 100 - 100 L 3.88E+04 1.33E+05 1.55E+03 1.09E+03 Y
Lead 10 / 14 71 3 - 108 3 - 30 L 1.65E+01 5.24E+01 1.50E+01 h Y
Magnesium 14 / 14 100 16200 - 172000 5000 - 5000 L 5.42E+04 7.76E+04 2.17E+05 Nutrient N
Manganese 14 / 14 100 86.5 - 7550 15 - 15 L 1.31E+03 3.78E+03 6.36E+02 8.76E+01 Y
Mercury 2 / 14 14 0.24 - 0.25 0.2 - 0.2 NP 1.21E-01 1.00E-01 1.09E+00 N
Nickel 5 / 14 36 2.1 - 628 40 - 40 NP 7.14E+01 2.00E+01 8.60E+00 7.30E+01 Y
Potassium 8 / 14 57 1420 - 35700 5000 - 5000 L 9.04E+03 2.06E+04 1.16E+05 Nutrient N
Sodium 14 / 14 100 5530 - 91400 5000 - 5000 N 4.01E+04 5.49E+04 1.39E+06 Nutrient N
Vanadium 5 / 13 38 1.9 - 244 50 - 50 NP 4.90E+01 5.51E+01 3.65E+00 Y
Zinc 9 / 9 100 5.9 - 735 20 - 20 L 1.34E+02 1.05E+03 5.07E+02 1.09E+03 N
Explosives
1,3,5-Trinitrobenzene 2 / 15 13 0.24 - 0.43 0.2 - 5 NP 3.21E-01 1.45E-01 1.09E+02 N
2,4,6-Trinitrotoluene 4 / 15 27 0.29 - 110 0.2 - 5 NP 7.62E+00 2.90E-01 1.82E+00 Y
2,4-Dinitrotoluene 2 / 15 13 0.2 - 0.35 0.2 - 5 NP 3.13E-01 1.45E-01 9.89E-02 i Y
2,6-Dinitrotoluene 2 / 15 13 0.53 - 1.2 0.2 - 5 NP 3.92E-01 1.45E-01 9.89E-02 i Y
2-Amino-4,6-dinitrotoluene 2 / 3 67 2.1 - 46 0.2 - 5 L 1.61E+01 1.29E+40 7.30E-01 j Y
4-Amino-2,6-dinitrotoluene 4 / 15 27 0.62 - 16 0.2 - 5 NP 1.37E+00 5.00E-01 7.30E-01 j Y
Nitrobenzene 1 / 15 7 0.26 - 0.26 0.2 - 5 NP 3.00E-01 1.00E-01 3.40E-01 N
Semivolatile Organic Compounds
Bis(2-ethylhexyl)phthalate 1 / 15 7 890 - 890 10 - 200 NP 6.40E+01 5.00E+00 4.80E+00 Y
Di-n-octyl phthalate 1 / 15 7 9.3 - 9.3 10 - 20 NP 5.62E+00 5.00E+00 1.46E+02 N
Volatile Organic Compounds
Acetone 7 / 7 100 1.7 - 68 10 - 10 L 2.24E+01 3.12E+02 5.48E+02 N
Benzene 1 / 15 7 0.17 - 0.17 1 - 1 NP 4.78E-01 5.00E-01 3.54E-01 N
Carbon disulfide 1 / 15 7 0.37 - 0.37 1 - 1 NP 4.91E-01 5.00E-01 1.04E+02 N
Toluene 2 / 12 17 7.8 - 10 1 - 1 NP 1.90E+00 5.00E-01 7.23E+01 N
Miscellaneous
Chloride 10 / 10 100 3000 - 180000 1 - 2000 L 5.41E+04 5.57E+05 Nutrient N
Sulfate 10 / 10 100 30000 - 1200000 10 - 500000 L 3.44E+05 1.71E+06 5.00E+05 k Y

RBSC d

µg/L
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Table 2-10

Statistical Summary and COPC Selection of Chemicals Detected in Overburden Groundwater
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

UCL - Upper confidence Limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - No; the MDC is less than the RBSC or it is an essential nutrient.
f Y - Yes; the MDC exceeds the RBSC; Y (a) - the MDC exceeds the RBSC, but the MDC is less than the BSC.
g Based on PRG for chromium VI.
h  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
i Based on PRG for dinitrotoluene mixture.
j Based on PRG for aminodinitrotoluene.
k Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-11

Statistical Summary and Screening of Chemicals Detected in Overburden Direct-Push Groundwater
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)
Range of Values, µg/L MDC

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Exceeds
Chemical Frequency Hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L RBSC? e,f

Metals
Aluminum 10 / 10 100 144 - 48600 200 - 200 N 1.82E+04 2.73E+04 3.09E+02 3.65E+03 Y
Antimony 2 / 10 20 6.25 - 12.5 6 - 6 NP 4.28E+00 3.00E+00 1.46E+00 Y
Arsenic 8 / 10 80 5.43 - 52.7 5 - 5 L 1.67E+01 5.40E+01 7.40E+00 4.48E-02 Y
Barium 10 / 10 100 23.4 - 669 5 - 5 L 2.02E+02 6.48E+02 1.18E+04 2.55E+02 Y (a)
Beryllium 9 / 10 90 0.175 - 4.23 1 - 1 L 1.57E+00 6.21E+00 7.30E+00 N
Cadmium 8 / 10 80 0.708 - 6.39 3 - 3 L 2.44E+00 5.17E+00 1.82E+00 Y
Calcium 10 / 10 100 144000 - 557000 500 - 500 L 2.90E+05 3.88E+05 3.16E+05 Nutrient N
Chromium 10 / 10 100 1.11 - 66.3 5 - 5 N 2.96E+01 4.48E+01 1.09E+01 g Y
Cobalt 10 / 10 100 5.73 - 49 5 - 5 L 2.41E+01 4.80E+01 1.21E+01 7.30E+01 N
Copper 8 / 8 100 9.54 - 253 5 - 5 L 7.25E+01 2.93E+02 1.98E+01 1.46E+02 Y
Iron 10 / 10 100 906 - 78700 100 - 100 N 3.40E+04 4.94E+04 1.55E+03 1.09E+03 Y
Lead 8 / 8 100 2.13 - 1010 3 - 3 N 3.95E+02 6.33E+02 1.50E+01 h Y
Magnesium 10 / 10 100 20300 - 130000 250 - 250 L 4.92E+04 8.46E+04 2.17E+05 Nutrient N
Manganese 10 / 10 100 1430 - 7050 5 - 5 NP 2.37E+03 2.24E+03 6.36E+02 8.76E+01 Y
Mercury 5 / 10 50 0.126 - 1.86 0.2 - 0.2 NP 4.68E-01 2.30E-01 1.09E+00 Y
Nickel 10 / 10 100 11 - 103 5 - 5 L 5.27E+01 1.10E+02 8.60E+00 7.30E+01 Y
Potassium 10 / 10 100 2210 - 15500 250 - 250 L 7.86E+03 1.46E+04 1.16E+05 Nutrient N
Silver 1 / 9 11 0.987 - 0.987 3 - 3 NP 1.44E+00 1.50E+00 1.82E+01 N
Sodium 10 / 10 100 6300 - 113000 1000 - 1000 NP 3.43E+04 6.78E+04 1.39E+06 Nutrient N
Vanadium 9 / 10 90 1.59 - 106 5 - 5 L 4.33E+01 5.08E+02 3.65E+00 Y
Zinc 10 / 10 100 37.2 - 1830 15 - 15 L 4.49E+02 2.36E+03 5.07E+02 1.09E+03 Y
Explosives
1,3,5-Trinitrobenzene 3 / 12 25 0.279 - 19 0.2 - 0.6 NP 2.38E+00 2.79E-01 1.09E+02 N
1,3-Dinitrobenzene 3 / 12 25 0.529 - 0.654 0.2 - 0.6 NP 2.55E-01 3.00E-01 3.65E-01 Y
2,4,6-Trinitrotoluene 8 / 12 67 0.451 - 32400 0.2 - 51.9 L 3.69E+03 5.73E+11 1.82E+00 Y
2,6-Dinitrotoluene 6 / 12 50 4.9 - 6400 0.2 - 1080 NP 1.04E+03 5.08E+01 9.89E-02 i Y
2-Amino-4,6-dinitrotoluene 6 / 12 50 0.937 - 1890 0.2 - 51.9 NP 1.89E+02 1.61E+01 7.30E-01 j Y
2-Nitrotoluene 6 / 12 50 0.599 - 2510 0.519 - 51.9 NP 2.34E+02 2.66E+01 4.87E-02 Y
3-Nitrotoluene 6 / 12 50 1.3 - 190 0.2 - 51.9 L 2.22E+01 4.04E+03 1.22E+01 Y
4-Amino-2,6-dinitrotoluene 6 / 12 50 0.629 - 931 0.2 - 51.9 NP 1.16E+02 2.89E+01 7.30E-01 j Y
4-Nitrotoluene 6 / 12 50 3.1 - 1880 0.2 - 51.9 L 1.68E+02 2.20E+05 6.59E-01 Y
Dinitrotoluene, total 7 / 10 70 0.526 - 13800 0.26 - 260 L 2.33E+03 1.52E+13 9.89E-02 Y
Nitrobenzene 1 / 12 8 5.37 - 5.37 0.2 - 0.6 NP 5.78E-01 1.30E-01 3.40E-01 Y
PCBs
Aroclor 1260 1 / 10 10 0.239 - 0.239 2.04 - 2.63 NP 1.03E+00 1.10E+00 3.36E-02 Y
Semivolatile Organic Compounds
2,4-Dinitrotoluene 9 / 12 75 3.29 - 6760 0.2 - 1080 L 1.14E+03 2.93E+07 9.89E-02 Y

RBSC d

µg/L
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Table 2-11

Statistical Summary and Screening of Chemicals Detected in Overburden Direct-Push Groundwater
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)
Range of Values, µg/L MDC

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Exceeds
Chemical Frequency Hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L RBSC? e,f

RBSC d

µg/L
Volatile Organic Compounds
Acetone 2 / 4 50 6.59 - 8.8 5 - 20 NA 6.97E+00 NA 5.48E+02 N
Benzene 1 / 12 8 4.81 - 4.81 1 - 5 NP 1.19E+00 5.00E-01 3.54E-01 Y
Carbon disulfide 3 / 12 25 0.79 - 1.16 1 - 5 NP 9.43E-01 8.60E-01 1.04E+02 N
Chloroform 1 / 12 8 1 - 1 1 - 5 NP 7.08E-01 5.00E-01 7.98E+00 N
Chloromethane 1 / 12 8 0.53 - 0.53 1 - 10 NP 1.25E+00 5.00E-01 1.58E+01 N
cis-1,2-Dichloroethene 1 / 10 10 2.11 - 2.11 1 - 1 NP 6.61E-01 5.00E-01 6.08E+00 N

Ethylbenzene 1 / 12 8 2.33 - 2.33 1 - 5 NP 9.86E-01 5.00E-01 1.34E+02 N
Toluene 3 / 12 25 1.11 - 1350 1 - 50 NP 1.14E+02 2.50E+00 7.23E+01 Y
Xylene, o- 1 / 10 10 5.29 - 5.29 1 - 1 NP 9.79E-01 5.00E-01 2.06E+01 k N
Xylenes, m,p- 1 / 10 10 6.9 - 6.9 1 - 1 NP 1.14E+00 5.00E-01 2.06E+01 k N

UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.  
e N - No; the MDC is less than the RBSC or chemical is an essential nutrient.
f Y - Yes; the MDC exceeds the RBSC; Y (a) - the MDC exceeds the RBSC, but the MDC is less than the BSC.
g Based on PRG for chromium VI.
h  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
i Based on PRG for dinitrotoluene mixture.
j Based on PRG for aminodinitrotoluene.
k Based on PRG for total xylenes.
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Table 2-12

Statistical Summary and Screening of Chemicals Detected in Overburden Groundwater
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of values, µg/L Arithmetic MDC
Detection Percent Detected Conc Reporting Limits Statistical Mean 95% UCLb BSC c Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L RBSC? e,f

Metals
Aluminum 5 / 5 100 1830 - 6920 200 - 200 N 4.23E+03 6.02E+03 3.09E+02 3.65E+03 Y
Arsenic 3 / 5 60 6.6 - 18.7 10 - 10 L 9.58E+00 2.61E+01 7.40E+00 4.48E-02 Y
Barium 3 / 5 60 14.4 - 23.1 200 - 200 L 5.04E+01 6.32E+02 1.18E+04 2.55E+02 Y (a)
Beryllium 1 / 3 33 2 - 2 5 - 5 NA 2.33E+00 NA 7.30E+00 N
Calcium 5 / 5 100 77500 - 127000 5000 - 5000 N 1.01E+05 1.21E+05 3.16E+05 Nutrient N
Cobalt 5 / 5 100 54.9 - 101 50 - 50 N 8.49E+01 1.03E+02 1.21E+01 7.30E+01 Y
Copper 2 / 5 40 6.7 - 32.9 25 - 25 L 1.54E+01 3.94E+01 1.98E+01 1.46E+02 N
Iron 5 / 5 100 11600 - 44300 100 - 100 L 2.48E+04 8.91E+04 1.55E+03 1.09E+03 Y
Lead 1 / 4 25 16.4 - 16.4 3 - 3 NA 5.23E+00 NA 1.50E+01 g Y
Magnesium 5 / 5 100 22600 - 32100 5000 - 5000 L 2.64E+04 3.13E+04 2.17E+05 Nutrient N
Manganese 5 / 5 100 1120 - 1770 15 - 15 L 1.39E+03 1.66E+03 6.36E+02 8.76E+01 Y
Nickel 5 / 5 100 130 - 240 40 - 40 N 1.89E+02 2.31E+02 8.60E+00 7.30E+01 Y
Potassium 4 / 5 80 1430 - 5040 5000 - 5000 N 2.90E+03 4.43E+03 1.16E+05 Nutrient N
Selenium 1 / 5 20 5.1 - 5.1 5 - 5 NP 3.02E+00 5.10E+00 1.82E+01 N
Sodium 5 / 5 100 3240 - 6090 5000 - 5000 NP 4.99E+03 6.09E+03 1.39E+06 Nutrient N
Zinc 5 / 5 100 137 - 214 20 - 20 N 1.78E+02 2.08E+02 5.07E+02 1.09E+03 Y (a)
Explosives
2,4-Dinitrotoluene 4 / 5 80 1.7 - 5.8 0.4 - 3 N 3.82E+00 6.00E+00 9.89E-02 h Y
2,6-Dinitrotoluene 2 / 5 40 2.7 - 4 0.4 - 10 N 2.58E+00 4.49E+00 9.89E-02 h Y
4-Amino-2,6-dinitrotoluene 5 / 5 100 3.6 - 22 0.4 - 3 L 1.45E+01 1.03E+02 7.30E-01 i Y
2-Amino-4,6-dinitrotoluene 3 / 3 100 23 - 26 1 - 3 L 2.43E+01 NA 7.30E-01 i Y
2,4,6-Trinitrotoluene 4 / 5 80 0.68 - 68 0.4 - 3 N 3.05E+01 6.10E+01 1.82E+00 Y
Semivolatile Organic Compounds
2,4-Dinitrotoluene 4 / 5 80 1.8 - 4 10 - 10 N 3.30E+00 4.60E+00 9.89E-02 h Y
2,6-Dinitrotoluene 2 / 5 40 1.4 - 8.7 10 - 10 N 5.02E+00 7.48E+00 9.89E-02 h Y
Bis(2-ethylhexyl)phthalate 1 / 5 20 2 - 2 10 - 10 NP 4.40E+00 5.00E+00 4.80E+00 N
Indeno(1,2,3-cd)pyrene 1 / 5 20 1 - 1 10 - 10 NP 4.20E+00 5.00E+00 9.21E-02 Y
Benzo(ghi)perylene 1 / 5 20 0.97 - 0.97 10 - 10 NP 4.19E+00 5.00E+00 1.83E+01 j N
Volatile Organic Compounds
Acetone 2 / 2 100 2.4 - 2.4 10 - 10 NA 2.40E+00 NA 5.48E+02 N
Miscellaneous
Chloride 3 / 3 100 2.1 - 6 1 - 1 NA 4.30E+00 NA Nutrient N
Sulfate 4 / 4 100 286 - 504 0.1 - 100 NA 3.55E+02 NA 5.00E+05 k N

UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

RBSC d

µg/L
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Table 2-12

Statistical Summary and Screening of Chemicals Detected in Overburden Groundwater
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - No; the MDC is less than the RBSC or it is an essential nutrient.
f Y - Yes; the MDC exceeds the RBSC; Y (a) - the MDC exceeds the RBSC, but the MDC is less than the BSC.
g  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
h Based on PRG for dinitrotoluene mixture.
i Based on PRG as for aminodinitrotoluene.
j Based on PRG as for pyrene.
k Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-13

Statistical Summary and Screening of Chemicals Detected in Overburden Direct-Push Groundwater
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

Range of values, µg/L Arithmetic MDC
Detection Percent Detected Conc Reporting Limits Statistical Mean 95% UCLb RBSC c Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L RBSC? d,e

Explosives
2,4,6-Trinitrotoluene 1 / 2 50 0.14 - 0.14 0.2 - 0.2 NA 1.20E-01 NA 1.82E+00 N
Volatile Organic Compounds
Acetone 2 / 2 100 10 - 17 20 - 20 NA 1.35E+01 NA 5.48E+02 N

UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
d N - No; the MDC is less than the RBSC.
e Y - Yes; the MDC exceeds the RBSC; Y (a) - the MDC exceeds the RBSC, but the MDC is less than the BSC.
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Table 2-14

Statistical Summary and Screening of Chemicals Detected in Overburden Groundwater
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of values, µg/L Arithmetic MDC

Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Exceeds

Chemical Frequency Hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L RBSC? e,f

Inorganics
Aluminum 10 / 13 77 164 - 6160 200 - 200 NP 2.19E+03 3.82E+03 3.09E+02 3.65E+03 Y
Arsenic 4 / 14 29 8.8 - 21.5 10 - 10 NP 7.98E+00 8.80E+00 7.40E+00 4.48E-02 Y
Barium 5 / 14 36 24 - 203 200 - 200 NP 8.66E+01 1.00E+02 1.18E+04 2.55E+02 Y (a)
Calcium 14 / 14 100 86600 - 566000 5000 - 5000 L 2.38E+05 3.23E+05 3.16E+05 Nutrient N
Chromium 8 / 14 57 2.4 - 28 10 - 10 L 1.02E+01 1.72E+01 1.09E+01 g Y
Cobalt 4 / 14 29 7.2 - 67.5 50 - 50 NP 2.51E+01 2.50E+01 1.21E+01 7.30E+01 N
Copper 2 / 13 15 19.5 - 31 25 - 25 NP 1.45E+01 1.25E+01 1.98E+01 1.46E+02 N
Iron 14 / 14 100 61.3 - 22700 100 - 100 L 6.48E+03 1.39E+05 1.55E+03 1.09E+03 Y
Lead 6 / 13 46 2 - 20.1 3 - 3 NP 5.74E+00 1.05E+01 1.50E+01 h Y
Magnesium 14 / 14 100 12700 - 253000 5000 - 5000 L 9.64E+04 2.31E+05 2.17E+05 Nutrient N
Manganese 14 / 14 100 8.1 - 3830 15 - 15 L 1.18E+03 2.19E+04 6.36E+02 8.76E+01 Y
Nickel 6 / 14 43 2.2 - 120 40 - 40 NP 2.65E+01 2.00E+01 8.60E+00 7.30E+01 Y
Potassium 14 / 14 100 406 - 28200 5000 - 5000 N 1.49E+04 1.90E+04 1.16E+05 Nutrient N
Selenium 1 / 14 7 7.2 - 7.2 5 - 5 NP 2.84E+00 2.50E+00 1.82E+01 N
Sodium 14 / 14 100 9450 - 161000 5000 - 5000 N 7.52E+04 9.86E+04 1.39E+06 Nutrient N
Vanadium 3 / 14 21 2.1 - 14.4 50 - 50 NP 2.10E+01 2.50E+01 3.65E+00 Y
Zinc 9 / 11 82 2.8 - 58.7 20 - 20 L 2.46E+01 6.99E+01 5.07E+02 1.09E+03 Y (a)
Explosives
2,4,6-Trinitrotoluene 1 / 15 7 0.61 - 0.61 0.2 - 0.2 NP 1.34E-01 1.00E-01 1.82E+00 N
Semivolatile Organic Compounds
Bis(2-ethylhexyl)phthalate 1 / 14 7 7.3 - 7.3 10 - 10 NP 5.16E+00 5.00E+00 4.80E+00 Y
Volatile Organic Compounds
2-Butanone 1 / 2 50 4.9 - 4.9 5 - 5 NA 3.70E+00 NA 6.97E+02 N
Acetone 1 / 1 100 13 - 13 10 - 10 NA 1.30E+01 NA 5.48E+02 N
Benzene 1 / 15 7 0.16 - 0.16 1 - 5 NP 6.11E-01 5.00E-01 3.54E-01 N
Chlorobenzene 1 / 15 7 0.17 - 0.17 1 - 5 NP 6.11E-01 5.00E-01 1.06E+01 N
Toluene 2 / 15 13 17 - 22 1 - 5 NP 3.17E+00 5.00E-01 7.23E+01 N
Xylenes, total 1 / 15 7 3.3 - 3.3 1 - 5 NP 6.87E-01 5.00E-01 2.06E+01 N
Miscellaneous
Chloride 14 / 14 100 3000 - 180000 1 - 100000 L 3.31E+04 8.10E+04 Nutrient N
Nitrate 4 / 10 40 100 - 400 100 - 2000 L 2.07E+02 6.06E+02 1.00E+02 i Y
Nitrate-Nitrite 2 / 5 40 17000 - 91000 5 - 5 NP 2.16E+04 9.10E+04 1.00E+02 i Y
Sulfate 13 / 15 87 163000 - 2000000 5 - 250000 N 7.18E+05 9.84E+05 5.00E+05 j Y

RBSC d

µg/L
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Table 2-14

Statistical Summary and Screening of Chemicals Detected in Overburden Groundwater
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - No; the MDC is less than the RBSC or it is an essential nutrient.
f Y - Yes; the MDC exceeds the RBSC; Y (a) - the MDC exceeds the RBSC, but the MDC is less than the BSC.
g Based on PRG for chromium VI.
h  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
i Based on PRG for nitrite.
j Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-15

Statistical Summary and Screening of Chemicals Detected in Overburden Direct-Push Groundwater
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of values, µg/L Arithmetic MDC
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Exceeds

Chemical Frequency Hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L RBSC? e,f

Metals
Aluminum 10 / 10 100 426 - 221000 200 - 200 L 3.17E+04 6.08E+05 3.09E+02 3.65E+03 Y
Antimony 2 / 10 20 3.98 - 4.02 6 - 6 NP 3.20E+00 3.00E+00 1.46E+00 Y
Arsenic 8 / 10 80 5.15 - 432 5 - 5 L 5.41E+01 3.28E+02 7.40E+00 4.48E-02 Y
Barium 10 / 10 100 21.5 - 3540 5 - 5 L 5.25E+02 3.77E+03 1.18E+04 2.55E+02 Y (a)
Beryllium 7 / 9 78 0.608 - 17.2 1 - 1 NP 2.86E+00 1.60E+00 7.30E+00 Y
Cadmium 1 / 10 10 0.962 - 0.962 3 - 3 NP 1.45E+00 1.50E+00 1.82E+00 N
Calcium 10 / 10 100 147000 - 2664000 500 - 500 NP 4.84E+05 3.38E+05 3.16E+05 Nutrient N
Chromium 8 / 9 89 10 - 450 5 - 5 L 7.76E+01 6.94E+02 1.09E+01 g Y
Cobalt 9 / 10 90 1.62 - 471 5 - 5 L 5.83E+01 4.25E+02 1.21E+01 7.30E+01 Y
Copper 9 / 9 100 4.13 - 1110 5 - 5 L 2.00E+02 5.18E+03 1.98E+01 1.46E+02 Y
Iron 10 / 10 100 810 - 979000 100 - 100 L 1.26E+05 6.02E+06 1.55E+03 1.09E+03 Y
Lead 9 / 10 90 4.37 - 2050 3 - 3 L 3.92E+02 9.00E+04 1.50E+01 h Y
Magnesium 10 / 10 100 12500 - 726000 250 - 250 L 1.08E+05 3.29E+05 2.17E+05 Nutrient N
Manganese 10 / 10 100 109 - 38100 5 - 5 L 4.61E+03 4.15E+04 6.36E+02 8.76E+01 Y
Mercury 5 / 10 50 0.1 - 9.3 0.2 - 0.2 NP 1.03E+00 1.46E-01 1.09E+00 Y
Nickel 10 / 10 100 2.5 - 1540 5 - 5 L 1.86E+02 2.61E+03 8.60E+00 7.30E+01 Y
Potassium 10 / 10 100 1650 - 32500 250 - 250 L 8.39E+03 1.79E+04 1.16E+05 Nutrient N
Selenium 2 / 9 22 2.31 - 202 5 - 5 NP 2.46E+01 2.50E+00 1.82E+01 Y
Silver 2 / 10 20 0.703 - 0.955 3 - 3 NP 1.37E+00 1.50E+00 1.82E+01 N
Sodium 10 / 10 100 1810 - 28100 1000 - 1000 NP 7.93E+03 7.36E+03 1.39E+06 Nutrient N
Vanadium 10 / 10 100 1.02 - 647 5 - 5 L 1.05E+02 3.35E+03 3.65E+00 Y
Zinc 10 / 10 100 24.9 - 3960 15 - 15 L 5.68E+02 5.06E+03 5.07E+02 1.09E+03 Y
Explosives
1,3,5-Trinitrobenzene 1 / 12 8 10.3 - 10.3 0.2 - 0.26 NP 9.73E-01 1.30E-01 1.09E+02 N
1,3-Dinitrobenzene 1 / 12 8 0.802 - 0.802 0.2 - 0.26 NP 1.81E-01 1.30E-01 3.65E-01 Y
2,4,6-Trinitrotoluene 11 / 12 92 0.208 - 20100 0.2 - 130 L 2.70E+03 3.60E+10 1.82E+00 Y
2-Amino-4,6-dinitrotoluene 8 / 12 67 0.181 - 147 0.2 - 13 L 2.15E+01 1.03E+04 7.30E-01 i Y
2-Nitrotoluene 7 / 12 58 0.791 - 2310 0.2 - 51.9 L 2.35E+02 3.58E+06 4.87E-02 Y
3-Nitrotoluene 6 / 12 50 0.367 - 182 0.2 - 51.9 NP 1.83E+01 8.80E-01 1.22E+01 Y
4-Amino-2,6-dinitrotoluene 10 / 12 83 0.715 - 436 0.2 - 13 L 8.55E+01 3.91E+04 7.30E-01 i Y
4-Nitrotoluene 5 / 12 42 0.396 - 1290 0.2 - 51.9 NP 1.31E+02 4.29E-01 6.59E-01 Y
Dinitrotoluene, total 9 / 10 90 0.754 - 21100 0.26 - 130 L 2.32E+03 6.67E+09 9.89E-02 j Y
Nitrobenzene 1 / 12 8 0.488 - 0.488 0.2 - 0.26 NP 1.55E-01 1.30E-01 3.40E-01 Y
Semivolatile Organic Compounds
2,4-Dinitrotoluene 8 / 10 80 3.64 - 37600 10.5 - 5810 NP 4.29E+03 4.42E+02 9.89E-02 j Y
2,6-Dinitrotoluene 6 / 10 60 2.1 - 1330 10.5 - 1160 NP 2.59E+02 1.22E+02 9.89E-02 j Y
Di-n-butyl phthalate 1 / 10 10 4.92 - 4.92 10.5 - 1160 NP 7.53E+01 2.50E+01 3.65E+02 N

RBSC d

µg/L
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Table 2-15

Statistical Summary and Screening of Chemicals Detected in Overburden Direct-Push Groundwater
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of values, µg/L Arithmetic MDC
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Exceeds

Chemical Frequency Hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L RBSC? e,f
RBSC d

µg/L
Volatile Organic Compounds
Acetone 2 / 3 67 8.8 - 13.4 5 - 20 NA 1.07E+01 NA 5.48E+02 N
Benzene 2 / 12 17 0.51 - 0.59 1 - 5 NP 8.42E-01 5.10E-01 3.54E-01 Y
Carbon disulfide 2 / 12 17 0.75 - 0.76 1 - 5 NP 7.09E-01 5.00E-01 1.04E+02 N
Toluene 3 / 12 25 0.83 - 7.88 1 - 5 NP 1.52E+00 1.00E+00 7.23E+01 N

UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - No; the MDC is less than the RBSC or it is an essential nutrient.
f Y - Yes; the MDC exceeds the RBSC; Y (a) - the MDC exceeds the RBSC, but the MDC is less than the BSC.
g Based on PRG for chromium VI.
h  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
i Based on PRG for aminodinitrotoluene.
j Based on PRG for dinitrotoluene mixture.

KN6\PBOW\GW BHHRA\FINAL\2.0 Tbls.xls(Tbl 2-15 TNT C GW ovbdn DP sum)\9/26/2006(3:29 PM)



Table 2-16

Statistical Summary and Screening of Chemicals Detected in Overburden Groundwater
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of values, µg/L Arithmetic MDC
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L RBSC? e,f

Metals
Aluminum 6 / 11 55 3970 - 27500 200 - 20000 N 1.01E+04 1.41E+04 3.09E+02 3.65E+03 Y
Arsenic 3 / 11 27 11.5 - 25.2 10 - 1000 L 1.66E+02 2.12E+03 7.40E+00 4.48E-02 Y
Barium 2 / 11 18 312 - 361 200 - 20000 L 3.30E+03 3.18E+04 1.18E+04 2.55E+02 Y (a)
Calcium 10 / 11 91 116000 - 998000 5000 - 500000 N 4.65E+05 6.31E+05 3.16E+05 Nutrient N
Chromium 3 / 11 27 10.6 - 42.6 10 - 1000 L 1.68E+02 9.05E+02 1.09E+01 g Y
Cobalt 7 / 11 64 480 - 7270 50 - 5000 NP 2.88E+03 6.75E+03 1.21E+01 7.30E+01 Y
Copper 9 / 11 82 43.7 - 3790 25 - 2500 L 1.44E+03 8.72E+04 1.98E+01 1.46E+02 Y
Iron 10 / 11 91 2070 - 49100 100 - 10000 N 2.12E+04 2.86E+04 1.55E+03 1.09E+03 Y
Lead 3 / 11 27 6.6 - 18.1 3 - 300 L 5.16E+01 4.47E+02 1.50E+01 h Y
Magnesium 9 / 11 82 38400 - 574000 5000 - 500000 L 2.18E+05 5.71E+05 2.17E+05 Nutrient N
Manganese 11 / 11 100 302 - 43900 15 - 1500 L 1.47E+04 3.89E+05 6.36E+02 8.76E+01 Y
Mercury 1 / 11 9 0.3 - 0.3 0.2 - 2 NP 2.73E-01 5.00E-01 1.09E+00 N
Nickel 8 / 11 73 59.6 - 7600 40 - 4000 NP 2.71E+03 6.95E+03 8.60E+00 7.30E+01 Y
Potassium 2 / 11 18 7710 - 10000 5000 - 500000 L 8.25E+04 7.79E+05 1.16E+05 Nutrient N
Sodium 11 / 11 100 18100 - 11900000 5000 - 500000 NP 4.20E+06 9.46E+06 1.39E+06 Nutrient N
Vanadium 1 / 11 9 66.1 - 66.1 50 - 5000 L 8.17E+02 1.34E+04 3.65E+00 Y
Zinc 2 / 10 20 47.6 - 157 20 - 2000 NP 3.75E+02 1.00E+03 5.07E+02 1.09E+03 Y (a)
Explosives
1,3,5-Trinitrobenzene 7 / 11 64 71 - 6900 0.2 - 800 NP 1.58E+03 2.40E+03 1.09E+02 Y
1,3-Dinitrobenzene 8 / 11 73 35 - 5200 0.2 - 800 NP 1.28E+03 2.00E+03 3.65E-01 Y
2,4-Dinitrotoluene 8 / 11 73 28 - 4100 0.2 - 800 NP 1.12E+03 1.60E+03 9.89E-02 i Y
2,6-Dinitrotoluene 1 / 11 9 210 - 210 0.2 - 800 NP 1.21E+02 2.10E+02 9.89E-02 i Y
Semivolatile Organic Compounds
2,4-Dinitrophenol 4 / 10 40 48 - 6000 50 - 5000 NP 1.67E+03 3.80E+03 7.30E+00 Y
2,4-Dinitrotoluene 8 / 11 73 110 - 1800 10 - 1000 NP 9.04E+02 1.80E+03 9.89E-02 i Y
2,6-Dinitrotoluene 3 / 10 30 140 - 190 10 - 1000 NP 5.50E+01 1.40E+02 9.89E-02 i Y
2-Nitrophenol 3 / 11 27 5.9 - 15 10 - 1000 NP 1.45E+02 5.00E+02 ND Y
3-Nitroaniline 2 / 10 20 160 - 450 50 - 5000 NP 5.76E+02 4.50E+02 1.09E+00 Y
4,6-Dinitro-2-methylphenol 7 / 11 64 280 - 20000 50 - 5000 L 4.39E+03 2.69E+06 3.65E-01 Y
4-Nitrophenol 2 / 10 20 11 - 42 50 - 5000 NP 7.90E+02 2.50E+03 4.90E+00 Y
Dibenzofuran 2 / 10 20 6.5 - 620 10 - 1000 NP 2.20E+02 5.00E+02 1.22E+00 Y
Fluorene 2 / 10 20 28 - 44 10 - 1000 NP 1.64E+02 5.00E+02 2.43E+01 Y
Nitrobenzene 3 / 11 27 12 - 14 10 - 1000 NP 1.46E+02 5.00E+02 3.40E-01 Y
Volatile Organic Compounds
2-Butanone 1 / 4 25 14 - 14 5 - 25 NA 7.88E+00 NA 6.97E+02 N
2-Hexanone 1 / 4 25 2 - 2 5 - 25 NA 4.88E+00 NA 1.99E+02 j N
Acetone 4 / 5 80 22 - 70 10 - 50 N 3.28E+01 5.68E+01 5.48E+02 N

RBSC d

µg/L
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Table 2-16

Statistical Summary and Screening of Chemicals Detected in Overburden Groundwater
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of values, µg/L Arithmetic MDC
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L RBSC? e,f
RBSC d

µg/L
Benzene 3 / 11 27 0.21 - 0.48 1 - 5 NP 1.06E+00 2.50E+00 3.54E-01 Y
Bromodichloromethane 1 / 11 9 0.23 - 0.23 1 - 5 NP 1.07E+00 2.50E+00 1.81E-01 Y
Carbon disulfide 1 / 11 9 0.21 - 0.21 1 - 5 NP 1.06E+00 2.50E+00 1.04E+02 N
Ethylbenzene 2 / 11 18 0.17 - 1.5 1 - 5 L 1.15E+00 2.68E+00 1.34E+02 N
Toluene 1 / 6 17 1.5 - 1.5 1 - 5 N 1.75E+00 2.47E+00 7.23E+01 N
Xylenes, total 3 / 10 30 0.44 - 8 1 - 5 NP 1.73E+00 2.50E+00 2.06E+01 N
Miscellaneous
Chloride 7 / 8 88 3 - 9500 0.001 - 1000 N 3.94E+03 6.41E+03 Nutrient N
Cyanide, total 6 / 8 75 0.036 - 1.7 0.01 - 0.1 L 2.97E-01 4.82E+01 7.30E+01 N
Nitrate 3 / 4 75 110 - 1500 0.1 - 20 NA 4.50E+02 NA 1.00E+03 Y
Nitrate-Nitrite 3 / 4 75 0.2 - 1600 0.0001 - 0.2 NA 4.00E+02 NA 1.00E+02 k Y
Sulfate 8 / 8 100 48 - 12000 0.01 - 2000 N 5.26E+03 8.58E+03 5.00E+05 l N

UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - No; the MDC is less than the RBSC or it is an essential nutrient.
f Y - Yes; the MDC exceeds the RBSC; Y (a) - the MDC exceeds the RBSC, but the MDC is less than the BSC.
g Based on PRG for chromium VI.
h  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
i Based on PRG for dinitrotoluene mixture.
j Based on PRG for 4-methyl-2-pentanone.
k Based on PRG for nitrite.
l Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-17

Statistical Summary and Screening of Chemicals Detected in Overburden Direct-Push Groundwater
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of values, µg/L Arithmetic MDC
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L µg/L RBSC? e,f

Metals
Aluminum 18 / 20 90 1930 - 280000 200 - 2000 L 6.33E+04 1.07E+06 3.09E+02 3.65E+03 Y
Antimony 3 / 20 15 77.8 - 118 60 - 600 NP 1.67E+02 3.00E+02 1.46E+00 Y
Arsenic 9 / 20 45 11.1 - 584 10 - 200 L 1.14E+02 2.35E+02 7.40E+00 4.48E-02 Y
Barium 6 / 20 30 218 - 1680 200 - 2000 NP 7.49E+02 1.00E+03 1.18E+04 2.55E+02 Y (a)
Beryllium 3 / 20 15 5.5 - 8.8 5 - 50 NP 1.38E+01 2.50E+01 7.30E+00 Y
Cadmium 1 / 20 5 6.5 - 6.5 5 - 50 NP 1.32E+01 2.50E+01 1.82E+00 Y
Calcium 18 / 20 90 86100 - 1530000 5000 - 100000 N 5.79E+05 7.38E+05 3.16E+05 Nutrient N
Chromium 15 / 20 75 16 - 561 10 - 100 L 1.33E+02 3.97E+02 1.09E+01 g Y
Cobalt 8 / 20 40 77.6 - 5610 50 - 500 NP 7.17E+02 2.50E+02 1.21E+01 7.30E+01 Y
Copper 14 / 20 70 27.7 - 2800 25 - 250 L 4.86E+02 2.14E+03 1.98E+01 1.46E+02 Y
Iron 18 / 20 90 4250 - 679000 100 - 1000 NP 1.55E+05 1.76E+05 1.55E+03 1.09E+03 Y
Lead 15 / 20 75 9.5 - 323 3 - 60 L 9.36E+01 2.93E+02 1.50E+01 h Y
Magnesium 18 / 20 90 21200 - 616000 5000 - 50000 NP 1.80E+05 2.40E+05 2.17E+05 Nutrient N
Manganese 18 / 20 90 141 - 55100 15 - 150 L 9.58E+03 2.45E+05 6.36E+02 8.76E+01 Y
Mercury 6 / 20 30 0.2 - 0.55 0.2 - 2 NP 2.32E-01 2.00E-01 1.09E+00 N
Nickel 11 / 20 55 113 - 5040 40 - 400 L 6.76E+02 2.91E+03 8.60E+00 7.30E+01 Y
Potassium 6 / 20 30 6430 - 31500 5000 - 50000 NP 1.75E+04 2.50E+04 1.16E+05 Nutrient N
Sodium 15 / 20 75 5960 - 9410000 5000 - 100000 NP 1.11E+06 2.66E+05 1.39E+06 Nutrient N
Vanadium 11 / 20 55 52.3 - 1000 50 - 500 L 3.10E+02 5.56E+02 3.65E+00 Y
Zinc 15 / 20 75 44.7 - 2010 20 - 200 L 4.99E+02 1.57E+03 5.07E+02 1.09E+03 Y
Explosives
1,3,5-Trinitrobenzene 1 / 21 5 600 - 600 0.2 - 1000 NP 6.01E+01 7.00E+00 1.09E+02 Y
1,3-Dinitrobenzene 12 / 21 57 0.28 - 4800 0.2 - 1000 NP 3.72E+02 1.00E+01 3.65E-01 Y
2,4-Dinitrotoluene 13 / 21 62 0.47 - 6800 0.2 - 1000 NP 4.41E+02 1.00E+01 9.89E-02 i Y
2,6-Dinitrotoluene 8 / 21 38 0.28 - 400 0.2 - 1000 L 4.70E+01 9.09E+02 9.89E-02 i Y
Tetryl 1 / 21 5 0.2 - 0.2 0.2 - 1000 NP 3.24E+01 5.00E+00 3.65E+01 N
Semivolatile Organic Compounds
2,4-Dinitrophenol 4 / 20 20 8.3 - 5900 50 - 5000 NP 7.54E+02 3.20E+01 7.30E+00 Y
2,4-Dinitrotoluene 11 / 20 55 1.5 - 9200 10 - 1000 NP 7.06E+02 2.00E+01 9.89E-02 i Y
2,6-Dinitrotoluene 4 / 20 20 3.3 - 550 10 - 500 NP 8.10E+01 6.50E+00 9.89E-02 i Y
2-Nitroaniline 2 / 20 10 1.3 - 3.2 50 - 2500 NP 2.18E+02 3.20E+01 1.09E+01 N
2-Nitrophenol 1 / 20 5 2.1 - 2.1 10 - 500 NP 4.38E+01 6.50E+00 ND Y
3-Nitroaniline 1 / 20 5 88 - 88 50 - 2500 NP 2.23E+02 3.20E+01 1.09E+00 Y
4,6-Dinitro-2-methylphenol 3 / 20 15 830 - 2300 50 - 2500 NP 3.86E+02 3.20E+01 3.65E-01 Y
4-Nitrophenol 3 / 20 15 5 - 290 50 - 2500 NP 1.94E+02 3.20E+01 4.90E+00 Y
Bis(2-ethylhexyl)phthalate 2 / 20 10 3.2 - 10 10 - 500 NP 4.41E+01 6.50E+00 4.80E+00 Y
Naphthalene 1 / 20 5 1.9 - 1.9 10 - 500 NP 4.37E+01 6.50E+00 6.20E-01 Y

RBSC d
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Table 2-17

Statistical Summary and Screening of Chemicals Detected in Overburden Direct-Push Groundwater
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of values, µg/L Arithmetic MDC
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL b BSC c Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L µg/L µg/L RBSC? e,f
RBSC d

Volatile Organic Compounds
2-Butanone 1 / 1 100 24 - 24 5 - 5 NA 2.40E+01 NA 6.97E+02 N
2-Hexanone 1 / 19 5 1.8 - 1.8 5 - 50 NP 4.70E+00 5.00E+00 1.99E+02 j N
Acetone 1 / 1 100 20 - 20 10 - 10 NA 2.00E+01 NA 5.48E+02 N
Benzene 1 / 20 5 0.14 - 0.14 1 - 10 NP 9.07E-01 5.00E-01 3.54E-01 N
Carbon disulfide 3 / 20 15 0.16 - 0.26 1 - 10 NP 8.79E-01 5.00E-01 1.04E+02 N
Ethylbenzene 1 / 20 5 0.19 - 0.19 1 - 10 NP 9.10E-01 5.00E-01 1.34E+02 N
Tetrachloroethene 5 / 20 25 0.13 - 0.26 1 - 10 L 8.46E-01 1.34E+00 1.04E-01 Y
Toluene 1 / 7 14 1.9 - 1.9 1 - 10 NP 1.91E+00 2.50E+00 7.23E+01 N
Trichloroethene 2 / 20 10 0.16 - 0.43 1 - 10 NP 9.05E-01 5.00E-01 2.80E-02 Y
Xylenes, total 1 / 20 5 0.88 - 0.88 1 - 10 NP 9.44E-01 8.80E-01 2.06E+01 N
Miscellaneous
Chloride 3 / 6 50 2300 - 9800 1000 - 1000000 L 1.77E+05 2.14E+10 Nutrient N
Cyanide, total 3 / 6 50 23 - 780 10 - 100 NP 2.03E+02 7.80E+02 7.30E+01 Y
Nitrate 3 / 6 50 16900 - 465000 500 - 50000 NP 1.39E+05 4.65E+05 1.00E+03 Y
Sulfate 6 / 6 100 22700 - 10000000 5000 - 2000000 L 2.58E+06 7.77E+11 5.00E+05 k Y

UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - No; the MDC is less than the RBSC or it is an essential nutrient.
f Y - Yes; the MDC exceeds the RBSC; Y (a) - the MDC exceeds the RBSC, but the MDC is less than the BSC.
g Based on PRG for chromium VI.
h  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
i Based on PRG for dinitrotoluene mixture.
j Based on PRG for 4-methyl-2-pentanone.
k Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-18

Statistical Summary and COPC Selection of Chemicals Detected in Overburden Groundwater
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Values, µg/L MDC
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL BSC c Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L b µg/L RBSC? e,f

Metals
Aluminum 4 / 7 57 1040 - 4220 200 - 200 N 1.71E+03 3.04E+03 3.09E+02 3.65E+03 Y
Calcium 7 / 7 100 109000 - 497000 5000 - 5000 L 2.32E+05 4.16E+05 3.16E+05 Nutrient N
Chromium 2 / 7 29 11.4 - 12.8 10 - 10 NP 7.03E+00 1.14E+01 1.09E+01 g Y
Cobalt 2 / 7 29 118 - 142 50 - 50 NP 5.50E+01 1.18E+02 1.21E+01 7.30E+01 Y
Copper 4 / 7 57 30.7 - 70.2 25 - 25 NP 3.76E+01 6.26E+01 1.98E+01 1.46E+02 N
Iron 6 / 7 86 319 - 9390 100 - 100 L 3.85E+03 2.04E+06 1.55E+03 1.09E+03 Y
Lead 1 / 5 20 4.5 - 4.5 3 - 30 L 4.80E+00 6.52E+01 1.50E+01 h N
Magnesium 7 / 7 100 52500 - 181000 5000 - 5000 L 9.10E+04 1.50E+05 2.17E+05 Nutrient N
Manganese 7 / 7 100 235 - 1670 15 - 15 N 1.00E+03 1.46E+03 6.36E+02 8.76E+01 Y
Nickel 2 / 7 29 190 - 228 40 - 40 NP 7.40E+01 1.90E+02 8.60E+00 7.30E+01 Y
Potassium 2 / 7 29 20900 - 28000 5000 - 5000 NP 8.77E+03 2.09E+04 1.16E+05 Nutrient N
Selenium 1 / 7 14 16.7 - 16.7 5 - 50 NP 7.74E+00 1.67E+01 1.82E+01 N
Sodium 7 / 7 100 12100 - 1010000 5000 - 50000 L 3.46E+05 6.35E+07 1.39E+06 Nutrient N
Zinc 1 / 3 33 36.7 - 36.7 20 - 20 NP 1.89E+01 3.67E+01 5.07E+02 1.09E+03 Y (a)
Explosives
1,3,5-Trinitrobenzene 3 / 8 38 14 - 23 0.2 - 6.8 NP 6.98E+00 1.50E+01 1.09E+02 N
1,3-Dinitrobenzene 3 / 8 38 17 - 23 0.2 - 7.4 NP 7.89E+00 1.90E+01 3.65E-01 Y
2,4-Dinitrotoluene 3 / 8 38 21 - 47 0.2 - 5.5 NP 1.48E+01 4.70E+01 9.89E-02 i Y
2,6-Dinitrotoluene 3 / 8 38 4.1 - 8.9 0.2 - 4 NP 2.78E+00 7.80E+00 9.89E-02 i Y
3-Nitrotoluene 1 / 8 13 36 - 36 0.2 - 4 NP 5.18E+00 2.00E+00 1.22E+01 Y
Nitrobenzene 1 / 8 13 2.5 - 2.5 0.2 - 4 NP 9.88E-01 2.00E+00 3.40E-01 Y
RDX 1 / 8 13 6.2 - 6.2 0.5 - 10 NP 2.46E+00 5.00E+00 6.11E-01 Y
Semivolatile Organic Compounds
2,4-Dinitrophenol 1 / 8 13 7.6 - 7.6 50 - 5000 NP 3.32E+02 2.50E+01 7.30E+00 Y
2,4-Dinitrotoluene 3 / 8 38 43 - 55 10 - 1000 NP 8.26E+01 5.50E+01 9.89E-02 i Y
2,6-Dinitrotoluene 3 / 8 38 1.8 - 7.1 10 - 1000 NP 6.70E+01 7.10E+00 9.89E-02 i Y
2-Nitroaniline 2 / 8 25 1.3 - 1.5 50 - 5000 NP 3.28E+02 2.50E+01 1.09E+02 N
3-Nitroaniline 2 / 8 25 3.3 - 330 50 - 5000 NP 3.70E+02 3.30E+02 1.09E+00 Y
4,6-Dinitro-2-methylphenol 1 / 8 13 12 - 12 50 - 5000 NP 3.33E+02 2.50E+01 3.65E-01 Y
4-Nitrophenol 1 / 8 13 1.6 - 1.6 50 - 5000 NP 3.31E+02 2.50E+01 4.90E+01 N
Bis(2-ethylhexyl)phthalate 1 / 6 17 5.1 - 5.1 10 - 1000 NP 8.75E+01 5.00E+02 4.80E+00 Y
Di-n-octyl phthalate 1 / 7 14 2.7 - 2.7 10 - 1000 NP 7.54E+01 5.00E+00 1.46E+02 N
Nitrobenzene 1 / 8 13 3.7 - 3.7 10 - 1000 NP 6.67E+01 5.00E+00 3.40E-01 Y
Volatile Organic Compounds
Carbon disulfide 1 / 7 14 0.17 - 0.17 1 - 2 NP 5.24E-01 5.00E-01 1.04E+02 N

RBSC d

µg/L
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Table 2-18

Statistical Summary and COPC Selection of Chemicals Detected in Overburden Groundwater
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of Values, µg/L MDC
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL BSC c Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L µg/L b µg/L RBSC? e,f
RBSC d

µg/L
Miscellaneous
Chloride 7 / 8 88 2000 - 97000 1 - 100000 L 2.70E+04 1.97E+05 Nutrient N
Cyanide, total 3 / 8 38 16 - 89 10 - 10 NP 2.61E+01 7.90E+01 7.30E+01 Y
Nitrate 2 / 4 50 200 - 62000 100 - 10000 NP 1.68E+04 1.00E+02 1.00E+03 Y
Nitrate-Nitrite 2 / 4 50 100 - 80000 0.1 - 5 L 2.00E+04 1.83E+46 1.00E+02 j Y
Sulfate 8 / 8 100 170000 - 2300000 25 - 500000 NP 7.21E+05 2.00E+06 5.00E+05 k Y

UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - No; the MDC is less than the RBSC or it is an essential nutrient.
f Y - Yes; the MDC exceeds the RBSC; Y (a) - the MDC exceeds the RBSC, but the MDC is less than the BSC.
g Based on PRG for chromium VI.
h  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
i Based on PRG for dinitrotoluene mixture.
j Based on PRG for nitrite.
k  Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 2-19

Statistical Summary and Screening of Chemicals Detected in Overburden Direct-Push Groundwater
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 2)

Range of Values, µg/L MDC
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL BSC c RBSC d Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L ug/L b µg/L µg/L RBSC? e,f

Metals
Aluminum 8 / 8 100 1240 - 206000 200 - 2000 L 5.72E+04 1.76E+06 3.09E+02 3.65E+03 Y
Antimony 1 / 8 13 106 - 106 60 - 600 NP 8.83E+01 1.50E+02 1.46E+00 Y
Arsenic 5 / 8 63 15.2 - 1780 10 - 100 L 2.58E+02 4.76E+03 7.40E+00 4.48E-02 Y
Barium 4 / 8 50 217 - 773 200 - 2000 L 4.16E+02 1.23E+03 1.18E+04 2.55E+02 Y (a)
Beryllium 1 / 8 13 9.5 - 9.5 5 - 50 NP 7.44E+00 1.25E+01 7.30E+00 Y
Calcium 8 / 8 100 230000 - 2680000 5000 - 50000 L 7.89E+05 1.82E+06 3.16E+05 Nutrient N
Chromium 6 / 8 75 28.8 - 296 10 - 100 L 9.11E+01 8.06E+02 1.09E+01 g Y
Cobalt 4 / 8 50 68.4 - 264 50 - 500 N 1.27E+02 1.90E+02 1.21E+01 7.30E+01 Y
Copper 5 / 8 63 90.2 - 654 25 - 250 L 1.80E+02 1.04E+03 1.98E+01 1.46E+02 Y
Iron 8 / 8 100 2650 - 339000 100 - 1000 L 1.12E+05 2.68E+06 1.55E+03 1.09E+03 Y
Lead 6 / 8 75 11.8 - 459 3 - 30 L 9.47E+01 2.46E+03 1.50E+01 h Y
Magnesium 8 / 8 100 86200 - 651000 5000 - 50000 L 2.26E+05 4.46E+05 2.17E+05 Nutrient N
Manganese 8 / 8 100 750 - 12600 15 - 150 L 5.41E+03 2.18E+04 6.36E+02 8.76E+01 Y
Mercury 4 / 8 50 0.24 - 0.65 0.2 - 0.2 NP 2.51E-01 4.70E-01 1.09E+00 N
Nickel 5 / 8 63 61.5 - 515 40 - 400 L 1.87E+02 7.84E+02 8.60E+00 7.30E+01 Y
Potassium 6 / 8 75 6880 - 33100 5000 - 50000 N 1.75E+04 2.34E+04 1.16E+05 Nutrient N
Selenium 1 / 8 13 1790 - 1790 5 - 50 NP 2.33E+02 2.50E+01 1.82E+01 Y
Sodium 8 / 8 100 44300 - 1060000 5000 - 50000 L 4.22E+05 2.48E+06 1.39E+06 Nutrient N
Thallium 1 / 8 13 1770 - 1770 10 - 100 NP 2.41E+02 5.00E+01 2.41E-01 Y
Vanadium 5 / 8 63 62 - 381 50 - 500 L 1.55E+02 4.41E+02 3.65E+00 Y
Zinc 7 / 8 88 22.1 - 1260 20 - 200 L 3.74E+02 4.16E+03 5.07E+02 1.09E+03 Y
Explosives
1,3,5-Trinitrobenzene 5 / 15 33 7.2 - 680 0.2 - 40 L 5.18E+01 3.73E+03 1.09E+02 Y
1,3-Dinitrobenzene 6 / 15 40 0.2 - 270 0.2 - 40 NP 2.06E+01 5.00E+00 3.65E-01 Y
2,4,6-Trinitrotoluene 1 / 15 7 7.1 - 7.1 0.2 - 46 L 3.97E+00 5.15E+01 1.82E+00 Y
2,4-Dinitrotoluene 6 / 15 40 1.1 - 950 0.2 - 40 L 6.83E+01 1.11E+03 9.89E-02 i Y
2,6-Dinitrotoluene 3 / 15 20 0.25 - 2.7 0.2 - 40 L 3.50E+00 2.41E+01 9.89E-02 i Y
Semivolatile Organic Compounds
2,4-Dinitrotoluene 5 / 7 71 1.8 - 660 10 - 100 L 1.21E+02 5.92E+04 9.89E-02 i Y
2,6-Dinitrotoluene 4 / 7 57 6.3 - 56 10 - 100 L 1.58E+01 5.88E+01 9.89E-02 i Y
3-Nitroaniline 6 / 7 86 2.1 - 49 50 - 500 L 2.03E+01 2.68E+02 1.09E+00 Y
4,6-Dinitro-2-methylphenol 1 / 7 14 24 - 24 50 - 500 NP 1.21E+02 2.50E+02 3.65E-01 Y
4-Nitrophenol 1 / 7 14 2.4 - 2.4 50 - 500 L 1.18E+02 1.60E+04 4.90E+00 N

KN6\PBOW\GW BHHRA\FINAL\2.0 Tbls.xls(Tbl 2-19 WARP GW ovbdn dp sum)\9/26/2006(3:48 PM)



Table 2-19

Statistical Summary and Screening of Chemicals Detected in Overburden Direct-Push Groundwater
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 2)

Range of Values, µg/L MDC
Detection Percent Detected Concentrations Reporting Limits Statistical Mean 95% UCL BSC c RBSC d Exceeds

Chemical Frequency hits Minimum Maximum Minimum Maximum Distribution a µg/L ug/L b µg/L µg/L RBSC? e,f

Volatile Organic Compounds
2-Butanone 2 / 2 100 1.2 - 1.8 5 - 5 N 1.50E+00 3.39E+00 6.97E+02 N
Benzene 2 / 15 13 0.13 - 0.15 1 - 1 NP 4.52E-01 5.00E-01 3.54E-01 N
Carbon disulfide 2 / 15 13 0.15 - 0.18 1 - 1 NP 4.55E-01 5.00E-01 1.04E+02 N
Ethylbenzene 1 / 15 7 0.19 - 0.19 1 - 1 NP 4.79E-01 5.00E-01 1.34E+02 N
Tetrachloroethene 2 / 15 13 0.15 - 0.2 1 - 1 NP 4.57E-01 5.00E-01 1.04E-01 Y
Miscellaneous
Nitrate 1 / 2 50 1600 - 1600 500 - 1000 NA 1.05E+03 NA 1.00E+03 Y
Sulfate 2 / 2 100 278000 - 305000 50000 - 100000 NA 2.92E+05 NA 5.00E+05 j N

UCL - Upper confidence limit; BSC - Background screening criterion; RBSC - Risk-based screening concentration;
ND - No data; µg/L - Micrograms per liter.

a Statistical Distribution:  N - Normal distribution; L - Lognormal distribution; NP - Nonparametric distribution; NA - Not applicable, distribution not determined for sample sets less than 5.
b Method of estimation based on statistical distribution (please see Section 3.2.1).
c Background screening criteria are presented in the 2004 Data Summary and Evaluation Report  (Shaw, 2005).
d Risk-Based Screening Concentrations based on EPA Region 9 Preliminary Remediation Goals (PRGs [EPA, 2004]) for tap water.  
  PRGs were adjusted to provide an Hazard Index of 0.1 and an Incremental Lifetime Cancer Range of 1E-6.
e N - No; the MDC is less than the RBSC or it is an essential nutrient.
f Y - Yes; the MDC exceeds the RBSC; Y (a) - the MDC exceeds the RBSC, but the MDC is less than the BSC.
g Based on PRG for chromium VI.
h  Screening criteria for lead based on the action level of 15 µg/L (EPA, 1996, Drinking Water Regulations and Health Advisories , Office of Water, Washington, DC, October).
i Based on PRG for dinitrotoluene mixture.
j  Screening criteria for sulfate based on the Drinking Water Advisory .
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Table 3-1

Variables Used to Estimate Potential Chemical Intake 
and Contact Rates from Groundwater

Plum Brook Ordnance Works, Sandusky, Ohio

Pathway Variable On-site Worker Resident
General Variables

Exposure duration (ED), years 25a
Child:  6b

Adult:  24b

Body weight (BW), kg 70a
Child:  15b

Adult:  70a

Averaging time, noncancer (AT), daysc 9125
Child:  2190
Adult:  8760

Averaging time, cancer (AT), daysc
25550 25550

Inhalation of VOCs from Groundwater

Exposure time (ET), hours/day NA 24d

Inhalation rate (IRa), m
3/hour NA

Adult:  0.833b

Child:  0.416b

Exposure frequency (EF), days/year 250a
350a

Drinking Water Ingestion of Groundwater
Fraction exposed to contaminated medium (Flgw), 
unitless 1f 1f

Drinking water ingestion rate (IRgw), L/day 1a
Child:  1b

Adult:  2a

Exposure frequency (EF), days/year 250a 350a

Dermal Contact with Groundwater
Fraction exposed to contaminated medium (Flgw), 
unitless 1e 1e

Body surface area exposed to water (Sagw), cm2 3300g
Child:  6600f

Adult:  20000f

Permeability coefficient (PC), cm/hour csv csv

Exposure time (ETgw), hours/day 1f
Child:  0.333g

Adult:  0.2d

Exposure frequency (EF), days/year 250a 350a

cm - Centimeter.
cm2 - Square centimeter.
csv - Chemical-specific value.
kg - Kilogram.
L - Liters.
m3 - Cubic meters. 
NA - Not applicable to this receptor.
VOC - Volatile organic compound.

aU.S. Environmental Protection Agency (EPA), 1991, Risk Assessment Guidance for
  Superfund Volume 1:  Human Health Evaluation Manual Supplemental Guidance, 
  Standard Default Exposure Factors, Interim Final, Office of Solid Waste and 
  Emergency Response, OSWER Directive:  9285.603.
bU.S. Environmental Protection Agency (EPA), 2004, User's Guide and 
  Background Technical Document for EPA Region 9 Preliminary
  Remediation Goals (PRG) Table, Region 9, San Francisco, California, October.
cCalculated as the product of ED (years) x 365 days/year.
dThe Exposure Factors Handbook (see reference g) indicates that the 90th percentile
  for the amount of time spent at a residence is more than 23 hours per day.
eAssumed; see text.
fU.S. Environmental Protection Agency (EPA), 2004, Risk Assessment Guidance for
  Superfund Volume 1:  Human Health Evaluation Manual (Part E - Supplemental 
  Guidance for Dermal Risk Assessment), Final, Office of Superfund Remediation
  and Technology Innovation, Washington, D.C., July, EPA/540/R-99/005.
gU.S. Environmental Protection Agency, (EPA), 1997, Exposure Factors Handbook,
   Final, National Center for Environmental Assessment, Washington, D.C., 
   EPA/600/P-95/002Fa, August.
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Table 3-2

Chemical-Specific Physical Property Values Used for Exposure Assessmenta

 Former Plum Brook Ordnance Works, Sandusky, Ohio

Henry's Law Molecular
FA Kp tau Constant Weight

Chemical (unitless) (cm/hour) (hours) (atm-m3/mole) (g/mole)
Metals
Aluminum NA 1.00E-03 b NA NA NA
Arsenic NA 1.00E-03 NA NA NA
Chromium NA 1.00E-03 NA NA NA
Cobalt NA 1.00E-03 NA NA NA
Iron NA 1.00E-03 NA NA NA
Lead NA 1.00E-04 b NA NA NA
Manganese NA 1.00E-03 b NA NA NA
Nickel NA 2.00E-04 b NA NA NA
Thallium NA 1.00E-03 NA NA NA
Vanadium NA 1.00E-03 NA NA NA
Explosives
2,4,6-Trinitrotoluene 1 9.64E-04 1.96 4.57E-07 227.13
1,3-Dichlorobenzene 1 5.80E-02 0.71 2.80E-03 147
2,4-Dinitrotoluene 1 3.10E-03 1.12 9.27E-08 182.1
2,6-Dinitrotoluene 1 2.10E-03 1.12 9.26E-08 182.1
2-Nitrotoluene 1 8.91E-03 0.62 5.60E-05 137.13
4-Amino-2,6-dinitrotoluene 1 2.04E-03 1.33 1.61E-10 197.15
Nitrobenzene 1 5.39E-03 0.514 2.40E-05 123.11
Semivolatile Organic Compounds
2-Methylnaphthalene 1 8.94E-02 0.657 5.18E-04 142.2
4,6-Dinitro-2-methylphenol 1 3.14E-03 1.35 NA 198.13
2,4-Dinitrophenol 1 1.50E-03 1.15 4.44E-07 184.1
3-Nitroaniline 1 2.14E-03 0.623 7.20E-09 138.12
4-Methylphenol 1 7.70E-03 0.43 1.00E-06 108.1
Bis(2-ethylhexyl)phthalate 0.8 2.50E-02 16.64 1.02E-07 391
Chrysene 1 4.70E-01 2.03 9.46E-05 228.3
Dibenzofuran 0.6 9.49E-02 0.918 2.10E-04 168.19
Fluorene 1 1.07E-01 0.895 6.37E-05 166.21
Naphthalene 1 4.70E-02 0.56 4.83E-04 128.2
Phenanthrene 1 1.40E-01 1.06 1.24E-04 178.2
Volatile Organic Compounds
1,1,2-Trichloroethane 1 6.40E-03 0.6 0.000912 133.4
Acetone 1 5.20E-04 0.22 3.88E-05 58.08
Benzene 1 1.50E-02 0.29 5.56E-03 78.1
Bromomethane 1 2.80E-03 0.36 6.24E-03 95
Chlorobenzene 1 2.80E-02 0.46 3.71E-03 112.6
Chloromethane 1 3.30E-03 0.2 8.82E-03 50.5
Ethylbenzene 1 4.90E-02 0.42 7.88E-03 106.2
Methylene chloride 1 3.50E-03 0.32 2.19E-03 84.9
Toluene 1 3.10E-02 0.35 6.63E-03 92.1
Xylenes, total 1 5.30E-02 0.42 7.34E-03 106.2
Miscellaneous
Cyanide, total 1 7.65E-04 0.15 NA 26.02
Nitrate NA 1.00E-03 NA NA 62
Nitrate-Nitrite (values based on nitrite) NA 1.00E-03 NA NA 46.1
Sulfate NA NA NA NA 96.1

FA - fraction absorbed; Kp - permeability coefficient; tau - lag time for chemical to cross stratum corneum; NA - not applicable.
a Refer to toxicity profiles in Appendix E for documentation of the values.
b Values from:  U.S. Environmental Protection Agency (2004) Risk Assessment Guidance for Superfund, Human Health Evaluati
  Manual, Part E - Supplemental Guidance for Dermal Risk Assessment, Office of Superfund Remediation and Technology Innov
  Washington, D.C., July, (EPA/540/R-99/005).
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Table 4-1

COPC-Specific Toxicity Valuesa Used for Toxicity Assessment
 Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 2)

Chronic Chronic
Oral Dermal Oral Inhalation Inhalation Cancer
RfD RfD Target RfD Target Weight-of-Evidence Oral SFa Dermal SFa Inhalation SFa

Chemical GAF (mg/kg-day) (mg/kg-day) Organ (mg/kg-day) Organ Group (/mg/kg-day) (/mg/kg-day) (/mg/kg-day)
Metals
Aluminum NA 1.00E+00 NA CNS 1.40E-03 NS D ND ND ND
Arsenic NA 3.00E-04 3.00E-04 skin, PVS ND NA A 1.50E+00 1.50E+00 1.50E+01
Chromium 0.025 3.00E-03 7.50E-05 GI, fetus & repro 2.30E-06 Lung D ND ND 4.20E+01
Cobalt 0.2 2.00E-02 4.00E-03 erythropoiesis 5.70E-06 respiratory tract B1 ND ND 9.80E+00
Iron 1 3.00E-01 3.00E-01 iron overload ND NA ND ND ND ND
Lead NA ND NA NA ND NA B2 ND ND ND
Manganese NA 2.40E-02 NA CNS 5.00E-05 CNS D ND ND ND
Nickel 0.04 2.00E-02 8.00E-04 reduced BW & OW ND NA A ND ND 8.40E-01
Thallium NA 6.50E-05 6.50E-05 skin, liver ND NA D ND ND ND
Vanadium 0.03 1.00E-03 3.00E-05 kidney ND NA ND ND ND ND
Explosives
2,4,6-Trinitrotoluene NA 5.00E-04 5.00E-04 erythrocyte, liver ND NA C 3.00E-02 3.00E-02 ND
1,3-Dichlorobenzene NA 1.00E-03 1.00E-03 thyroid & pituitary ND NA D ND ND ND
2,4-Dinitrotoluene NA 2.00E-03 2.00E-03 CNS, erythrocyte, liver ND NA B2 6.80E-01 6.80E-01 ND
2,6-Dinitrotoluene NA 1.00E-03 1.00E-03 CNS, erythrocyte, liver, kidney ND NA B2 6.80E-01 6.80E-01 ND
2-Nitrotoluene NA 1.00E-02 1.00E-02 erythrocyte ND NA B2 2.30E-01 2.30E-01 ND
4-Amino-2,6-dinitrotoluene NA 2.00E-04 2.00E-04 liver, erythrocyte ND NA D ND ND ND
Nitrobenzene 1 5.00E-04 5.00E-04 liver, kidney, erythrocyte 5.70E-04 liver, kidney, erythrocyte D ND ND ND
Semivolatile Organic Compounds
2-Methylnaphthalene NA 2.00E-02 2.00E-02 erythrocyte, eye, reduced BW 8.60E-04 NOE D ND ND ND
4,6-Dinitro-2-methylphenol NA 1.00E-04 1.00E-04 cellular respiration ND NA ND ND ND ND
2,4-Dinitrophenol NA 2.00E-03 2.00E-03 eye, increased basal MR ND NA ND ND ND ND
3-Nitroaniline NA 3.00E-04 3.00E-04 erythrocyte 2.90E-04 erythrocyte C 2.10E-02 2.10E-02 ND
4-Methylphenol NA 5.00E-03 5.00E-03 CNS ND NA C ND ND ND
Bis(2-ethylhexyl)phthalate NA 2.00E-02 2.00E-02 liver 3.70E-03 lung, liver B2 1.40E-02 1.40E-02 1.40E-02
Chrysene NA ND ND NA ND NA B2 7.30E-03 7.30E-03 3.10E-03
Dibenzofuran NA 2.00E-03 2.00E-03 kidney ND NA D ND ND ND
Fluorene NA 4.00E-02 4.00E-02 erythrocyte ND NA D ND ND ND
Naphthalene NA 2.00E-02 2.00E-02 erythrocyte, eye, reduced BW 8.60E-04 NOE C ND ND ND
Phenanthrene NA 3.00E-02 3.00E-02 kidney tubule ND NA D ND ND ND
Volatile Organic Compounds
1,1,2-Trichloroethane NA 4.00E-03 4.00E-03 immune system ND NA C 5.70E-02 5.70E-02 5.70E-02
Acetone NA 9.00E-01 9.00E-01 kidney ND NA Inadequate ND ND ND
Benzene NA 4.00E-03 4.00E-03 blood cells 8.60E-03 blood cells A 5.50E-02 5.50E-02 2.70E-02
Bromomethane NA 1.40E-03 1.40E-03 erythrocyte, kidney 1.40E-03 olfactory epithelium D ND ND ND
Chlorobenzene NA 2.00E-02 2.00E-02 liver 5.70E-03 liver, kidney D ND ND ND
Chloromethane NA ND ND NA 2.60E-02 CNS D ND ND ND
Ethylbenzene NA 1.00E-01 1.00E-01 liver, kidney 2.90E-01 liver, kidney, fetus D ND ND ND
Methylene chloride NA 6.00E-02 6.00E-02 liver, erythrocyte 8.60E-01 liver, erythrocyte B2 7.50E-03 7.50E-03 1.60E-03
Toluene NA 2.00E-01 2.00E-01 liver, kidney, CNS 1.10E-01 GI, URT D ND ND ND
Xylenes, total NA 2.00E-01 2.00E-01 Reduced BW & survival 2.90E-02 CNS D ND ND ND
Miscellaneous
Cyanide, total NA 2.00E-02 2.00E-02 Reduced BW, thyroid, NS ND ND D ND ND ND
Nitrate 0.5 1.60E+00 8.00E-01 erythrocyte ND ND ND ND ND ND
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Table 4-1

COPC-Specific Toxicity Valuesa Used for Toxicity Assessment
 Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 2)

Chronic Chronic
Oral Dermal Oral Inhalation Inhalation Cancer
RfD RfD Target RfD Target Weight-of-Evidence Oral SFa Dermal SFa Inhalation SFa

Chemical GAF (mg/kg-day) (mg/kg-day) Organ (mg/kg-day) Organ Group (/mg/kg-day) (/mg/kg-day) (/mg/kg-day)
Nitrate-Nitrite (values based on nitrite 0.5 1.00E-01 5.00E-02 erythrocyte ND ND ND ND ND ND
Sulfate NA ND ND ND ND ND ND ND ND ND

ND - no data; NA - not applicable; COPC - chemical of potential concern.
a Please see toxicity profiles in Appendix E for documentation of the values.

Target Organs:
NS - nervous system; CNS - central nervous system, PVS - pulmonary vascular system; BW - body weight; OW - organ weight; MR - metabolic rate; NOE - nasal and olfactory; 
GI - gastrointestinal; URT - upper repiratory tract.

Weight of Evidence Group:
A - Human carcinogen; B1 - Probable human carcinogen (human data); B2 - Probable human carcinogen (animal data);
C - Possible human carcinogen; D - Not classifiable as to carcinogenicity to humans.
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Table 6-1

Summary of Groundwater Risk for the On-Site Worker
TNT Area A, Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI ILCR

Concentration Oral Oral Dermal Dermal All All
COPCa (mg/L) HQ ILCR HQ ILCR Pathways Pathways
Metals
Aluminum 8.30E+00 8.12E-02 ND NA ND 8.12E-02 NA
Arsenic 1.73E-02 5.64E-01 9.07E-05 1.86E-03 2.99E-07 5.66E-01 9.10E-05
Chromium 3.72E-02 1.21E-01 ND 1.60E-02 ND 1.37E-01 NA
Iron 3.34E+01 1.09E+00 ND 3.59E-03 ND 1.09E+00 NA
Lead 1.84E-02 NA ND NA ND NA NA
Manganese 1.17E+01 4.77E+00 ND NA ND 4.77E+00 NA
Nickel 7.57E-02 3.70E-02 ND 6.11E-04 ND 3.76E-02 NA
Vanadium 3.69E-02 3.61E-01 ND 3.97E-02 ND 4.01E-01 NA
Explosives
1,3-Dinitrobenzene 1.00E-03 9.78E-03 ND 1.50E-04 ND 9.93E-03 NA
2,4-Dinitrotoluene 4.90E-04 2.40E-03 1.16E-06 7.18E-05 3.49E-08 2.47E-03 1.20E-06
2,6-Dinitrotoluene 3.60E-03 3.52E-02 8.55E-06 7.14E-04 1.73E-07 3.59E-02 8.73E-06
2-Nitrotoluene 3.10E-04 3.03E-05 2.49E-07 1.94E-06 1.59E-08 3.23E-05 2.65E-07
4-Amino-2,6-dinitrotoluene 1.30E-03 6.36E-02 ND 1.37E-03 ND 6.50E-02 NA
Nitrobenzene 2.00E-03 3.91E-02 ND 1.38E-03 ND 4.05E-02 NA
Semivolatile Organic Compounds
2-Methylnaphthalene 4.70E-01 2.30E-01 ND 1.52E-01 ND 3.82E-01 NA
Bis(2-ethylhexyl)phthalate 8.15E-03 3.99E-03 3.99E-07 2.97E-03 2.97E-07 6.96E-03 6.96E-07
Chrysene 1.50E-02 NA 3.83E-07 NA 2.34E-06 NA 2.72E-06
Dibenzofuran 1.20E-02 5.87E-02 ND 2.92E-02 ND 8.79E-02 NA
Fluorene 2.80E-02 6.85E-03 ND 6.33E-03 ND 1.32E-02 NA
Naphthalene 1.70E-01 8.32E-02 ND 2.67E-02 ND 1.10E-01 NA
Phenanthrene 7.40E-02 2.41E-02 ND 3.17E-02 ND 5.59E-02 NA
Volatile Organic Compounds
Benzene 7.00E-01 1.71E+00 1.35E-04 1.26E-01 9.92E-06 1.84E+00 1.44E-04
Chloromethane 3.50E-02 NA ND NA ND NA NA
Ethylbenzene 2.40E-01 2.35E-02 ND 6.80E-03 ND 3.03E-02 NA
Methylene chloride 3.30E-01 5.38E-02 8.65E-06 9.72E-04 1.56E-07 5.48E-02 8.81E-06
Toluene 7.30E-01 3.57E-02 ND 5.98E-03 ND 4.17E-02 NA
Xylenes, total 1.40E+00 6.85E-02 ND 2.15E-02 ND 9.00E-02 NA

Total HI 9.48 0.480 10
Total ILCR 2.45E-04 1.32E-05 3.E-04

Site-Related HI 0.15 0.004 0.2
Site-Related ILCR 9.97E-06 2.24E-07 1.E-05

COPC - Chemical of potential concern; HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-2

Summary of Target Organ Noncancer Hazard Evaluation
On-Site Worker Exposure to Groundwater

TNT Area A, Former Plum Brook Ordnance Works
Sandusky, Ohio

Blood/
COPCb NS/CNS Blood cells
Metals
Aluminum 0.08
Manganese 4.77
Explosives
2,4-Dinitrotoluene 0.002
2,6-Dinitrotoluene 0.04
Volatile Organic Compounds
Benzene 1.84
Toluene 0.04

Total Target Organ HI 5 2

Site-Related Target Organ HI 0.04 NA

COPC - Chemical of potential concern.
HI - Hazard index.
Target Organs:  NS/CNS - Nervous system/central nervous system.
NA - Not applicable.
a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2
  and Appendix H.

Target Organs a
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Table 6-3

Summary of Groundwater Noncancer Risk for the Child Resident
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPCa (mg/L) HQ HQ HQ Pathways
Metals
Aluminum 8.30E+00 5.31E-01 NA NA 5.31E-01
Arsenic 1.73E-02 3.69E+00 8.10E-03 NA 3.69E+00
Chromium 3.72E-02 7.93E-01 6.97E-02 NA 8.62E-01
Iron 3.34E+01 7.12E+00 1.56E-02 NA 7.13E+00
Lead 1.84E-02 NA NA NA NA
Manganese 1.17E+01 3.12E+01 NA NA 3.12E+01
Nickel 7.57E-02 2.42E-01 2.66E-03 NA 2.45E-01
Vanadium 3.69E-02 2.36E+00 1.73E-01 NA 2.53E+00
Explosives
1,3-Dinitrobenzene 1.00E-03 6.39E-02 1.13E-03 NA 6.51E-02
2,4-Dinitrotoluene 4.90E-04 1.57E-02 5.41E-04 NA 1.62E-02
2,6-Dinitrotoluene 3.60E-03 2.30E-01 5.39E-03 NA 2.36E-01
2-Nitrotoluene 3.10E-04 1.98E-04 7.32E-06 NA 2.05E-04
4-Amino-2,6-dinitrotoluene 1.30E-03 4.16E-01 1.03E-02 NA 4.26E-01
Nitrobenzene 2.00E-03 2.56E-01 5.20E-03 1.12E+00 1.38E+00
Semivolatile Organic Compounds
2-Methylnaphthalene 4.70E-01 1.50E+00 5.73E-01 1.74E+02 1.76E+02
Bis(2-ethylhexyl)phthalate 8.15E-03 2.61E-02 2.24E-02 NA 4.84E-02
Chrysene 1.50E-02 NA NA NA NA
Dibenzofuran 1.20E-02 3.84E-01 1.10E-01 NA 4.94E-01
Fluorene 2.80E-02 4.47E-02 2.38E-02 NA 6.86E-02
Naphthalene 1.70E-01 5.43E-01 1.01E-01 6.31E+01 6.37E+01
Phenanthrene 7.40E-02 1.58E-01 1.20E-01 NA 2.77E-01
Volatile Organic Compounds
Benzene 7.00E-01 1.12E+01 4.76E-01 2.60E+01 3.76E+01
Chloromethane 3.50E-02 NA NA 4.30E-01 4.30E-01
Ethylbenzene 2.40E-01 1.53E-01 2.57E-02 2.64E-01 4.43E-01
Methylene chloride 3.30E-01 3.52E-01 3.66E-03 1.22E-01 4.78E-01
Toluene 7.30E-01 2.33E-01 2.25E-02 2.12E+00 2.37E+00
Xylenes, total 1.40E+00 4.47E-01 8.09E-02 1.54E+01 1.59E+01

Total HI 61.9 1.87 283 347

Site-Related HI 0.98 0.02 1.12 2

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
NA - Not applicable.
mg/L - Milligrams per liter.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-4

Summary of Target Organ Noncancer Hazard Evaluation
Child Resident Exposure to Groundwater

TNT Area A, Former Plum Brook Ordnance Works
Sandusky, Ohio

URT/ Iron Reduced Blood/
COPCb NS/CNS Skin PVS GI Lung Overload Kidney Erythrocyte Eye BW/OW NOE Blood cells Liver
Metals
Aluminum 0.53
Arsenic 3.69 3.69
Chromium 0.86
Iron 7.13
Manganese 31.16
Nickel 0.24
Vanadium 2.53
Explosives
1,3-Dinitrobenzene 0.07
2,4-Dinitrotoluene 0.02 0.02 0.02
2,6-Dinitrotoluene 0.24 0.24 0.24 0.24
4-Amino-2,6-dinitrotoluene 0.43 0.43
Nitrobenzene 1.38 1.38 1.38
Semivolatile Organic Compounds
2-Methylnaphthalene 2.08 2.08 2.08 174.40
Bis(2-ethylhexyl)phthalate 0.05
Dibenzofuran 0.49
Fluorene 0.07
Naphthalene 0.64 0.64 0.64 63.08
Phenanthrene 0.28
Volatile Organic Compounds
Benzene 37.64
Chloromethane 0.43
Ethylbenzene 0.44 0.44
Methylene chloride 0.48 0.48
Toluene 0.26 2.12 2.12 0.26 0.26
Xylenes, total 15.41 0.53

Total Target Organ HI 48 4 4 3 2 7 6 5 3 3 237 38 3

Site-Related Target Organ HI 0.3 NA NA NA NA NA 2 2 NA NA NA NA 2

COPC - Chemical of potential concern.
HI - Hazard Index.
Target Organs:  NS/CNS - nervous system/central nervous system; BW/OW - body/organ weight; NOE - nasal and olfactory epithelia; PVS - pulmonary vascular system; GI - gastrointestinal.
NA - Not applicable.
a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organs a
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Table 6-5

Summary of Groundwater Noncancer Risk for the Adult Resident
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPCa (mg/L) HQ HQ HQ Pathways
Metals
Aluminum 8.30E+00 2.27E-01 NA NA 2.27E-01
Arsenic 1.73E-02 1.58E+00 3.16E-03 NA 1.58E+00
Chromium 3.72E-02 3.40E-01 2.72E-02 NA 3.67E-01
Iron 3.34E+01 3.05E+00 6.10E-03 NA 3.06E+00
Lead 1.84E-02 NA NA NA NA
Manganese 1.17E+01 1.34E+01 NA NA 1.34E+01
Nickel 7.57E-02 1.04E-01 1.04E-03 NA 1.05E-01
Vanadium 3.69E-02 1.01E+00 6.74E-02 NA 1.08E+00
Explosives
1,3-Dinitrobenzene 1.00E-03 2.74E-02 5.69E-04 NA 2.80E-02
2,4-Dinitrotoluene 4.90E-04 6.71E-03 2.72E-04 NA 6.98E-03
2,6-Dinitrotoluene 3.60E-03 9.86E-02 2.71E-03 NA 1.01E-01
2-Nitrotoluene 3.10E-04 8.49E-05 3.68E-06 NA 8.86E-05
4-Amino-2,6-dinitrotoluene 1.30E-03 1.78E-01 5.18E-03 NA 1.83E-01
Nitrobenzene 2.00E-03 1.10E-01 2.62E-03 4.80E-01 5.93E-01
Semivolatile Organic Compounds
2-Methylnaphthalene 4.70E-01 6.44E-01 2.88E-01 7.48E+01 7.58E+01
Bis(2-ethylhexyl)phthalate 8.15E-03 1.12E-02 1.13E-02 NA 2.24E-02
Chrysene 1.50E-02 NA NA NA NA
Dibenzofuran 1.20E-02 1.64E-01 5.54E-02 NA 2.20E-01
Fluorene 2.80E-02 1.92E-02 1.20E-02 NA 3.12E-02
Naphthalene 1.70E-01 2.33E-01 5.06E-02 2.71E+01 2.74E+01
Phenanthrene 7.40E-02 6.76E-02 6.02E-02 NA 1.28E-01
Volatile Organic Compounds
Benzene 7.00E-01 4.79E+00 2.39E-01 1.11E+01 1.62E+01
Chloromethane 3.50E-02 NA NA 1.84E-01 1.84E-01
Ethylbenzene 2.40E-01 6.58E-02 1.29E-02 1.13E-01 1.92E-01
Methylene chloride 3.30E-01 1.51E-01 1.84E-03 5.25E-02 2.05E-01
Toluene 7.30E-01 1.00E-01 1.13E-02 9.09E-01 1.02E+00
Xylenes, total 1.40E+00 1.92E-01 4.07E-02 6.61E+00 6.84E+00

Total HI 26.5 0.908 121 149

Site-Related HI 0.42 0.01 0.48 1

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
NA - Not applicable.
mg/L - Milligrams per liter.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-6

Target Organ Noncancer Hazard Evaluation
Adult Resident Exposure to Groundwater

TNT Area A, Former Plum Brook Ordnance Works
Sandusky, Ohio

Iron Reduced Blood/
COPCb NS/CNS Skin PVS Overload Kidney Erythrocyte BW/OW NOE Blood cells
Metals
Aluminum 0.2
Arsenic 2 2
Iron 3
Manganese 13
Nickel 0.1
Vanadium 1
Explosives
1,3-Dichlorobenzene 0.03
2,4-Dinitrotoluene 0.01 0.01
2,6-Dinitrotoluene 0.1 0.1 0.1
4-Amino-2,6-dinitrotoluene 0.2
Nitrobenzene 0.6 0.6
Semivolatile Organic Compounds
2-Methylnaphthalene 0.9 0.9 75
Dibenzofuran 0.2
Fluorene 0.03
Naphthalene 0.3 0.3 27
Phenanthrene 0.1
Volatile Organic Compounds
Benzene 16
Chloromethane 0.2
Ethylbenzene 0.2
Methylene chloride 0.2
Toluene 0.1 0.1
Xylenes, total 7 0.2

Total Target Organ HI 21 2 2 3 2 2 2 102 16

Site-Related Target Organ HI 0.1 NA NA NA 1 1 NA NA NA

COPC - Chemical of potential concern.
HI - Hazard index.
Target Organs:  NS/CNS - nervous system/central nervous system; BW/OW - body/organ weight; NOE - nasal and olfactory epithelia; PVS - pulmonary vascular system.
NA - Not applicable.
a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organs a
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Table 6-7

Summary of Groundwater Cancer Risk for the Resident
TNT Area A, Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point Adult Child Total Adult Child Total Adult Child Total ILCR

Concentration Oral Oral Oral Dermal Dermal Dermal Inhalation Inhalation Inhalation All
COPCa (mg/L) ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR Pathways
Metals
Aluminum 8.30E+00 NA NA NA NA NA NA NA NA NA NA
Arsenic 1.73E-02 2.44E-04 1.42E-04 3.86E-04 4.88E-07 3.13E-07 8.00E-07 NA NA NA 3.87E-04
Chromium 3.72E-02 NA NA NA NA NA NA NA NA NA NA
Iron 3.34E+01 NA NA NA NA NA NA NA NA NA NA
Lead 1.84E-02 NA NA NA NA NA NA NA NA NA NA
Manganese 1.17E+01 NA NA NA NA NA NA NA NA NA NA
Nickel 7.57E-02 NA NA NA NA NA NA NA NA NA NA
Vanadium 3.69E-02 NA NA NA NA NA NA NA NA NA NA
Explosives
1,3-Dinitrobenzene 1.00E-03 NA NA NA NA NA NA NA NA NA NA
2,4-Dinitrotoluene 4.90E-04 3.13E-06 1.83E-06 4.96E-06 1.27E-07 6.31E-08 1.90E-07 NA NA NA 5.15E-06
2,6-Dinitrotoluene 3.60E-03 2.30E-05 1.34E-05 3.64E-05 6.32E-07 3.14E-07 9.46E-07 NA NA NA 3.74E-05
2-Nitrotoluene 3.10E-04 6.70E-07 3.91E-07 1.06E-06 2.90E-08 1.44E-08 4.35E-08 NA NA NA 1.10E-06
4-Amino-2,6-dinitrotoluene 1.30E-03 NA NA NA NA NA NA NA NA NA NA
Nitrobenzene 2.00E-03 NA NA NA NA NA NA NA NA NA NA
Semivolatile Organic Compounds
2-Methylnaphthalene 4.70E-01 NA NA NA NA NA NA NA NA NA NA
Bis(2-ethylhexyl)phthalate 8.15E-03 1.07E-06 6.25E-07 1.70E-06 1.08E-06 5.37E-07 1.62E-06 NA NA NA 3.32E-06
Chrysene 1.50E-02 1.03E-06 6.00E-07 1.63E-06 8.52E-06 4.23E-06 1.27E-05 NA NA NA 1.44E-05
Dibenzofuran 1.20E-02 NA NA NA NA NA NA NA NA NA NA
Fluorene 2.80E-02 NA NA NA NA NA NA NA NA NA NA
Naphthalene 1.70E-01 NA NA NA NA NA NA NA NA NA NA
Phenanthrene 7.40E-02 NA NA NA NA NA NA NA NA NA NA
Volatile Organic Compounds
Benzene 7.00E-01 3.62E-04 2.11E-04 5.73E-04 1.81E-05 8.97E-06 2.70E-05 8.87E-04 5.17E-04 1.40E-03 2.00E-03
Chloromethane 3.50E-02 NA NA NA NA NA NA NA NA NA NA
Ethylbenzene 2.40E-01 NA NA NA NA NA NA NA NA NA NA
Methylene chloride 3.30E-01 2.32E-05 1.36E-05 3.68E-05 2.85E-07 1.41E-07 4.26E-07 2.48E-05 1.44E-05 3.92E-05 7.65E-05
Toluene 7.30E-01 NA NA NA NA NA NA NA NA NA NA
Xylenes, total 1.40E+00 NA NA NA NA NA NA NA NA NA NA

Total ILCR 6.58E-04 3.84E-04 1.04E-03 2.92E-05 1.46E-05 4.38E-05 9.12E-04 5.31E-04 1.44E-03 3.E-03

Site-Related ILCR 2.68E-05 1.56E-05 4.24E-05 7.88E-07 3.91E-07 1.18E-06 NA NA NA 4.E-05

COPC - Chemical of potential concern.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-8

Summary of Groundwater Risk for the On-Site Worker
TNT Area B, Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI ILCR

Concentration Oral Oral Dermal Dermal All All
COPC (mg/L) HQ ILCR HQ ILCR Pathways Pathways
Metals
Aluminum 1.69E+01 1.65E-01 NA NA NA 1.65E-01 NA
Arsenic 1.29E-02 4.21E-01 6.76E-05 1.39E-03 2.23E-07 4.22E-01 6.78E-05
Chromium 3.03E-02 9.90E-02 NA 1.31E-02 NA 1.12E-01 NA
Iron 2.56E+01 8.35E-01 NA 2.75E-03 NA 8.37E-01 NA
Lead 1.54E-02 NA NA NA NA NA NA
Manganese 7.91E-01 3.23E-01 NA NA NA 3.23E-01 NA
Vanadium 2.50E-02 2.45E-01 NA 2.69E-02 NA 2.72E-01 NA
Semivolatile Organic Compounds
2-Methylnaphthalene 4.80E-03 2.35E-03 NA 1.55E-03 NA 3.90E-03 NA
Naphthalene 2.80E-03 1.37E-03 NA 4.40E-04 NA 1.81E-03 NA
Volatile Organic Compounds
Benzene 1.70E-02 4.16E-02 3.27E-06 3.06E-03 2.41E-07 4.46E-02 3.51E-06

Total HI 2.13 0.049 2
Total ILCR 7.09E-05 4.64E-07 7.E-05

Site-Related HIa NA NA NA

Site-Related ILCRa NA NA NA

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.
a None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-9

Summary of Groundwater Noncancer Risk for the Child Resident
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPC (mg/L) HQ HQ HQ Pathways
Metals
Aluminum 1.69E+01 1.08E+00 NA NA 1.08E+00
Arsenic 1.29E-02 2.75E+00 6.04E-03 NA 2.75E+00
Chromium 3.03E-02 6.47E-01 5.68E-02 NA 7.03E-01
Iron 2.56E+01 5.45E+00 1.20E-02 NA 5.47E+00
Lead 1.54E-02 NA NA NA NA
Manganese 7.91E-01 2.11E+00 NA NA 2.11E+00
Vanadium 2.50E-02 1.60E+00 1.17E-01 NA 1.72E+00
Semivolatile Organic Compounds
2-Methylnaphthalene 4.80E-03 1.53E-02 5.85E-03 1.78E+00 1.80E+00
Naphthalene 2.80E-03 8.95E-03 1.66E-03 1.04E+00 1.05E+00
Volatile Organic Compounds
Benzene 1.70E-02 2.72E-01 1.16E-02 6.31E-01 9.14E-01

Total HI 13.9 0.211 3.45 18

Site-Related HIa NA NA NA NA

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
NA - Not applicable.
mg/L - Milligrams per liter.

a None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-10

Summary of Target Organ Noncancer Hazard Evaluation
Child Resident Exposure to Groundwater

TNT Area B, Former Plum Brook Ordnance Works
Sandusky, Ohio

Iron
COPC NS/CNS Skin PVS Overload Kidney NOE
Metals
Aluminum 1.08
Arsenic 2.75 2.75
Iron 5.47
Manganese 2.11
Vanadium 1.72
Semivolatile Organic Compounds
2-Methylnaphthalene 1.78
Naphthalene 1.04

Total Target Organ HI 3 3 3 5 2 3

Site-Related Target Organ HIb 2 NA NA 5 NA NA

COPC - Chemical of potential concern.
HI - Hazard index.
Target Organs:  NS/CNS - nervous system/central nervous system; NOE - nasal and olfactory epithelia; PVS - pulmonary vascular system.
a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organs a

KN6\PBOW\GW BHHRA\FINAL\6.0 Tbls.xls(Tbl 6-10 TNT B TO child res)\9/26/2006(3:55 PM)



Table 6-11

Summary of Groundwater Noncancer Risk for the Adult Resident
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPC (mg/L) HQ HQ HQ Pathways
Metals
Aluminum 1.69E+01 4.63E-01 NA NA 4.63E-01
Arsenic 1.29E-02 1.18E+00 2.36E-03 NA 1.18E+00
Chromium 3.03E-02 2.77E-01 2.22E-02 NA 2.99E-01
Iron 2.56E+01 2.34E+00 4.67E-03 NA 2.34E+00
Lead 1.54E-02 NA NA NA NA
Manganese 7.91E-01 9.03E-01 NA NA 9.03E-01
Vanadium 2.50E-02 6.85E-01 4.57E-02 NA 7.31E-01
Semivolatile Organic Compounds
2-Methylnaphthalene 4.80E-03 6.58E-03 2.95E-03 7.64E-01 7.74E-01
Naphthalene 2.80E-03 3.84E-03 8.34E-04 4.46E-01 4.50E-01
Volatile Organic Compounds
Benzene 1.70E-02 1.16E-01 5.81E-03 2.71E-01 3.93E-01

Total HI 5.97 0.08 1.48 8

Site-Related HIa 3.24 0.005 NA 3

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
NA - Not applicable.
mg/L - Milligrams per liter.

a None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-12

Summary of Target Organ Noncancer Hazard Evaluation
Adult Resident Exposure to Groundwater

TNT Area B, Former Plum Brook Ordnance Works
Sandusky, Ohio

Target Organ a

Iron
COPC Overload
Metals
Iron 2.34

Total Target Organ HI 2

Site-Related Target Organ HIb 2

COPC - Chemical of potential concern.
HI - Hazard index.

a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-13

Summary of Groundwater Cancer Risk for the Resident
TNT Area B, Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point Adult Child Total Adult Child Total Adult Child Total ILCR

Concentration Oral Oral Oral Dermal Dermal Dermal Inhalation Inhalation Inhalation All
COPC (mg/L) ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR Pathways
Metals
Aluminum 1.69E+01 NA NA NA NA NA NA NA NA NA NA
Arsenic 1.29E-02 1.82E-04 1.06E-04 2.88E-04 3.64E-07 2.33E-07 5.97E-07 NA NA NA 2.88E-04
Chromium 3.03E-02 NA NA NA NA NA NA NA NA NA NA
Iron 2.56E+01 NA NA NA NA NA NA NA NA NA NA
Lead 1.54E-02 NA NA NA NA NA NA NA NA NA NA
Manganese 7.91E-01 NA NA NA NA NA NA NA NA NA NA
Vanadium 2.50E-02 NA NA NA NA NA NA NA NA NA NA
Semivolatile Organic Compounds
2-Methylnaphthalene 4.80E-03 NA NA NA NA NA NA NA NA NA NA
Naphthalene 2.80E-03 NA NA NA NA NA NA NA NA NA NA
Volatile Organic Compounds
Benzene 1.70E-02 8.78E-06 5.12E-06 1.39E-05 4.39E-07 2.18E-07 6.56E-07 2.15E-05 1.26E-05 3.41E-05 4.87E-05

Total ILCR 1.91E-04 1.11E-04 3.02E-04 8.02E-07 4.51E-07 1.25E-06 2.15E-05 1.26E-05 3.41E-05 3.E-04

Site-Related ILCRa NA NA NA NA NA NA NA NA NA NA

COPC - Chemical of potential concern.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

b None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-14

Summary of Groundwater Risk for the On-Site Worker
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI ILCR

Concentration Oral Oral Dermal Dermal All All
COPC (mg/L) HQ ILCR HQ ILCR Pathways Pathways
Semivolatile Organic Compounds
2-Methylnaphthalene 2.66E-02 1.30E-02 NA 8.62E-03 ND 2.17E-02 NA
Bis(2-ethylhexyl)phthalate 5.50E-02 2.69E-02 2.69E-06 2.00E-02 2.00E-06 4.69E-02 4.69E-06
Naphthalene 3.40E-02 1.66E-02 NA 5.34E-03 ND 2.20E-02 NA
Volatile Organic Compounds
Benzene 4.10E-01 1.00E+00 7.88E-05 7.39E-02 5.81E-06 1.08E+00 8.46E-05
Bromomethane 1.30E-02 9.09E-02 NA 1.39E-03 ND 9.23E-02 NA
Methylene chloride 1.60E-01 2.61E-02 4.19E-06 4.71E-04 7.57E-08 2.66E-02 4.27E-06
Toluene 3.00E-01 1.47E-02 NA 2.46E-03 ND 1.71E-02 NA
Xylenes, total 1.30E+00 6.36E-02 NA 1.99E-02 ND 8.35E-02 NA
Miscellaneous
Sulfate 1.34E+03 NA NA NA ND NA NA

Total HI 1.25 0.132 1
Total ILCR 8.57E-05 7.89E-06 9.E-05

Site-Related HIa NA NA NA
Site-Related ILCRa NA NA NA

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.

KN6\PBOW\GW BHHRA\FINAL\6.0 Tbls.xls(Tbl 6-14 TNT C onsite wkr risk)\9/26/2006(3:56 PM)



Table 6-15

Summary of Groundwater Noncancer Risk for the Child Resident
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPC (mg/L) HQ HQ HQ Pathways
Semivolatile Organic Compounds
2-Methylnaphthalene 2.66E-02 8.52E-02 3.25E-02 9.89E+00 1.00E+01
Bis(2-ethylhexyl)phthalate 5.50E-02 1.76E-01 1.51E-01 NA 3.27E-01
Naphthalene 3.40E-02 1.09E-01 2.01E-02 1.26E+01 1.27E+01
Volatile Organic Compounds
Benzene 4.10E-01 6.55E+00 2.79E-01 1.52E+01 2.20E+01
Bromomethane 1.30E-02 5.94E-01 5.25E-03 2.96E+00 3.56E+00
Methylene chloride 1.60E-01 1.70E-01 1.78E-03 5.94E-02 2.32E-01
Toluene 3.00E-01 9.59E-02 9.26E-03 8.70E-01 9.75E-01
Xylenes, total 1.30E+00 4.16E-01 7.51E-02 1.43E+01 1.48E+01
Miscellaneous
Sulfate 1.34E+03 NA NA NA NA

Total HI 8.20 0.574 55.9 65

Site-Related HIa NA NA NA NA

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
NA - Not applicable.
mg/L - Milligrams per liter.

a None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-16

Summary of Target Organ Noncancer Hazard Evaluation
Child Resident Exposure to Groundwater

TNT Area C, Former Plum Brook Ordnance Works
Sandusky, Ohio

Blood/
COPC NS/CNS NOE Blood cells

Semivolatile Organic Compounds
2-Methylnaphthalene 9.89
Naphthalene 12.62
Volatile Organic Compounds
Benzene 22.05
Bromomethane 2.96
Toluene 0.11
Xylenes, total 14.31

Total Target Organ HI 14 25 22

Site-Related Target Organ HI NA NA NA

COPC - Chemical of potential concern.
HI - Hazard index.
Target Organs:  NS/CNS - nervous system/central nervous system; NOE - nasal and olfactory epithelia.

a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organsa
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Table 6-17

Summary of Groundwater Noncancer Risk for the Adult Resident
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPC (mg/L) HQ HQ HQ Pathways
Semivolatile Organic Compounds
2-Methylnaphthalene 2.66E-02 3.65E-02 1.63E-02 4.24E+00 4.29E+00
Bis(2-ethylhexyl)phthalate 5.50E-02 7.53E-02 7.60E-02 NA 1.51E-01
Naphthalene 3.40E-02 4.66E-02 1.01E-02 5.41E+00 5.47E+00
Volatile Organic Compounds
Benzene 4.10E-01 2.81E+00 1.40E-01 6.53E+00 9.48E+00
Bromomethane 1.30E-02 2.54E-01 2.64E-03 1.27E+00 1.53E+00
Methylene chloride 1.60E-01 7.31E-02 8.94E-04 2.55E-02 9.94E-02
Toluene 3.00E-01 4.11E-02 4.66E-03 3.73E-01 4.19E-01
Xylenes, total 1.30E+00 1.78E-01 3.78E-02 6.14E+00 6.35E+00
Miscellaneous
Sulfate 1.34E+03 NA NA NA NA

Total HI 3.51 0.289 24.0 28

Site-Related HIa NA NA NA NA

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
NA - Not applicable.
mg/L - Milligrams per liter.

a None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-18

Summary of Target Organ Noncancer Hazard Evaluation
Adult Resident Exposure to Groundwater

TNT Area C, Former Plum Brook Ordnance Works
Sandusky, Ohio

Blood/
COPC NS/CNS NOE Blood cells

Semivolatile Organic Compounds
2-Methylnaphthalene 4.24
Naphthalene 5.41
Volatile Organic Compounds
Benzene 9.48
Bromomethane 1.27
Toluene 0.05
Xylenes, total 6.14

Total Target Organ HI 6 11 9

Site-Related Target Organ HI NA NA NA

COPC - Chemical of potential concern.
HI - Hazard index.
Target Organs:  NS/CNS - nervous system/central nervous system; NOE - nasal and olfactory epithelia.

a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organsa
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Table 6-19

Summary of Groundwater Cancer Risk for the Resident
TNT Area C, Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point Adult Child Total Adult Child Total Adult Child Total ILCR

Concentration Oral Oral Oral Dermal Dermal Dermal Inhalation Inhalation Inhalation All
COPC (mg/L) ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR Pathways
Semivolatile Organic Compounds
2-Methylnaphthalene 2.66E-02 NA NA NA NA NA NA NA NA NA NA
Bis(2-ethylhexyl)phthalate 5.50E-02 7.23E-06 4.22E-06 1.15E-05 7.30E-06 3.62E-06 1.09E-05 NA NA NA 2.24E-05
Naphthalene 3.40E-02 NA NA NA NA NA NA NA NA NA NA
Volatile Organic Compounds
Benzene 4.10E-01 2.12E-04 1.24E-04 3.35E-04 1.06E-05 5.25E-06 1.58E-05 5.20E-04 3.03E-04 8.23E-04 1.17E-03
Bromomethane 1.30E-02 NA NA NA NA NA NA NA NA NA NA
Methylene chloride 1.60E-01 1.13E-05 6.58E-06 1.78E-05 1.38E-07 6.85E-08 2.07E-07 1.20E-05 7.00E-06 1.90E-05 3.71E-05
Toluene 3.00E-01 NA NA NA NA NA NA NA NA NA NA
Xylenes, total 1.30E+00 NA NA NA NA NA NA NA NA NA NA
Miscellaneous
Sulfate 1.34E+03 NA NA NA NA NA NA NA NA NA NA

Total ILCR 2.30E-04 1.34E-04 3.65E-04 1.80E-05 8.95E-06 2.70E-05 5.32E-04 3.10E-04 8.42E-04 1.E-03

Site-Related ILCRa NA NA NA NA NA NA NA NA NA NA

COPC - Chemical of potential concern.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a None of the COPCs are regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-20 

Summary of Groundwater Risk for the On-Site Worker
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI ILCR

Concentration Oral Oral Dermal Dermal All All
COPCa (mg/L) HQ ILCR HQ ILCR Pathways Pathways
Metals
Chromium 2.06E-02 6.72E-02 ND 8.87E-03 ND 7.61E-02 NA
Iron 7.28E+00 2.37E-01 ND 7.84E-04 ND 2.38E-01 NA
Manganese 1.17E+00 4.77E-01 ND NA ND 4.77E-01 NA
Thallium 5.08E-02 7.65E+00 ND 2.52E-02 ND 7.67E+00 NA
Explosives
2,4-Dinitrotoluene 8.90E-04 4.35E-03 2.11E-06 1.30E-04 6.33E-08 4.48E-03 2.18E-06
2,6-Dinitrotoluene 8.90E-04 8.71E-03 2.11E-06 1.77E-04 4.29E-08 8.88E-03 2.16E-06
4-Amino-2,6-dinitrotoluene 9.70E-04 4.75E-02 ND 1.02E-03 ND 4.85E-02 NA
Nitrobenzene 3.50E-04 6.85E-03 ND 2.41E-04 ND 7.09E-03 NA
Semivolatile Organic Compounds
2-Methylnaphthalene 3.45E-02 1.69E-02 ND 1.12E-02 ND 2.81E-02 NA
4-Methylphenol 4.30E-02 8.41E-02 ND 3.88E-03 ND 8.80E-02 NA
Bis(2-ethylhexyl)phthalate 3.70E-02 1.81E-02 1.81E-06 1.35E-02 1.35E-06 3.16E-02 3.16E-06
Naphthalene 2.99E-02 1.46E-02 ND 4.70E-03 ND 1.93E-02 NA
Volatile Organic Compounds
1,1,2-Trichloroethane 4.90E-03 1.20E-02 9.76E-07 5.42E-04 4.41E-08 1.25E-02 1.02E-06
Acetone 1.60E+00 1.74E-02 ND 3.87E-05 ND 1.74E-02 NA
Benzene 2.50E+00 6.12E+00 4.81E-04 4.51E-01 3.54E-05 6.57E+00 5.16E-04
Ethylbenzene 2.02E-01 1.98E-02 ND 5.74E-03 ND 2.56E-02 NA
Methylene chloride 1.60E-01 2.61E-02 4.19E-06 4.71E-04 7.57E-08 2.66E-02 4.27E-06
Toluene 9.46E-01 4.63E-02 ND 7.75E-03 ND 5.40E-02 NA
Xylenes, total 1.40E+00 6.84E-02 ND 2.14E-02 ND 8.98E-02 NA

Total HI 14.9 0.556 15
Total ILCR 4.92E-04 3.70E-05 5.E-04

Site-Related HI 0.067 0.002 0.07
Site-Related ILCR 4.23E-06 1.06E-07 4.E-06

COPC - Chemical of potential concern; HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligram per liter.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-21

Summary of Target Organ Noncancer Hazard Evaluation
On-Site Worker Exposure to Groundwater

Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works
Sandusky, Ohio

Blood/
COPCb Skin Blood cells Liver

Metals
Thallium 7.67 7.67
Explosives
2,4-Dinitrotoluene 0.004
2,6-Dinitrotoluene 0.01
4-Amino-2,6-dinitrotoluene 0.05
Nitrobenzene 0.01
Semivolatile Organic Compounds
Bis(2-ethylhexyl)phthalate 0.03
Volatile Organic Compounds
Benzene 6.57
Ethylbenzene 0.03
Methylene chloride 0.03
Toluene 0.05
Xylenes, total

Total Target Organ HI 8 7 8

Site-Related Target Organ HI NA NA 0.07

COPC - Chemical of potential concern.
HI - Hazard index.
Target Organs:  NS/CNS - nervous system/central nervous system.
NA - Not applicable.
a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2
  and Appendix H.

Target Organs a
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Table 6-22

Summary of Groundwater Noncancer Risk for the Child Resident
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPCa (mg/L) HQ HQ HQ Pathways
Metals
Chromium 2.06E-02 4.39E-01 3.86E-02 NA 4.78E-01
Iron 7.28E+00 1.55E+00 3.41E-03 NA 1.55E+00
Manganese 1.17E+00 3.12E+00 NA NA 3.12E+00
Thallium 5.08E-02 5.00E+01 1.10E-01 NA 5.01E+01
Explosives
2,4-Dinitrotoluene 8.90E-04 2.84E-02 9.83E-04 NA 2.94E-02
2,6-Dinitrotoluene 8.90E-04 5.69E-02 1.33E-03 NA 5.82E-02
4-Amino-2,6-dinitrotoluene 9.70E-04 3.10E-01 7.68E-03 NA 3.18E-01
Nitrobenzene 3.50E-04 4.47E-02 9.10E-04 1.96E-01 2.42E-01
Semivolatile Organic Compounds
2-Methylnaphthalene 3.45E-02 1.10E-01 4.21E-02 1.28E+01 1.30E+01
4-Methylphenol 4.30E-02 5.50E-01 2.92E-02 NA 5.79E-01
Bis(2-ethylhexyl)phthalate 3.70E-02 1.18E-01 1.02E-01 NA 2.20E-01
Naphthalene 2.99E-02 9.56E-02 1.77E-02 1.11E+01 1.12E+01
Volatile Organic Compounds
1,1,2-Trichloroethane 4.90E-03 7.83E-02 2.04E-03 NA 8.04E-02
Acetone 1.60E+00 1.14E-01 1.46E-04 NA 1.14E-01
Benzene 2.50E+00 4.00E+01 1.70E+00 9.28E+01 1.34E+02
Ethylbenzene 2.02E-01 1.29E-01 2.16E-02 2.23E-01 3.74E-01
Methylene chloride 1.60E-01 1.70E-01 1.78E-03 5.94E-02 2.32E-01
Toluene 9.46E-01 3.02E-01 2.92E-02 2.74E+00 3.08E+00
Xylenes, total 1.40E+00 4.47E-01 8.08E-02 1.54E+01 1.59E+01

Total HI 97.6 2.19 135 235

Site-Related HI 0.44 0.01 0.20 0.6

HQ - Hazard quotient; HI - Hazard index.
COPC - Chemical of potential concern.
NA - Not applicable.
mg/L - Milligrams per liter.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-23

Summary of Target Organ Noncancer Hazard Evaluation
Child Resident Exposure to Groundwater

Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works
Sandusky, Ohio

URT/ Iron Blood/
COPCb NS/CNS Skin GI Lung Overload NOE Blood cells Liver

Metals
Chromium 0.48
Iron 1.55
Manganese 3.12
Thallium 50.07 50.07
Explosives
2,4-Dinitrotoluene 0.03 0.03
2,6-Dinitrotoluene 0.06 0.06
4-Amino-2,6-dinitrotoluene 0.32
Nitrobenzene 0.24
Semivolatile Organic Compounds
2-Methylnaphthalene 12.82
4-Methylphenol 0.58
Bis(2-ethylhexyl)phthalate 0.22
Naphthalene 11.10
Volatile Organic Compounds
Benzene 134.42
Ethylbenzene 0.37
Methylene chloride 0.23
Toluene 0.33 2.74 2.74 0.33
Xylenes, total 15.38

Total Target Organ HI 19 50 3 3 2 24 134 52

Site-Related Target Organ HI 0.1 NA NA NA NA NA NA 1

COPC - Chemical of potential concern.
HI - Hazard index.
Target Organs:  NS/CNS - nervous system/central nervous system; BW/OW - body/organ weight; NOE - nasal and olfactory epithelia; GI - gastrointestinal;
  URT - Upper respiratory tract.
NA - Not applicable.
a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
 

Target Organsa
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Table 6-24

Summary of Groundwater Noncancer Risk for the Adult Resident
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPCa (mg/L) HQ HQ HQ Pathways
Metals
Chromium 2.06E-02 1.88E-01 1.51E-02 NA 2.03E-01
Iron 7.28E+00 6.65E-01 1.33E-03 NA 6.66E-01
Manganese 1.17E+00 1.34E+00 NA NA 1.34E+00
Thallium 5.08E-02 2.14E+01 4.28E-02 NA 2.15E+01
Explosives
2,4-Dinitrotoluene 8.90E-04 1.22E-02 4.95E-04 NA 1.27E-02
2,6-Dinitrotoluene 8.90E-04 2.44E-02 6.70E-04 NA 2.51E-02
4-Amino-2,6-dinitrotoluene 9.70E-04 1.33E-01 3.87E-03 NA 1.37E-01
Nitrobenzene 3.50E-04 1.92E-02 4.58E-04 8.41E-02 1.04E-01
Semivolatile Organic Compounds
2-Methylnaphthalene 3.45E-02 4.73E-02 2.12E-02 5.50E+00 5.57E+00
4-Methylphenol 4.30E-02 2.36E-01 1.47E-02 NA 2.50E-01
Bis(2-ethylhexyl)phthalate 3.70E-02 5.07E-02 5.11E-02 NA 1.02E-01
Naphthalene 2.99E-02 4.10E-02 8.91E-03 4.76E+00 4.81E+00
Volatile Organic Compounds
1,1,2-Trichloroethane 4.90E-03 3.36E-02 1.03E-03 NA 3.46E-02
Acetone 1.60E+00 4.87E-02 7.34E-05 NA 4.88E-02
Benzene 2.50E+00 1.71E+01 8.55E-01 3.98E+01 5.78E+01
Ethylbenzene 2.02E-01 5.55E-02 1.09E-02 9.56E-02 1.62E-01
Methylene chloride 1.60E-01 7.31E-02 8.94E-04 2.55E-02 9.94E-02
Toluene 9.46E-01 1.30E-01 1.47E-02 1.18E+00 1.32E+00
Xylenes, total 1.40E+00 1.91E-01 4.06E-02 6.60E+00 6.83E+00

Total HI 41.8 1.08 58.0 101

Site-Related HI 0.19 0.005 0.084 0.3

HQ - Hazard quotient; HI - Hazard index.
COPC - Chemical of potential concern.
NA - Not applicable.
mg/L - Milligrams per liter.
a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-25

Summary of Target Organ Noncancer Hazard Evaluation
Adult Resident Exposure to Groundwater

Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works
Sandusky, Ohio

Blood/
COPCb NS/CNS Skin NOE Blood cells Liver

Metals
Chromium
Manganese 1.34
Thallium 21.45 21.45
Explosives
2,4-Dinitrotoluene 0.01 0.01
2,6-Dinitrotoluene 0.03 0.03
4-Amino-2,6-dinitrotoluene 0.14
Nitrobenzene 0.10
Semivolatile Organic Compounds
2-Methylnaphthalene 5.50
4-Methylphenol 0.25
Bis(2-ethylhexyl)phthalate 0.10
Naphthalene 4.76
Volatile Organic Compounds
Benzene 57.78
Ethylbenzene 0.07
Methylene chloride 0.10
Toluene 0.14 0.14
Xylenes, total 6.60

Total Target Organ HI 8 21 10 58 22

Site-Related Target Organ HI 0.04 NA NA NA 0.3

COPC - Chemical of potential concern.
HI - Hazard index.
Target Organs:  NS/CNS - nervous system/central nervous system; NOE - nasal and olfactory epithelia.
  URT - Upper respiratory tract.
NA - Not applicable.
a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organsa
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Table 6-26

Summary of Groundwater Cancer Risk for the Resident
Pentolite Road Red Water Pond Area, Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point Adult Child Total Adult Child Total Adult Child Total ILCR

Concentration Oral Oral Oral Dermal Dermal Dermal Inhalation Inhalation Inhalation All
COPCa (mg/L) ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR Pathways
Metals
Chromium 2.06E-02 NA NA NA NA NA NA NA NA NA NA
Iron 7.28E+00 NA NA NA NA NA NA NA NA NA NA
Manganese 1.17E+00 NA NA NA NA NA NA NA NA NA NA
Thallium 5.08E-02 NA NA NA NA NA NA NA NA NA NA
Explosives
2,4-Dinitrotoluene 8.90E-04 5.68E-06 3.32E-06 9.00E-06 2.31E-07 1.15E-07 3.45E-07 NA NA NA 9.35E-06
2,6-Dinitrotoluene 8.90E-04 5.68E-06 3.32E-06 9.00E-06 1.56E-07 7.76E-08 2.34E-07 NA NA NA 9.23E-06
4-Amino-2,6-dinitrotoluene 9.70E-04 NA NA NA NA NA NA NA NA NA NA
Nitrobenzene 3.50E-04 NA NA NA NA NA NA NA NA NA NA
Semivolatile Organic Compounds
2-Methylnaphthalene 3.45E-02 NA NA NA NA NA NA NA NA NA NA
4-Methylphenol 4.30E-02 NA NA NA NA NA NA NA NA NA NA
Bis(2-ethylhexyl)phthalate 3.70E-02 4.87E-06 2.84E-06 7.70E-06 4.91E-06 2.44E-06 7.35E-06 NA NA NA 1.51E-05
Naphthalene 2.99E-02 NA NA NA NA NA NA NA NA NA NA
Volatile Organic Compounds
1,1,2-Trichloroethane 4.90E-03 2.62E-06 1.53E-06 4.15E-06 8.04E-08 3.99E-08 1.20E-07 1.31E-05 7.64E-06 2.08E-05 2.50E-05
Acetone 1.60E+00 NA NA NA NA NA NA NA NA NA NA
Benzene 2.50E+00 1.29E-03 7.53E-04 2.05E-03 6.45E-05 3.20E-05 9.65E-05 3.17E-03 1.85E-03 5.02E-03 7.16E-03
Ethylbenzene 2.02E-01 NA NA NA NA NA NA NA NA NA NA
Methylene chloride 1.60E-01 1.13E-05 6.58E-06 1.78E-05 1.38E-07 6.85E-08 2.07E-07 1.20E-05 7.00E-06 1.90E-05 3.71E-05
Toluene 9.46E-01 NA NA NA NA NA NA NA NA NA NA
Xylenes, total 1.40E+00 NA NA NA NA NA NA NA NA NA NA

Total ILCR 1.32E-03 7.71E-04 2.09E-03 7.00E-05 3.48E-05 1.05E-04 3.19E-03 1.86E-03 5.06E-03 7.E-03

Site-Related ILCR 1.14E-05 6.63E-06 1.80E-05 3.87E-07 1.92E-07 5.79E-07 NA NA NA 2.E-05

COPC - Chemical of potential concern.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.        

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-27

Summary of Groundwater Risk for the On-Site Worker
West Area Red Water Ponds Area, Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI ILCR

Concentration Oral Oral Dermal Dermal All All
COPCa (mg/L) HQ ILCR HQ ILCR Pathways Pathways
Metals
Arsenic 9.50E-03 3.10E-01 4.98E-05 1.02E-03 1.64E-07 3.11E-01 5.00E-05
Cobalt 2.67E-01 1.31E-01 ND 2.16E-03 ND 1.33E-01 NA
Nickel 2.78E-01 1.36E-01 ND 2.24E-03 ND 1.38E-01 NA
Vanadium 5.50E-03 5.38E-02 ND 5.92E-03 ND 5.97E-02 NA
Semivolatile Organic Compounds
2,4-Dinitrotoluene 1.90E-02 9.30E-02 4.51E-05 2.78E-03 1.35E-06 9.57E-02 4.65E-05
4,6-Dinitro-2-methylphenol 2.80E-02 2.74E+00 ND 9.12E-02 ND 2.83E+00 NA
2,4-Dinitrophenol 1.40E-02 6.85E-02 ND 1.01E-03 ND 6.95E-02 NA
3-Nitroaniline 1.50E-01 4.89E+00 1.10E-05 7.54E-02 1.70E-07 4.97E+00 1.12E-05
Nitrobenzene 5.80E-03 1.14E-01 ND 4.00E-03 ND 1.18E-01 NA
Volatile Organic Compounds
Benzene 1.10E-03 2.69E-03 2.11E-07 1.98E-04 1.56E-08 2.89E-03 2.27E-07
Miscellaneous
Nitrate 7.93E+01 4.85E-01 ND 3.20E-03 ND 4.88E-01 NA
Nitrate-Nitrite 3.00E-01 2.94E-02 ND 1.94E-04 ND 2.95E-02 NA
Sulfate 2.66E+03 NA ND NA ND NA NA

Total HI 9.05 0.189 9
Total ILCR 1.06E-04 1.70E-06 1.E-04

Site-Related HI 8.69 0.182 9
Site-Related ILCR 5.62E-05 1.52E-06 6.E-05

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-28

Summary of Target Organ Noncancer Hazard Evaluation
On-Site Worker Exposure to Groundwater

West Area Red Water Ponds Area, Former Plum Brook Ordnance Works
Sandusky, Ohio

Erthropoiesis Cellular
COPCb /Erythrocyte Respiration

Metals
Cobalt 0.13
Semivolatile Organic Compounds
2,4-Dinitrotoluene 0.10
4,6-Dinitro-2-methylphenol 2.83
3-Nitroaniline 4.97
Nitrobenzene 0.12
Miscellaneous
Nitrate 0.49
Nitrate-Nitrite 0.03

Total Target Organ HI 6 3

Site-Related Target Organ HI 6 3

COPC - Chemical of potential concern.
HI - Hazard index.
a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organsa
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Table 6-29

Summary of Groundwater Noncancer Risk for the Child Resident
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPCa (mg/L) HQ HQ HQ Pathways
Metals
Arsenic 9.50E-03 2.02E+00 4.45E-03 NA 2.03E+00
Cobalt 2.67E-01 8.53E-01 9.38E-03 NA 8.63E-01
Nickel 2.78E-01 8.89E-01 9.76E-03 NA 8.98E-01
Vanadium 5.50E-03 3.52E-01 2.58E-02 NA 3.77E-01
Semivolatile Organic Compounds
2,4-Dinitrotoluene 1.90E-02 6.07E-01 2.10E-02 NA 6.28E-01
4,6-Dinitro-2-methylphenol 2.80E-02 1.79E+01 3.44E-01 NA 1.82E+01
2,4-Dinitrophenol 1.40E-02 4.47E-01 7.58E-03 NA 4.55E-01
3-Nitroaniline 1.50E-01 3.20E+01 5.68E-01 NA 3.25E+01
Nitrobenzene 5.80E-03 7.42E-01 1.51E-02 3.25E+00 4.00E+00
Volatile Organic Compounds
Benzene 1.10E-03 1.76E-02 7.48E-04 4.08E-02 5.91E-02
Miscellaneous
Nitrate 7.93E+01 3.17E+00 1.39E-02 NA 3.18E+00
Nitrate-Nitrite 3.00E-01 1.92E-01 8.43E-04 NA 1.93E-01
Sulfate 2.66E+03 NA NA NA NA

Total HI 59.2 1.02 3.29 63

Site-Related HI 56.8 0.99 3.25 61

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
NA - Not applicable.
mg/L - Milligrams per liter.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-30

Summary of Target Organ Noncancer Hazard Evaluation
Child Resident Exposure to Groundwater

West Area Red Water Ponds Area, Former Plum Brook Ordnance Works
Sandusky, Ohio

Erthropoiesis Cellular
COPCb Skin PVS Kidney /Erythrocyte Respiration Liver

Metals
Arsenic 2.03 2.03
Cobalt 0.86
Vanadium 0.38
Explosives
2,4-Dinitrotoluene 0.63 0.63
4,6-Dinitro-2-methylphenol 18.24
3-Nitroaniline 32.53
Nitrobenzene 4.00 4.00 4.00
Miscellaneous
Nitrate 3.18
Nitrate-Nitrite 0.19

Total Target Organ HI 2 2 4 41 18 5

Site-Related Target Organ HI NA NA 4 41 18 5

COPC - Chemical of potential concern.
HI - Hazard index.
Target Organs:  PVS - pulmonary vascular system.
a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organsa
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Table 6-31

Summary of Groundwater Nonancer Risk for the Adult Resident
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPCa (mg/L) HQ HQ HQ Pathways

Metals
Arsenic 9.50E-03 8.68E-01 1.74E-03 NA 8.69E-01
Cobalt 2.67E-01 3.66E-01 3.66E-03 NA 3.69E-01
Nickel 2.78E-01 3.81E-01 3.81E-03 NA 3.85E-01
Vanadium 5.50E-03 1.51E-01 1.00E-02 NA 1.61E-01
Semivolatile Organic Compounds
2,4-Dinitrotoluene 1.90E-02 2.60E-01 1.06E-02 NA 2.71E-01
4,6-Dinitro-2-methylphenol 2.80E-02 7.67E+00 1.73E-01 NA 7.84E+00
2,4-Dinitrophenol 1.40E-02 1.92E-01 3.81E-03 NA 1.96E-01
3-Nitroaniline 1.50E-01 1.37E+01 2.86E-01 NA 1.40E+01
Nitrobenzene 5.80E-03 3.18E-01 7.59E-03 1.39E+00 1.72E+00
Volatile Organic Compounds
Benzene 1.10E-03 7.53E-03 3.76E-04 1.75E-02 2.54E-02
Miscellaneous
Nitrate 7.93E+01 1.36E+00 5.43E-03 NA 1.36E+00
Nitrate-Nitrite 3.00E-01 8.22E-02 3.29E-04 NA 8.25E-02
Sulfate 2.66E+03 NA NA NA NA

Total HI 25.4 0.506 1.41 27

Site-Related HI 24.3 0.494 1.39 26

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
NA - Not applicable.
mg/L - Milligrams per liter.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-32

Summary of Target Organ Noncancer Hazard Evaluation
Adult Resident Exposure to Groundwater

West Area Red Water Ponds Area, Former Plum Brook Ordnance Works
Sandusky, Ohio

Erythropoiesis Cellular
COPCb Kidney /Erythrocyte Respiration Liver

Metals
Cobalt 0.37
Vanadium 0.16
Semivolatile Organic Compounds
2,4-Dinitrotoluene 0.27 0.27
4,6-Dinitro-2-methylphenol 7.84
3-Nitroaniline 13.98
Nitrobenzene 1.72 1.72 1.72
Miscellaneous
Nitrate 1.36
Nitrate-Nitrite 0.08

Total Target Organ HI 2 18 8 2

Site-Related Target Organ HI 2 18 8 2

COPC - Chemical of potential concern.
HI - Hazard index.
a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organsa
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Table 6-33

Summary of Groundwater Cancer Risk for the Resident
West Area Red Water Ponds Area, Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point Adult Child Total Adult Child Total Adult Child Total ILCR

Concentration Oral Oral Oral Dermal Dermal Dermal Inhalation Inhalation Inhalation All
COPCa (mg/L) ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR Pathways

Metals
Arsenic 9.50E-03 1.34E-04 7.81E-05 2.12E-04 2.68E-07 1.72E-07 4.39E-07 NA NA NA 2.12E-04
Cobalt 2.67E-01 NA NA NA NA NA NA NA NA NA NA
Nickel 2.78E-01 NA NA NA NA NA NA NA NA NA NA
Vanadium 5.50E-03 NA NA NA NA NA NA NA NA NA NA
Semivolatile Organic Compounds
2,4-Dinitrotoluene 1.90E-02 1.21E-04 7.08E-05 1.92E-04 4.92E-06 2.45E-06 7.37E-06 NA NA NA 2.00E-04
4,6-Dinitro-2-methylphenol 2.80E-02 NA NA NA NA NA NA NA NA NA NA
2,4-Dinitrophenol 1.40E-02 NA NA NA NA NA NA NA NA NA NA
3-Nitroaniline 1.50E-01 2.96E-05 1.73E-05 4.68E-05 6.18E-07 3.07E-07 9.25E-07 NA NA NA 4.78E-05
Nitrobenzene 5.80E-03 NA NA NA NA NA NA NA NA NA NA
Volatile Organic Compounds
Benzene 1.10E-03 5.68E-07 3.32E-07 9.00E-07 2.84E-08 1.41E-08 4.25E-08 1.39E-06 8.12E-07 2.21E-06 3.15E-06
Miscellaneous
Nitrate 7.93E+01 NA NA NA NA NA NA NA NA NA NA
Nitrate-Nitrite 3.00E-01 NA NA NA NA NA NA NA NA NA NA
Sulfate 2.66E+03 NA NA NA NA NA NA NA NA NA NA

Total ILCR 2.85E-04 1.66E-04 4.52E-04 5.84E-06 2.94E-06 8.78E-06 1.39E-06 8.12E-07 2.21E-06 5.E-04

Site-Related  ILCR 1.51E-04 8.81E-05 2.39E-04 5.54E-06 2.75E-06 8.29E-06 NA NA NA 2.E-04

COPC - Chemical of potential concern.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-34

Summary of Groundwater Noncancer Risk for the Child Resident
Downgradient Areas at the Facility Boundary, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point Total HI

Concentration Oral Dermal Inhalation All
Chemical (mg/L) HQ HQ HQ Pathways
Metals
Chromium 2.44E-02 5.20E-01 4.57E-02 NA 5.66E-01
Iron 2.57E+02 5.48E+01 1.20E-01 NA 5.49E+01
Manganese 4.66E+00 1.24E+01 NA NA 1.24E+01
Explosives
2,4-Dinitrotoluene 1.50E-03 4.79E-02 1.66E-03 NA 4.96E-02
2,6-Dinitrotoluene 1.40E-03 8.95E-02 2.09E-03 NA 9.16E-02
2-Nitrotoluene 5.50E-04 3.52E-04 1.30E-05 NA 3.65E-04
Nitrobenzene 3.40E-04 4.35E-02 8.84E-04 1.90E-01 2.35E-01
Semivolatile Organic Compounds
2-Methylnaphthalene 2.40E-02 7.67E-02 2.93E-02 8.91E+00 9.01E+00
Bis(2-ethylhexyl)phthalate 9.70E-03 3.10E-02 2.66E-02 NA 5.76E-02
Naphthalene 1.80E-02 5.75E-02 1.07E-02 6.68E+00 6.75E+00
Volatile Organic Compounds
Benzene 1.30E-01 2.08E+00 8.84E-02 4.82E+00 6.99E+00
Chlorobenzene 1.10E-02 3.52E-02 3.52E-03 6.16E-01 6.55E-01
Methylene chloride 9.80E-02 1.04E-01 1.09E-03 3.64E-02 1.42E-01
Toluene 1.80E-01 5.75E-02 5.56E-03 5.22E-01 5.85E-01
Xylenes, total 5.60E-01 1.79E-01 3.24E-02 6.16E+00 6.37E+00
Miscellaneous
Cyanide, total 3.20E-01 1.02E+00 1.72E-03 NA 1.02E+00
Sulfate 1.28E+03 NA NA NA NA

Total HI 71.5 0.370 27.9 100

Site-Related HI 0.181 0.005 0.190 0.4

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
NA - Not applicable.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-35

Summary of Target Organ Noncancer Hazard Evaluation
Child Resident Exposure to Groundwater

Downgradient Areas at the Facility Boundary, Former Plum Brook Ordnance Works
Sandusky, Ohio

Iron Blood/
COPCb NS/CNS Overload NOE Blood cells

Metals
Iron 54.88
Manganese 12.41
Explosives
2,4-Dinitrotoluene 0.05
2,6-Dinitrotoluene 0.09
Semivolatile Organic Compounds
2-Methylnaphthalene 8.91
Bis(2-ethylhexyl)phthalate 0.06
Naphthalene 6.68
Volatile Organic Compounds
Benzene 6.99
Toluene 0.06
Xylenes, total 6.16
Miscellaneous
Cyanide, total 1.02

Total Target Organ HI 20 55 16 7

Site-Related Target Organ HI 0 NA NA NA

COPC - Chemical of potential concern.
HI - Hazard index.
Target Organs:  NS/CNS - nervous system/central nervous system; NOE - nasal and olfactory epithelia.

a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organsa
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Table 6-36

Summary of Groundwater Noncancer Risk for the Adult Resident
Downgradient Areas at the Facility Boundary, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point HI

Concentration Oral Dermal Inhalation All
COPCa (mg/L) HQ HQ HQ Pathways
Metals
Chromium 2.44E-02 2.23E-01 1.78E-02 NA 2.41E-01
Iron 2.57E+02 2.35E+01 4.69E-02 NA 2.35E+01
Manganese 4.66E+00 5.32E+00 NA NA 5.32E+00
Explosives
2,4-Dinitrotoluene 1.50E-03 2.05E-02 8.33E-04 NA 2.14E-02
2,6-Dinitrotoluene 1.40E-03 3.84E-02 1.05E-03 NA 3.94E-02
2-Nitrotoluene 5.50E-04 1.51E-04 6.54E-06 NA 1.57E-04
Nitrobenzene 3.40E-04 1.86E-02 4.45E-04 8.17E-02 1.01E-01
Semivolatile Organic Compounds
2-Methylnaphthalene 2.40E-02 3.29E-02 1.47E-02 3.82E+00 3.87E+00
Bis(2-ethylhexyl)phthalate 9.70E-03 1.33E-02 1.34E-02 NA 2.67E-02
Naphthalene 1.80E-02 2.47E-02 5.36E-03 2.87E+00 2.90E+00
Volatile Organic Compounds
Benzene 1.30E-01 8.90E-01 4.45E-02 2.07E+00 3.00E+00
Chlorobenzene 1.10E-02 1.51E-02 1.77E-03 2.64E-01 2.81E-01
Methylene chloride 9.80E-02 4.47E-02 5.48E-04 1.56E-02 6.09E-02
Toluene 1.80E-01 2.47E-02 2.80E-03 2.24E-01 2.52E-01
Xylenes, total 5.60E-01 7.67E-02 1.63E-02 2.64E+00 2.74E+00
Miscellaneous
Cyanide, total 3.20E-01 4.38E-01 6.71E-04 NA 4.39E-01
Sulfate 1.28E+03 NA NA NA NA

Total HI 30.7 0.167 12.0 43

Site-Related HI 0.08 0.0023 0.08 0.2

COPC - Chemical of potential concern.
HQ - Hazard quotient; HI - Hazard index.
NA - Not applicable.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Table 6-37

Summary of Target Organ Noncancer Hazard Evaluation
Adult Resident Exposure to Groundwater

Downgradient Areas at the Facility Boundary, Former Plum Brook Ordnance Works
Sandusky, Ohio

Iron Blood/
COPCb NS/CNS Overload NOE Blood cells

Metals
Iron 23.52
Manganese 5.32
Explosives
2,4-Dinitrotoluene 0.02
2,6-Dinitrotoluene 0.04
Semivolatile Organic Compounds
2-Methylnaphthalene 3.82
Naphthalene 2.87
Volatile Organic Compounds
Benzene 3.00
Toluene 0.03
Xylenes, total 2.64
Miscellaneous
Cyanide, total 0.44

Total Target Organ HI 8 24 7 3

Site-Related Target Organ HI 0.06 NA NA NA

COPC - Chemical of potential concern.
HI - Hazard index; NA - Not applicable.
Target Organs:  NS/CNS - nervous system/central nervous system; N & O - nasal and olfactory.

a Only target organs and associated chemicals having a total HI greater than 1 are shown.
b Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.

Target Organsa
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Table 6-38

Summary of Groundwater Cancer Risk for the Resident
Downgradient Areas at the Facility Boundary, Plum Brook Ordnance Works

Sandusky, Ohio

Exposure
Point Adult Child Total Adult Child Total Adult Child Total Total ILCR

Concentration Oral Oral Oral Dermal Dermal Dermal Inhalation Inhalation Inhalation All
COPCa (mg/L) ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR Pathways
Metals
Chromium 2.44E-02 NA NA NA NA NA NA NA NA NA NA
Iron 2.57E+02 NA NA NA NA NA NA NA NA NA NA
Manganese 4.66E+00 NA NA NA NA NA NA NA NA NA NA
Explosives
2,4-Dinitrotoluene 1.50E-03 9.58E-06 5.59E-06 1.52E-05 3.89E-07 1.93E-07 5.82E-07 NA NA NA 1.58E-05
2,6-Dinitrotoluene 1.40E-03 8.94E-06 5.22E-06 1.42E-05 2.46E-07 1.22E-07 3.68E-07 NA NA NA 1.45E-05
2-Nitrotoluene 5.50E-04 1.19E-06 6.93E-07 1.88E-06 5.15E-08 2.56E-08 7.71E-08 NA NA NA 1.96E-06
Nitrobenzene 3.40E-04 NA NA NA NA NA NA NA NA NA NA
Semivolatile Organic Compounds
2-Methylnaphthalene 2.40E-02 NA NA NA NA NA NA NA NA NA NA
Bis(2-ethylhexyl)phthalate 9.70E-03 1.28E-06 7.44E-07 2.02E-06 1.29E-06 6.39E-07 1.93E-06 NA NA NA 3.95E-06
Naphthalene 1.80E-02 NA NA NA NA NA NA NA NA NA NA
Volatile Organic Compounds
Benzene 1.30E-01 6.72E-05 3.92E-05 1.06E-04 3.35E-06 1.67E-06 5.02E-06 1.65E-04 9.60E-05 2.61E-04 3.72E-04
Chlorobenzene 1.10E-02 NA NA NA NA NA NA NA NA NA NA
Methylene chloride 9.80E-02 6.90E-06 4.03E-06 1.09E-05 8.45E-08 4.20E-08 1.26E-07 7.36E-06 4.29E-06 1.17E-05 2.27E-05
Toluene 1.80E-01 NA NA NA NA NA NA NA NA NA NA
Xylenes, total 5.60E-01 NA NA NA NA NA NA NA NA NA NA
Miscellaneous
Cyanide, total 3.20E-01 NA NA NA NA NA NA NA NA NA NA
Sulfate 1.28E+03 NA NA NA NA NA NA NA NA NA NA

Total ILCR 9.51E-05 5.54E-05 1.51E-04 5.41E-06 2.69E-06 8.10E-06 1.72E-04 1.00E-04 2.72E-04 4.E-04

Site-Related ILCR 1.97E-05 1.15E-05 3.12E-05 6.86E-07 3.41E-07 1.03E-06 NA NA NA 3.E-05

COPC - Chemical of potential concern.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.

a Shaded italics indicates that the COPC is regarded as site related.  Refer to Section 6.2 and Appendix H.
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Synopsis of Evaluation for Site Relatednessa 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 
 

(Page 1 of 3) 
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TNT Area A 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusionb 

Aluminum No Sampling methodc 

Arsenic No Sampling method 
Chromium No Sampling method 
Iron No Sampling method 
Lead No Sampling method 
Manganese No Sampling method 
Nickel No Sampling method 
Vanadium No Sampling method 
2,4-Dintirotoluene Yes Site historyd 

2,6-Dinitrotoluene Yes Site history 
4_amino-2,6-dinitrotoluene Yes Site history 
2-Nitrotoluene Yes Site history 
1,3-Dinitrobenzene Yes Site history 
Nitrobenzene Yes Site history 
Benzene No Natural petroleume 

Chloromethane No Infrequent, low detection; not found in other media 
Ethylbenzene No Natural petroleum 
Methylene chloride No Laboratory artifactf 

Toluene No Natural petroleum 
Xylenes No Natural petroleum 
Naphthalene No Natural petroleum 
2-Methylnaphthalene No Natural petroleum 
Bis(2-ethylhexyl)phthalate No Laboratory artifact 
Chrysene No Natural petroleum 
Dibenzofuran No Natural petroleum 
Fluorene No Natural petroleum 
Phenanthrene No Natural petroleum 

TNT Area B 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusion 

Aluminum No Sampling method 
Arsenic No Sampling method 
Chromium No Sampling method 
Iron No Natural reducing conditions responsible for dissolved iron 
Lead No Sampling method 
Manganese No Natural reducing conditions responsible for dissolved 

manganese 
Vanadium No Sampling method; not found above background in soil 
2-Methylnaphthalene No Natural petroleum 
Naphthalene No Natural petroleum 
Benzene No Natural petroleum 
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Synopsis of Evaluation for Site Relatednessa 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 
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TNT Area C 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusion 

2-Methylnaphthalene No Natural petroleum 
Bis(2-ethylhexyl)phthalate No Laboratory artifact 
Naphthalene No Natural petroleum 
Benzene No Natural petroleum 
Bromomethane No Not present in duplicate or in other site media 
Methylene chloride No Laboratory artifact 
Toluene No Natural petroleum 
Xylenes No Natural petroleum 

Pentolite Road Red Water Pond Area 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusion 

Chromium No Sampling method 
Iron No Natural reducing conditions responsible for dissolved iron 
Manganese No Only 1 well exceeds background and not greatly; wells 

generally at background; WRS resultsg indicate no 
difference; natural reducing conditions present 

Thallium No Infrequent detection; not present in other media 
2,4-Dintirotoluene Yes Site history 
2,6-Dinitrotoluene Yes Site history 
4-Amino-2,6-dinitrotoluene Yes Site history 
Nitrobenzene Yes Site history 
2-Methylnaphthalene No Natural petroleum 
4-Methylphenol No Laboratory artifact 
Bis(2-ethylhexyl)phthalate No Natural petroleum 
Naphthalene No Natural petroleum 
1,1,2-Trichloroethane No Infrequent, low detection; not present in other media 
Acetone No Laboratory artifact (looks correlated with presence of natural 

petroleum-related compounds; not present in other media 
Benzene No Natural petroleum 
Ethylbenzene No Natural petroleum 
Methylene chloride No Laboratory artifact 
Toluene No Natural petroleum 
Xylenes No Natural petroleum 

West Area Red Water Ponds Area 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusion 

Arsenic No Concentrations essentially same as background 
Cobalt Yes Filtered samples exceed background 
Nickel Yes Filtered samples exceed background 
Vanadium No Laboratory artifact 
2,4-Dinitrophenol Yes Site history 
4,6-Dinitro-2-methylphenol Yes Site history 
2,4-Dinitrotoluene Yes Site history 
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Synopsis of Evaluation for Site Relatednessa 
Former Plum Brook Ordnance Works 

Sandusky, Ohio 
 

(Page 3 of 3) 
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3-Nitroaniline Yes Site history 
Nitrobenzene Yes Site history 
Benzene No Natural petroleum 
Nitrate Yes Exceed background; site history 
Nitrate-nitrite Yes Site history 

Downgradient Bedrock Wells 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusion 

Chromium No Sampling method 
Iron No Sampling method 
Manganese No Sampling method 
2,4-Dinitrotoluene Yes Site history 
2,6-Dinitrotoluene Yes Site history 
2-Nitrotoluene Yes Site history 
Nitrobenzene Yes Site history 
2-Methylnaphthalene No Laboratory artifact 
Bis(2-ethylhexyl)phthalate No Laboratory artifact 
Naphthalene No Natural petroleum 
Benzene No Natural petroleum 
Chlorobenzene No Infrequent detection at low concentration; not present in on-

site soil or groundwater 
Methylene chloride No Laboratory artifact 
Toluene No Natural petroleum 
Xylenes No Natural petroleum 
Cyanide No Infrequent detection at low concentration; not identified as a 

COPC in on-site groundwater. 
COPC - Chemical of potential concern. 

 
a  Excerpted from Appendix H.  As stated therein, an attempt was made to err on the side of inclusion as site-related, 
rather than exclusion. 
b  These rationale are presented in abbreviated format.  Refer to Appendix H for a more complete evaluation of each 
COPC.   
c  “Sampling method” indicates that COPC is likely present at relatively high concentration due to the sampling 
method; this generally refers to the use of bailer-collected samples couple with likely high turbidity.  d  “Site history” 
means that the chemical is included based on the facility’s former use as an ordnance manufacturing facility.    
e  “Natural petroleum” indicates that the COPC is likely associated with naturally occurring petroleum, prevalent in the 
local region. 
f  “Laboratory artifact” generally means that other data points within the data set were qualified “B” blank at 
comparable or greater concentrations. 
g  “WRS results” refers to the results of the Wilcoxon Rank-Sum comparison of site to background data (Appendix C).  
WRS results are only mentioned where they were appropriate for consideration.  Unless stated otherwise. “WRS 
results” was used as a basis for inclusion as site-related; i.e., the WRS tests indicated that the site data set had 
greater concentrations than the background data set. 
 



Table 6-40

Summary of Groundwater Risk Based on Modeled Groundwater Concentrations
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

Modeled HI ILCR
Concentrationa All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 9.30E-03 0.047 2.28E-05
2,6-Dinitrotoluene 4.02E-02 0.40 9.76E-05
2,4,6-Trinitrotolueneb 4.69E-03 0.093 4.98E-07

Total HI 0.5
Total ILCR 1E-04

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 9.30E-03 0.31 NA
2,6-Dinitrotoluene 4.02E-02 2.6 NA
2,4,6-Trinitrotolueneb 4.69E-03 0.61 NA

Total HI 4

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 9.30E-03 0.13 NA
2,6-Dinitrotoluene 4.02E-02 1.1 NA
2,4,6-Trinitrotolueneb 4.69E-03 0.26 NA

Total HI 1.53

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 9.30E-03 NA 9.77E-05
2,6-Dinitrotoluene 4.02E-02 NA 4.17E-04
2,4,6-Trinitrotolueneb 4.69E-03 NA 2.12E-06

Total ILCR 5.E-04

COPC - Chemical of potential concern; HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a Based on year of maximum combined nitroaromatics concentration as described in Appendix E (year 130).
b Chemical was not identified as a COPC.

On-Site Worker

Child Resident

Adult Resident

Adult/Child Resident
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Table 6-41

Summary of Groundwater Risk Based on Modeled Groundwater Concentrations
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

Modeled HI ILCR
Concentrationa All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.36E-03 0.007 3.33E-06
2,6-Dinitrotoluene 1.02E-03 0.010 2.48E-06
2,4,6-Trinitrotolueneb 4.00E-06 0.000 4.25E-10

Total HI 0.02
Total ILCR 6.E-06

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.36E-03 0.045 NA
2,6-Dinitrotoluene 1.02E-03 0.067 NA
2,4,6-Trinitrotolueneb 4.00E-06 0.001 NA

Total HI 0.1

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.36E-03 0.019 NA
2,6-Dinitrotoluene 1.02E-03 0.029 NA
2,4,6-Trinitrotolueneb 4.00E-06 0.000 NA

Total HI 0.05

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.36E-03 NA 1.43E-05
2,6-Dinitrotoluene 1.02E-03 NA 1.06E-05
2,4,6-Trinitrotolueneb 4.00E-06 NA 1.81E-09

Total ILCR 2.E-05

COPC - Chemical of potential concern; HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a Based on year of maximum combined nitroaromatics concentration as described in Appendix E (year 130).
  The model assumes that remediation for direct contact of soils is complete.
b Chemical was not identified as a COPC.

On-Site Worker

Child Resident

Adult Resident

Adult/Child Resident
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Table 6-42

Summary of Groundwater Risk Based on Modeled Groundwater Concentrations
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

Modeled HI ILCR
Concentrationa All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 8.65E-02 0.44 2.12E-04
2,6-Dinitrotoluene 6.03E-02 0.60 1.46E-04
2,4,6-Trinitrotolueneb 1.30E-02 0.26 1.38E-06

Total HI 1.3
Total ILCR 4.E-04

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 8.65E-02 2.9 NA
2,6-Dinitrotoluene 6.03E-02 3.9 NA
2,4,6-Trinitrotolueneb 1.30E-02 1.7 NA

Total HI 8

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 8.65E-02 1.2 NA
2,6-Dinitrotoluene 6.03E-02 1.7 NA
2,4,6-Trinitrotolueneb 1.30E-02 0.72 NA

Total HI 4

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 8.65E-02 NA 9.09E-04
2,6-Dinitrotoluene 6.03E-02 NA 6.25E-04
2,4,6-Trinitrotolueneb 1.30E-02 NA 5.89E-06

Total ILCR 2.E-03

COPC - Chemical of potential concern; HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a Based on year of maximum combined nitroaromatics concentration as described in Appendix E (year 145).
b Chemical was not identified as a COPC.

Adult/Child Resident

Adult Resident

Child Resident

On-Site Worker
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Table 6-43

Summary of Groundwater Risk Based on Modeled Groundwater Concentrations
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

Modeled HI ILCR
Concentrationa All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 7.20E-03 0.036 1.76E-05
2,6-Dinitrotoluene 7.20E-03 0.072 1.75E-05
2,4,6-Trinitrotolueneb 2.00E-04 0.004 2.12E-08

Total HI 0.1
Total ILCR 4.E-05

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 7.20E-03 0.24 NA
2,6-Dinitrotoluene 7.20E-03 0.47 NA
2,4,6-Trinitrotolueneb 2.00E-04 0.026 NA

Total HI 0.7

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 7.20E-03 0.10 NA
2,6-Dinitrotoluene 7.20E-03 0.20 NA
2,4,6-Trinitrotolueneb 2.00E-04 0.011 NA

Total HI 0.3

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 7.20E-03 NA 7.56E-05
2,6-Dinitrotoluene 7.20E-03 NA 7.47E-05
2,4,6-Trinitrotolueneb 2.00E-04 NA 9.06E-08

Total ILCR 1.5E-04

COPC - Chemical of potential concern; HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable; ND - Chemical was model at less that
mg/L - Milligrams per liter.

a Based on year of maximum combined nitroaromatics concentration as described in Appendix E (year 150).
  The model includes the partial remediation completed to date as described in Wastron Inc., 2005, Interim 
  Soil Removal Action Report , Draft, Plum Brook Ordnance Works, Sandusky, Ohio, November.
b Chemical was not identified as a COPC.

Adult/Child Resident

Adult Resident

Child Resident

On-Site Worker
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Table 6-44

Summary of Groundwater Risk Based on Modeled Groundwater Concentrations
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

Modeled HI ILCR
Concentrationa All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.60E-02 0.081 3.92E-05
2,6-Dinitrotoluene 4.70E-04 0.005 1.14E-06
2,4,6-Trinitrotolueneb 2.00E-05 0.0004 2.12E-09

Total HI 0.09
Total ILCR 4.E-05

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.60E-02 0.53 NA
2,6-Dinitrotoluene 4.70E-04 0.031 NA
2,4,6-Trinitrotolueneb 2.00E-05 0.0026 NA

Total HI 0.6

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.60E-02 0.23 NA
2,6-Dinitrotoluene 4.70E-04 0.013 NA
2,4,6-Trinitrotolueneb 2.00E-05 0.0011 NA

Total HI 0.2

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.60E-02 NA 1.68E-04
2,6-Dinitrotoluene 4.70E-04 NA 4.87E-06
2,4,6-Trinitrotolueneb 2.00E-05 NA 9.06E-09

Total ILCR 1.7E-04

COPC - Chemical of potential concern; HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a Based on year of maximum combined nitroaromatics concentration as described in Appendix E (year 105).
b Chemical was not identified as a COPC.

Adult/Child Resident

Adult Resident

Child Resident

On-Site Worker
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Table 6-45

Summary of Groundwater Risk Based on Modeled Groundwater Concentrations
Facility Boundary Downgradient of TNT Area A

Former Plum Brook Ordnance Works, Sandusky, Ohio

Modeled HI ILCR
Concentrationa All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 6.00E-06 0.0002 NA
2,6-Dinitrotoluene 3.00E-05 0.0020 NA
2,4,6-Trinitrotolueneb 1.00E-20 1.30E-18 NA

Total HI 0.002

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 6.00E-06 0.00009 NA
2,6-Dinitrotoluene 3.00E-05 0.0008 NA
2,4,6-Trinitrotolueneb 1.00E-20 5.57E-19 NA

Total HI 0.0009

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 6.00E-06 NA 6.30E-08
2,6-Dinitrotoluene 3.00E-05 NA 3.11E-07
2,4,6-Trinitrotolueneb 1.00E-20 NA 4.53E-24

Total ILCR 4.E-07

COPC - Chemical of potential concern; HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a Based on year of maximum combined nitroaromatics concentration as described in Appendix E (year 150).
b Chemical was not identified as a COPC.

Adult/Child Resident

Adult Resident

Child Resident
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Table 6-46

Summary of Groundwater Risk Based on Modeled Groundwater Concentrations
Facility Boundary Downgradient of TNT Area B, TNT Area C, and Pentolite Road Red Water 

Pond Area
 Plum Brook Ordnance Works, Sandusky, Ohio

Modeled HI ILCR
Concentrationa All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.30E-03 0.043 NA
2,6-Dinitrotoluene 6.00E-04 0.039 NA
2,4,6-Trinitrotolueneb 2.00E-23 2.6E-21 NA

Total HI 0.08

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.30E-03 0.019 NA
2,6-Dinitrotoluene 6.00E-04 0.0169 NA
2,4,6-Trinitrotolueneb 2.00E-23 1.1E-21 NA

Total HI 0.04

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 1.30E-03 NA 1.37E-05
2,6-Dinitrotoluene 6.00E-04 NA 6.22E-06
2,4,6-Trinitrotolueneb 2.00E-23 NA 9.06E-27

Total ILCR 2.E-05

COPC - Chemical of potential concern; HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - milligram per liter.

a Based on year of maximum combined nitroaromatics concentration as described 
   in Appendix E (year 150).
b Chemical was not identified as a COPC.

Adult/Child Resident

Adult Resident

Child Resident
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Table 6-47

Summary of Groundwater Risk Based on Modeled Groundwater Concentrations
Facility Boundary Downgradient of West Area Red Water Ponds Area

Former Plum Brook Ordnance Works, Sandusky, Ohio

Modeled HI ILCR
Concentrationa All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 9.00E-05 0.0030 NA
2,6-Dinitrotoluene 4.00E-05 0.0026 NA
2,4,6-Trinitrotolueneb 6.00E-07 0.00008 NA

Total HI 0.006

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 9.00E-05 0.0013 NA
2,6-Dinitrotoluene 4.00E-05 0.0011 NA
2,4,6-Trinitrotolueneb 6.00E-07 0.00003 NA

Total HI 0.002

Modeled HI ILCR
Concentration All All

Chemical (mg/L) Pathways Pathways
2,4-Dinitrotoluene 9.00E-05 NA 9.46E-07
2,6-Dinitrotoluene 4.00E-05 NA 4.15E-07
2,4,6-Trinitrotolueneb 6.00E-07 NA 2.72E-10

Total ILCR 1.E-06

COPC - Chemical of potential concern; HQ - Hazard quotient; HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.

a Based on year of maximum combined nitroaromatics concentration as described in Appendix E (year 150).
b Chemical was not identified as a COPC.

Adult/Child Resident

Adult Resident

Child Resident
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Table 7-1

Comparison of Bedrock Groundwater Inorganics Concentrations to Those of Background
Former Plum Brook Ordnance Works

Sandusky, Ohio

Wilcoxon WRS Results
Chemical of Units Arithmetic Maximum Arithmetic Background Maximum Rank-Sum Indicate

Potential Concern Mean Detected Mean UTL Detected (WRS) Test Site-
Concentration Concentration Concentration Concentration p level Relatedness?

Metals
Aluminum µg/L 3 / 5 1772 8300 11 / 28 90 329 309 0.039 Y
Arsenic µg/L 2 / 6 31 17 4 / 28 4.9 8.4 7.4 0.002 Y
Iron µg/L 4 / 5 6757 33400 24 / 28 402 2560 1550 0.481 N
Manganese µg/L 6 / 6 2300 11700 28 / 28 81 636 688 0.133 N
Nickel µg/L 2 / 6 34 76 4 / 28 18 41 9 0.091 N

Wilcoxon WRS Results
Chemical of Units Arithmetic Maximum Arithmetic Background Maximum Rank-Sum Indicate

Potential Concern Mean Detected Mean UTL Detected (WRS) Test Site-
Concentration Concentration Concentration Concentration p level Relatedness?

Metals
Aluminum µg/L 7 / 7 3770 16900 11 / 28 90 329 309 0.003 Y
Arsenic µg/L 3 / 8 9.1 23 4 / 28 4.9 8.4 7.4 0.036 Y
Iron µg/L 7 / 8 15198 41700 24 / 28 402 2560 1550 0.008 Y
Manganese µg/L 8 / 8 518 1140 28 / 28 81 636 688 0.013 Y

Wilcoxon WRS Results
Chemical of Units Arithmetic Maximum Arithmetic Background Maximum Rank-Sum Indicate

Potential Concern Mean Detected Mean UTL Detected (WRS) Test Site-
Concentration Concentration Concentration Concentration p level Relatedness?

Metals
Iron µg/L 5 / 6 3142 7280 24 / 28 402 2560 1550 0.086 N
Manganese µg/L 6 / 6 261 1170 28 / 28 81 636 688 0.857 N

Wilcoxon WRS Results
Chemical of Units Arithmetic Maximum Arithmetic Background Maximum Rank-Sum Indicate

Potential Concern Mean Detected Mean UTL Detected (WRS) Test Site-
Concentration Concentration Concentration Concentration p level Relatedness?

Metals
Iron µg/L 16 / 27 12526 257000 24 / 28 402 2560 1550 0.414 N
Manganese µg/L 25 / 27 269 4660 28 / 28 81 636 688 0.010 Y

µg/L- Micrograms per liter; UTL- Upper tolerance limit; MDC - Maximum detected concentration.
PRRWP - Pentolite Road Red Water Ponds.

a  Background screening criteria are presented in the 2004 Data Summary and Evaluation Report (Shaw, 2005).
b  Site relatedness is indicated if Wilcoxon Rank Sum test p level is less than 0.05.

Frequency of Frequency of
Detection Detection

Downgradient Groundwater PBOW Background Groundwatera

Frequency of Frequency of
Detection Detection

Detection Detection

PRRWP Area Groundwater PBOW Background Groundwatera

TNT Area B Groundwater PBOW Background Groundwatera

Frequency of Frequency of

TNT Area A Groundwater PBOW Background Groundwatera

Frequency of
Detection

Frequency of
Detection
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Table 8-1

Summary of Aggregate Risks by Source Medium
TNT Area A

Former Plum Brook Ordnance Works, Sandusky, Ohio

Groundskeeperb

Construction 

Workerb On-Site Residentc Groundskeeperb

Construction 

Workerd On-Site Residente

Total Total Total Total Total Total
Source Mediuma

HI HI HI ILCR ILCR ILCR

Surface Soil 0.6 NA NA 6.1E-06 NA NA

Total Soil NA 60 219 NA 3.5E-04 2.6E-02

Surface Water NA 0.06 0.03 NA 5.1E-09 9.8E-08

Sediment NA NA NA NA 6.5E-08 2.4E-07

Groundwater - Overall 10 10 347 2.6E-04 1.0E-05 2.5E-03

Groundwater - Site Related 0.2 0.2 2 1.0E-05 4.1E-07 4.4E-05

Total Across All Media - Overall 11 70 566 3.E-04 4.E-04 3.E-02

Total Across All Media - Site Related 0.8 61 221 2.E-05 4.E-04 3.E-02

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.

a Source media risk results for media other than groundwater are from IT Corporation, 2001, TNT Areas A and C Remedial Investigation, Volume 2, Human 
  Health Risk Assessment , Final, Former Plum Brook Ordnance Works, Sandusky, Ohio, Novembe
b Groundwater risk values are based on those found in this groundwater baseline human heealth risk assessment (BHHRA) for the site worker. 
c Values shown are for the child.  The adult was not evaluated for noncancer hazard in the TNT A and C BHHRA. 
d Groundwater risk values shown are for the on-site worker, divided by 25 to reflect the difference in the exposure durations assumed for the on-site worker 
  (25 years) in this BHHRA and the construction worker (1 year)  scenario in the TNT Areas A and C BHHRA. 
e Risk values are based on the combined child and adult exposure scenarios. 

Cancer RiskNoncancer Hazard
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Table 8-2

Summary of Aggregate Risks by Source Medium
TNT Area B

Former Plum Brook Ordnance Works, Sandusky, Ohio

Groundskeeperb

Construction 

Workerb On-Site Residentc Groundskeeperb

Construction 

Workerd On-Site Residente

Total Total Total Total Total Total
Source Mediuma

HI HI HI ILCR ILCR ILCR

Surface Soil 16 NA NA 1.1E-04 NA NA

Total Soil NA 71 244 NA 1.6E-05 1.2E-03

Surface Water NA 0.2 0.04 NA 4.2E-08 4.0E-07

Sediment NA 2 0.2 NA 8.3E-07 1.2E-06

Groundwater - Overall 2 2 18 7.1E-05 2.9E-06 3.4E-04

Groundwater - Site Related NA NA NA NA NA NA

Total Across All Media - Overall 18 75 262 2.E-04 2.E-05 1.E-03

Total Across All Media - Site Related 16 73 244 1.E-04 2.E-05 1.E-03

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.

a Source media risk results for media other than groundwater are from IT Corporation, 2000, TNT Area B Remedial Investigation, Volume II, Baseline Human 
  Health Risk Assessment , Final, Former Plum Brook Ordnance Works, Sandusky, Ohio, August.  Note that soil remediation efforts have commence
  The above soil risk values do not reflect the risk reduction resulting from these efforts.
b Groundwater risk values are based on those found in this groundwater baseline human heealth risk assessment (BHHRA) for the site worker. 
c Values shown are for the child.  The adult was not evaluated for noncancer hazard in the TNT Area B BHHRA. 
d Groundwater risk values shown are for the on-site worker, divided by 25 to reflect the difference in the exposure durations assumed for the on-site worker 
  (25 years) in this BHHRA and the construction worker (1 year)  scenario in the TNT Area B BHHRA. 
e Risk values are based on the combined child and adult exposure scenarios. 

Cancer RiskNoncancer Hazard
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Table 8-3

Summary of Aggregate Risks by Source Medium
TNT Area C

Former Plum Brook Ordnance Works, Sandusky, Ohio

Groundskeeperb

Construction 

Workerb On-Site Residentc Groundskeeperb

Construction 

Workerd On-Site Residente

Total Total Total Total Total Total
Source Mediuma

HI HI HI ILCR ILCR ILCR

Surface Soil 95 NA NA 5.4E-04 NA NA

Total Soil NA 360 1240 NA 5.0E-05 3.5E-03

Surface Water NA 0.16 0.08 NA 1.8E-08 3.4E-07

Sediment NA 14 6 NA 1.4E-06 1.2E-05

Groundwater - Overall 1 1 65 9.4E-05 3.7E-06 1.2E-03

Groundwater - Site Related NA NA NA NA NA NA

Total Across All Media - Overall 97 361 1310 6.E-04 6.E-05 5.E-03

Total Across All Media - Site Related 95 374 1246 5.E-04 5.E-05 3.E-03

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.

a Source media risk results for media other than groundwater are from IT Corporation, 2001, TNT Areas A and C Remedial Investigation, Volume 2, Human 
  Health Risk Assessment , Final, Former Plum Brook Ordnance Works, Sandusky, Ohio, Novembe
b Groundwater risk values are based on those found in this groundwater baseline human heealth risk assessment (BHHRA) for the site worker. 
c Values shown are for the child.  The adult was not evaluated for noncancer hazard in the TNT A and C BHHRA. 
d Groundwater risk values shown are for the on-site worker, divided by 25 to reflect the difference in the exposure durations assumed for the on-site worker 
  (25 years) in this BHHRA and the construction worker (1 year)  scenario in the TNT Areas A and C BHHRA. 
e Risk values are based on the combined child and adult exposure scenarios. 

Cancer RiskNoncancer Hazard
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Table 8-4

Summary of Aggregate Risks by Source Medium
Pentolite Road Red Water Pond Area

Former Plum Brook Ordnance Works, Sandusky, Ohio

Groundskeeperb

Construction 

Workerb On-Site Residentc Groundskeeperb

Construction 

Workerd On-Site Residente

Total Total Total Total Total Total
Source Mediuma

HI HI HI ILCR ILCR ILCR

Surface Soil 0.06 NA NA 6.2E-07 NA NA

Total Soil NA 104 358 NA 1.1E-05 8,5E-4

Surface Water NA NA NA NA NA NA

Sediment NA NA NA NA NA NA

Groundwater - Overall 15 15 235 5.3E-04 2.1E-05 7.3E-03

Groundwater - Site Related 0.3 0.3 2 4.3E-06 1.7E-07 1.9E-05

Total Across All Media - Overall 16 119 593 5.E-04 3.E-05 7.E-03

Total Across All Media - Site Related 0.06 104 358 5.E-06 1.E-05 2.E-05

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.

a Source media risk results for media other than groundwater are from IT Corporation, 2000, Risk Assessment and Direct-Push Investigation of Red 
  Water Pond Areas , Final, Former Plum Brook Ordnance Works, Sandusky, Ohio, Augus
b Groundwater risk values are based on those found in this groundwater baseline human heealth risk assessment (BHHRA) for the site worker. 
c Values shown are for the child.  The adult was not evaluated for noncancer hazard in the Red Water Pond areas risk assessment. 
d Groundwater risk values shown are for the on-site worker, divided by 25 to reflect the difference in the exposure durations assumed for the on-site worker 
  (25 years) in this BHHRA and the construction worker (1 year)  scenario in the Red Water Pond areas risk assessment. 
e Risk values are based on the combined child and adult exposure scenarios. 

Cancer RiskNoncancer Hazard
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Table 8-5

Summary of Aggregate Risks by Source Medium
West Area Red Water Ponds Area

Former Plum Brook Ordnance Works, Sandusky, Ohio

Groundskeeperb

Construction 

Workerb On-Site Residentc Groundskeeperb

Construction 

Workerd On-Site Residente

Total Total Total Total Total Total
Source Mediuma

HI HI HI ILCR ILCR ILCR

Surface Soil 0.01 NA NA 7.1E-06 NA NA

Total Soil NA 0.2 0.6 NA 5.8E-07 1.5E-05

Surface Water NA 0.09 0.04 NA 2.3E-08 4.4E-07

Sediment NA 0.07 0.005 NA 2.1E-07 3.1E-07

Groundwater - Overall 9 9 63 1.1E-04 4.3E-06 4.6E-04

Groundwater - Site Related 9 9 61 5.8E-05 2.3E-06 2.5E-04

Total Across All Media - Overall 9 9 64 1.E-04 5.E-06 5.E-04

Total Across All Media - Site Related 9 9 62 6.E-05 3.E-06 3.E-04

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.

a Source media risk results for media other than groundwater are from IT Corporation, 2000, Risk Assessment and Direct-Push Investigation of Red 
  Water Pond Areas , Final, Former Plum Brook Ordnance Works, Sandusky, Ohio, Augus
b Groundwater risk values are based on those found in this groundwater baseline human heealth risk assessment (BHHRA) for the site worker. 
c Values shown are for the child.  The adult was not evaluated for noncancer hazard in the Red Water Pond areas risk assessment. 
d Groundwater risk values shown are for the on-site worker, divided by 25 to reflect the difference in the exposure durations assumed for the on-site worker 
  (25 years) in this BHHRA and the construction worker (1 year)  scenario in the Red Water Pond areas risk assessment. 
e Risk values are based on the combined child and adult exposure scenarios. 

Cancer RiskNoncancer Hazard
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Table 9-1

Risk-Based Remediation Criteria for Bedrock Groundwater
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure Background
 Point Screening

Risk-Driver Chemicala Concentration Concentration Target Hazard Index Target Hazard Indexc

 (mg/L) (mg/L) 1.0E-06 1.0E-05 0.1 1 1.0E-06 1.0E-05 0.1 1

Metals
Aluminum 8.3 0.31 -- -- 10 102 -- -- 1.6 16
Arsenic 0.017 0.0074 0.0002 0.0019 0.0031 0.031 0.00004 0.0004 0.0005 0.0047
Chromium 0.037 NA -- -- 0.027 0.27 -- -- 0.0043 0.043
Iron 33 1.6 -- -- 3.1 31 -- -- 0.47 4.7
Manganese 12 0.64 0.25 2.5 -- -- 0.038 0.38
Nickel 0.076 0.0086 -- -- 0.20 2.0 -- -- 0.031 0.31
Vanadium 0.037 NA -- -- 0.0092 0.092 -- -- 0.0015 0.015
Explosives
2,4-Dinitrotoluene 0.0005 NA 0.0004 0.0041 0.020 0.20 0.0001 0.0010 0.0030 0.030
2,6-Dinitrotoluene 0.0036 NA 0.0004 0.0041 0.010 0.10 0.0001 0.0010 0.0015 0.015
2-Nitrotoluene 0.0003 NA 0.0012 0.012 0.96 9.6 0.0003 0.0028 0.15 1.5
4-Amino-2,6-dinitrotoluene 0.0013 NA -- -- 0.002 0.02 -- -- 0.0003 0.0031
Nitrobenzene 0.0020 NA -- -- 0.0049 0.049 -- -- 0.0001 0.0014
Semivolatile Organic Compounds
2-Methylnaphthalene 0.47 NA -- -- 0.12 1.2 -- -- 0.0003 0.0027
Bis(2-ethylhexyl)phthalate 0.0082 NA 0.012 0.12 0.12 1.2 0.0025 0.025 0.017 0.17
Chrysene 0.015 NA 0.0055 0.055 -- -- 0.0010 0.010 -- --
Dibenzofuran 0.012 NA -- -- 0.014 0.14 -- -- 0.0024 0.024
Naphthalene 0.17 NA -- -- 0.15 1.5 -- -- 0.0003 0.0027
Phenanthrene 0.074 NA -- -- 0.13 1.3 -- -- 0.027 0.27
Volatile Organic Compounds
Benzene 0.70 0.0024 0.0048 0.048 0.038 0.38 0.0003 0.0035 0.0019 0.019
Chloromethane 0.035 NA -- -- -- -- -- -- 0.0081 0.081
Ethylbenzene 0.24 0.00087 -- -- 0.79 7.9 -- -- 0.054 0.54
Methylene chloride 0.33 NA 0.037 0.37 0.60 6.0 0.0043 0.043 0.069 0.69
Toluene 0.73 0.0017 -- -- 1.8 18 -- -- 0.031 0.31
Xylenes, total 1.4 0.0055 -- -- 1.6 16 -- -- 0.0088 0.088

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Background screening concentration is either unavailable or not applicable.
mg/L - Milligram per liter.
"--" indicates that no cancer and/or noncancer toxicity value is available, at least for the pathways represented by this receptor.

a Risk-driver chemicals are identified as those with an ILCR greater than 1E-6, or that contribute a noncancer hazard quotient of at least 0.1 to a target 
   organ-specific total hazard index that is greater than 1.  Shaded italics indicates that the chemical is regarded as site-related.  Concerning site relatedness, 
   refer to Section 6.2 and Appendix H.
b Risk-based remediation criteria (RBRC) are derived by back-calculation, using the baseline human health risk assessment methodologies and assumptions, 
   and the specified target HI and ILCR values.
c For conservativeness, value is based on exposure during childhood.

On-Site Resident RBRCsb (mg/L)
Cancer

Target Risk Level
Noncancer 

Target Risk Level
Cancer Noncancer 
On-Site Worker RBRCsb (mg/L)

KN6\PBOW\GW BHHRA\FINAL\9.0 Tbls.xls(Tbl 9-1 TNT A RBRCs)\9/26/2006(4:16 PM)



Table 9-2

Risk-Based Remediation Criteria for Bedrock Groundwater
TNT Area B, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure Background
 Point Screening

Risk-Driver Chemicala Concentration Concentration Target Hazard Index Target Hazard Indexc

 (mg/L) (mg/L) 1.0E-06 1.0E-05 0.1 1 1.0E-06 1.0E-05 0.1 1

Metals
Aluminum 16.9 0.31 -- -- 10 102 -- -- 1.6 16
Arsenic 0.013 0.0074 0.00019 0.0019 0.0031 0.031 0.00004 0.0004 0.0005 0.0047
Chromium 0.030 NA -- -- 0.027 0.27 -- -- 0.004 0.043
Iron 25.6 1.6 -- -- 3.1 31 -- -- 0.47 4.7
Manganese 0.79 0.64 -- -- 0.25 2.5 -- -- 0.038 0.38
Vanadium 0.025 NA -- -- 0.0092 0.092 -- -- 0.0015 0.015
Semivolatile Organic Compounds
2-Methylnaphthalene 0.0048 NA -- -- 0.12 1.2 -- -- 0.0003 0.0027
Naphthalene 0.0028 NA -- -- 0.15 1.5 -- -- 0.0003 0.0027
Volatile Organic Compounds
Benzene 0.017 0.0024 0.0048 0.048 0.038 0.38 0.0003 0.0035 0.0019 0.019

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Background screening concentration is either unavailable or not applicable.
mg/L - Milligrams per liter.
"--" indicates that no cancer toxicity value is available.
a Risk-driver chemicals are identified as those with an ILCR greater than 1E-6, or that contribute a noncancer hazard quotient of at least 0.1 to a target 
   organ-specific total hazard index that is greater than 1.  Shaded italics indicates that the chemical is regarded as site-related.  Concerning site relatedness, 
   refer to Section 6.2 and Appendix H.
b Risk-based remediation criteria (RBRC) are derived by back-calculation, using the baseline human health risk assessment methodologies and assumptions, 
   and the specified target HI and ILCR values.
c For conservativeness, value is based on exposure during childhood.

Target Risk Level
Cancer Noncancer 
On-Site Worker RBRCsb (mg/L) On-Site Resident RBRCsb (mg/L)

Cancer
Target Risk Level

Noncancer 
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Table 9-3

Risk-Based Remediation Criteria for Bedrock Groundwater
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure Background
 Point Screening

Risk-Driver Chemicala,b Concentration Concentration Target Hazard Index Target Hazard Indexd

 (mg/L) (mg/L) 1.0E-06 1.0E-05 0.1 1 1.0E-06 1.0E-05 0.1 1

Semivolatile Organic Compounds
2-Methylnaphthalene 0.027 NA -- -- 0.12 1.2 -- -- 0.0003 0.0027
Bis(2-ethylhexyl)phthalate 0.055 NA 0.012 0.12 0.12 1.2 0.0025 0.025 0.017 0.17
Naphthalene 0.034 NA -- -- 0.15 1.5 -- -- 0.0003 0.0027
Volatile Organic Compounds
Benzene 0.41 0.0024 0.0048 0.048 0.038 0.38 0.0003 0.0035 0.0019 0.019
Bromomethane 0.013 NA -- -- 0.014 0.14 -- -- 0.0004 0.0036
Methylene chloride 0.16 NA 0.037 0.37 0.60 6.0 0.0043 0.043 0.069 0.69
Toluene 0.30 0.0017 -- -- 1.8 18 -- -- 0.031 0.31
Xylenes, total 1.3 0.0055 -- -- 1.6 16 -- -- 0.0088 0.088

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Not applicable.
mg/L - Milligrams per liter.
"--" indicates that no cancer toxicity value is available.

a Risk-driver chemicals are identified as those with an ILCR greater than 1E-6, or that contribute a noncancer hazard quotient of at least 0.1 to a target 
   organ-specific total hazard index that is greater than 1.  
b None of the TNT Area C risk driver chemicals were identified as site related.  Refer to Section 6.2 and Appendix H.
c Risk-based remediation criteria (RBRC) are derived by back-calculation, using the baseline human health risk assessment methodologies and assumptions, 
   and the specified target HI and ILCR values.
d For conservativeness, value is based on exposure during childhood.

On-Site Resident RBRCsc (mg/L)
Cancer

Target Risk Level
Noncancer 

Target Risk Level
Cancer Noncancer 
On-Site Worker RBRCsc (mg/L)
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Table 9-4

Risk-Based Remediation Criteria for Bedrock Groundwater
Pentolite Road Red Water Pond Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure Background
 Point Screening

Risk-Driver Chemicala Concentration Concentration Target Hazard Index Target Hazard Indexc

 (mg/L) (mg/L) 1.0E-06 1.0E-05 0.1 1 1.0E-06 1.0E-05 0.1 1

Metals
Chromium 0.021 NA -- -- 0.027 0.27 -- -- 0.0043 0.043
Iron 7.3 1.6 -- -- 3.1 31 -- -- 0.47 4.7
Manganese 1.2 0.64 -- -- 0.25 2.45 -- -- 0.038 0.38
Thallium 0.051 NA -- -- 0.0007 0.0066 -- -- 0.0001 0.0010
Explosives
2,4-Dinitrotoluene 0.0009 NA 0.0004 0.0041 0.020 0.20 0.0001 0.0010 0.0030 0.030
2,6-Dinitrotoluene 0.0009 NA 0.0004 0.0041 0.010 0.10 0.0001 0.0010 0.0015 0.015
4-Amino-2,6-dinitrotoluene 0.0010 NA -- -- 0.0020 0.020 -- -- 0.0003 0.0031
Nitrobenzene 0.0004 NA -- -- 0.0049 0.049 -- -- 0.0001 0.0014
Semivolatile Organic Compounds
2-Methylnaphthalene 0.035 NA -- -- 0.12 1.2 -- -- 0.0003 0.0027
4-Methylphenol 0.043 NA -- -- 0.049 0.49 -- -- 0.0074 0.074
Bis(2-ethylhexyl)phthalate 0.037 NA 0.012 0.12 0.12 1.2 0.0025 0.025 0.017 0.17
Naphthalene 0.03 NA -- -- 0.15 1.5 -- -- 0.0003 0.0027
Volatile Organic Compounds
1,1,2-Trichloroethane 0.0049 NA 0.0048 0.048 0.039 0.39 0.0002 0.0020 0.0061 0.061
Benzene 2.5 0.0024 0.0048 0.048 0.038 0.38 0.0003 0.0035 0.0019 0.019
Ethylbenzene 0.20 0.00087 -- -- 0.79 7.9 -- -- 0.054 0.54
Methylene chloride 0.16 NA 0.037 0.37 0.60 6.0 0.0043 0.043 0.069 0.69
Toluene 0.95 0.0017 -- -- 1.8 18 -- -- 0.031 0.31
Xylenes, total 1.4 0.0055 -- -- 1.6 16 -- -- 0.0088 0.088

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Background screening concentration is either unavailable or not applicable.
mg/L - Milligrams per liter.
"--" indicates that no cancer toxicity value is available.

a Risk-driver chemicals are identified as those with an ILCR greater than 1E-6, or that contribute a noncancer hazard quotient of at least 0.1 to a target 
   organ-specific total hazard index that is greater than 1.  Shaded italics indicates that the chemical is regarded as site-related.  Concerning site relatedness, 
   refer to Section 6.2 and Appendix H.
b Risk-based remediation criteria (RBRC) are derived by back-calculation, using the baseline human health risk assessment methodologies and assumptions, 
   and the specified target HI and ILCR values.
c For conservativeness, value is based on exposure during childhood.

On-Site Resident RBRCsb (mg/L)
Cancer

Target Risk Level
Noncancer 

Target Risk Level
Cancer Noncancer 
On-Site Worker RBRCsb (mg/L)
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Table 9-5

Risk-Based Remediation Criteria for Bedrock Groundwater
West Area Red Water Ponds Area, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure Background
 Point Screening

Risk-Driver Chemicala Concentration Concentration Target Hazard Index Target Hazard Indexc

 (mg/L) (mg/L) 1.0E-06 1.0E-05 0.1 1 1.0E-06 1.0E-05 0.1 1

Metals
Arsenic 0.010 0.0074 0.0002 0.0019 0.0031 0.031 0.00004 0.0004 0.0005 0.0047
Cobalt 0.27 0.012 -- -- 0.2 2.0 -- -- 0.031 0.31
Vanadium 0.0055 NA -- -- 0.0092 0.092 -- -- 0.0015 0.015
Explosives
2,4-Dinitrotoluene 0.019 NA 0.0004 0.0041 0.020 0.20 0.0001 0.0010 0.0030 0.030
4,6-Dinitro-2-methylphenol 0.028 NA -- -- 0.0010 0.010 -- -- 0.0002 0.0015
3-Nitroaniline 0.15 NA 0.013 0.13 0.0030 0.030 0.0031 0.031 0.0005 0.0046
Nitrobenzene 0.0058 NA -- -- 0.0049 0.049 -- -- 0.0001 0.0014
Volatile Organic Compounds
Benzene 0.0011 0.0024 0.0048 0.048 0.038 0.38 0.0003 0.0035 0.0019 0.019
Miscellaneous
Nitrate 79 NA -- -- 16 162 -- -- 2.5 25
Nitrate-Nitrite 0.30 NA -- -- 1.0 10 -- -- 0.16 1.6

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Background screening concentration is either unavailable or not applicable.
mg/L - Milligrams per liter.
"--" indicates that no cancer toxicity value is available.

a Risk-driver chemicals are identified as those with an ILCR greater than 1E-6, or that contribute a noncancer hazard quotient of at least 0.1 to a target 
   organ-specific total hazard index that is greater than 1.  Shaded italics indicates that the chemical is regarded as site-related.  Concerning site relatedness, 
   refer to Section 6.2 and Appendix H.
b Risk-based remediation criteria (RBRC) are derived by back-calculation, using the baseline human health risk assessment methodologies and assumptions, 
   and the specified target HI and ILCR values.
c For conservativeness, value is based on exposure during childhood.

On-Site Resident RBRCsb (mg/L)
Cancer

Target Risk Level
Noncancer 

Target Risk Level
Cancer Noncancer 
On-Site Worker RBRCsb (mg/L)
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Table 9-6

Risk-Based Remediation Criteria for Bedrock Groundwater
Downgradient Areas at the Facility Boundary, Former Plum Brook Ordnance Works

Sandusky, Ohio

Exposure Background
 Point Screening

Risk-Driver Chemicala Concentration Concentration Target Hazard Indexc

 (mg/L) (mg/L) 1.00E-06 1.00E-05 0.1 1

Metals
Iron 257 1.6 -- -- 0.47 4.7
Manganese 4.7 0.64 -- -- 0.038 0.38
Explosives
2,4-Dinitrotoluene 0.0015 NA 0.00010 0.0010 0.0030 0.030
2,6-Dinitrotoluene 0.0014 NA 0.00010 0.0010 0.0015 0.015
Semivolatile Organic Compounds
2-Methylnaphthalene 0.024 NA -- -- 0.00027 0.0027
Bis(2-ethylhexyl)phthalate 0.010 NA 0.0025 0.025 0.017 0.17
Naphthalene 0.018 NA -- -- 0.00027 0.0027
Volatile Organic Compounds
Benzene 0.13 0.0024 0.00035 0.0035 0.0019 0.019
Xylenes, total 0.56 0.0055 -- -- 0.0088 0.088
Miscellaneous
Cyanide, total 0.32 NA -- -- 0.031 0.31

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - Background screening concentration is either unavailable or not applicable.
mg/L - Milligrams per liter.
"--" indicates that no cancer toxicity value is available.

a Risk-driver chemicals are identified as those with an ILCR greater than 1E-6, or that contribute a noncancer hazard quotient of at least 0.1 
  to a target organ-specific total hazard index that is greater than 1.  Shaded italics indicates that the chemical is regarded as site-related.  
  Concerning site relatedness, refer to Section 6.2 and Appendix H.
b Risk-based remediation criteria (RBRC) are derived by back-calculation, using the baseline human health risk assessment methodologies 
   and assumptions, and the specified target HI and ILCR values.
c For conservativeness, value is based on exposure during childhood.

Target Risk Level
Noncancer 

Resident RBRCsb (mg/L)
Cancer

KN6\PBOW\GW BHHRA\FINAL\9.0 Tbls.xls(Tbl 9-6 DBW RBRCs)\9/26/2006(4:17 PM)



 

 
KN6\PBOW\GW BHHRA\Final\GW BHHRA-F.doc\9/26/06\4:19 PM 

FIGURES 

















Does site MDC
exceed RBSC?
(Section 2.2.1)

Does site MDC
exceed BSC?

(Section 
2.2.3.1)

Carry analyte through RA process.
(Section 3.0 through 5.0)

Analyte
significantly

contributes to risk
exceeding OEPA risk

management
criteria?

STOP,
No further
evaluation

Perform population
testingb (e.g., WRS) (Section 2.2.3.2)
and/or further background evaluation

(Section 6.2)

Risk
Management

Decision

Figure 2-6

Role of COPC Screening in the 
Risk Assessment and 

Risk Management Processa

Notes:
a COPC screening steps are shown in blue.
b A judgment may be made at this step to forego or modify population testing if the site data is clearly greater than background and/or 

individual exceedances suggest the presence of a hot spot.  
c Note that Section 9.0 of the text lists RBRCs for all “risk drivers” but that site-related compounds are highlighted. 
BSC - Background screening concentration. COPC - Chemical of potential concern. MDC - Maximum detected concentration.
OEPA - Ohio Environmental Protection Agency. RA - Risk assessment. RBRC - Risk-based remediation criterion.
RBSC - Risk-based screening concentration. WRS - Wilcoxon rank sum (test).
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Figure 3-1
Human Health Conceptual Site Exposure Model

Former TNT Production Areas, Plum Brook Ordnance Works, Sandusky, Ohio
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= Complete exposure route quantified in the groundwater baseline human health risk assessment (BHHRA).
1 = There is no plausible pathway for exposure to this medium.
2 = Although theoretically complete, this pathway is not quantified as explained in text of the previous BHHRAs.
3 = Contact with this medium, although plausible, is not part of this receptor’s normal or expected activities therefore, contact would be sporadic and is not quantified.
4 = Although theoretically complete, large dilution factor of ambient air obviates the need to quantify this pathway for an outdoor worker.  Exposure to future indoor worker using site

groundwater would not be quantifiable but would likely be insignificant compared to other pathways.
P = Complete exposure pathway evaluated in the previous BHHRAs for the former TNT production areas.
G = On-site worker evaluated for groundwater only.  Risk results for this receptor were combined with those from previous BHHRAs to determine aggregate risks to the future 

groundskeeper (Chapter 8.0).
W = Groundwater exposure/risks evaluated as future on-site worker (see note for “G”).

a The hunter scenario was not evaluated for TNT Area B because it is 
an industrial area.

b Refers to bedrock groundwater.  Although isolated, seasonally 
dependent groundwater exists in the overburden, it is not a viable 
source and is not broken out separately in this model.
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Partitioning

Figure 3-2
Human Health Conceptual Site Exposure Model

Red Water Ponds Areas, Plum Brook Ordnance Works, Sandusky, Ohio
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3 = Although theoretically complete, large dilution factor of ambient air obviates the need to quantify this pathway.
4 = Although theoretically complete, large dilution factor of ambient air obviates the need to quantify this pathway for an outdoor worker.  Exposure to a future indoor worker 

using site groundwater would not be quantifiable but would likely be insignificant compared to other pathways.
= Complete exposure pathway evaluated in the groundwater baseline human health risk assessment (BHHRA).

P = Complete exposure pathways evaluated previously in the Red Water Ponds Areas BHHRA.
G = On-site worker evaluated for groundwater only.  Risk results for the receptor were combined with those for the future groundskeeper from the previous BHHRAs for 

aggregate risk estimates (Chapter 8.0).
W = Groundwater exposure/risks evaluated as future on-site worker (see note for “G”).
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Table 1
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,6-TNT)

TNTA Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α Comments

(ft msl) (ft msl) (ft) (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
Estimated Estimated

TNTA-S1 624547 1923783 194 75 632 629 5.00 0.12 4.9

TNTA-S5 623816 1923318 187 87 636 633 4.00 0.05 SO334, 395, 396

TNTA-S15 623337 1922879 179 95 650 636 14.00 0.50 same location as S16, 19, SO033, 034

TNTA-S17 623260 1922852 179 96 650 637 13.00 0.48

TNTA-S20 623121 1922699 176 98 653 637 16.02 0.54 4.3 1.3 31.2
same location as S13, S18, S19, S28, SO016, 017, 021, 022, 154, 155, 
201, 238, 241, 242, 262, 263, 265, 266, 300, 311, 379, 380

TNTA-S21 622833 1922881 179 103 658 642 16.00 0.54 40.7 17.9 same location as S001, 003, 297, 300, 349, 377

TNTA-S23 622800 1922908 180 103 658 642 16.00 0.54 0.483 same location as S298

TNTA-S25 622475 1923331 187 109 654 646 7.50 0.35 same as 061, 068, 069, 160, 161, 275-280, 359, 385

TNTA-S29 623297 1922840 178 95 645 636 9.00 0.39

TNTA-S31 624527 1923495 190 76 649 646 3.00 0.02 0.9

TNTA-S32 624571 1923587 191 75 634 631 3.00 0.02 3.2

TNTA-SO012 622906 1923105 183 102 660 630 30.14 0.78 259 same as SO066, 248, 249, 387

TNTA-SO013 622924 1923123 183 101 660 640 20.10 0.62 0.285 same location as S250

TNTA-SO014 622915 1923140 184 102 661 640 20.50 0.63 0.483 same as SO014, 015, 245

TNTA-SO018 623184 1922684 176 97 650 637 13.00 0.48 2.48 2.21 0.124 same as SO019, 233, 234, 235

TNTA-SO020 623148 1922694 220 76 638 630 10.00 0.41 same as SO403, 404

TNTA-SO024 623103 1922682 176 99 653 638 15.00 0.52 6.67

TNTA-SO035 623314 1922907 180 95 651 635 16.24 0.55 same as 327-330, 350

TNTA-SO040 623323 1923086 183 95 654 635 19.48 0.61 7.21 same as 292, 375, 376

TNTA-SO045 623511 1923266 186 92 650 635 15.00 0.52 0.215 0.13 same location as S319

TNTA-SO047 623485 1923488 189 92 651 635 16.00 0.54 0.249 same as 53, 391

TNTA-SO048 623475 1923528 190 93 651 635 16.00 0.54 0.37

TNTA-SO051 623510 1923527 190 92 651 635 16.00 0.54 4.08 same as 54, 

TNTA-SO052 623547 1923490 189 91 651 635 16.00 0.54 0.507 5.04 same as 320

TNTA-SO053 623519 1923481 189 92 651 635 16.00 0.54 0.204

TNTA-SO062 623116 1923300 186 98 659 638 21.29 0.64 same as 389, 390

TNTA-SO076 623938 1922842 178 85 636 633 3.20 0.02 0.252

TNTA-SO077 623958 1922856 179 85 636 633 3.18 0.02 same location as SO218

TNTA-SO078 623403 1922581 174 94 639 635 4.00 0.05 same location as SO224

TNTA-SO079 623424 1922581 174 93 639 635 4.00 0.05 12000 103 same location as SO080, 222, 223, 309, 332, 383, 384

TNTA-SO081 623449 1922607 175 93 637 633 5.00 0.12 163 734 0.332 same location as SO081, 087, 225, 226, 310, 353, 38

TNTA-SO082 623401 1922606 175 94 639 635 4.00 0.05 0.647 same location as SO083, 232

TNTA-SO094 623221 1924923 214 97 653 637 16.42 0.55 same as 397, 398

TNTA-SO103 623727 1925141 217 89 651 635 16.00 0.54 0.483 0.153 same as 284, 315, 416, 484

TNTA-SO105 623763 1925105 217 88 649 635 14.35 0.51 same as 281, 283, 367, 368

TNTA-SO106 623734 1925074 216 88 650 635 15.00 0.52 2.1 0.36 same as 107, 288, 414

TNTA-SO109 623915 1924922 214 86 653 635 18.28 0.59 0.191 same as 111, 361

TNTA-SO110 623929 1924935 214 85 653 633 20.00 0.62 0.18 0.377 same as 305, 406

TNTA-SO121 624300 1925060 216 79 650 632 18.00 0.58 10.4 same as 365, 366

TNTA-SO123 624158 1925236 219 82 656 632 23.62 0.68 0.982 284 39.1 same as 124, 125, 254, 323, 407

TNTA-SO126 624168 1925258 219 81 655 632 22.65 0.66 558 1298 0.312 29.9 same as 127, 128, 253, 255, 259, 324, 325, 363, 364, 408, 409

TNTA-SO129 624156 1925286 220 82 655 632 23.00 0.67 0.483 same as 130

TNTA-SO145 624575 1924697 210 75 634 629 5.00 0.12 1.12

TNTA-SO146 624604 1924697 210 74 634 629 5.00 0.12 1.24

TNTA-SO148 624524 1923827 195 76 632 629 3.00 0.02 0.178

5.35

13.2

530

8.9

0.317

2.88 15.9

8.51 0.47

0.3

53

229

798

19

Sample Depth (ft,blgs)

580

1.1

0.088 0.169

64.4 8.57

260

1.56

0.483

0.298 0.0851

0.331
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Table 1
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,6-TNT)

TNTA Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α Comments

(ft msl) (ft msl) (ft) (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
Estimated Estimated

Sample Depth (ft,blgs)

TNTA-SO149 624521 1923918 197 76 632 629 3.00 0.02 0.167

TNTA-SO153 624592 1923811 195 75 632 629 3.00 0.02 0.404

TNTA-SO162 624173 1924399 205 81 649 633 16.00 0.54 0.158 same as 163

TNTA-SO164 624137 1924431 205 82 650 633 17.00 0.56 0.328 same as 166, 167

TNTA-SO186 623784 1923396 188 88 639 634 5.00 0.12 0.239 same as 338

TNTA-SO191 624487 1925204 218 76 638 630 8.00 0.36 0.435

TNTA-SO196 624392 1925327 220 78 640 631 8.56 0.38 0.432

TNTA-SO202 624472 1925333 220 77 638 631 7.00 0.33 0.373

TNTA-SO203 624336 1924184 201 79 639 631 8.00 0.36 785 170 62.9 same as 205, 261, 267, 268, 269, 418, 419

TNTA-SO207 624286 1924182 201 80 639 631 8.00 0.36 0.333 same as 208, 269

TNTA-SO210 624274 1924261 202 80 640 631 9.00 0.39 0.408 same as 265

TNTA-SO212 624307 1924254 202 79 639 631 10.00 0.41 0.395 0.724 150 same as 213, 263, 372, 420-422

TNTA-SO221 623953 1922837 178 85 636 633 3.00 0.02 0.126 same as 221

TNTA-SO264 624305 1924286 203 79 639 630 9.00 0.39 1.36

TNTA-SO270 624296 1924146 200 79 639 631 8.00 0.36 0.195

TNTA-SO285 623711 1925073 216 89 650 639 11.00 0.43 0.295 0.353 same location as S415, 482

TNTA-SO291 623338 1923074 182 95 651 635 16.00 0.54 0.515 same as 296

TNTA-SO310 623449 1922607 175 93 639 635 4.00 0.05 1.62

TNTA-SO348 623464 1923275 186 93 651 635 16.00 0.54 18.8

TNTA-SO399 623734 1924758 211 88 655 635 20.00 0.62 0.483

TNTA-SO405 623940 1924915 213 85 653 633 20.00 0.62 0.16

1.04
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Table 2
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,-DNT)

TNTA Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α
Comments

(ft msl) (ft msl) (ft) (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
Estimated Estimated

TNTA-S1 624547 1923783 194 75 632 629 5.00 0.12 4.9

TNTA-S15 623337 1922879 179 95 650 636 14.00 0.50 same location as S16, 19, SO033, 034

TNTA-S17 623260 1922852 179 96 650 637 13.00 0.48

TNTA-S20 623141 1922676 176 98 653.02 637 16.02 0.54 0.73 2.7
same location as SO016, 017, 021, 022, 201, 238, 
241, 242, 311, 379

TNTA-S21 622833 1922881 179 103 658 642 16.00 0.54 3.68 same location as S001, 003, 297, 300, 349, 377

TNTA-S22 622793 1922874 179 104 659.1 644.9 14.20 0.50 same location as SO299

TNTA-S23 622800 1922908 180 103 658 642 16.00 0.54 0.2 same location as S298

TNTA-S25 622467 1923363 187 109 653.5 646 7.50 0.35 0.6 299
same as 061, 068, 069, 160, 161, 275-280, 356, 357, 
359, 385

TNTA-S29 623297 1922840 178 95 645 636 9.00 0.39

TNTA-S30 622479 1923301 186 109 654 646 8.00 0.36 same as S24, SO066, 067, 272

TNTA-S32 624571 1923587 191 75 634 631 3.00 0.02 0.3

TNTA-SO012 622906 1923105 183 102 660.14 630 30.14 0.78 8912 same as SO066, 248, 249, 387

TNTA-SO013 622924 1923123 183 101 660.1 640 20.10 0.62 0.13 same location as S250

TNTA-SO014 622915 1923140 184 102 660.5 640 20.50 0.63 same as SO014, 015, 245

TNTA-SO018 623184 1922684 176 97 650 637 13.00 0.48 1.23 0.275 same as SO018, 233, 234, 235

TNTA-SO020 623148 1922694 220 76 638 630 8.00 0.36 same as SO403, 404

TNTA-SO031 623269 1922822 178 96 646 637 9.00 0.39 0.079

TNTA-SO035 623314 1922907 180 95 651.24 635 16.24 0.55 0.194 same as 327-330, 350

TNTA-SO040 623323 1923086 183 95 654.48 635 19.48 0.61 20.4 same as 292, 375, 376

TNTA-SO047 623485 1923488 189 92 651 635 16.00 0.54 0.11 same as 53, 391

TNTA-SO051 623510 1923527 190 92 651 635 16.00 0.54 0.241 same as 54, 

TNTA-SO052 623547 1923490 189 91 651 635 16.00 0.54 0.172 0.189 same as 320

TNTA-SO053 623519 1923481 189 92 651 635 16.00 0.54 0.11

TNTA-SO059 623015 1922917 180 100 658.6 640 18.60 0.59 0.086 0.341 same location as S321

TNTA-SO062 623116 1923300 186 98 659.29 638 21.29 0.64 same as 389, 390

TNTA-SO071 622390 1923341 187 110 653.8 647 6.80 0.33 0.217

TNTA-SO077 623958 1922856 179 85 636.18 633 3.18 0.02 same location as SO218

TNTA-SO078 623403 1922581 174 94 639 635 4.00 0.05 4.59 same location as SO224

TNTA-SO080 623442 1922582 174 93 636.69 633 3.69 0.04 0.18 2.83 same location as SO222, 223, 309, 332, 383, 384

TNTA-SO081 623449 1922607 175 93 636.74 633 3.74 0.04 2.825
same location as SO081, 087, 225, 226, 310, 353, 383

TNTA-SO082 623401 1922606 175 94 639 635 4.00 0.05 0.106 same location as SO083, 232

TNTA-SO094 623221 1924923 214 97 653.42 637 16.42 0.55 0.072 38.1 same as 397, 398

TNTA-SO095 623223 1924901 213 97 653 643 10.00 0.41 0.373

TNTA-SO097 623237 1924924 214 96 653 643 10.00 0.41 0.147

TNTA-SO098 623238 1924902 213 96 653 643 10.00 0.41 0.825

TNTA-SO103 623727 1925141 217 89 651 635 16.00 0.54 2.105 2.895 0.59 same as 284, 315, 416, 484

TNTA-SO104 623726 1925161 218 89 649.2 633 16.20 0.55 0.192 same as 417

TNTA-SO105 623763 1925105 217 88 649.35 637 12.35 0.47 0.228 same as 281, 283, 367, 368

TNTA-SO106 623734 1925074 216 88 650 637 13.00 0.48 4.07 1.25 same as 107, 288, 414

TNTA-SO109 623912 1924946 214 86 653.28 635 18.28 0.59 0.62 0.37 same as 111, 361

TNTA-SO110 623929 1924935 214 85 653 633 20.00 0.62 1.325 0.377 same as 305, 406

TNTA-SO114 624017 1924686 210 84 653.2 635 18.20 0.58 0.147

TNTA-SO116 623947 1924687 210 85 653.2 635 18.20 0.58 13.85 0.54 same as 303

TNTA-SO121 624300 1925060 216 79 650 632 18.00 0.58 same as 365, 366

TNTA-SO123 624158 1925236 219 82 655.62 632 23.62 0.68 0.267 0.278 0.07 0.1335 same as 124, 125, 254, 323, 407

TNTA-SO126 624168 1925258 219 81 654.65 632 22.65 0.66 7.78 432.5 2.11
same as 127, 128, 253, 255, 259, 324, 325, 363, 364, 
408, 409

TNTA-SO129 624156 1925286 220 82 655 632 23.00 0.67 0.0715 0.0625 same as 130

4.8

Sample Depth (ft,blgs)

0.64

1.5

0.5

45

976.5

2.7

0.7

257

0.43

0.0856

0.062 0.087

1.08

1.08

30.93.53

0.147

0.0555

59

0.344

51.5

0.072

344.5

0.275 0.108
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Table 2
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,-DNT)

TNTA Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α
Comments

(ft msl) (ft msl) (ft) (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
Estimated Estimated

Sample Depth (ft,blgs)

TNTA-SO148 624524 1923827 195 76 632 629 3.00 0.02 0.158

TNTA-SO164 624137 1924431 205 82 650 633 17.00 0.56 0.24 same as 166, 167

TNTA-SO203 624336 1924184 201 79 639 631 8.00 0.36 0.665 0.3825 same as 205, 261, 267, 268, 269, 418, 419

TNTA-SO207 624286 1924182 201 80 639 631 8.00 0.36 0.14 same as 208, 269

TNTA-SO212 624307 1924254 202 79 639 631 8.00 0.36 0.045 0.67 same as 213, 263, 372, 420-422

TNTA-SO218 623949 1922853 179 85 636 633 3.00 0.02 0.052

TNTA-SO243 622929 1923171 184 101 660 644 16.00 0.54 0.229

TNTA-SO264 624305 1924286 203 79 639 630 9.00 0.39 0.336

TNTA-SO285 623711 1925073 216 89 650 639 11.00 0.43 2.67 1.01 same location as S415, 482

TNTA-SO291 623338 1923074 182 95 651 635 16.00 0.54 0.162 same as 296

TNTA-SO304 623959 1924676 209 85 653.3 633 20.30 0.62 0.07

TNTA-SO348 623464 1923275 186 93 651 635 16.00 0.54 0.469

TNTA-SO355 622501 1923302 186 108 655 650 5.00 0.12 same as 271

TNTA-SO358 622469 1923385 188 109 655 650 5.00 0.12

TNTA-SO399 623734 1924758 211 88 655 635 20.00 0.62 0.77

TNTA-SO413 623742 1925036 215 88 650 637 13.00 0.48 0.0765

TNTA-SO422 624320 1924257 202 79 639 633 6.00 0.24 0.045

0.7

0.235
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Table 3
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,6,-DNT)

TNTA Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α Comments

(ft msl) (ft msl) (ft) (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
Estimated Estimated

TNTA-S1 624547 1923783 194 75 632 629 5.00 0.12 4.9

TNTA-S15 623337 1922879 179 95 650 636 14.00 0.50 same location as S16, 19, SO033, 034

TNTA-S20 623141 1922676 176 98 653.02 637 16.02 0.54 230 2.7
same location as S13, S18, S19, S28, SO016, 017, 021, 022, 154, 
155, 201, 238, 241, 242, 262, 263, 265, 266, 300, 311, 379, 380

TNTA-S21 622833 1922881 179 103 658 642 16.00 0.54 3.68 same location as S001, 003, 297, 300, 349, 377

TNTA-S22 622793 1922874 179 104 659.1 644.9 14.20 0.50 same location as SO299

TNTA-S23 622800 1922908 180 103 658 642 16.00 0.54 same location as S298

TNTA-S25 622475 1923331 187 109 653.5 646 7.50 0.35 299 same as 061, 068, 069, 160, 161, 275-280, 359, 385

TNTA-S30 622479 1923301 187 110 654 646 8.00 0.36 same as SO066, 067, 271, 272

TNTA-SO012 622906 1923105 183 102 660.14 630 30.14 0.78 10274 same as SO066, 248, 249, 387

TNTA-SO013 622924 1923123 183 101 660.1 640 20.10 0.62 0.13 same location as S250

TNTA-SO014 622915 1923140 184 102 660.5 640 20.50 0.63 same as SO014, 015, 245

TNTA-SO018 623184 1922684 176 97 650 637 13.00 0.48 1.23 0.175 same as SO019, 233, 234, 235

TNTA-SO020 623148 1922694 220 76 638 630 8.00 0.36 same as SO403, 404

TNTA-SO031 623269 1922822 178 96 646 637 9.00 0.39 0.079

TNTA-SO035 623314 1922907 180 95 651.24 635 16.24 0.55 0.194 same as 327-330, 350

TNTA-SO040 623323 1923086 183 95 654.48 635 19.48 0.61 40.8 same as 292, 375, 376

TNTA-SO047 623485 1923488 189 92 651 635 16.00 0.54 0.11 same as 53, 391

TNTA-SO051 623510 1923527 190 92 651 635 16.00 0.54 0.241 same as 54, 

TNTA-SO052 623547 1923490 189 91 651 635 16.00 0.54 0.172 0.189 same as 320

TNTA-SO053 623519 1923481 189 92 651 635 16.00 0.54 0.11

TNTA-SO059 623015 1922917 180 100 658.6 640 18.60 0.59 0.086 0.341 same location as S321

TNTA-SO062 623116 1923300 186 98 659.29 638 21.29 0.64 same as 389, 390

TNTA-SO071 622390 1923341 187 110 653.8 647 6.80 0.33 0.217

TNTA-SO077 623958 1922856 179 85 636.18 633 3.18 0.02 same location as SO218

TNTA-SO078 623403 1922581 174 94 639 635 4.00 0.05 4.59 same location as SO224

TNTA-SO081 623449 1922607 175 93 636.74 633 3.74 0.04 2.825 same location as SO081, 087, 225, 226, 310, 353, 383

TNTA-SO082 623401 1922606 175 94 639 635 4.00 0.05 0.106 same location as SO083, 232

TNTA-SO094 623221 1924923 214 97 653.42 637 16.42 0.55 0.072 38.1 same as 397, 398

TNTA-SO095 623223 1924901 213 97 653 643 10.00 0.41 0.373

TNTA-SO097 623237 1924924 214 96 653 643 10.00 0.41 0.147

TNTA-SO098 623238 1924902 213 96 653 643 10.00 0.41 0.825 same as 099

TNTA-SO103 623727 1925141 217 89 651 635 16.00 0.54 2.105 2.895 0.59 same as 284, 315, 416, 484

TNTA-SO104 623726 1925161 218 89 649.2 633 16.20 0.55 0.192 same as 417

TNTA-SO105 623763 1925105 217 88 649.35 637 12.35 0.47 0.228 same as 281, 283, 367, 368

TNTA-SO106 623734 1925074 216 88 650 637 13.00 0.48 4.07 1.25 same as 107, 288, 414

TNTA-SO109 623912 1924946 214 86 653.28 635 18.28 0.59 0.62 0.37 same as 111, 361

TNTA-SO110 623929 1924935 214 85 653 633 20.00 0.62 0.377 same as 305, 406

TNTA-SO114 624017 1924686 210 84 653.2 635 18.20 0.58 0.147

1.325

Sample Depth (ft,blgs)

47

976.5

0.0555

0.7

5600

0.43

1.3

0.4

0.064

1.08

1.08

3.53 30.9 59

0.344

51.5

0.072

344.5

6 0.085
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Table 3
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,6,-DNT)

TNTA Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α Comments

(ft msl) (ft msl) (ft) (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
Estimated Estimated

Sample Depth (ft,blgs)

TNTA-SO116 623947 1924687 210 85 653.2 635 18.20 0.58 13.85 0.54 same as 303

TNTA-SO121 624300 1925060 216 79 650 632 18.00 0.58 same as 365, 366

TNTA-SO123 624158 1925236 219 82 655.62 632 23.62 0.68 0.267 0.278 0.07 0.1335 same as 124, 125, 254, 323, 407

TNTA-SO126 624168 1925258 219 81 654.65 632 22.65 0.66 7.78 432.5 2.11 same as 127, 128, 253, 255, 259, 324, 325, 363, 364, 408, 409

TNTA-SO129 624156 1925286 220 82 655 632 23.00 0.67 0.0715 0.0625 same as 130

TNTA-SO148 624524 1923827 195 76 630.5 629 1.50 0.00 0.158

TNTA-SO164 624137 1924431 205 82 650 633 17.00 0.56 0.24 same as 166, 167

TNTA-SO203 624336 1924184 201 79 639 631 8.00 0.36 0.665 0.3825 same as 205, 261, 267, 268, 269, 418, 419

TNTA-SO207 624286 1924182 201 80 639 631 8.00 0.36 0.14 same as 208, 269

TNTA-SO212 624307 1924254 202 79 639 631 8.00 0.36 0.045 0.67 same as 213, 263, 372, 420-422

TNTA-SO218 623949 1922853 179 85 635 633 2.00 0.00 0.052

TNTA-SO222 623443 1922569 174 93 639 635 10.00 0.41 0.18 2.83 same location as SO080, 223, 309, 332, 383, 384

TNTA-SO243 622929 1923171 184 101 660 644 16.00 0.54 0.229

TNTA-SO264 624305 1924286 203 79 639 630 9.00 0.39 0.336

TNTA-SO285 623711 1925073 216 89 650 639 11.00 0.43 2.67 1.01 same location as S415, 482

TNTA-SO291 623338 1923074 182 95 651 635 16.00 0.54 0.324 same as 296

TNTA-SO304 623959 1924676 209 85 653.3 633 20.30 0.62 0.07

TNTA-SO309 623442 1922582 209 85 653.3 633 20.30 0.62 0.18

TNTA-SO348 623464 1923275 186 93 651 635 16.00 0.54 0.469

TNTA-SO355 622501 1923302 186 108 655 650 5.00 0.12 same as 271

TNTA-SO358 622469 1923385 188 109 655 650 5.00 0.12

TNTA-SO399 623734 1924758 211 88 655 635 20.00 0.62 0.77

TNTA-SO413 623742 1925036 215 88 650 637 13.00 0.48 0.0765

TNTA-SO422 624320 1924257 202 79 639 633 6.00 0.24 0.045

0.147

0.0870.062

0.275 0.108

0.7

0.235
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Table 4
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,6-TNT)

TNTB Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column 
# Row # Ground 

Elev GW Elev. DTW α New Comments

(ft msl) (ft msl) (ft) (ft) DTW 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10

Estimated Estimated (ft)

PB-TNTB-S1 1910377 619640 124 169 661 657 3.90 0.046 417 1.5 10.9 12 same as SS050, 51, and 52

PB-TNTB-S2/S3 618668 1917759 125 170 663 657 5.50 0.169 417 1.5 10.9 1.6 2.7 same as S4, SS054

PB-TNTB-S4 1911507 621486 124 170 663 657 6.00 0.236 417 1.5 10.9 5 8.8 same as SS048, SS048,049, 242, 243and 284

PB-TNTB-S5/S6 618178 1918058 130 178 669 662 6.95 0.333 466 4.5 ND 1.5 same as S6, SS003,004, 073, 076, 077, 078, 079 and 376

PB-TNTB-S7 618163 1918117 131 178 669 662 7.09 0.336 466 4.5 ND 1.9 same as SS074, and 309

PB-TNTB-S9 618361 1918588 137 175 670 662 8.00 0.361 456 4 ND 6.9 2.3 same as SS031, SS173,182, 213, 216, 219, and 220 

PB-TNTB-S10 618323 1918633 138 175 669 662 7.00 0.334 456 4 ND 0.9
same as S11, SO05,SO09, 14, 24, 27, 28, SS174-176, 210, 211, 
212, 215, 217, 221, 222, 224-226, 

PB-TNTB-S12 618302 1918648 138 176 669 662 7.00 0.334 456 4 ND 3.9 same as S13, SO029, SS223, 292,nd  SS327-329

PB-TNTB-S17 618135 1918883 140 178 676 662 14.10 0.503 453 8.5 ND 390 2200 same as SO06, SS268, and 379

PB-TNTB-S18 618043 1918674 138 180 683 663 19.64 0.610 452 10 76 29000 same as S28

PB-TNTB-S23 617836 1918781 139 183 677 663 13.89 0.498 same as S21, S22, SS139, 270, and SS384

PB-TNTB-S24 617130 1918387 135 194 670 662 8.00 0.361 412 A 6 ND 0.8 same as S25, and SS387

PB-TNTB-SO001 618437 1918703 138 173 667 662 8.00 0.361 same as SS247 249, 401, and 402

PB-TNTB-SO002 617617 1918323 134 187 676 664 12.00 0.458 0.27

PB-TNTB-SO007 618014 1917618 122 180 682 663 18.90 0.597 473 10 4.44 5.8 same as SS021, SS022, SO037, SS320, 397

TNTB-B463new 618022 1917878 127 180 676 662 14.00 0.501 463 10 80.9

PB-TNTB-SO008 617927 1917963 128 182 676 662 14.00 0.501 462 8 ND 0.87 same as SS087, 088, 090, 245, 246

PB-TNTB-SO010 618007 1917813 126 180 676 662 14.00 0.501 463 10 24 0.4 same as SO11, SO36, SS061, and 389

PB-TNTB-SO012 617920 1917463 120 180 677 663 14.20 0.505 472 5 ND 27 same as SO40, SS017, SS008, 018, 390, 393-395

PB-TNTB-SO013 618054 1918677 138 180 677 663 14.20 0.505 452 10 76 66
same as S18, 19, 20, SS151, 153, 154, 155, 258, 262, 263, 265, 
266, 300, 375, and 380

PB-TNTB-SO015 618487 1917728 124 173 665 660 5.00 0.118 4.35 same as SO16, SS057, SS237,238, 239, and 336

PB-TNTB-SO017 618487 1917748 125 173 665 660 5.00 0.118 6.1 same as SS239

PB-TNTB-SO018 618612 1917683 124 171 661 658 4.00 0.050 2.9 0.28 same as SO19, SS047, SS282,and 362

PB-TNTB-SO020 618137 1917408 119 178 669 662 7.00 0.334 476 3 ND 720 SO21, 22, SS038, 235, 236, 310 to 315, 317, 318, 335

PB-TNTB-SO023 618064 1918677 138 179 680 662 18.00 0.580 33 same as SS290, 324, 325

PB-TNTB-SO026 618232 1917988 129 177 669 662 6.50 0.320 466 7.5 ND 23 SS025, 066, 080, 207, 208, 288, 289

PB-TNTB-SO030 617559 1917724 124 187 672 665 7.24 0.341 0.56

PB-TNTB-SO032 618492 1918874 140 173 668 660 8.17 0.366 466 7.5 ND 7.6 same as SS183, 185, 230, and 231

PB-TNTB-SO035 618192 1918043 130 177 669 661 8.00 0.361 466 7.5 ND 7.6 same as SS069, 071, 232, and 333

PB-TNTB-SO038 617990 1917591 122 181 682 663 18.90 0.597 0.78

PB-TNTB-SS020 618012 1917643 123 180 680 663 16.50 0.551 5.2 same as SS0021,  388, and 396

PB-TNTB-SS025 617572 1917588 122 187 678 665 13.00 0.479 0.01

PB-TNTB-SS027 617587 1917658 123 187 672 665 7.00 0.334 0.14 same as SS035

PB-TNTB-SS039 618137 1917448 120 178 669 662 7.00 0.334 0.69 same as SS040

PB-TNTB-SS042 618252 1917735 124 176 670 661 9.00 0.387 0.2

PB-TNTB-SS044 618313 1917735 124 175 670 661 9.00 0.387 0.06

PB-TNTB-SS046 618232 1917853 126 177 669 662 7.20 0.340 0.1 same as SS195

PB-TNTB-SS055 618617 1917763 125 171 662 659 3.00 0.017 0.46

6100 76

11

0.05

46

Remaining 
Conc. 

From Tom
Bldg #

1.6

Sample Depth (ft,blgs)

0.3

51

910
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Table 4
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,6-TNT)

TNTB Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column 
# Row # Ground 

Elev GW Elev. DTW α New Comments

(ft msl) (ft msl) (ft) (ft) DTW 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10

Estimated Estimated (ft)

Remaining 
Conc. 

From Tom
Bldg #

Sample Depth (ft,blgs)

PB-TNTB-SS056 618517 1917663 124 172 662 659 3.00 0.017 0.01

PB-TNTB-SS058 618517 1917763 125 172 662 659 3.00 0.017 0.76

PB-TNTB-SS059 618027 1917793 125 180 679 664 15.00 0.521 0.5 0.28 same as SS060, 062, and 398

PB-TNTB-SS063 618062 1917783 125 179 679 664 14.80 0.517 0.43 same as SS064

PB-TNTB-SS065 618227 1917953 128 177 669 662 7.20 0.340 0.2 same as 197

PB-TNTB-SS067 618227 1918038 130 177 669 662 6.50 0.320 0.72

PB-TNTB-SS081 617942 1917963 128 181 677 663 14.00 0.501 462 8 ND 0.37 same as SS322 and 392

PB-TNTB-SS082 617932 1917981 129 182 676 663 13.00 0.479 0.01 same as SS083-86

PB-TNTB-SS091 617737 1917963 128 185 677 664 13.00 0.479 2.4 same as SS092, to 095, 247 to 250, and 391

PB-TNTB-SS096 617542 1918068 130 188 671 665 6.30 0.284 0.39 same as SS102 and 106

PB-TNTB-SS098 617522 1918098 131 188 671 665 6.30 0.284 0.01

PB-TNTB-SS105 617722 1918038 130 185 677 664 13.00 0.479 0.01

PB-TNTB-SS122 617567 1918348 135 187 673 665 7.50 0.348 0.15

PB-TNTB-SS123 617552 1918338 135 188 672 665 7.00 0.334 0.01

PB-TNTB-SS127 617712 1918553 137 185 671 664 6.60 0.323 0.09

PB-TNTB-SS130 617662 1918583 137 186 671 664 6.60 0.323 0.01

PB-TNTB-SS155 618037 1918653 125 171 663 659 4.00 0.050 0.2

PB-TNTB-SS161 618022 1918618 137 180 678 664 14.00 0.501 0.32 same as SS162

PB-TNTB-SS171 618387 1918723 138 174 667 661 6.00 0.236 0.12 same as SS296

PB-TNTB-SS177 618297 1918618 137 176 669 662 7.00 0.334 456 4 ND 3.5 same as 178, 180, and 330

PB-TNTB-SS192 617507 1917963 128 188 671 665 6.30 0.284 0.01

PB-TNTB-SS194 617970 1918616 137 181 677 663 14.00 0.501 0.01

PB-TNTB-SS196 618252 1917853 126 176 669 661 8.20 0.366 0.68

PB-TNTB-SS198 618247 1917953 128 176 669 661 8.00 0.361 0.36

PB-TNTB-SS199 617467 1918448 136 189 672 665 6.80 0.328 0.31

PB-TNTB-SS204 618247 1917913 127 176 669 661 8.20 0.366 0.3

PB-TNTB-SS205 618237 1917913 127 177 669 661 8.20 0.366 0.89 same as 206

PB-TNTB-SS241 618697 1917743 125 169 661 658 3.00 0.017 0.08

PB-TNTB-SS278 618439 1918273 133 173 671 660 11.40 0.444 0.23

PB-TNTB-SS279 618219 1918263 133 177 669 661 7.50 0.348 0.21

PB-TNTB-SS281 617467 1918163 132 189 671 665 6.30 0.284 0.36

PB-TNTB-SS283 618517 1917728 124 172 663 659 3.50 0.030 0.45

PB-TNTB-SS321 618005 1917712 124 180 679 662 17.00 0.561 0.09

PB-TNTB-SS334 618137 1917998 129 178 670 663 7.00 0.334 0.78

PB-TNTB-SS370 618172 1918458 136 178 670 661 9.00 0.387 0.52 25

PB-TNTB-SS371 618394 1918398 136 174 667 660 6.80 0.328 0.07 0.5
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Table 5
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,-DNT)

TNTB Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column 
# Row # Gnd_Elev GW Elev. DTW α New Comments

259 (ft msl) (ft msl) (ft) (ft) DTW 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10

Estimated Estimated (ft)

PB-TNTB-S1 1910377 619640 124 169 660.9 657 3.90 0.05 417 1.5 ND 12 same as SS050, 51, and 52

PB-TNTB-S2/S3 618668 1917759 125 170 662.5 657 5.50 0.17 417 1.5 ND 1.6 2.7 same as S4, SS054

PB-TNTB-S4 1911507 621486 124 170 663 657 6.00 0.24 417 1.5 ND 5 8.8 same as SS048, SS048,049, 242, 243and 284

PB-TNTB-S5/S6 618178 1918058 130 178 668.95 662 6.95 0.33 466 4.5 ND 1.5 same as S6, SS003,004, 073, 076, 077, 078, 079 and 376

PB-TNTB-S7 618163 1918117 131 178 669.09 662 7.09 0.34 466 4.5 ND 1.9 same as SS074, and 309

PB-TNTB-S9 618361 1918588 137 175 670 662 8.00 0.36 456 4 ND 6.9 2.3 same as SS031, SS173,182, 213, 216, 219, and 220 

PB-TNTB-S10 618323 1918633 138 175 669 662 7.00 0.33 456 4 ND 0.9
same as S11, SO05,SO09, 14, 24, 27, 28, SS174-176, 210, 211, 212, 215, 217, 221, 

PB-TNTB-S17 618135 1918883 140 178 676.1 662 14.10 0.50 453 8.5 ND 390 2200 same as SO06, SS268, and 379

PB-TNTB-S18 623121 1922699 176 98 653.02 637 16.02 0.54 452 10 ND 810 same location as S13, S18, S19, S28, SO016, 017, 021, 022, 154, 155, 201, 

PB-TNTB-S23 617836 1918781 139 183 676.89 663 13.89 0.50 same as S21, S22, SS139, 270, and SS384

PB-TNTB-S24 617130 1918387 135 194 670 662 8.00 0.36 412 A 6 75 11000 same as S25, and SS387

PB-TNTB-S26 617132 1918408 136 194 670 662 8.00 0.36 412 A 6 75 7700

PB-TNTB-SO001 618437 1918703 138 173 666.8 662 4.80 0.10 same as SS247 249, 401, and 402

PB-TNTB-SO002 617617 1918323 134 187 676 664 12.00 0.46 0.27

PB-TNTB-SO007 618014 1917618 122 180 681.9 663 18.90 0.60 473 10 ND 5.8 same as SS021, SS022, SO037, SS320, 397

PB-TNTB-SO008 617927 1917963 128 182 676 662 14.00 0.50 462 8 ND same as SS087, 088, 090, 245, 246

PB-TNTB-SO010 618007 1917813 126 180 676 662 14.00 0.50 463 10 240 0.057 same as SO11, SO36, SS061, and 389

PB-TNTB-SO012 617920 1917463 120 180 677.2 663 14.20 0.50 472 5 ND 0.26 4.4 same as SO40, SS017, SS008, 018, 390, 393-395

PB-TNTB-SO013 618054 1918677 138 180 677.2 663 14.20 0.50 452 10 ND same as S18, 19, 20, SS151, 153, 154, 155, 258, 262, 263, 265, 266, 300, 375, and 
380

PB-TNTB-SO015 618487 1917728 124 173 665 660 5.00 0.12 0.39 same as SO16, SS057, SS237,238, 239, and 336

PB-TNTB-SO017 618487 1917748 125 173 665 660 5.00 0.12 0.76 same as SS239

PB-TNTB-SO018 618612 1917683 124 171 661.1 659 2.10 0.00 0.059 same as SO19, SS047, SS282,and 362

PB-TNTB-SO020 618137 1917408 119 178 669 662 7.00 0.33 476 3 ND 0.41 SO21, 22, SS038, 235, 236, 310 to 315, 317, 318, 335

PB-TNTB-SO023 618064 1918677 138 179 680 662 18.00 0.58 1.3 same as SS290, 324, 325

PB-TNTB-SO032 618492 1918874 140 173 668.17 660 8.17 0.37 NE Nail House 3.5 ND 0.38 same as SS183, 185, 230, and 231

PB-TNTB-SO035 618192 1918043 130 177 669 661 8.00 0.36 466 7.5 ND 1.6 same as SS069, 071, 232, and 333

PB-TNTB-SO038 617990 1917591 122 181 681.9 663 18.90 0.60 0.34

PB-TNTB-SS002 617692 1917493 120 183 677 663 14.00 0.50 0.11

PB-TNTB-SS013 617862 1917498 120 185 678.6 664 14.60 0.51 0.01

PB-TNTB-SS020 618012 1917643 123 180 679.5 663 16.50 0.55 0.83 same as SS0021,  388, and 396

PB-TNTB-SS091 617737 1917963 128 185 677 664 13.00 0.48 6.2 same as SS092, to 095, 247 to 250, and 391

PB-TNTB-SS096 617542 1918068 130 188 671.3 665 6.30 0.28 2.6 same as SS102 and 106

PB-TNTB-SS098 617522 1918098 131 188 671.3 665 6.30 0.28 4.8

PB-TNTB-SS111 617107 1918418 136 195 672 666 6.00 0.24 412 B 6 ND 9.7

PB-TNTB-SS114 617117 1918353 135 195 671 665.5 5.50 0.17 412 C 6 9.03 23

PB-TNTB-SS278 618439 1918273 133 173 671.4 660 11.40 0.44 7.6

TNTB-B463new 618022 1917878 127 180 676 662 14.00 0.50 463 10 7.4

Bldg # remaining 
Conc.

Sample Depth (ft,blgs)

51

910

1.1

254.5

2400

3.2

0.05
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Table 6
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,6,-DNT)

TNT B Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α New Comments

(ft msl) (ft msl) (ft) (ft) DTW 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10

Estimated Estimated (ft)

PB-TNTB-S1 1910377 619640 124 169 661 657 5.00 0.12 417 1.5 ND 12 same as SS050, 51, and 52

PB-TNTB-S2/S3 618668 1917759 125 170 663 657 5.50 0.17 417 1.5 ND 1.6 2.7 same as S4, SS054

PB-TNTB-S4 1911507 621486 124 170 663 657 6.00 0.24 417 1.5 ND 5 8.8 same as SS048, SS048,049, 242, 243and 284

PB-TNTB-S5/S6 618178 1918058 130 178 669 662 6.95 0.33 466 4.5 ND 1.5 same as S6, SS003,004, 073, 076, 077, 078, 079 and 376

PB-TNTB-S7 618163 1918117 131 178 669 662 7.09 0.34 466 4.5 ND 1.9 same as SS074, and 309

PB-TNTB-S9 618361 1918588 137 175 670 662 8.00 0.36 6.9 2.3 same as SS031, SS173,182, 213, 216, 219, and 220 

PB-TNTB-S10 618323 1918633 138 175 669 662 7.00 0.33 0.9
same as S11, SO05,SO09, 14, 24, 27, 28, SS174-176, 210, 211, 212, 215, 217, 
221, 222, 224-226, 

PB-TNTB-S12 618302 1918648 138 176 669 662 7.00 0.33 same as S13, SO029, SS223, 292,nd  SS327-329

PB-TNTB-S17 618135 1918883 140 178 676 662 14.10 0.50 453 8.5 ND 390 2200 same as SO06, SS268, and 379

PB-TNTB-S18 623121 1922699 176 98 653 637 16.02 0.54 452 10 ND 230
same location as S13, S18, S19, S28, SO016, 017, 021, 022, 154, 155, 201, 238, 
241, 242, 262, 263, 265, 266, 

PB-TNTB-S23 617836 1918781 139 183 677 663 13.89 0.50 same as S21, S22, SS139, 270, and SS384

PB-TNTB-S24 617130 1918387 135 194 670 662 8.00 0.36 412 A 6 0.9 12000 same as S25, and SS387

PB-TNTB-S26 617132 1918408 136 194 670 662 8.00 0.36 412 A 6 0.9 8300 same as  SS305

PB-TNTB-SO001 618437 1918703 138 173 667 662 4.80 0.10 same as SS247 249, 401, and 402

PB-TNTB-SO002 617617 1918323 134 187 676 664 12.00 0.46 0.27

PB-TNTB-SO007 618014 1917618 122 180 682 663 18.90 0.60 473 10 ND 5.8 same as SS021, SS022, SO037, SS320, 397

PB-TNTB-SO008 617927 1917963 128 182 676 662 14.00 0.50 462 8 ND same as SS087, 088, 090, 245, 246

PB-TNTB-SO010 618007 1917813 126 180 676 662 14.00 0.50 463 7.5 180 same as SO11, SO36, SS061, and 389

PB-TNTB-SO013 618054 1918677 138 180 677 663 14.20 0.50 452 10 ND same as S18, 19, 20, SS151, 153, 154, 155, 258, 262, 263, 265, 266, 300, 375, and 
380

PB-TNTB-SO015 618487 1917728 124 173 665 660 5.00 0.12 0.093 same as SO16, SS057, SS237,238, and 336

PB-TNTB-SO020 618137 1917408 119 178 669 662 7.00 0.33 476 3 ND 0.044 SO21, 22, SS038, 235, 236, 310 to 315, 317, 318, 335

PB-TNTB-SO035 618192 1918043 130 177 669 661 8.00 0.36 466 7.5 ND 0.28 same as SS069, 071, 232, and 333

PB-TNTB-SS114 617117 1918353 135 195 671 666 5.50 0.17 412 C 6 7.44 7.44

1500

1

0.05

51

910

2.2

5.6

Bldg # Remaining 
Conc.

180

Sample Depth (ft,blgs)
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Table 7
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( TNT)

TNTC Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Ground 
Elev GW Elev. DTW α Input File 

Name New Comments

(ft msl) (ft msl) (ft) (ft) DTW 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
Estimated Estimated (ft)

TNTC-SO001 619782 1913168 79 152 673 662 11.30 0.44 TNT-1C.INP 689 8 ND 4.76 same as 249, 401, 402

TNTC-SO015 619871 1912606 70 150 676 661 15.50 0.53 TNT-1C.INP 0.197 0.288 same as 277

TNTC-SO026 619955 1912015 60 149 679 657 22.50 0.66 TNT-1C.INP same as 030

TNTC-SO051 619640 1910377 32 154 677 655 21.80 0.65 TNT-1C.INP 0.82 same as 054

TNTC-SO065 619784 1910176 29 152 669 655 13.65 0.49 TNT-1C.INP 629 10 ND 0.442 same as 066, 269, 272, 278, 363, 364

TNTC-SO071 620304 1910619 36 143 655 650 5.00 0.12 TNT-4C.INP 0.878 same as 072

TNTC-SO074 620326 1910527 35 143 654 650 6.00 0.24 TNT-4C.INP 626 8 ND 3.87 1.41 same as 075, 395

TNTC-SO085 620237 1911076 44 144 655 651 4.00 0.05 TNT-4C.INP 5.9 same as 085, 093, 096

TNTC-SO098 620517 1911087 44 140 655 649 6.00 0.24 TNT-5C.INP 616 8 ND 1.07 same as 110, 262-264

TNTC-SO100 620500 1911118 45 140 654 648 5.81 0.21 TNT-2C.INP 616 8 ND 2226 same as 251, 252, 253, 317, 361, 362

TNTC-SO104 620462 1911172 46 141 657 650 7.00 0.33 TNT-2C.INP 616 8 ND 0.194

TNTC-SO106 620475 1911121 45 141 657 650 7.00 0.33 TNT-2C.INP 616 8 ND 1.13 same as 254, 258

TNTC-SO107 620480 1911094 44 141 657 648 10.00 0.41 TNT-5C.INP 616 8 ND 2.73 39.9 same as 108, 123, 261, 379, 380

TNTC-SO120 620303 1911568 53 143 666 652 14.00 0.50 TNT-5C.INP 603 8 ND 1.38 same as 125

TNTC-SO134 620311 1911785 56 143 668 650 18.23 0.58 TNT-2C.INP 602 6 ND 1.03 same as 135, 331,377

TNTC-SO137 620871 1912711 72 134 647 644 3.40 0.03 TNT-2C.INP 0.677 same as 141

TNTC-SO138 620840 1912712 72 135 648 644 3.50 0.03 TNT-3C.INP 0.25

TNTC-SO143 620400 1912951 76 142 655 652 3.00 0.02 TNT-3C.INP 686 4 ND 0.139 9.19 same as 144

TNTC-SO145 620398 1913031 77 142 655 652 4.00 0.05 TNT-5C.INP 686 4 ND 5067 2588 0.132 same as 151, 301, 303-305, 325

TNTC-SO146 620389 1913056 78 142 657 654 3.00 0.02 TNT-5C.INP 686 4 ND 159 8.33 same as 147, 149, 150, 306, 307, 330

TNTC-SO148 620402 1913116 79 142 658 654 4.00 0.05 TNT-3C.INP 1.64

TNTC-SO152 620438 1912984 76 141 658 653 5.00 0.12 TNT-3C.INP 686 4 ND 0.692

TNTC-SO157 620154 1912987 76 146 671 657 13.90 0.50 TNT-6C.INP 682 4 ND 8.35 same as 309-311, 369

TNTC-SO158 620155 1913006 77 146 671 657 13.90 0.50 TNT-6C.INP 682 4 ND 0.463

TNTC-SO165 620182 1913008 77 145 669 657 11.55 0.45 TNT-6C.INP 682 8 ND 54969 1343 same as 280, 312-314, 367, 368

TNTC-SO171 620231 1912827 74 145 666 657 10.00 0.41 TNT-6C.INP 683 9 ND same as 399, 400

TNTC-SO173 620256 1912537 69 144 666 655 11.35 0.44 TNT-6C.INP 693 7 ND 0.224 same as 175, 407, 408

TNTC-SO178 620506 1912291 65 140 655 652 10.00 0.41 TNT-7C.INP 696 12 ND 878 251 same as191, 192, 291-295, 326-328. 333, 374

TNTC-SO179 620480 1912297 65 141 655 652 3.00 0.02 TNT-3C.INP 696 12 ND 1.37

TNTC-SO184 620493 1912462 67 140 655 652 3.00 0.02 TNT-9C.INP 0.253 same as185

TNTC-SO186 620502 1912395 66 140 655 652 3.00 0.02 TNT-7C.INP 696 12 ND 2.75 13.9 same as187, 189, 190, 288-290, 295

TNTC-SO193 620625 1911754 55 138 650 647 3.00 0.02 TNT-4C.INP 0.29 same as195

TNTC-SO198 620564 1911771 56 139 652 647 5.00 0.12 TNT-4C.INP 606 7 ND 0.884

TNTC-SO200 620565 1911808 57 139 654 649 5.00 0.12 TNT-7C.INP 0.638 0.289 same as 205

TNTC-SO202 620536 1911868 58 140 655 650 10.00 0.41 TNT-7C.INP 0.569 1.42 same as 203, 381, 382

TNTC-SO218 621420 1911523 52 125 644 638 5.70 0.19 TNT-7C.INP 0.56 0.367 same as 222, 225, 365, 366

TNTC-SO228 620290 1912340 65 144 670 655 15.00 0.52 TNT-8C.INP 692 8 ND 489 same as 229, 243, 244, 279, 284

TNTC-SO231 620253 1912367 66 144 670 655 15.00 0.52 TNT-8C.INP 692 8 ND 1319 same as 241, 283, 284, 285, 286, 320, 405

TNTC-SO235 620091 1910655 37 147 665 651 14.00 0.50 TNT-8C.INP 2.98 same as 236

448 173

0.33

0.259

5.44 15.1

0.233 0.213

0.489

0.213

Bldg #

Remai
ning 

Conc. 
From 
Tom

Sample Depth (ft,blgs)

1.96

0.395

3.43 4.14

0.127
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Table 7
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( TNT)

TNTC Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Ground 
Elev GW Elev. DTW α Input File 

Name New Comments

(ft msl) (ft msl) (ft) (ft) DTW 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
Estimated Estimated (ft)

Bldg #

Remai
ning 

Conc. 
From 
Tom

Sample Depth (ft,blgs)

TNTC-SO281 620224 1913088 78 145 670 665 5.00 0.12 TNT-8C.INP 682 8 ND 47.5

TNTC-SO302 620426 1913019 77 141 658 654 10.00 0.41 TNT-9C.INP 686 4 ND 902 22.5 same as 324, 335, 336, 371, 372

TNTC-SO321 619963 1910507 35 149 670 652 18.00 0.58 TNT-9C.INP 0.172

TNTC-SO383 619869 1911170 46 150 679 654 24.66 0.70 TNT-9C.INP 0.662

0.192 0.555
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Table 8
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,-DNT)

TNTC Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α New
Comments

DTW 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10
(ft)

TNTC-S8 620601 1910719 38 139 650 646 4.00 0.05 3 7.6

TNTC-S16 620369 1911120 45 142 655 650 5.00 0.12 4 1

TNTC-S22 620250 1910713 38 144 658 650 8.00 0.36 5 8.7 same as 240 and 274

TNTC-S26 620298 1911325 48 144 665 652 13.00 0.48 6 0.3

TNTC-SO001 619782 1913168 79 152 673.30 662 11.30 0.44 7 689 8 ND 4.16 same as 249, 401, 402

TNTC-SO002 619823 1913196 80 151 676.50 662 14.50 0.51 8 0.136

TNTC-SO005 619823 1913141 79 151 676.50 662 14.50 0.51 9 0.152

TNTC-SO007 619803 1912939 75 151 676.00 662 14.00 0.50 10 same as 397, 398

TNTC-SO015 619871 1912606 70 150 676.00 660.5 15.50 0.53 11 0.184 0.095 same as 277

TNTC-SO016 619897 1912639 71 150 676.00 660.5 15.50 0.53 12 0.064 0.32 0.095 same as 017, 409

TNTC-SO019 619867 1912352 66 150 681.10 660 21.10 0.64 13 0.153

TNTC-SO026 619955 1912015 60 149 679.00 656.5 22.50 0.66 14 same as 030

TNTC-SO036 619927 1911774 56 150 680.00 655 25.00 0.70 15 0.073

TNTC-SO044 619892 1910947 42 150 675.70 655 20.70 0.63 16 same as 048

TNTC-SO046 619840 1910943 42 151 675.70 655 20.70 0.63 17

TNTC-SO051 619640 1910377 32 154 676.80 655 21.80 0.65 18 0.068 0.18 same as 054

TNTC-SO065 619784 1910176 29 152 668.65 655 13.65 0.49 19 629 10 ND 0.705 0.169 20.4 same as 066, 269, 272, 278, 363, 364

TNTC-SO078 620294 1910486 34 144 655.00 650 5.00 0.12 20 0.111

TNTC-SO084 620376 1910525 35 142 654.06 650 4.06 0.05 21 0.116

TNTC-SO085 620237 1911076 44 144 655.00 651 4.00 0.05 22 same as 085, 093, 096

TNTC-SO098 620517 1911087 44 140 655.00 649 6.00 0.24 23 616 8 ND 0.061 same as 110, 262-264

TNTC-SO107 620480 1911094 44 141 657.00 648 10.00 0.41 24 616 8 ND same as 108, 123, 261, 379, 380

TNTC-SO120 620303 1911568 53 143 666.00 652 14.00 0.50 25 603 8 ND 0.151 same as 125

TNTC-SO134 620311 1911785 56 143 668.23 650 18.23 0.58 26 602 6 ND 0.366 0.645 same as 135, 331,377

TNTC-SO145 620398 1913031 77 142 659.00 654.5 4.50 0.08 27 686 4 ND 0.795 0.074 same as 151, 301, 303-305, 325

TNTC-SO146 620389 1913056 78 142 657.00 654 3.00 0.02 28 686 4 ND 1.135 same as 147, 149, 150, 306, 307, 330

TNTC-SO157 620154 1912987 76 146 670.90 657.00 13.90 0.50 29 682 4 ND 0.137 0.69 same as 309-311, 369

TNTC-SO158 620155 1913006 77 146 670.90 657.00 13.90 0.50 30 682 4 ND 0.105

TNTC-SO165 620182 1913008 77 145 668.55 657.00 11.55 0.45 31 682 4 ND 11.05 0.314 0.062 same as 280, 312-314, 367, 368

TNTC-SO171 620231 1912827 74 145 666.02 657.00 9.02 0.39 32 683 9 ND same as 399, 400

TNTC-SO173 620256 1912537 69 144 666.35 655 11.35 0.44 33 693 7 ND 0.144 same as 175, 407, 408

TNTC-SO178 620506 1912291 65 140 655.00 652 10.00 0.41 34 696 12 ND 1.85 0.353 same as191, 192, 291-295, 326-328. 333, 374

TNTC-SO186 620502 1912395 66 140 655.00 652 3.00 0.02 35 696 12 ND 0.096 same as187, 189, 190, 288-290, 295

TNTC-SO200 620565 1911808 57 129 654.00 649 5.00 0.12 36 0.078 same as 205

TNTC-SO215 620869 1910525 35 134 648.00 645 3.00 0.02 37 0.066

TNTC-SO218 621420 1911523 52 125 643.70 638 5.70 0.19 38 same as 222, 225, 365, 366

TNTC-SO228 620290 1912340 65 144 670.00 655 15.00 0.52 39 692 8 ND 493 same as 229, 243, 244, 279, 284

TNTC-SO231 620253 1912367 66 144 670.00 655 15.00 0.52 40 692 8 ND 320 same as 241, 283, 284, 285, 286, 320, 405

TNTC-SO235 620091 1910655 37 147 665.00 651 14.00 0.50 41 0.505 same as 236

TNTC-SO238 620132 1910613 37 146 660.00 650 10.00 0.41 42 0.063

TNTC-SO281 620224 1913088 78 145 670.00 665 5.00 0.12 43 0.433

TNTC-SO383 619869 1911170 46 150 678.66 654 24.66 0.70 44

0.412

1.695

0.091

0.097

118 23.9

0.213

1.69

Sample Depth (ft,blgs)

1.825

0.070.448

0.079

0.081

0.082

0.061

Bldg #
remaini

ng 
Conc.

0.063

0.474

259.5 22.8

0.096

4.45 28.05

0.072
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Table 9
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,6,-DNT)

TNTC Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α New
Comments

(ft msl) (ft msl) (ft) (ft) DTW 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10

Estimated Estimated (ft)

TNTC-S8 620601 1910719 38 139 650 646 4.00 0.05 1.9

TNTC-S16 620369 1911120 45 142 655 650 5.00 0.12 1

TNTC-S22 620250 1910713 38 144 658 650 8.00 0.36 1 same as 240 and 274

TNTC-S26 620298 1911325 48 144 665 652 13.00 0.48 0.5

TNTC-SO001 619782 1913168 79 152 673.30 662 11.30 0.44 689 8 ND 4.16 same as 249, 401, 402

TNTC-SO002 619823 1913196 80 151 676.50 662 14.50 0.51 0.136

TNTC-SO005 619823 1913141 79 151 676.50 662 14.50 0.51 0.152

TNTC-SO007 619803 1912939 75 151 676.00 662 14.00 0.50 same as 397, 398

TNTC-SO015 619871 1912606 70 150 676.00 660.5 15.50 0.53 0.184 0.095 same as 277

TNTC-SO016 619897 1912639 71 150 676.00 660.5 15.50 0.53 0.064 0.32 0.095 same as 017, 409

TNTC-SO019 619867 1912352 66 150 681.10 660 21.10 0.64 0.153

TNTC-SO026 619955 1912015 60 149 679.00 656.5 22.50 0.66 same as 030

TNTC-SO036 619927 1911774 56 150 680.00 655 25.00 0.70 0.073

TNTC-SO044 619892 1910947 42 150 675.70 655 20.70 0.63 same as 048

TNTC-SO046 619840 1910943 42 151 675.70 655 20.70 0.63

TNTC-SO051 619640 1910377 32 154 676.80 655 21.80 0.65 0.068 0.18 same as 054

TNTC-SO065 619784 1910176 29 152 668.65 655 13.65 0.49 629 10 ND 0.705 0.169 20.4 same as 066, 269, 272, 278, 363, 364

TNTC-SO078 620294 1910486 34 144 655.00 650 5.00 0.12 0.111

TNTC-SO084 620376 1910525 35 142 654 650 4.06 0.05 0.116

TNTC-SO085 620237 1911076 44 144 655 651 4.00 0.05 same as 085, 093, 096

TNTC-SO098 620517 1911087 44 140 655 649 6.00 0.24 616 8 ND 0.061 same as 110, 262-264

TNTC-SO107 620480 1911094 44 141 657 648 9.00 0.39 616 8 ND same as 108, 123, 261, 379, 380

TNTC-SO120 620303 1911568 53 143 666 652 14.00 0.50 603 8 ND 0.151 same as 125

TNTC-SO134 620311 1911785 56 143 668 650 18.23 0.58 602 6 ND 0.366 0.645 same as 135, 331,377

TNTC-SO145 620398 1913031 77 142 655 655 0.50 0.00 686 4 ND 0.795 0.074 same as 151, 301, 303-305, 325

TNTC-SO146 620389 1913056 78 142 657 654 3.00 0.02 686 4 ND 1.135 same as 147, 149, 150, 306, 307, 330

TNTC-SO157 620154 1912987 76 146 671 657 13.90 0.50 682 4 ND 0.137 0.69 same as 309-311, 369

TNTC-SO158 620155 1913006 77 146 671 657 13.90 0.50 682 4 ND 0.105

TNTC-SO165 620182 1913008 77 145 669 657 11.55 0.45 682 4 ND 11.05 0.314 0.062 same as 280, 312-314, 367, 368

TNTC-SO171 620231 1912827 74 145 666 657 10.00 0.41 682 4 ND same as 399, 400

TNTC-SO173 620256 1912537 69 144 666 655 11.35 0.44 693 7 ND 0.144 same as 175, 407, 408

TNTC-SO178 620506 1912291 65 140 655 652 10.00 0.41 696 12 ND 1.85 0.353 same as191, 192, 291-295, 326-328. 333, 374

TNTC-SO186 620502 1912395 66 140 655 652 3.00 0.02 696 12 ND 0.096 same as187, 189, 190, 288-290, 295

TNTC-SO200 620565 1911808 57 129 654 649 5.00 0.12 0.078 same as 205

TNTC-SO215 620869 1910525 35 134 648 645 3.00 0.02 0.066

TNTC-SO218 621420 1911523 52 125 644 638 5.70 0.19 same as 222, 225, 365, 366

TNTC-SO228 620290 1912340 65 144 670 655 15.00 0.52 692 8 ND 493 same as 229, 243, 244, 279, 284

TNTC-SO231 620253 1912367 66 144 670 655 15.00 0.52 ripcity4 8 ND 320 same as 241, 283, 284, 285, 286, 320, 405

TNTC-SO235 620091 1910655 37 147 665 651 14.00 0.50 0.067 same as 236

TNTC-SO281 620224 1913088 78 145 670 665 5.00 0.12 0.433

TNTC-SO383 619869 1911170 46 150 679 654 24.66 0.70

0.07

0.213

1.69

0.079

259.5

0.072

0.474

22.8

0.412

0.091

28.05

1.695

0.063

0.097

118 23.9

Bldg #
Remai
ning 

Conc.

0.096

4.45

0.081

0.082

0.061

Sample Depth (ft,blgs)

1.825

0.448
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Table 10
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,6-TNT)

PRRWP Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Ground 
Elev GW Elev. DTW α New Comments

(ft msl) (ft msl) (ft) (ft) DTW (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12

Estimated Estimated

PR-S1 625010 1918890 140 66 634 631 5.00 0.12

PR-S13 625063 1919318 143 73 634 631 10.00 0.41

PR-S14 624889 1919309 143 70 634 631 10.00 0.41 4-5 1440

PR-S22 625103 1919222 143 66 632 629 6.00 0.24 same as SB16

PRRP-DP02 625232 1918802 139 64 634 631 10.00 0.41

PRRP-DP11 624841 1919355 144 71 634 630 12.00 0.46 1.4

PR-new-1 624880 1919399 144 70 634 631 10.00 0.41 4-5 121

PR-new-2 624942 1919278 144 69 634 631 6.00 0.24 4-5 24.8 same cell as DP23

PR-new-3 624942 1919278 143 69 634 631 6.00 0.24 4-5 19.3 same cell as ITSB14

0.23

0.38

0.74

0.5

12000

Remaining 
Conc.

Sample Depth (ft,blgs)

0.3

340
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Table 11
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,-DNT)

PRRWP Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α New Comments

DTW (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12

PR-S1 625010 1918890 140 66 634.0 631 5.00 0.12

PR-S4 624996 1919022 141 68 633.0 630 10.00 0.41

PR-S6 625099 1919114 142 67 632.0 629 10.00 0.41

PR-S7 624894 1919109 142 70 633.0 630 10.00 0.41

PR-S9 625192 1919216 142 65 633.0 630 10.00 0.41

PR-S10 624971 1919213 142 68 633.0 630 10.00 0.41 0.3 same as S21

PR-S12 625292 1919318 143 63 633.0 629 12.00 0.46

PR-S13 625063 1919318 143 73 634.0 631 10.00 0.41

PR-S14 624889 1919309 143 70 634.0 631 10.00 0.41 4-5 3.71

PR-S15 625151 1919418 144 65 633.0 630 10.00 0.41

PR-S16 624908 1919391 144 68 633.0 630 12.00 0.46 12 15 same as DP10

PR-S17 624712 1919403 144 72 633.0 630 3.00 0.02

PR-S18 625271 1919498 64 145 632.0 629 10.00 0.41 same as S19

PR-S20 624911 1919506 145 68 632.0 630 2.00 0.00 same as SB18

PR-S22 625103 1919222 143 66 632.0 629 6.00 0.24 same as SB16

PR-S23 625207 1919305 143 64 632.0 629 3.00 0.02 1

PR-S24 625237 1919405 144 64 632.0 629 3.00 0.02 1.1

PR-S8 625249 1919060 142 62 634.0 630 4.00 0.05

PRRP-DP01 624940 1918741 139 69 633.0 630 10.00 0.41

PRRP-DP02 625232 1918802 139 64 633.0 630 10.00 0.41

PRRP-DP03 625038 1919103 141 67 633.0 630 12.00 0.46 25

PRRP-DP06 624951 1918911 140 69 633.0 630 10.00 0.41 1.1

PRRP-DP09 625348 1919218 142 63 633.0 630 6.00 0.24

PRRP-DP11 624841 1919355 144 71 633.0 630 12.00 0.46 1.3

PRRP-DP15 625066 1919559 145 67 633.0 630 10.00 0.41

ITSB-13 624681 1919244 143 73 634.4 631 3.40 0.03

ITSB-14 624942 1919278 143 69 634.7 631 6.00 0.24 4-5 16.3

ITSB-17 624791 1919171 142 71 634.0 631 3.00 0.02

PR-new-1 624880 1919399 144 70 634.00 631 10.00 0.41 4-5 20.2

PR-new-2 624942 1919278 144 69 634.00 631 6.00 0.24 4-5 16.4 same cell as DP23

Bldg #
Remaini

ng 
Conc.

3.8 2

0.4

Sample Depth (ft,blgs)

0.4

1.1 5.7 2.8

14

1.2

7.6

3.4 0.3

2.6 2.2

1.1

1.6 1.2

0.96 0.29

2.2

20

1.2 0.48

0.19

0.056

268.9

0.28

16

1

26

0.4

19

5.2

1.6

19

3.2

2.1 8.7

2.4

0.6 0.3
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Table 12
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,6,-DNT)

PRRWP Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α New Comments

DTW (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12

PR-S4 624996 1919022 141 68 633.00 630 10.00 0.41

PR-S6 625099 1919114 142 67 632 629 10.00 0.41

PR-S7 624894 1919109 142 70 633 630 10.00 0.41

PR-S9 625192 1919216 142 65 633 630 3.00 0.02

PR-S12 625292 1919318 143 63 633.00 629 12.00 0.46

PR-S13 625063 1919318 143 73 634.00 631 10.00 0.41

PR-S14 624889 1919309 143 70 634.00 631 10.00 0.41 4-5 4.88

PR-S15 625151 1919418 144 65 633.00 630.00 10.00 0.41

PR-S16 624908 1919391 144 68 633.00 630.00 12.00 0.46 same as DP10

PR-S20 624911 1919506 145 68 633.00 630.00 3.00 0.02 same as SB18

PR-S22 625103 1919222 143 66 633.00 629 6.00 0.24 same as SB16

PRRP-DP01 624940 1918741 139 69 633.00 630.00 10.00 0.41

PRRP-DP03 625038 1919103 141 67 633.00 630.00 12.00 0.46 0.58

PRRP-DP11 624841 1919355 144 71 633.00 630.00 12.00 0.46 0.57

PRRP-DP16 624826 1919459 145 71 633.00 630.00 10.00 0.41

ITSB-17 624791 1919171 142 71 634.00 631.00 3.00 0.02

PR-new-1 624880 1919399 144 70 634.00 631 10.00 0.41 4-5 7.24

PR-new-2 624942 1919278 144 69 634.00 631 6.00 0.24 4-5 14.2 same cell as DP23

PR-new-3 624942 1919278 143 69 634.00 631 6.00 0.24 4-5 ND same cell as ITSB14

Bldg # Remaining 
Conc.

Sample Depth (ft,blgs)

0.29 0.3

0.5

0.4 3.6 0.5

0.5

0.25

0.35

0.48

1

0.082

0.5

2.9

2

2.7

0.53 1.5

0.4

0.8

0.3 0.3
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Table 13
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,6-TNT)

WARWP Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α Comments
16 (ft msl) (ft msl) (ft) (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10

Estimated Estimated

PB-WA-S5 622251 1909944 25 112 633 630 5.00 0.12

PB-WA-S10 622125 1910177 29 114 633 630 5.00 0.12

PB-WA-S14 622135 1910554 35 114 631 628 5.00 0.12

PB-WA-S17 622418 1910299 31 110 633 630 10.00 0.41 same as S24

SB12 622306 1910340 32 111 633 630 3.00 0.02

DP09 622547 1909995 26 107 639 635 12.00 0.46 1

DP10 622147 1910023 26 111 635 632 6.00 0.24 0.38

3

Sample Depth (ft,blgs)

0.68

0.3

0.4

0.3
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Table 14
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,4,-DNT)

WARWP Area, Former Plum Brook Ordnance Works, Sandusky, Ohio
Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α Comments

16 (ft msl) (ft msl) (ft) (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 11-12

Estimated Estimated same as S21

PB-WA-S5 622251 1909944 25 112 633 630 5.00 0.12

PB-WA-S6 622244 1909722 21 112 635 632 3.00 0.02

PB-WA-S10 622125 1910177 29 114 633 630 5.00 0.12

PB-WA-S13 622148 1910331 32 114 633 630 5.00 0.12

PB-WA-S14 622135 1910554 35 114 631 628 5.00 0.12

PB-WA-S17 622418 1910299 31 110 633 630 10.00 0.41 same as S24

PB-WA-S18 622275 1910321 31 112 633 630 10.00 0.41

PB-WA-S20 622177 1910239 30 113 633 630 5.00 0.12 same as S23

DP09 622547 1909995 26 107 639.02 635 12.00 0.46 0.71 2.7

DP10 622147 1910023 26 111 635 632 6.00 0.24

DP11 622017 1910000 26 116 633 630 3.00 0.02

DP13 622543 1910217 30 108 637.75 634 12.00 0.46 0.29 6.5

DP16 622425 1910395 33 109 633 630 4.00 0.05 0.052

SB07 622213 1909868 24 113 635 632 3.00 0.02

SB12 622306 1910340 32 111 633 630 3.00 0.02

Sample Depth (ft,blgs)

0.91

0.23

0.6

0.4 0.3

5.1

0.7 0.3

0.4

3.3

0.3 1.3

3

1.4

0.043

0.49

6.3
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Table 15
Soil Sample Locations and Analytical Data for Nitroaromatic Compound ( 2,6,-DNT)

WARWP Area, Former Plum Brook Ordnance Works, Sandusky, Ohio

Location ID Northing Easting Column # Row # Gnd_Elev GW Elev. DTW α Comments

(ft msl) (ft msl) (ft) (ft) 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 11-12

Estimated Estimated

PB-WA-S10 622125 1910177 29 114 633 630 5.00 0.12

PB-WA-S17 622418 1910299 31 110 633 630 10.00 0.41 same as S24

DP09 622547 1909995 26 107 639.02 635 12.00 0.46 0.35 0.27

DP10 622147 1910023 26 111 635 632 6.00 0.24

DP13 622543 1910217 30 108 637.75 634 12.00 0.46 0.64

Sample Depth (ft,blgs)

0.3

0.3

1.5
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Appendix H 
 

Evaluation of Site Relatedness 
 
This appendix evaluates information concerning each chemical of potential concern (COPC) for 

bedrock groundwater identified in Chapter 2.0 of this groundwater baseline human health risk 

assessment (BHHRA) report and quantitatively evaluated for exposure and risk.  It addresses 

issues such as elevated concentrations due to sampling methods and potential for laboratory 

artifacts.  Elevated concentrations associated with sampling methods among inorganics may 

sometimes be identified by a review of the sample collection logs and comparisons made 

between unfiltered and filtered sample results.  This evaluation considers the presence of 

petroleum at depth in boring logs and whether petroleum-related COPCs (or other COPCs) were 

detected in the overburden groundwater and soil samples.  Other information includes the 

general prevalence of a COPC throughout the Plum Brook Ordnance Works (PBOW) facility 

and historical information. 

 

Based on this information, a determination was made for each of the COPCs, not just those 

associated with unacceptable risks.  Table H-1 provides a synopsis of this evaluation.  The list of 

COPCs identified as site related is the product of data review and best professional judgment.  It 

was recognized that a level of uncertainty would be associated with any selection of site-related 

chemicals, so care was taken not to remove a COPC as non-site related without logical cause.  

Thus, an effort was made to err on the side of inclusion as site related rather than exclusion.  

COPCs identified as site related are shown in shaded italics.   

 

TNT Area A.  Wilcoxon Rank Sum (WRS) statistical testing was performed to compare TNT 

Area A (TNTA) versus background concentrations of inorganic COPCs that were detected in the 

PBOW background groundwater data set (aluminum, arsenic, iron, manganese, and nickel).  

Refer to Appendix C of this groundwater BHHRA report for WRS results.  Because only 6 

samples (5 for aluminum) are in the TNTA data set, population testing results have considerable 

uncertainty.   

 

All of the inorganics listed below were at their highest concentration in one of the two samples 

collected from TNTA-BEDGW-001.  These could not be collected via low flow because of poor 

well yield.  Petroleum was observed on rock cores at depth (68 to 85 feet below ground surface 

[bgs]) during well installation. 
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Also, during April 2002 sampling, 3 gallons of naturally occurring petroleum were removed 

from well TNTA-BEDGW-001.  In October 2001, this well was sampled until dry and was 

described as “light nonaqueous-phase liquid sticky, oily”. 

 
• Aluminum.  Only one sample (8,300 micrograms per liter [µg/L] in TNTA-

BEDGW-001 in April 2002) exceeded the background screening concentration 
(BSC) (309 µg/L).  The concentration in the filtered fraction of this sample was 74 
µg/L.  Another relatively high detection, 283 µg/L, found in a bailer-collected 
sample from BED-MW18 in 1997, has not been replicated in the samples collected 
from this well since then (nondetect [ND], 54.6 µg/L, and 79.2 µg/L).  The WRS 
results suggested a difference between site and background data sets (p=0.039).  
Aluminum does not appear to be site related, and the single elevated detection 
appears to be associated with sampling method. 

 
• Arsenic.  The two samples from TNTA-BEDGW-001 (10.8J and 17.3J µg/L) in 

2001 and 2002 exceeded the BSC/maximum detected concentration (MDC) (7.4 
µg/L).  The other four samples were ND.  Arsenic was ND in the filtered fractions 
from TNTA-BEDGW-001 (reporting limit [RL] of 10 µg/L in 2001 and 2002).  
The WRS results indicate a difference between site and background data sets 
(p=0.002); but this is largely influenced by the high RLs of two of the site samples 
(200 and 100 µg/L) from well BED-MW18 that were ND.   

 
• Chromium.  Chromium was detected only in the sample from TNTA-BEDGW-

001, at an estimated concentration of 37.2 J µg/L.  It was detected in the filtered 
fraction from this sample at 6.8 J µg/L, which is less than the risk-based screening 
concentration (RBSC) (10.9 µg/L).   

 
• Iron.  Only one sample (33,400 µg/L in TNTA-BEDGW-001) exceeded the BSC 

(1,550 µg/L).  The filtered fraction from this location had a concentration of only 
152 µg/L.  The WRS results do not suggest site relatedness (p=0.48), though 
considerable uncertainty is associated with the relatively small sample size. 

 
• Lead.  Lead was detected only in the sample from TNTA-BEDGW-001, at an 

estimated concentration of 18.4 J µg/L.  It was not detected in the filtered fraction 
from this sample.  Although lead was detected at elevated concentrations in soil, 
these concentrations were limited to upper 3 feet or so, and only immediately 
adjacent to certain buildings.  The WRS results do not suggest site relatedness 
(p=0.13), though considerable uncertainty is associated with the relatively small 
sample size.  The single detection of lead in bedrock groundwater appears to be 
associated with sampling technique.  

 
• Manganese.  The two samples from TNTA-BEDGW-001 (11,700 and 1,830 

µg/L) exceeded the BSC (636 µg/L).  Manganese was detected at concentrations 
of 54.4 and 26.7 µg/L in the filtered fractions from these samples, well below the 
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BSC.  All other unfiltered samples have concentrations (36.8 to 109 µg/L) well 
below the BSC.   

 
• Nickel.  The two samples from TNTA-BEDGW-001 (75.7 and 48.8 µg/L) 

exceeded the BSC (8.6 µg/L).  Nickel was not detected in the filtered fraction from 
these samples.  The WRS results suggest possible site relatedness (p=0.09), though 
considerable uncertainty is associated with the relatively small sample size.  The 
lack of detection in the filtered fractions indicates that the BSC exceedances were 
associated with sampling method. 

 
• Vanadium.  Chromium was detected only in the sample from TNTA-BEDGW-

001, at an estimated concentration of 36.9 J µg/L.  It was not detected in the 
filtered fraction from this sample.  

 
• Nitrotoluenes (DNTs, 2NT, 4ADNT).  Assumed to be site related. 
 
• Nitrobenzene.  Assumed to be site-related. 
 
• 1,3-Dinitrobenzene.  Assumed to be site-related. 
 
• Benzene.  Highest concentrations are found in the TNTA-BEDGW-001 samples 

(700 J and 490 J µg/L), though 3 of the other 4 (5.7 to 14 J µg/L) samples had 
concentrations greater than the BSC (2.4 µg/L).  Also, benzene was detected in 
only 2 of 27 TNTA overburden groundwater samples (including direct-push and 
monitoring wells), and these were at substantially lower concentrations (0.17 and 
4.81 µg/L, respectively).  Benzene was not identified as a soil COPC (MDC:  
0.00601 milligrams per kilogram [mg/kg]).  Three gallons of naturally occurring 
petroleum were removed from this well in April 2002.  Based on these 
observations, benzene is likely associated with naturally occurring petroleum in 
the Delaware Limestone. 

 
• Chloromethane.  Was detected in only 1 of 6 samples, the sample collected 

from BED-MW18 in 2001 at an estimated concentration of 35 J µg/L.  It was not 
detected in the other 3 samples collected from this well in 1997, 1998, or 2002.  
Also, chloromethane was not detected in any of the TNTA overburden samples, 
soil samples, nor was it detected in the bedrock groundwater from any of the other 
4 sites evaluated as part of this groundwater BHHRA.  Based on these 
observations, the presence of chloromethane in TNTA bedrock groundwater is 
questionable.   

 
• Ethylbenzene.  Highest concentrations are found in the TNTA-BEDGW-001 

samples (240 J and 210 J µg/L), though each of the other 4 (32 to 100 J µg/L) 
samples had concentrations much greater than the BSC (0.87 µg/L).  Also, 
ethylbenzene was not detected in any of the 15 TNTA overburden well samples 
and detected in only 1 of 12 overburden direct-push groundwater samples (2.33 
µg/L).  Benzene was not identified as a soil COPC (MDC:  0.00248 mg/kg).  
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Based on these observations, ethylbenzene is likely associated with naturally 
occurring petroleum in the Delaware Limestone. 

 
• Methylene chloride.  Was reported in 3 of the 6 TNTA bedrock groundwater 

samples, and in another sample it was shown to be present due to blank 
contamination.  Methylene chloride is recognized as a common laboratory 
contaminant.  The highest reported concentrations were in the TNTA-BEDGW-
001 samples (330 J µg/L and 170 J µg/L).  It was also reported in one of the BED 
MW-18 samples (47 J µg/L) at a lower concentration.  These samples were diluted 
prior to analysis and the RLs are accordingly elevated.  The J-qualified values for 
methylene chloride in these samples are not inconsistent with laboratory 
contamination (though it was not detected in the laboratory blanks associated with 
these samples).  Methylene chloride was not detected in the overburden 
groundwater samples and was not identified as a soil COPC. 

 
• Toluene.  Highest concentrations are found in the TNTA-BEDGW-001 samples 

(730 J and 630 J µg/L), though 3 of the other 4 (21 to 74 J µg/L) samples had 
concentrations much greater than the BSC (1.7 µg/L).  Toluene was detected in 2 
of 12 overburden groundwater well samples (7.8 and 10 µg/L) and 3 of 12 direct-
push samples.  Toluene concentrations in two of the direct-push samples were low 
(1.11 and 5.25 µg/L), but the toluene concentration of one of the samples was 
elevated (1,350 µg/L).  Toluene was present in 13 of 39 soil samples (12 of 31 
subsurface soil samples) at concentrations ranging from 0.00196 to 0.013 mg/kg 
and was no identified as a soil COPC.  Elevated toluene concentrations observed 
in the TNTA-BEDGW-001 well are likely associated with naturally occurring 
petroleum in the Delaware Limestone.  However, the elevated direct-push 
concentration may be site related, though it is noted that toluene was not known to 
ever have been stored near this location.   

 
• Xylenes.  Highest concentrations are found in the TNTA-BEDGW-001 samples 

(1,400 and 1,200 µg/L), though all of the other 4 (150 to 420 µg/L) samples had 
concentrations much greater than the BSC (5.5 µg/L).  Xylenes were not detected 
in any of the overburden groundwater well samples, and were detected in only 1 of 
10 direct-push overburden groundwater samples (12.3 µg/L combined xylenes).  
Also, xylenes were detected in only 1 of the 39 TNTA soils samples (0.01 mg/kg 
combined xylenes).  Xylenes are likely associated with naturally occurring 
petroleum in the Delaware Limestone. 

 
• Naphthalene.  Highest concentrations are found in the TNTA-BEDGW-001 

samples (3.1 J and 10 µg/L), though it was detected in each of the other 4 samples 
(3.1 J to 10 µg/L).  Naphthalene was not detected in TNTA overburden 
groundwater.  It was detected in only 1 of 39 soil samples (0.652 mg/kg) and was 
not identified as a groundwater COPC.  Naphthalene is likely associated with 
naturally occurring petroleum in the Delaware Limestone. 
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• 2-Methylnaphthalene.  Highest concentrations are found in the TNTA-
BEDGW-001 samples (470 and 47 µg/L), though it was detected in each of the 
other 4 samples (1.6 J to 5.3 J µg/L).  2-Methylnaphthalene was not detected in 
TNTA overburden groundwater.  It was detected in only 4 of 39 soil samples 
(0.0907 to 1.15 mg/kg) and was not identified as a soil COPC.  2-
Methylnaphthalene is likely associated with naturally occurring petroleum in the 
Delaware Limestone. 

 
• bis(2-Ethylhexyl)phthalate (BEHP).  Common laboratory contaminant was 

reported as detected in 2 of 5 TNTA bedrock groundwater samples (3.5 to 8.6 
µg/L).  It was reported in another bedrock groundwater sample at 16 µg/L (from 
BEDGW-018 sample collected in 1998), this samples was qualified “B” as blank 
contaminated.  BEHP was detected in only 1 of 27 overburden groundwater 
samples.  It was reported in 5 of 39 TNTA soil samples at low concentrations 
(0.023 to 0.060 mg/kg), and was not a soil COPC.  It is likely that BEHP in 
bedrock groundwater is associated with laboratory contamination rather than 
former site operations. 

 
• Chrysene.  The only detections were found in the TNTA-BEDGW-001 samples 

(15 J and 0.62 J µg/L).  Chrysene was not detected in TNTA overburden 
groundwater.  It was detected in only 4 of 39 soil samples (0.0733 to 0.202 mg/kg) 
and was not identified as a soil COPC.  Chrysene is likely associated with 
naturally occurring petroleum in the Delaware Limestone. 

 
• Dibenzofuran.  Only detection (12 J µg/L) was in the TNTA-BEDGW-001 

sample from which 3 gallons of naturally occurring petroleum were removed prior 
to sampling.  Dibenzofuran was not detected in TNTA overburden groundwater 
nor TNTA soil.  Dibenzofuran is likely associated with naturally occurring 
petroleum in the Delaware Limestone. 

 
• Fluorene.  Only detections were found in the TNTA-BEDGW-001 samples (1.9 J 

and 28 J µg/L).  Fluorene was not detected in TNTA overburden groundwater.  It 
was not detected in any TNTA soil samples.  Fluorene is likely associated with 
naturally occurring petroleum in the Delaware Limestone. 

 
• Phenanthrene.  Only detections were found in the TNTA-BEDGW-001 samples 

(74 J and 3.4 J µg/L).  Phenanthrene was not detected in TNTA overburden 
groundwater.  It was detected in 5 of 39 soil samples (0.0516 to 0.45 mg/kg) and 
was not identified as a soil COPC.  Phenanthrene is likely associated with 
naturally occurring petroleum in the Delaware Limestone. 

 

TNT Area B.  WRS statistical testing was performed to compare site versus background 

concentrations of inorganic chemicals of potential concern that were detected in the TNT Area B 

(TNTB) background groundwater data set (aluminum, arsenic, iron, and manganese).  Refer to 

Appendix B of this BHHRA report for WRS results.  In each case, the site TNTB data was 
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shown to be statistically different from PBOW background.  However, sampling methods and 

other factors likely played a substantial role in these TNTB analytical results.  Also, because 

only 8 samples are in the TNTB data set, population testing results have considerable 

uncertainty.   

 

All inorganics, except iron and magnesium, were at their highest concentration in one of the two 

samples collected from TNTB-BEDGW-003.  These could not be collected via low-flow because 

of poor well yield.   

 
• Aluminun.  Was detected in 7 of 7 samples (53.1 to 16.900 µg/L); it was also 

reported in an additional sample, which was qualified “B” as blank contaminated.  
Aluminum was reported as detected only in one unfiltered fraction (56.7 J µg/L in 
the 2002 sample from TNTB-BEDGW-003).  All other filtered fractions were 
either ND or were qualified “B.”  Aluminum was identified as present at 
background concentrations in TNTB soil.  WRS results indicate a statistical 
significance (p=0.003) that the site data set are truly different from the background 
data set, but these test results were run with the very bailer-collected samples 
which are in question.  The presence of aluminum at relatively high concentrations 
in TNTB bedrock groundwater appears to be related to sampling method.   

 
• Arsenic.  Was detected in 3 of 8 samples (12.5 to 22.7 µg/L).  Of these three 

detections, arsenic was detected in only one of the filtered fractions and at a 
concentration of only 4.9 µg/L (TNTB-BEDGW-003), which is less than the BSC 
of 7.4 µg/L.  WRS results indicate a statistical significance (p=0.036) that the site 
data set are truly different from the background data set, but these test results were 
run with the questionable bailer-collected samples. 

 
• Chromium.  Chromium was detected in 3 of 8 samples (1.3 to 32.3 µg/L), 2 

(both from TNTB-BEDGW-003) of which exceeded the RBSC (10.9 µg/L).  
Chromium was detected in only one filtered sample, at a concentration (1.2 J 
µg/L) substantially less than the RBSC.  The occurrence of chromium at 
concentrations approaching or exceeding the RBSC in bedrock groundwater 
appears to be associated with sampling method rather than former site operations.   

 
• Iron.  Was detected in 7 of 8 samples.  It was detected in the 1997 filtered fraction 

from TNTB-BEDGW-001 collected by bailer at concentrations as high as 16,300 
µg/L and in the low-flow unfiltered samples at concentrations as 8,090 µg/L 
(filtered at 5,670 µg/L) in TNTB-BEDGW-004.  Each of these concentrations is 
greater than the MDC of the background (1,550 µg/L).  WRS results indicate that 
TNTB iron concentrations are significantly higher than those of background 
(p=0.008), though the uncertainties of the results are noted.  Soil results indicate 
that iron was present at background concentrations.  Field Eh measurements 
indicate strongly reducing conditions, ranging from -364 to -43 millivolts.  
Hydrogen was sulfide present in the only sample in which it was measured (87 



 

 

KN6\PBOW\GW BHHRA\Final\APH\App H.doc\9/27/06\11:28 AM H-7 

parts per million); this likewise indicates reducing conditions.  Under such 
reducing conditions, elevated dissolved iron (indicative of the ferrous form) is 
expected.  Association of elevated manganese with reducing conditions is 
corroborated with the presence of elevated dissolved manganese. 

 
• Lead.  Lead was detected in 4 of 8 samples (3.9 to 15.7 µg/L).  Only one of these 

(from TNTB-BEDGW-003 in 2001) was marginally above the RBSC (15 µg/L).  
It was not detected any of the filtered fractions, nor in any of the samples collected 
via low-flow.   

 
• Manganese.  Was detected in all 8 TNTB samples collected (32.7 to 1,140 

µg/L).  Three samples exceeded the BSC (636 µg/L) and two exceeded the MDC 
of the PBOW background data set (688 µg/L).  Of the two that exceeded the 
background MDC, the higher was detected at only 1.6 µg/L in the filtered fraction 
(1997 sample from TNTB-BEDMW-003).  The second-highest (923 µg/L) was a 
low-flow sample from TNTB-BEDGW-004; the filtered fraction from this sample 
was detected at 812 µg/L, indicating that the manganese at this location is likely 
not the result of sampling technique.  WRS results indicate that TNTB bedrock 
groundwater manganese concentrations are significantly higher than those of 
background (p=0.012).  Manganese in soils was determined to be present at 
background concentrations.  WRS was run eliminating the highest sample, but the 
p value (0.035) still indicated significant difference from background.  The 
uncertainties of the WRS tests, especially given the relatively small data sets, are 
duly noted.  The BSC exceedances were relatively minor, and the apparent 
departure from the site data may largely reflect sampling method.  Field Eh 
measurements indicate strongly reducing conditions, ranging from -364 to -43.  
Hydrogen was sulfide present in the only sample in which it was measured (87 
parts per million); this likewise indicates reducing conditions.  Under such 
reducing conditions, elevated dissolved manganese (indicative of the 2+ valence 
form) is expected.  Association of elevated manganese with reducing conditions is 
corroborated with the presence of elevated dissolved iron. 

 
• Vanadium.  Was detected in 3 of 8 samples (2.3 J to 48.6 J µg/L), with the two 

highest concentrations found in TNTB-BEDGW-003.  It was not detected in any 
of the background samples.  Vanadium was detected in the filtered fractions of the 
two TNTB-BEDGW-003 samples, but at much lower concentrations (8.5 J and 6.3 
J µg/L, respectively) which only moderately exceed the RBSC (3.65 µg/L).  
Vanadium was not detected in overburden groundwater.  It was detected in only 5 
of 32 soil samples, and at concentrations well within the range of PBOW 
background. 

 
• 2-Methylnapthalene and Naphthalene.  Were detected in only 1 of 8 

samples, at estimated concentrations of 4.8 J and 2.8 J, respectively.  Each was 
detected in the sample from TNTB-BEDGW-003, which was bailed dry prior to 
sampling in April 2002.  It is possible that these compounds are associated with 
naturally occurring petroleum in the shale bedrock, as benzene has also been 
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detected in this well.  Neither compound was detected in overburden groundwater.  
2-Methylnaphthalene was detected in 6 of 28 soil samples and at an MDC of 0.17 
mg/kg.  Naphthalene was detected in only 3 of 28 samples, and at an MDC of 
0.073 mg/kg. 

 
• Benzene.  Detected in 5 of 8 samples (0.14 to 17 µg/L).  The concentrations in 

only two of these samples, both collected by bailer from TNTB-BEDGW-003 (14 
and 17 µg/L), exceed the RBSC (0.365 µg/L) by more than a moderate amount.  It 
is possible that benzene is associated with petroleum in the shale bedrock.  
Benzene has not been detected in TNTB soil or overburden groundwater. 

 

TNT Area C.  Petroleum odor was noted at a depth of 31 feet bgs and hydrogen sulfide was also 

encountered during the drilling of BED MW13.  An oily odor and/or oil spots were noted on 

rock cores at a depth range of 41 to 66 feet bgs.  BED-MW13 was bailed dry during purging and 

is extremely slow to recover to normal water elevation after sampling.  In April 2002, a 40-foot 

water column was bailed dry, and the water column recovery was less than 3 feet the next day. 

 
• 2-Methylnaphthalene.  Detected in each of the 6 TNT Area C (TNTC) bedrock 

samples at concentrations ranging from 3.2 to 34 µg/L.  2-Methylnaphthalene was 
not detected in any of the 25 overburden groundwater samples.  It was detected in 
9 of 39 TNTC soil samples, but only at low concentrations (0.01 to 1.15 mg/kg).  
Benzene, toluene, ethylbenzene, and xylenes (BTEX) compounds were also 
detected in the TNTC wells, especially BED-MW13 which had the highest 
concentrations of BTEX and 2-methylnaphthalene.  As mentioned above, BED-
MW13 was bailed dry during purging and is extremely slow to recover to normal 
water elevation after sampling.   

 
• bis(2-Ethylhexyl)phthalate.  Detected in 4 of 6 samples, including all 4 

collected from BED-MW13 (5.2 J µg/L to 55 J µg/L).  It was detected in much 
lower concentrations in the 2001 (7.7 J µg/L) and 2002 (5.2 J µg/L) samples than 
in the earlier samples collected in 1997 (39 µg/L) and 1998 (55 J µg/L).  It was 
detected in only 1 of 24 overburden groundwater samples (7.3 J µg/L) and in 5 of 
39 TNTC soil samples at very low concentrations (0.023 J to 0.06 J mg/kg).  The 
detected concentrations of this common laboratory contaminant are consistent with 
those of laboratory contamination. 

 
• Naphthalene.  Detected in each of the 6 TNTC bedrock samples at 

concentrations ranging from 2.5 to 34 µg/L.  Naphthalene was not detected in any 
of the 25 overburden groundwater samples.  It was detected in only 1 of 39 TNTC 
soil samples (0.65 mg/kg).  BTEX compounds were also detected in the TNTC 
wells, especially BED-MW13, which had the highest concentrations of BTEX, 
naphthalene, and 2-methylnaphthalene.  BED-MW13 was bailed dry during 
purging and is extremely slow to recover to normal water elevation after sampling.  
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In April 2002, a 40-foot water column was bailed dry, and the column the next day 
was less than 3 feet thick. 

 
• Benzene.  Detected in each of the 6 bedrock water samples (8.4 to 410 µg/L), 

including all four samples from BED-MW13 (47 to 410 µg/L).  Benzene was 
detected in only 1 of 27 overburden samples (0.16 µg/L) and 2 of 39 soil samples 
(0.0024 to 0.0026 µg/L).  Therefore, benzene would not seemingly originate from 
TNTC.  Rather, it is likely that benzene (as well as other BTEX compounds, 
naphthalene, and 2-methylnphthalene) originate from the petroliferous limestone. 

 
• Bromomethane.  Detected (13 µg/L) in only 1 of 6 bedrock groundwater 

samples, but was not detected in the duplicate of this sample.  Not detected in the 
overburden groundwater nor in 40 soil samples.  

 
• Methylene chloride.  Detected in 4 of 5 samples (19 to 160 µg/L).  One sample 

was rejected because of blank contamination.  It is noted that nearly all TNTC soil 
data were rejected because of blank contamination, and all overburden 
groundwater data wee rejected due to blank contamination.  The concentrations of 
methylene chloride in the bedrock groundwater samples are not uncharacteristic of 
blank contamination levels.   

 
• Toluene.  Toluene was detected in each of the bedrock groundwater samples (8.8 

J to 300 J µg/L).  Toluene was detected in 5 of 27 overburden groundwater 
samples (0.83 J to 22 J µg/L) and in 18 of 40 TNTC soil samples, but at low 
concentrations (0.0018 J to 0.078 J mg/kg); toluene was not identified as a soil 
COPC.  Toluene is known as a common laboratory contaminant, and the 
concentrations found in soils and overburden groundwater are consistent with 
laboratory contamination (though contamination was not identified in the 
associated blank samples).  Petroleum product has been observed in wells installed 
in limestone at PBOW and on the rock cores during well installation.  Given this 
information and the observations of only low and infrequent detections in soil and 
overburden groundwater, toluene is interpreted as related to the limestone bedrock. 

 
• Xylenes.  Xylenes were detected in each of the bedrock groundwater samples (90 

to 1,300 µg/L).  Xylenes were detected in only 1 of 27 overburden groundwater 
samples (3.3 µg/L) and in only 6 of 40 TNTC soil samples (0.0025 to 0.011 
mg/kg).  Petroleum product has been observed in wells installed in limestone at 
PBOW and on the rock cores during well installation.  Given this information and 
the observations of only low and infrequent detections in soil and overburden 
groundwater, xylenes are interpreted as related to the limestone bedrock. 

 

Pentolite Road Red Water Pond.  WRS statistical testing was performed to compare site 

versus background concentrations of inorganic chemicals of potential concern that were detected 

in the Pentialite Road Red Water Pond (PRRWP) Area background groundwater data set (iron 

and manganese).  Refer to Appendix B of this BHHRA report for WRS results.  For each of 
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these, the site data was not shown to be significantly different from background.  Because only 6 

samples are in the PRRWP data set, population testing results have considerable uncertainty.   

 

The presence of petroleum and hydrogen sulfide was encountered at depth (33 to 74 feet bgs) in 

well BED-MW23. 

 
• Chromium.  Detected in 3 of 6 PRRWP bedrock samples (6.1 to 20.6 µg/L).  

Each of these samples was collected by bailer, due to poor water production.  
Reported turbidities of these samples ranged from 140 to 6,500 nephelometric 
turbidity units.  Chromium was detected in only 1 of these in the filtered fraction 
and at a concentration (1.5 µg/L) far less than the RBSC (10.9 µg/L).  Chromium 
in PRRWP bedrock samples appears to be an artifact of the sampling method.  
Chromium was not detected in any of the PBOW background samples.   

 
• Iron.  Detected in 5 of 6 PRRWP bedrock groundwater samples (142 to 7,280 

µg/L).  Each of these samples had to be collected by bailer because of poor water 
yield.  In the filtered fractions, iron was detected in both samples from BED-
MW23 (3,060 and 4,050 µg/L), but not in the other samples.  Both of these 
samples had higher concentrations than the highest detected among the 
background samples (1,550 µg/L) which were collected using low-flow sampling.  
The WRS results indicate with marginal significance (p=0.086) that PRRWP iron 
concentrations generally are not greater than PBOW background, but as 
mentioned, there is considerable uncertainty associated with these because of small 
sample size.  Note also that this well recovered less than 0.23 feet (of a water 
column of more than 54 feet) in 24 hours during the April 2002 sampling event.  
Elevated iron concentrations were not observed in soil.  Field Eh measurements of 
groundwater indicate strongly reducing conditions, ranging from -325 to -20 
millivolts.  Hydrogen sulfide was also present in 2 of 3 groundwater samples in 
which it was analyzed and a “strong PAH odor” was noted on a sampling log 
which suggests the presence of petroleum.  The presence of hydrogen sulfide and 
petroleum both likewise indicate reducing conditions.  Under such reducing 
conditions, elevated dissolved iron (indicative of ferrous iron) is expected.  
Association of elevated iron with reducing conditions is corroborated by the 
presence of relatively high dissolved manganese.  Therefore, the presence of 
elevated dissolved iron is attributed to reducing conditions. 

 
• Manganese.  Detected in each of the 6 PRRWP groundwater samples (5.6 to 

1,170 µg/L), though only one (from BED-MW23) exceeded the BSC (636 µg/L).  
The concentrations of manganese detected in filtered fractions of the two samples 
from BED-MW23 were nearly as high as those of the unfiltered fractions (988 and 
212 µg/L).  This well was reported in April 2002 as having a “strong polynuclear 
aromatic hydrocarbon (PAH) odor” and hydrogen sulfide, which is indicative of 
reducing conditions.  It is possible that the presence of naturally occurring 
petroleum (see below) and reducing conditions have influenced the water 
chemistry, and not necessarily the sampling method.  This is based on the 
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observation that most of the manganese in the sample with highest concentration 
was apparently in dissolved form.  The WRS results (p=0.86) indicate no statistical 
difference between PRRWP and PBOW background samples, though there are 
considerable uncertainties associated with the small sample size of the site data.   

 
• Thallium.  Detected in only 1 of the 6 PRRWP bedrock groundwater samples 

(50.8 in BED-MW15 collected in May 1998).  The filtered fraction of this same 
sample had an even slightly higher concentration (62 µg/L).  Thallium was 
detected in no other filtered or unfiltered fraction.  It was not detected in any of the 
123 PRRWP soil samples nor any of the 31 overburden groundwater samples.  
Therefore, the lone detection of thallium does not appear to be related to 
conditions associated with former site activities and may be an unusual 
occurrence, regardless of the source. 

 
• DNTs, 4-ADNT, Nitrobenzene.  Assumed to related to former site activities. 
 
• 2-Methylnaphthalene.  Detected in each of the 6 PRRWP groundwater samples 

(22 to 37 µg/L).  BED-MW23 was reported to have a “strong PAH odor” and the 
other PRRWP bedrock well, BED-MW15 was reported in April 2002 as leaving 
“an oil sheen” on the water level tape after measuring.  2-Methylnaphthalene was 
not detected in any of the 31 overburden groundwater samples nor in any of the 19 
soil samples in which it was analyzed for.  Based on the lack of 2-methylnaph-
thalene in the overburden groundwater or soil column at the PRRWP, and the 
reported evidence of apparently naturally occurring petroleum, it is likely that the 
presence of 2-methylnaphthalene is associated with naturally occurring petroleum. 

 
• 4-Methylphenol.  Detected in each of the 6 PRRWP groundwater samples (3.9 

to 43 µg/L).  BED-MW23 was reported to have a “strong PAH odor” and the other 
PRRWP bedrock well, BED-MW15 was reported in April 2002 as leaving “an oil 
sheen” on the water level tape after measuring.  4-Methylphenol was not detected 
in any of the 31 overburden groundwater samples nor in any of the 19 soil samples 
in which it was analyzed for.  Based on the lack of 4-methylphenol in the 
overburden groundwater or soil column at the PRRWP, and the reported evidence 
of apparently naturally occurring petroleum, it is likely that the presence of 4-
methylphenol is associated with naturally occurring petroleum. 

 
• bis(2-Ethylhexl)phthalate.  Reported in each of the 6 PRRWP groundwater 

samples (1.8 to 37 µg/L), though it was eliminated as blank contaminated in one of 
the samples (28 µg/L in BED-MW15 in May 1998).  It was not reported in any of 
the 19 soil samples in which it was analyzed, and was detected in only 2 of the 31 
overburden groundwater samples (3.2 and 10 µg/L).  Because BEHP was not 
found in site soils, is not known to have been used on site, was not prevalent in 
overburden groundwater, is a common laboratory contaminant, and was present in 
PRRWP groundwater at concentrations consistent with laboratory contamination, 
it is likely that BEHP is not truly present in PRRWP groundwater at detectable 
concentrations. 
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• Naphthalene.  Detected in each of the 6 PRRWP groundwater samples (2 to 31 

µg/L).  BED-MW23 was reported to have a “strong PAH odor” and the other 
PRRWP bedrock well, BED-MW15, was reported in April 2002 as leaving “an oil 
sheen” on the water level tape after measuring.  Naphthalene was detected in only 
1 of the 31 overburden groundwater samples (1.9 µg/L) and was not detected in 
any of the 19 soil samples in which it was analyzed for.  Based on the virtual lack 
of naphthalene in the overburden groundwater or soil column at the PRRWP, and 
the reported evidence of apparently naturally occurring petroleum, it is likely that 
the presence of naphthalene is associated with naturally occurring petroleum. 

 
• 1,1,2-Trichloroethane.  1,1,2-Trichloroethane was detected in 1 of the 6 

PRRWP groundwater samples at 4.9 J µg/L in the 1998 sample from BED-MW15.  
It was not detected in either of two subsequent samples from this well, nor was it 
detected in any of the 31 overburden groundwater samples or any of the site soil 
samples.   

 
• Acetone.  This common laboratory contaminant was reported in 4 of 6 PRRWP 

bedrock groundwater samples (87 J to 1600 J µg/L).  The highest detections (1,600 
and 1400 J µg/L) were reported in BED-MW23, which also exhibited the highest 
BTEX concentrations (e.g., benzene at 2,100 and 2,500 µg/L).  It was reported in 5 
of 6 overburden groundwater samples at much lower concentration (20 J to 70 J 
µg/L), and was qualified “B” as blank contaminated or “R” rejected in 25 others.  
It was detected in 1 of 18 soil samples at a low concentration (0.0082 J mg/kg) and 
was qualified “B” as blank contaminated in one other.  Its absence from soil, high 
frequency of blank contamination in overburden groundwater, lower 
concentrations in overburden groundwater, and possible apparent correlation with 
BTEX in bedrock groundwater indicate that acetone is not related to former site 
operations. 

 
• Benzene.  Detected in each of the 6 PRRWP groundwater samples (570 to 2,500 

µg/L).  BED-MW23 was reported to have a “strong PAH odor” and the other 
PRRWP bedrock well, BED-MW15, was reported in April 2002 as leaving “an oil 
sheen” on the water level tape after measuring.  Ethylbenzene was detected at 
much lower concentrations (0.14 to 0.48 J µg/L) in 4 of the 31 overburden 
groundwater samples and was not detected in any of the 19 soil samples in which 
it was analyzed for.  Based on the near lack of benzene in the overburden 
groundwater or soil column at the PRRWP, and the reported evidence of 
apparently naturally occurring petroleum, it is likely that the presence of benzene 
is associated with naturally occurring petroleum. 

 
• Ethylbenzene.  Detected in each of the 6 PRRWP groundwater samples (130 to 

230 µg/L).  BED-MW23 was reported to have a “strong PAH odor” and the other 
PRRWP bedrock well, BED-MW15, was reported in April 2002 as leaving “an oil 
sheen” on the water level tape after measuring.  Ethylbenzene was detected at 
much lower concentrations (0.17 J to 1.5 µg/L) in 4 of the 31 overburden 
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groundwater samples and was not detected in any of the 19 soil samples in which 
it was analyzed for.  Based on the near lack of ethylbenzene in the overburden 
groundwater or soil column at the PRRWP, and the reported evidence of 
apparently naturally occurring petroleum, it is likely that the presence of 
ethylbenzene is associated with naturally occurring petroleum. 

 
• Methylene chloride.  Detected in each of the 4 PRRWP groundwater samples 

(31 J to 160 µg/L).  Methylene chloride, recognized as a common laboratory 
contaminant, was also reported in two other samples PRRWP bedrock 
groundwater samples (31 and 83 µg/L respectively), but was qualified as not 
significantly different from the blanks.  Methylene chloride was also reported in 
several of the overburden groundwater samples, but in each of these was qualified 
“B” as blank contaminated.  It was detected in 2 of the 19 soil samples (0.0018 J 
and 0.0021 J µg/L, respectively) in which it was analyzed for.  Based on an almost 
total lack of methylene chloride in soils and overburden groundwater, as well as 
the observation that levels of methylene chloride reported in PRRWP bedrock 
groundwater are consistent with those found in laboratory blanks, it is concluded 
that reported methylene chloride levels are likely associated with blank 
contamination. 

 
• Toluene.  Detected in each of the 6 PRRWP groundwater samples (460 to 1,000 

µg/L).  BED-MW23 was reported to have a “strong PAH odor” and the other 
PRRWP bedrock well, BED-MW15, was reported in April 2002 as leaving “an oil 
sheen” on the water level tape after measuring.  Toluene was detected at much 
lower concentrations (1.5 and 1.7 µg/L) in 2 of the 13 overburden groundwater 
samples; it was reported in several others which were associated with blank 
contamination.  It was detected in only 1 of the 19 soil samples (0.0018 J µg/L) in 
which it was analyzed for.  Based on the virtual lack of toluene in the overburden 
groundwater or soil column at the PRRWP, and the reported evidence of 
apparently naturally occurring petroleum, it is likely that the presence of toluene is 
associated with naturally occurring petroleum. 

 
• Xylenes.  Detected in each of the 6 PRRWP groundwater samples (880 to 1,600 

µg/L).  BED-MW23 was reported to have a “strong PAH odor” and the other 
PRRWP bedrock well, BED-MW15, was reported in April 2002 as leaving “an oil 
sheen” on the water level tape after measuring.  Xylenes were detected at much 
lower concentrations (0.44 J to 8 µg/L) in 4 of the 30 overburden groundwater 
samples and was not detected in any of the 19 soil samples in which they were 
analyzed for.  Based on the near lack of xylenes in soil, the relatively low 
concentrations in PRRWP overburden groundwater, and the reported evidence of 
apparently naturally occurring petroleum, it is likely that the presence of xylenes 
are associated with naturally occurring petroleum. 

 

West Area Red Water Pond.  A WRS test could not be run because too few bedrock 

groundwater samples were available from the site. 
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• Arsenic.  Detected in 2 of the 3 samples (6.1 and 9.5 µg/L), one of which 

exceeded the BSC (7.4 mg/kg).  Similar concentrations were also found in the 
filtered fractions of these samples.  This exceedance is only marginal and the 
MDC in arsenic is still generally consistent with concentrations found in PBOW 
background.  Thus, arsenic in West Area Red Water Ponds (WARWP) area 
groundwater is likely associated with background. 

 
• Cobalt.  Detected in 2 of the 3 samples (102 and 267 µg/L), both of which are 

well above the BSC (12.1 µg/L).  Similar concentrations were also found in the 
filtered fractions of these samples.  Cobalt was also detected in 6 of 15 overburden 
groundwater samples (68.4 to 264 µg/L).  Cobalt was also detected in 47 of 56 
WARWP soil samples, but at concentrations well within the PBOW background 
range (background MDC=116 mg/kg).   

 
• Nickel.  Detected in each of the 3 WARWP bedrock groundwater samples (45.5 to 

278 µg/L) at a concentration exceeding the BSC (8.6 µg/L), and 2 of which exceed 
the RBSC (73 µg/L).  The concentration in each of the respective filtered fractions 
was similar.  Soil concentrations were identified as within background levels.  
Based on the bedrock groundwater concentrations, nickel in groundwater appears 
to be site related. 

 
• Vanadium.  Detected in 1 of 2 samples at 5.5 J µg/L.  The filtered fraction of this 

sample had approximately the same concentration (5.8 J µg/L).  Both of these 
values are an order of magnitude less than the RL of 50 µg/L, which casts 
considerable uncertainty upon the vanadium analytical results from this well.  
Vanadium was reported in another sample from this well at 2.4 µg/L, but was 
qualified “B” as blank contaminated.  Vanadium was detected in 5 of 15 
overburden direct-push groundwater samples at concentrations of 62 to 381 µg/L, 
but each of these was ND in the filtered fraction.  This indicates that vanadium in 
overburden groundwater was associated with suspended particulates resulting from 
the sampling technique.  Concentrations of vanadium in bedrock groundwater are 
consistent with blank contamination.   

 
• 2,4-Dinitrophenol, 4,6-Dinitro-2-methylphenol, 3-Nitroaniline, 

Nitrobenzene.  Assumed to be site related. 
 

• 2,4-DNT.  Reported as detected in 2 of 4 bedrock groundwater samples in the 
semivolatile organic compound (SVOC) analysis (16 and 19 µg/L; RL of 10 µg/L) 
but was reported as a ND in the associated more-sensitive explosives analysis 
(RLs of 0.1 and 1.0 µg/L, respectively).  It was detected in 9 of 23 overburden 
groundwater samples via nitroaromatics analysis at concentrations of 1.1 J to 660 
µg/L.  It was detected in 15 of 96 soil samples, at concentrations of 0.3 J to 6.3 
mg/kg.  2,4-DNT is regarded as site related, but its concentration is considered 
highly uncertain because of the disparity between nitroaromatics and SVOC 
analyses.  
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• Benzene.  Detected in 1 of 4 WARWP bedrock groundwater samples at a 

concentration of 1.1 µg/L.  It was detected in 2 of 23 overburden groundwater 
samples (0.13 to 0.15 J µg/L).  Benzene was not detected in any of the 19 soil 
samples.  Given the presence of petroleum in the limestone formation, it is likely 
that benzene in this sample is associated with naturally occurring petroleum. 

 
• Nitrate.  Detected in 3 of 3 WARWP bedrock groundwater samples (22,000 to 

79,300 µg/L).  Also detected in 3 of 6 overburden groundwater samples at 200 to 
62,000 µg/L.  Nitrate was also detected in 7 of 28 background bedrock 
groundwater samples at concentrations ranging from 390 to 22,000 µg/L.  
Although nitrates are present at substantial concentrations in background 
groundwater, they appear to be at higher concentrations in WARWP groundwater.  
Also, it is noted that the site was formerly used for the manufacture of nitric acid 
as well as nitrogen-containing explosives. 

 
• Nitrate-Nitrite.  Detected in the lone bedrock groundwater sample in which it 

was analyzed (300 µg/L).  Nitrate-nitrite was not analyzed for in the background 
groundwater data set.  (Nitrate-nitrite was also detected in 2 of the 4 overburden 
groundwater samples [100 and 80,000 µg/L] in which it was analyzed for.)  Also, 
it is noted that the site was formerly used for the manufacture of nitric acid as well 
as nitrogen-containing explosives. 

 

Downgradient Bedrock Wells.  Because these wells were not limited to a geographic area, 

the MDCs were used for the BHHRA. 

 

Hydrocarbons were found at depth on the cores during drilling of 4 of the 6 downgradient wells:  

BED-MW22; BED-MW24; BED-MW27; and BED-MW30.  The boring logs of the other two 

wells indicated “black staining” at 61 to 63 feet bgs in BED-MW17 and at 36 to 39 feet bgs in 

BED-MW19, and hydrogen sulfide was evident in both of these wells during sampling.  Well 

BED-MW27 was abandoned at the results of local residents due to it high hydrogen sulfide odor.  

Hydrogen sulfide at PBOW seems to be correlated with the presence of petroleum hydrocarbons. 

 
• Chromium.  Detected in 5 of 28 downgradient samples (1.6 J to 24.4 µg/L).  

Three of these samples were collected using low-flow technique, but the detected 
concentrations in these were less than 2 µg/L, except for one sample collected 
from BED-MW24 in July 2002 (9.4 µg/L).  Chromium was not detected in the 
other 9 unfiltered fractions collected from this well, and it was not detected in the 
filtered fraction of the lone detect from this well.  Neither was it detected in the 
filtered fraction of the bailer-collected sample with the MDC (BED-MW27 in 
April 2002).  Note that well BED-MW27 never produced enough water to be 
properly developed.  This coupled with the associated low well yield indicates that 
BED-MW27 is not representative of site groundwater in general.  Chromium does 
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not appear to be site related.  It has only appeared at very low concentrations 
which are less than the RLs. 

 
• Iron.  Detected in 16 of 27 bedrock groundwater samples (48.3 to 257,000 µg/L), 

5 of which exceeded the BSC (1,550 µg/L).  Of these 5 samples, 4 were collected 
using a bailer; the only sample among these 5 collected using low-flow technique 
had a concentration (1,225 µg/L, average of two duplicates [2,220 and 1,030 µg/L] 
collected in May 2004 at BED-MW22) not greatly exceeding the BSC.  The 
highest concentrations, by far, were collected from well BED-MW27 (31,600, 
43,100, and 257,000 µg/L).  Among the filtered fractions, iron was detected at an 
MDC (1,460 µg/L) that is less than the BSC; the filtered fractions of 3 of these 
samples (with BSC exceedances in the corresponding unfiltered fraction) ranged 
from 144 to 189 µg/L, well below the BSC.  The WRS results (p=0.41) do not 
suggest site relatedness.  Iron does not appear to be truly elevated. 

 
• Manganese.  Detected in 25 of 27 downgradient samples (2.0 J to 4,660 µg/L).  

It was detected in three samples exceeding the BSC (636 mg/L); each of these was 
from BED-MW27 (660, 1,250, and 4,660 µg/L, respectively).  The corresponding 
BED-MW27 filtered fractions had two samples (816 and 1,460 µg/L) with 
concentrations exceeding the BSC concentrations ranging from 141 to 1,460 µg/L.  
The WRS results indicate that downgradient and background data sets are not 
equivalent (p=0.01).  However, if the results from BED-MW27 are removed from 
the downgradient data set, then the mean manganese concentration of the 
downgradient data (28.4 µg/L) is clearly less than that of the background data set 
(81.2 µg/L).  This indicates that aside from BED-MW27, the downgradient wells 
are generally in the lower range of what would be expected in PBOW background.  
Only low concentrations (1.2 to 2.6 µg/L) of nitroaromatics were detected in BED-
MW27.  Thus, the apparently reducing conditions evidenced by the presence of 
hydrogen sulfide which may be responsible for the elevated manganese in BED-
MW27, are not the result of site contamination.  Therefore, manganese is not 
regarded as site related.   

 
• DNTs, 2-Nitrotoluene, and Nitrobenzene.  Assumed to be site-related. 
 
• 2-Methylnaphthalene.  Detected in 25 of 30 downgradient groundwater 

samples (1.4 to 24 µg/L), 4 of which exceed the RBSC (12 µg/L).  Three of these 
RBSC exceedances, including the MDC, are associated with BED-MW27.  This 
well was abandoned because of high hydrogen sulfide emissions.  The core was 
stained with naturally occurring hydrocarbons from 41 to 105 feet bgs.  BTEX 
compounds were also found in this well at some of the highest concentrations 
among the downgradient wells.  The other RBSC exceedance was associated with 
BED-MW17, which also had relatively high concentrations of BTEX.  2-MN in 
these wells appears to be the result of naturally occurring hydrocarbons.   

 
• bis(2-Ethylhexyl)phthalate.  Reported as detected in 6 of 27 samples (2.3 J to 

9.7 J) used in the BHHRA.  This common laboratory contaminant was also 
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reported in 3 additional samples, but at concentrations (4.6 to 24 µg/L) qualified 
“B” as not significantly greater than the blank.  Detected concentrations of BEHP 
are well within the range of the “B”-qualified data.  Thus, BEHP does not appear 
to be site related. 

 
• Naphthalene.  Detected in 31 of 30 downgradient groundwater samples (2.1 to 

18 µg/L).  Each of these are associated with BTEX compounds, with the highest 
naphthalene concentrations associated with well BED-MW17 and BED-MW27.  
The latter well was abandoned because of high hydrogen sulfide emissions, and 
the core was stained with naturally occurring hydrocarbons from 41 to 105 feet 
bgs.  Naphthalene in these wells, and other downgradient wells, appears to be the 
result of naturally occurring hydrocarbons.   

 
• Benzene.  Detected in 26 of 30 samples (0.195 to 130 µg/L), with at least 1 

benzene detection in each of the downgradient bedrock wells.  As mentioned, 
petroleum hydrocarbons were found at depth in these wells located in the 
Limestone.  Therefore, it is likely that the benzene in these wells is associated with 
naturally occurring petroleum. 

 
• Chlorobenzene.  Detected in 2 of 30 samples, at 2.2 J and 11 J µg/L in wells 

BED-MW17 and BED-MW19, respectively.  It is noted that each of these was 
reported in the May 2004, but in none of the other 10 samples collected from these 
two wells.  Also, each of the reported values is an order of magnitude below the 
RLs of 20 and 100 µg/L, respectively.  Therefore, it appears likely that 
chlorobenzene is not truly present in groundwater or is not at all prevalent. 

 
• Methylene chloride.  Reported in 12 of 26 samples (5.95 J to 98 J µg/L) used in 

the BHHRA.  Each of the reported detections was at a concentration equal to or 
less than one-half the RL.  This common laboratory compound was also reported 
in four other samples not used in the BHHRA because they were “B” qualified as 
blank contaminated. 

 
• Toluene.  Detected in 25 of 28 samples (1.2 to 180 µg/L), with at least 1 xylene 

detection in each of the downgradient bedrock wells.  Consistent with the 
analytical results of the other BTEX compounds, naphthalene, and 2-
methylnaphthalene, the highest concentrations were detected in wells BED-MW17 
and BED-MW27.  As mentioned, petroleum hydrocarbons were found at depth in 
these wells located in the Limestone.  Therefore, it is likely that the toluene in 
these wells is associated with naturally occurring petroleum. 

 
• Xylenes.  Detected in 27 of 30 samples (6.4 to 560 µg/L), with at least 1 xylene 

detection in each of the downgradient bedrock wells.  Consistent with the 
analytical results of the other BTEX compounds, naphthalene, and 2-
methylnaphthalene, the highest concentrations were detected in wells BED-MW17 
and BED-MW27.  As mentioned, petroleum hydrocarbons were found at depth in 
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these wells located in the Limestone.  Therefore, it is likely that the xylenes in 
these wells is associated with naturally occurring petroleum. 

 
• Cyanide.  Detected in 2 of 28 samples, at 16 and 320 µg/L.  Both of these are 

substantially less than the RL of 1,000 µg/L, and only the MDC exceeded the 
RBSC (73 µg/L).  Cyanide was not detected at concentrations exceeding the 
RBSC in any of the on-site samples; thus, cyanide does not seem to be site related 
or prevalent. 
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Table H-1 
 

Synopsis of Evaluation for Site Relatednessa 
 

TNT Area A 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusionb 

Aluminum No Sampling methodc 

Arsenic No Sampling method 
Chromium No Sampling method 
Iron No Sampling method 
Lead No Sampling method 
Manganese No Sampling method 
Nickel No Sampling method 
Vanadium No Sampling method 
2,4-Dintirotoluene Yes Site historyd 

2,6-Dinitrotoluene Yes Site history 
4_amino-2,6-dinitrotoluene Yes Site history 
2-Nitrotoluene Yes Site history 
1,3-Dinitrobenzene Yes Site history 
Nitrobenzene Yes Site history 
Benzene No Natural petroleume 

Chloromethane No Infrequent, low detection; not found in other media 
Ethylbenzene No Natural petroleum 
Methylene chloride No Laboratory artifactf 

Toluene No Natural petroleum 
Xylenes No Natural petroleum 
Naphthalene No Natural petroleum 
2-Methylnaphthalene No Natural petroleum 
Bis(2-ethylhexyl)phthalate No Laboratory artifact 
Chrysene No Natural petroleum 
Dibenzofuran No Natural petroleum 
Fluorene No Natural petroleum 
Phenanthrene No Natural petroleum 

TNT Area B 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusion 

Aluminum No Sampling method 
Arsenic No Sampling method 
Chromium No Sampling method 
Iron No Natural reducing conditions are responsible for dissolved iron 
Lead No Sampling method 
Manganese No Natural reducing conditions are responsible for dissolved 

manganese 
Vanadium No Sampling method; not found above background in soil 
2-Methylnaphthalene No Natural petroleum 
Naphthalene No Natural petroleum 
Benzene No Natural petroleum 
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TNT Area C 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusion 

2-Methylnaphthalene No Natural petroleum 
Bis(2-ethylhexyl)phthalate No Laboratory artifact 
Naphthalene No Natural petroleum 
Benzene No Natural petroleum 
Bromomethane No Not present in duplicate or in other site media 
Methylene chloride No Laboratory artifact 
Toluene No Natural petroleum 
Xylenes No Natural petroleum 

Pentolite Road Red Water Pond Area 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusion 

Chromium No Sampling method 
Iron No Natural reducing conditions are responsible for dissolved 

iron 
Manganese No Only 1 well exceeds background and not greatly; wells 

generally at background; WRS resultsg indicate no 
difference; natural reducing conditions present 

Thallium No Infrequent detection; not present in other media 
2,4-Dintirotoluene Yes Site history 
2,6-Dinitrotoluene Yes Site history  
4-Amino-2,6-dinitrotoluene Yes Site history 
Nitrobenzene Yes Site history 
2-Methylnaphthalene No Natural petroleum 
4-Methylphenol No Laboratory artifact 
Bis(2-ethylhexyl)phthalate No Natural petroleum 
Naphthalene No Natural petroleum 
1,1,2-Trichloroethane No Infrequent, low detection; not present in other media 
Acetone No Laboratory artifact (looks correlated with presence of natural 

petroleum-related compounds; not present in other media 
Benzene No Natural petroleum 
Ethylbenzene No Natural petroleum 
Methylene chloride No Laboratory artifact 
Toluene No Natural petroleum 
Xylenes No Natural petroleum 

West Area Red Water Ponds Area 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusion 

Arsenic No Concentrations essentially same as background 
Cobalt Yes Filtered samples exceed background 
Nickel Yes Filtered samples exceed background 
Vanadium No Laboratory artifact 
2,4-Dinitrophenol Yes Site history 
4,6-Dinitro-2-methylphenol Yes Site history 
2,4-Dinitrotoluene Yes Site history 
3-Nitroaniline Yes Site history 
Nitrobenzene Yes Site history 
Benzene No Natural petroleum 
Nitrate Yes Exceed background; site history 
Nitrate-nitrite Yes Site history 
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Downgradient Bedrock Wells 

COPC 
Identified as 
Site Related? Rationale for Inclusion/Exclusion 

Chromium No Sampling method 
Iron No Sampling method 
Manganese No Sampling method 
2,4-Dinitrotoluene Yes Site history 
2,6-Dinitrotoluene Yes Site history 
2-Nitrotoluene Yes Site history 
Nitrobenzene Yes Site history 
2-Methylnaphthalene No Laboratory artifact 
Bis(2-ethylhexyl)phthalate No Laboratory artifact 
Naphthalene No Natural petroleum 
Benzene No Natural petroleum 
Chlorobenzene No Infrequent detection at low concentration; not present in on-

site soil or groundwater 
Methylene chloride No Laboratory artifact 
Toluene No Natural petroleum 
Xylenes No Natural petroleum 
Cyanide No Infrequent detection at low concentration; not identified as a 

COPC in on-site groundwater. 
COPC - Chemical of potential concern. 

 
a  As explained in the text of this appendix, an attempt was made to err on the side of inclusion as site related, rather 
than exclusion. 
b  These rationale are presented in abbreviated format.  Refer to the text of this appendix for a more complete 
evaluation of each COPC.   
c  “Sampling method” indicates that COPC is likely present at relatively high concentration due to the sampling 
method; this generally refers to the use of bailer-collected samples couple with likely high turbidity.   
d  “Site history” means that the chemical is included based on the facility’s former use as an ordnance manufacturing 
facility.    
e  “Natural petroleum” indicates that the COPC is likely associated with naturally occurring petroleum, prevalent in the 
local region. 
f  “Laboratory artifact” generally means that other data points within the data set were qualified “B” blank at 
comparable or greater concentrations. 
g  “WRS results” refers to the results of the Wilcoxon Rank-Sum comparison of site to background data.  WRS results 
are only mentioned where they were appropriate for consideration.  Unless stated otherwise. “WRS results” was used 
as a basis for inclusion as site-related; i.e., the WRS tests indicated that the site data set had greater concentrations 
than the background data set.  WRS statistical output is provided in Appendix C to the BHHRA. 
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Draft Baseline Human Health Risk Assessment of Groundwater 
Plum Brook Ordnance Works 

March 10, 2006 
 

Comments by Mark Bohne, Co-Chairman, Plum Brook Ordnance Works Restoration Advisory 
Board, received by the U.S. Army Corps of Engineers (USACE)–Huntington District 
May 5, 2006: 
 
Comment 1: My comments relate to our discussion at the December RAB meeting 

concerning two issues.  First, the affect of the de-watering of the site by the 
NASA “pump and filter” system to alleviate contamination issues from 
underground storage tanks, and the sump used at the reactor site to keep 
the site dry.  Also, Mike Gunderson indicated that Wagner Quarries may 
also be contributing to the de-watering (an indication that a pathway for 
site groundwater to migrate off-site.)  I feel these issues need to be 
researched to determine what affects there are to the past, present, and 
future groundwater research at Plum Brook. 

 
Response 1: The on-site reactor sumps and the overburden remediation system remove a 

limited amount of water from the aquifer system relative to total groundwater 
flow through the site.  However, as noted in the RAB meeting, the amount of 
groundwater being removed by the Wagner Quarry is much more significant.  
Regardless, the most important factor in the groundwater studies being 
conducted at PBOW is the determination of the mass of contamination that 
could potentially enter the bedrock groundwater.  This determination is based 
on analytical results from soil and groundwater samples and from contaminant 
transport modeling of the unsaturated and saturated zones.  Currently, only 
limited contamination has been detected in the bedrock groundwater.  If 
modeling suggests that unacceptable concentrations of contaminants will leach 
from the overburden to the bedrock in the future, remedial alternatives will be 
evaluated in the on-going groundwater feasibility study to address these sources.  
By addressing source area contamination before it has time to leach to the 
groundwater, further evaluation of the alteration of groundwater flow paths by 
groundwater extraction may not be necessary as part of the contaminant studies.  
In addition, long-term lowering of bedrock water levels (i.e., dewatering) are 
interpreted to be insignificant at the PBOW site due to distance from the 
Wagner Quarry and also the low rates of groundwater extraction from the 
reactor area sump and remediation wells.   

 
Comment 2: The second consideration is the oil-like contamination in the monitoring 

wells.  Testing should be done to identify the true source.  While some 
speculation has been made about the contaminants being “naturally-
occurring,” only testing will assure the contamination is not from another 
source relating to site usage over the past sixty plus years.  This is called 
“fingerprinting.” 
 
Bennett & Williams made some recommendations for the RAB to present 
to the Army Corps relative to the groundwater studies.  The first 
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recommendation would be to recommend that the “fingerprinting” testing 
be performed in the near future on the oil-like contamination.  Bob Lallier 
(NASA) indicated in December, that NASA will be performing the testing, 
but it would be wise if that testing was performed with input from the 
Army Corps and their contractors. 
 
The second recommendation was that Shaw use a second model (the USDA 
Root Zone Water Quality Model or “RZWQM”) to cross-check their 
present model (the US EPA Vadose Zone Leaching and Saturated Zone 
Mixing Model or “VLEACHSM”), to bolster their research.  As mentioned 
in Bennett & William’s teaching document, RZWQM has a fracture 
module that is calibrated for Ohio’s Type II rainfall events, and has been 
calibrated in Ohio for Ohio soils. 

 
Response 2: It is agreed that fingerprinting of the petroleum-related materials present as free 

product in some of the wells, and as an oily sheen in others, is a useful exercise.  
It is the Corps’ understanding that NASA has collected a sample for 
fingerprinting from elsewhere on PBOW.  However, as of September 5, 2006, 
the analytical results of this sample were not yet available.  For the sites 
evaluated in the groundwater BHHRA, it was apparent that the petroleum-
related compounds encountered are naturally occurring based on the following 
observations:  1) A lack of petroleum-related compounds in the overburden soil 
or groundwater; 2) A lack of petroleum during drilling until reaching a 
substantial depth (minimum depths of 33 to 68 feet below ground surface, 
depending on the well); 3) The presence of naturally occurring petroleum within 
the region.  With respect to use of the USDA Root Zone Water Quality Model, 
please see the response to Julie Weatherington-Rice’s Comment No. 2. 

 
Comment 3: The third recommendation is to request the possibility of installing 

additional monitoring wells to be placed in the overburden/shale and 
limestone on the northern and eastern boundary of the Plum Brook facility.  
Shaw has recommended that the groundwater models be rerun as more 
information is developed for the site outside the surrounding boundaries.  
More monitoring wells would provide more data and calibration points for 
their research.  With all modeling techniques, there are a certain number 
of assumptions made based on available data.  More data translates into 
more informed assumptions affording better research. 

 
Response 3: Comment noted for future reference.  The BHHRA must be based on data 

collected to date so that the project schedule may be adequately maintained.  
The necessity for additional monitoring wells along the northern and eastern 
perimeter will be contingent on conclusions drawn from the groundwater 
feasibility study. 
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Comments by Julie Weatherington-Rice, Bennett & Williams Environmental Consultants, Inc.,  
Plum Brook Ordnance Works Restoration Advisory Board, received by the U.S. Army Corps of 
Engineers (USACE), Huntington District, April 28, 2006: 
 
General Comment 
 
Comment 1: Since we are not providing an editorial proof review of this document, we 

will not include information regarding grammar, punctuation, and 
spelling.  We are assuming that level of review will be developed by others.  
There is, however, one item that we wish to note.  For the most part, in 
Ohio, when geologic and hydrogeologic documents are written, the 
authoring agencies and organizations usually adhere to the National 
Ground Water Association (headquartered here in Central Ohio) standard 
of writing “ground water” as two words, like “drinking water” and 
“surface water.”  When used as a modifying term, it is hyphenated as 
“ground-water”.  While there are other schools of thought in this matter, 
regarding spelling of the term it is disconcerting to an Ohio reader to read 
through a text of this length with the word consistently spelled as 
“groundwater”. 

 
Response 1: The USACE and Shaw are aware that there are two common ways to spell the 

term “groundwater” or “ground water”.  According to some historical accounts, 
the single word version gained use in the early 20th century based on the use by 
German engineers in the 1800s of the correct German word “Grundwasser”; 
apparently, use of this single word then started to appear as “groundwater” in 
English.  The U.S. Geological Survey objected and took the position in the late 
1920s-early 1930s that two words should be used.  There tended to be a 
dichotomy among engineers and geologists that to some extent exists to this 
day.   
 
Both the USACE and Shaw have many excellent and highly qualified geologists 
and engineers who may spell the term as one word.  For a variety of reasons, 
Shaw has made the decision to use the term as one word unless instructed 
otherwise by a client.  A web search will turn up the terms “groundwater” and 
“ground water” as a common example of a term with two conventions regarded 
as correct.  Currently, college-level textbooks and course names may use either 
spelling of the term.  Even though many individuals maintain that two words 
should be used, the single word term may be gaining usage.  An evidence of this 
is that the on-line version of both the Encyclopedia Britannica and Merriam-
Webster’s Dictionary list exclusively the one-word version.  The term is listed 
only as a single word in Microsoft Network Encarta Dictionary, though “ground 
water” is offered as an alternative spelling.  However, the on-line American 
Heritage Dictionary lists the term as two words, and offers “groundwater” as an 
alternative spelling.   
 
In summary, there is no universal consensus on which convention to use.  
Neither convention can authoritatively be called “incorrect,” though either may 
be properly asserted as correct.  Certain publications require a particular 
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convention for consistency and/or other reasons which must be followed by 
authors publishing therein. However, such requirements do not constitute, to 
date, a general consensus.  PBOW documents have been submitted using the 
single word to this point.  For the sake of consistency, use of the single word 
“groundwater” will continue in the final BHHRA.   

 
Baseline Risk Assessment Report 
 
Comment 1: We note that the report uses the standard “risk assessment” protocol and 

references the standard references. 
 
Response 1: Agreed. 
 
Comment 2: We appreciate that the final risk assessment for each site is determined by 

residential land use, private well installation, and risk for a child.  This is 
the most conservative level of review and requires the greatest level of 
clean-up, but it also grants the greatest flexibility in future land use 
decisions. 

 
Response 2: Comment noted. 
 
Comment 3: We have some technical concerns about the leaching and ground water 

flow modeling which will be addressed in that section of the report. 
 
Response 3: Responses to comments on the PBOW groundwater model are provided below. 
 
Comment 4: We note, that where possible, the collected data has gone through statistical 

“smoothing”. 
 
Response 4: Comment noted.  The statistical approach taken to determine exposure point 

concentrations is provided in Section 3.2 of the BHHRA and is consistent with 
that described in the BHHRA work plan. 

 
Comment 5: We note the concerns about using ground water chemical analyses from 

wells that have not been sampled by both low-flow sampling techniques 
and by bailer sample collection.  We recognize the difficulty of 
intermingling the two sets of data but agree that, given the situation, all 
data should be used wherever possible. 

 
Response 5: Comment noted. 
 
Comment 6: We recognize that while every chemical of potential concern does not 

trigger a remediation effort at each site, the determination for remediation 
will be determined by the most limiting agent as it is encountered, in this 
case, in the ground water. 

 
Response 6: Agreed. 
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Comment 7: We note that where chemicals of potential concern can be attributed to 
laboratory contamination, they are. 

 
Response 7: Comment noted. 
 
Comment 8: We note that where chemicals of potential concern can be attributed to 

natural background materials, they are where possible, especially as noted 
with arsenic, iron, and manganese. 

 
Response 8: Comment noted.  Iron and manganese in the PRRWP Area, and iron in TNTB, 

have been re-categorized in the Final BHHRA as non-site related based on 
strongly reducing conditions. 

 
Comment 9: We note that Section 10.2 “Conclusions” states that current site bedrock 

concentrations and downgradient boundary exceeds the respective risk 
management criteria for residential use. 

 
Response 9: Comment noted.  We emphasize that exceedance of risk criteria must be 

evaluated under the assumption that groundwater will be used as a drinking 
water source. 

 
Comment 10: We found the tables extremely helpful in the clarification of the 

information presented in the text.  We especially appreciated the Table 2 
series and the Table 6 series.  We also found the Table 9 series to provide 
helpful summaries of the risk assessment research. 

 
Response 10: The kind words are appreciated.  We strive to communicate accurately and 

effectively.   
 
Appendix D, PBOW Site Groundwater Model 
 
Comment 1: We noted that the soil and overburden leaching model used on this project 

is the US EPA “Vadose Zone Leaching and Saturated Zone Mixing Model” 
(VZLEACHSM).  This model was developed by the US EPA for national 
application.  It works on the premise of primary porosity (matrix flow).  
We noted on page 4-2, that the input Hydraulic Conductivity (ft/day) for 
the Unsaturated Zone of this model was a recharge rate of 0.025 ft/yr.  How 
was this number developed? 
 
When developing site hydraulic conductivity numbers to input into a 
surficial and overburden model, excellent references include the following: 

 
 Haefner, RJ.  2000.  Characterization methods for fractured glacial tills.  

Ohio J Sci 100(3/4):73-87, 2006. 
 
 Kim EK, Christy AD.  2006.  Use of soil texture analysis to predict 

subsurface fracturing in glacial tills and other unconsolidated materials.  
Ohio J Sci 106(2):22-26, 2006. 
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Response 1: There was no site-specific data for the vertical hydraulic conductivity in the 

unsaturated zone.  The input value of 0.025 ft/yr was determined by the 
preliminary transport calibration in the unsaturated zone at soil boring TNTA-
SO080.  This was the only location where transport calibration could be 
completed due to availability of both soil and groundwater data for 
nitroaromatics.  As more data are collected in the future, such calibration can be 
modified and better results can be obtained if deemed necessary.  However, 
based on hydraulic conductivity values for the saturated overburden at PBOW 
and review of the references cited in the comment, the value selected (0.025 
ft/year) is interpreted to be representative of PBOW soils.   

 
Comment 2: We noted that there is a recommendation by Shaw to remodel the site as 

more information is gathered.  When this happens, USACE might want to 
request that VLEACHSM data be cross checked with information gathered 
by running the USDA Root Zone Water Quality Model (RZWQM) as well.  
While traditionally used for pesticide modeling, the RZWQM can be 
adjusted for other contaminants of concern by altering the partitioning 
coefficient in the input code.  Unlike VLEACHSM, RZWQM has a 
macropore module, is calibrated for Ohio’s Type II rainfall events, and has 
been calibrated here in Ohio with Ohio soils.  There is a significant body of 
literature published on this model.  USACE and Shaw can access this 
literature by starting with three Ohio papers recently published and 
working back through the cited references.  Those three papers are: 

 
 Malone, R.W., S. Logsdon, M. J. Shipitalo, J. Weatherington-Rice, L. 

Ajuja, L. Ma.  2003.  Tillage effect on macroporosity and herbicide 
transport in percolate.  Geoderma 116:191*215. 

 
 Malone RW, Shipitalo MJ, Meek DW.  2004.  Relationship between 

herbicide concentration in percolate, percolate breakthrough time, and 
number of active macropores.  Trans ASAE 47(5):1453-1456. 

 
 Malone, R. W., J. Weatherington-Rice, M. Shipitalo, N. Fausey, L. Ma, L. 

Ahuja, R. D. Wauchpe, Q. Ma.  2004.  Herbicide leaching as affected by 
macropore flow and within-storm rainfall intensity variation:  a RZWQM 
simulation.  Pesticide Management Science 60:277-285. 

 
 The conditions at the PBOW would most closely parallel “no-till” tillage 

conditions when reading literature discussing the RZWQM. 
 
Response 2: The recommendation to update the groundwater model is contingent on 

obtaining new soil and aquifer data that would alter the current interpretations at 
the site.  However, if new data become available and there are objectives that 
could be met through update of the groundwater model, the USACE will 
evaluate the necessity of using another vadose zone model such as the USDA 
Root Zone Water quality Model at that time. 
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Comment 3: On page 4-6, we noted in the first paragraph, a series of ranges for 
hydraulic conductivity for the overburden from a low of 0.0024 ft/day to a 
high of 212 ft/day.  This range of approximate five orders of magnitude is 
typical of materials that exhibit double-block and/or multiple porosities.  
The advantage of using a leaching model that allows for multiple hydraulic 
conductivities is that all the information collected can be honored.  In this 
case, the average hydraulic conductivity was calculated that was neither as 
fast as the most rapid macropore flow would allow or as slow as the matrix 
flow would control. 

 
Response 3: Comment noted.  The interpretation of soil data is complex due to widely 

spaced samples and the heterogeneity of soil, particularly in glacial sediments.  
Use of the average was deemed acceptable based on our modeling experience at 
this site and at other similar sites.   

 
Comment 4: The same situation is noted for the hydraulic conductivities in the Delaware 

Limestone although the range is not as large. 
 
Response 4: Comment noted.   
 
Comment 5: While it was noted in the report in several places that the Delaware 

Limestone is fractured and jointed and that water moves through the 
formation along the fractures, bedding planes and karstic portions of the 
formation, not enough information was available to use one of the more 
complex fractured bedrock flow models.  Therefore, the bedrock ground 
water flow model of choice for this exercise was USGS’s MODFLOW. 
 
MODFLOW was developed by the USGS to use in buried valley sand and 
gravel settings and for large-scale regional ground water modeling.  The 
model assumes an equivalent porous media behavior in the cells being 
modeled.  We first began using the model in 1984 on the mainframe of Ohio 
State University (Weatherington-Rice, 1985) and have used it “in house” at 
B&W since 1986.  It has been our experience that while it is not a successful 
model for contaminant transport over a short distance, which requires 
faster time of travel (which is usually through fractures and joints), on a 
larger scale over significant time, the results are acceptable if the input 
parameters are carefully controlled and calibrated.  The scale of this model 
is probably appropriate for a MODFLOW application. 
 
There are, however, some recent papers that address the problems of using 
double-block porosite models with somewhat limited data.  Several of these 
papers are as follows: 

 
 Helmke MF, Simpkins WW, Horton R.  2005.  Simulating conservative 

tracers in fractured till under realistic timescales.  Ground Water 
43(6):877-889. 
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 Jorgensen PR, Helpstrup T, Urup J, Seifert D.  2004.  Modeling of non-
reactive solute transport in fractured clayey till during variable flow rate 
and time.  J Contam Hydrol 68:193-216. 

 
 Jorgensen PR, McKay LD, Kistrup JP.  2004.  Aquifer vulnerability to 

pesticide migration through till aquitards.  Ground Water 42(6):841-855. 
 
 Klint KES, Gravesen P, Rosenbom A, Larouche C, Trenty L, Lethiez P, 

Sanchez F, Molinelli L, Tsakiroglou CD.  2004.  Mulit-scale 
characterization of fractured rocks used as a means for the realistic 
simulation of pollutant migration pathways in contaminated sites:  A case 
study.  Water, Air, and Soil Pollution:  Focus 4:201-214. 

 
Response 5: Comment noted.  The references cited will be further reviewed for future 

reference.   
 
Comment 6: We concur with Shaw’s recommendation that the model should be rerun as 

more information is developed for the site and outside the surrounding 
boundaries.  We concur with Mark Bohne’s suggestion that the pumping 
cones on site and the large quarry off site should be factored into the 
program inputs and outputs.  The information for the offsite quarry can be 
obtained from ODNR Division of Water, Water Withdrawal Section which 
should have records of annual pumping rates.  In addition, input of the 
dewatering elevation at the quarry may be useful in calibration.  
Additionally, more monitoring wells installed in the overburden and the 
bedrock at the northern and eastern boundaries of the site will enhance the 
static water level control built into the model and will allow for even better 
calibration.   

 
Response 6: Comment noted.  Please see response to Mark Bohne’s Comment No 3.   
 
 
Comments received from U.S. Army Corps of Engineers, Nashville District, May 5, 2006: 
 
Reviewer:  Jim Beaujon, Geologist 
 
Comment 1: Page 1-1, 2nd sentence after bullets:  The sentence beginning with 

“Therefore, as described” is not a complete sentence.  Please correct.  
 
Response 1: The sentence will be restructured and grammatically corrected. 
 
Comment 2: Page 1-4, Section 1.3, 2nd paragraph:  The statement is made- 

 
there are eight known permitted private wells within 1 mile downgradient of 
PBOW; it is unknown if any of these wells are currently used for drinking 
water or any other purpose.” 
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 In 2003 the USACE conducted a downgradient, private well mail survey 
and sampled some of the private wells for qualitative information 
concerning nitroaromatics in the downgradient groundwater.  USACE will 
provide SHAW with the results of this investigation if they haven’t already.  
Please incorporate the findings as appropriate in Section 1.3, Section 3.1, 
and elsewhere. 

 
Response 2: This information will be incorporated into the text.  The summary letter sent to 

participants in the survey and the analytical summary table will be appended.   
 
Comment 3: Page 2-7, two lines up from bottom of text:  There is an unintended 

paragraph break splitting a sentence. 
 
Response 3: This break will be removed. 
 
Comment 4: Page 3-7, last paragraph on page, sentence beginning with “For cancer 

evaluation”:  There appears to be a redundancy in the sentence as it gives 
the day equivalency of 70 years (25,550 days) and then states the 70 years 
should be “multiplied by 365 days/year”.  Please edit the sentence. 

 
Response 4: The phrase, “…multiplied by 365 days/year…” will be moved to before the 

parenthetical statement (25,550 days, the assumed human lifetime)”.  
 
Comment 5: Page 3-12, Section 3.2.2, 1st line:  I believe you intend the sentence to read 

“released from groundwater used as tap water”, rather than “released 
from groundwater and used as tap water”. 

 
Response 5: Text will be corrected consistent with this comment. 
 
Reviewer:  Lannae Long, Risk Assessor 
 
Comment 1: Section 2.3 and General:  Where are the low level nitroaromatics found in 

the downgradient wells?  Would it be possible to attach sample results for 
each AOC in an appendix?  I would like to be able to confirm calculations. 

 
Response 1: The four nitroaromatic COPCs were detected at least once among 5 of the 6 

downgradient wells.  These are characterized as follows: 
 

• 2,4-dinitrotoluene was detected only in MW-27 
• 2,6-dinitrotoluene was detected at its highest concentration in MW-27 
• 2-nitrotoluene was detected at its highest concentration in MW-17 
• Nitrobenzene was detected at its highest concentration in MW-17 (though 

each detection was essentially equal). 
 
 The reviewer has been sent the raw data electronically and has communicated 

that this would be sufficient. 
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Comment 2: Section 6.1.6, 1st sentence:  Re-write the phase “which more is 
conservative…” to “which IS MORE conservative…” 

 
Response 2: The typographical error will be corrected as suggested. 
 
Comment 3: Section 6.2 Site-Relatedness:  An explanation of this section needs to be 

included.   
 
I suggest changing the section title to “Groundwater Risk Results Related 
to Nitroaromatics and Certain Inorganics”, or just show nitroaromatic HI 
and Risk results as being known site-related results. 
 

 Why are iron and manganese site-related in TNT B, but not in TNT A?  If 
the same processes took place, I would expect the same site-related 
chemicals? 

 
 Why is cobalt considered a site-related chemical in the WARWP, but not at 

PRRWP, or any other AOC?  Is cobalt a common TNT manufacturing 
chemical? 

 
Response 3: A brief explanation of site-relatedness will be added to Section 6.2.  Also, Table 

7-2 of the draft BHHRA will be renumbered and referenced in Section 6.2.  
Please refer to the response to OEPA Comment No. 9. 
 
Response 3a:  Section 7.2.3 describes the lines of evidence considered in 
determining site-relatedness.  Appendix G of the Draft BHHRA evaluates these 
lines of evidence for each COPC.  The intent was to thoroughly and objectively 
assess all of the analytical results with respect to all available information such 
as statistical comparison to background, boring logs, quality control 
information, comparisons to concentrations in soil and overburden groundwater, 
as well as historical site information.  As stated in Section 7.2.3 and Appendix 
G, an effort was made to err on the inclusion as site-related rather than 
exclusion.  Care was also taken not to remove a chemical as site related without 
logical cause.   
 
Therefore, certain inorganics are included as site-related for a given AOC even 
though they have no specific history of use in that AOC.  A statement will be 
added to the end of Section 7.2.3 to the effect:  “Thus, the list of site-related 
chemicals (Table 6-39) is intended as a suggestion for site management 
decisions.  Further consideration during the feasibility study may result in an 
amended list of site-related chemicals.” 
 

 Response 3b:  A further review of the groundwater chemistry shows strongly 
reducing conditions in the bedrock groundwater at TNTB.  Field Eh 
measurements of groundwater indicate strongly reducing conditions, ranging 
from -364 to -43 millivolts.  Hydrogen sulfide was also present in 2 of 3 
groundwater samples in which it was analyzed and a “strong PAH odor” was 
noted on a sampling log which suggests the presence of petroleum.  The 
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presence of hydrogen sulfide and petroleum both likewise indicate reducing 
conditions.  Under such reducing conditions, elevated dissolved iron (indicative 
of ferrous iron) and manganese (indicative of 2+ manganese) are expected.  
Elevated iron and manganese concentrations were not observed in soil, which 
suggests a lack of source associated with site operations.  Therefore, the 
presence of elevated dissolved iron and manganese are attributed to reducing 
conditions and will be identified as non-site related in the final BHHRA.  
Similarly, the elevated iron concentrations associated with the PRRWP Area 
were also identified as related to reducing conditions after further evaluation.  
These conditions are indicated by field Eh measurements ranging from -325 to -
20, the presence of hydrogen sulfide, and evidence of naturally occurring 
petroleum.  The final BHHRA will identify iron in PRRWP Area groundwater 
as non-site related. 

 
 Iron and manganese were initially included as site-related in TNTB because of 

their relatively high concentrations in filtered samples and the Wilcoxon Rank-
Sum (WRS) tests showed their concentrations to be statistically greater than 
background concentrations.  For TNTA, the site concentrations were not 
statistically different from background.  It is agreed that based on historical 
operations, there would not be an expected difference in iron and manganese 
concentrations between TNTA and TNTB.   
 
Response 3c:  Cobalt is not known to be associated with TNT manufacturing.  
However, it was included as site-related based on its considerable exceedance of 
the background screening concentration, in both filtered and unfiltered fractions.  
It is not expected that cobalt will be identified as a COC in the feasibility study. 

 
Comment 4: Section 6.3 Modeled GW Risk:  The simulation seemed to have gone out 

150 years, rather than 130 years.  Edit the text to change all accounts of this 
reference.  

 
Response 4: The simulation was run to 150 years.  A statement to this effect will be added to 

the first paragraph of Section 6.3 for clarification.  As stated in the last two 
sentences of Section 6.3 (p. 6-13), the modeled risks for each AOC are based on 
the year predicted to have the maximum bedrock groundwater concentrations 
for the three modeled nitroaromatics.  These differ for each AOC.  The 
reference to 130 years in Sections 6.3.1 (TNTA) and 6.3.2 (TNTB) are 
references to the year at which the maximum nitroaromatics concentrations are 
expected. 

 
Comment 5: Section 6.5 Sulfate section, last sentence:  What are sulfate and sodium 

concentrations in background wells?  I would like to see a numerical 
comparison.  What are other sites sample results with known sellite 
dumping?  Are they comparable?  Is it fair to say that the “likely” source of 
sodium is from sellite?   
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Response 5: The maximum concentrations of sodium and sulfate in all bedrock site wells, 
downgradient boundary wells, and background and background wells are shown 
on the table below. 

 

Site 

Maximum Detected 
Sodium 

Concentration (mg/L) 

Maximum Detected 
Sulfate Concentration 

(mg/L) 
Background 9,130 514 
TNTA 4,050 388 
TNTB 849 165 
TNTC 1,330 1,340 
WARWP 1,020 2,660 
PRRP 1,810 218 
Downgradient Perimeter 685 150 

 
 As can be observed, the concentration of sodium typically exceeds that of 

sulfate by a factor of at least four.  The two exceptions to this are wells in the 
TNTC and WARWP areas.  The concentration of sulfate relative to sodium 
appears to be high at TNTC, but this cannot definitively be attributed to 
contamination since nitroaromatics were not detected in this well (TNTC-
BEDGW-001).  The source of contamination at this site would likely be from a 
drown tank used to quench reaction products.  Sellite was not used at this site.  
TNTC-BEDGW-001 was completed in the Delaware Limestone, and it is 
unclear why the concentrations are elevated as there is not a record of hydrogen 
sulfide being produced from this well.  The well was sampled twice and the 
concentrations of sulfate were similarly high during both events.  It is possible 
that hydrogen sulfide is present and is contributing to the sulfate concentrations 
in groundwater and simply was not observed during the two rounds of 
groundwater sampling.   
 
As noted in the risk assessment, the WARWP area well (BED-MW14) is 
suspected to be impacted by site activities due to the presence of nitroaromatics.  
This is an entirely plausible explanation for the elevated sulfate since the 
WARWP received wastewater from the TNT manufacturing process which 
included the residual sellite wash water discharged from the Wash Houses.  The 
elevated sulfate concentration of 2,660 mg/l was reported in only one of three 
samples collected from BED-MW14 (the concentrations in the other two 
samples from this well were 630 mg/L and 610 mg/L).  This sample also had 
elevated sodium (1,020 mg/l) when compared to the other two samples (360 
mg/l and 365 mg/l, respectively) collected from this well.  As can be seen 
however, the sodium concentration of 1,020 mg/l is not anomalously high 
relative to other areas at PBOW.  A plot of sodium versus sulfate for all site 
wells is shown below in Figure 1.   
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Figure 1 

Sulfate vs Sodium (All Data)
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 Based on this data, it is apparent that the data from BED-MW14 is anomalously 

high for sulfate.  Given the nature of sulfate (dissolved), the sampling 
methodology probably had little effect on this concentration.  
 
Reviewing the text referenced by this comment, it is now apparent that the text 
implies that the sodium concentration was elevated relative to site-wide data, 
which is not the case.  The text will be revised to clarify that sodium in this 
sample was elevated with respect to the other samples collected from this well.   
 
Only limited data are available from other TNT Manufacturing facilities so 
drawing a conclusion based on findings from other sites is problematic.  The 
final sentence in this section states that the sulfate is “likely” from the disposal 
of waste products.  This is suggested by the co-occurrence with high sodium 
and high nitroaromatics concentrations (approximately 150 µg/L) relative to 
other samples collected from this well. 

 
Comment 6: Section 7.2.3, paragraph 3:  Which wells and in which AOC were the wells 

that had petroleum and then were sampled?  Did those wells coordinate 
with the BETX detections?  Is it that all the wells a PBOW have this 
problem, or just one well associated with an AOC?  Add more description 
of the petroleum status. 

 
Response 6: Review of boring logs and sample collection logs was completed for all bedrock 

wells used in the risk assessment.  This review indicates that all but one of the 
monitoring wells completed in the Delaware Limestone had evidence of 
petroleum detected during well installation and sampling.  This included 
petroleum stains on rock cores, visible petroleum on drilling bits, free product 
detected during groundwater sampling, and detectable levels hydrogen sulfide 
in boreholes and monitoring wells.  The exception to this was BED-MW18 at 
TNT Area A.  This well was completed across the contact of the Olentangy 
Shale and Delaware Limestone.  Groundwater from all of the wells completed 
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in the Delaware Limestone (including BED-MW18) had reportable 
concentrations of petroleum related compounds.  The concentrations for 
benzene and total xylenes exceeded 1,000 ug/l in some site wells.  With the 
exception of TNT Area B, each site addressed in the risk assessment had at least 
one well completed in the Delaware Limestone. 
 
Three bedrock wells completed at TNT Area B had hydrogen sulfide detected in 
isolated intervals during drilling.  These three wells (TNTB-BEDGW-001, 
TNTB-BEDGW-003, and TNTB-BEDGW-004) were all completed in the 
Olentangy Shale.  No staining or product was observed in rock cores or drilling 
equipment during completion of these wells.  The detection of hydrogen sulfide 
suggests the possibility that petroleum may be present, but the lack of 
observable staining indicates that if present, the concentrations are much lower 
than those found in the Delaware Limestone Petroleum related compounds 
(benzene, ethylbenzene, toluene and xylene) were also detected in the 
background wells at concentrations similar to those observed in TNT Area B.  
The background wells were all completed in the Olentangy Shale.   
 
Additional text will be excerpted from this response and added to Section 7.2.3 

 
Comment 7: Section 7.2.6 GW-to-Air Model:  What differences would there be if a 

house has a basement vs no basement, crawl space vs slab?  How does the 
model account for house construction?  The houses on the access road to 
PBOW do not have basements.   

 
Response 7: The groundwater-to-air model (EPA, 1991) prescribed by OEPA comments on 

the work plan is based on groundwater use.  The type of basement does not 
affect the model.  

 
Comment 8: Map 1-2:  Include the hydropunch locations on the map.  Would it be 

possible to have six maps, one for each AOC to show exactly which wells 
and hydropunch locations were used for risk assessment of each area?  

 
Response 8: Individual maps will be included for each AOC.  Hydropunch locations will be 

included on these maps. 
 
Comment 9: Tables 9-2 through 9-6: 
 

a. Include a column for the background statistic for the metals.   
b. In a footnote, define shaded rows.  

 
Response 9: Response 9a:  A column for the background screening concentration (BSC) will 

be included on the relevant tables.  The BSC will also be included in Table 9-1. 
 
Response 9b:  Rows in shaded italics are identified in footnote “a”. 

 
Comment 10: Appendix D, Figures:  Is it possible to see a combined chemical plume for 

all nitroaromatics shown?  For example put time 0 for TNT and DNTs all 
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on one map, and the same for 50, 100, and 150 years for each AOC?  I 
would be interested to see what the total nitroaromatic projection would 
be. 

 
Response 10: This could be done, but would require extensive effort and modeling time.  

Therefore, Shaw recommends not including this approach. 
 
 
Comments received from Mr. Larry Tannenbaum, Environmental Health Risk Assessment 
Program, U.S. Army Center for Health Promotion and Preventive Medicine (USACHPPM), 
April 27, 2006. 
 
Comment 1: The US Army Center for Health Promotion and Preventive Medicine 

(USACHPPM) reviewed the subject document on behalf of the Office of 
The Surgeon General pursuant to AR 200-1 (Environmental Protection and 
Enhancement).  We appreciate the opportunity to review this risk 
assessment.  Our minor comments on this very thorough and readable 
document appear in the paragraphs below. 

 
Response 1: Thank you for the positive feedback on the document.   
 
Comment 2: The subject document prominently notes on page ES-2 and elsewhere that 

the unacceptable cancer risk threshold is 1E-05, following the policy of 
Ohio EPA.  The subject document should clearly indicate that this is not in 
keeping with the Army’s policy, where the cancer risk level that is said to 
“trigger” remedial action concerns is a full order of magnitude higher, at 
1E-04.  Please ensure that the distinction is apparent to the reader in the 
revised risk assessment. 

 
Response 2: The Army’s policy of using a cancer risk trigger level of 1E-4 will be noted in 

the Executive Summary, Section 5.1, and elsewhere in the document as 
appropriate.  The document already includes references to the NCP 1E-6 to 1E-
4 risk management range.  These references will be retained, but statements will 
be added to note that the U.S. Army policy is to use the upper end of this range 
as the cancer risk level to trigger remedial action concerns. 

 
Comment 3: The last paragraph of page ES-4 is confusing to the reader.  It appears to 

begin by saying that site-related cancer risk exceeds the criterion, but it 
then concludes that potential future ground-water users “are unlikely to 
suffer adverse human health effects or an unacceptable additional risk of 
cancer.”  It may be that there is a distinction between the “facility 
boundary” and the “property boundary” that accounts for the discrepancy.  
Please address this matter in the revised risk assessment. 

 
Response 3: This paragraph will be revised to distinguish between residential risks 

associated with using water at the PBOW facility boundary at current 
concentrations versus using water at the boundary based on modeled future 
concentrations.  Incidentally, since submittal of the draft report, the modeled 
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downgradient locations were revisited and it was found that concentrations at 
the facility boundary downgradient of TNTB would result in a drinking water 
risk of 2E-5, not 1E-6, as previously reported.  Thus, the paragraph will be 
revised to reflect this correction.   

 
Comment 4: Please note that the second sentence beneath the bullet points on page 1-1 is 

incomplete. 
 
Response 4: The sentence will be restructured and grammatically corrected. 
 
Comment 5: There are two tables (#s 2-9 and 2-17) that screen for COPCs where the 

more essential reason for the non-selection of a chemical as a COPC is not 
given.  There are numerous instances of a chemical having a frequency of 
detection of less than 5%, and where this is the case, there is no need for a 
risk-based screen, or to indicate that the lack of an exceedance of such a 
screen is the reason for the non-selection of a chemical as a COPC.  Please 
make the necessary modifications to the identified tables. 

 
Response 5: The reviewer is certainly correct that chemicals detected in less than 5 percent 

of samples are not generally held to meeting the RBSC and included as COPCs.  
However, the protocol for this risk assessment is specifically depicted on Figure 
2-1 which shows that comparison to the RBSC is the first step.  This protocol 
was agreed to as part of the Work Plan approval.  Therefore, text will be added 
to Section 2.1 to more clearly describe that detected analytes are identified as 
COPCs if their MDCs exceed the RBSC and they are not identified as 
infrequently detected, associated with background, or are essential human 
macronutrients.  The end result is the same:  If a chemical is detected in less 
than 5 percent of samples, it is not identified as a COPC unless there is 
historical or other specific evidence to suggest that the analyte is site related. 

 
 
Comments by Ohio Environmental Protection Agency (OEPA), Division of Emergency and 
Remedial Response (DERR), received by the U.S. Army Corps of Engineers (USACE), 
Huntington District, May, 2, 2006. 
 
Comment 1: General Comment:  Since this report is an evaluation of groundwater data 

at the Former Plum Brook Ordnance Works facility, I recommend that 
Ohio EPA groundwater technical support (John Weaver) review and 
comment on this report.   

 
Response 1: OEPA subsequently communicated via a June 7, 2006 email from Paul Jayco to 

Richard Meadows (USACE) that John Weaver would have no comments. 
 
Comment 2: General Comment:  Please consider including line numbers in these draft 

reports to help facilitate the review, comment and comment response cycle. 
 
Response 2: Comment noted for future reference. 
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Comment 3: Executive Summary, page ES-4: Clarification needed.  The last paragraph 
states in the first few sentences that site-related ILCR = 3E-5 for the 
resident at the facility boundary.  This is confusing because the sentences 
that follow indicate that three downgradient areas along the facility 
boundary were modeled and respective ICLR’s ranged from 9E-9 to 1E-6. 

 
Response 3: The ILCR of 3E-5 is based on concentrations from samples that have been 

collected from the downgradient boundary wells, whereas the three 
downgradient areas along the facility boundary were identified and modeled for 
future concentrations.  The second sentence of this paragraph will be revised to 
state:  “Based on current groundwater conditions, the site-related noncancer HI 
(0.4) meets the target criterion of 1, but the site-related ILCR (3E-5) exceeds the 
OEPA criterion of 1E-5.” 

 
Comment 4: Section 2.2.1, page 2-5, third paragraph:  Per U.S. EPA Office of Water, 

The MCLG for lead is 0.  Sulfate in drinking water currently has a 
secondary maximum contaminant level (SMCL) of 250 milligrams per liter 
(mg/L).  This regulation is not a Federally enforceable standard, but is 
provided as a guideline for States and public water systems. 

 
Response 4: The respective values for lead and sulfate used in the BHHRA were selected 

instead of the MCLG and SMCL values as risk-based screening for different 
reasons.  The value of 15 µg/L for lead is the promulgated Safe Drinking Water 
Act (SDWA) action level for utilities providing drinking water.  This value is 
regarded as protective by the EPA Office of Water.  This action level triggers 
treatment or other requirements if exceeded by more than 10 percent of homes 
tested for a given utility.  Lead concentrations of 15 µg/L require no treatment.  
Note that risks associated with lead are evaluated using the lead integrated 
exposure uptake biokinetic approach (as performed in Appendix C of the draft 
BHHRA) and are not regarded as additive with the effects of other chemicals.  
Therefore, a value of 15 µg/L was regarded as appropriate for screening 
purposes, as it would meet EPA drinking water requirements and issues of 
additive risk are not of concern based on the toxicological and exposure 
information used in the lead model.   
 
A statement will be added to this paragraph noting the existence of the sulfate 
SMCL, a brief description of the basis for the SMCL (i.e., odor and taste), and 
the fact that it is used as guideline for public water systems.  No adverse health 
effects have been associated with the SMCL, but the EPA Office of Water 
advises that the onset of minor adverse health affects may occur at the Health 
Advisory (HA) level (500 µg/L) and higher concentrations.  It is our perspective 
that the focus of risk assessment should address actual or potential health risks.  
Therefore, the HA was selected as the risk-based screening value.   

 
Comment 5: Section 3.1.3.2, page 3-8:  Prior to RAGS Part E being finalized, Region 3 

recommended using median values for showering and bathing times (adult 
shower, 12 minutes with 20 minutes total in shower room; child bath, 20 
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minutes). RAGS E now is final guidance and recommends 95th percentile 
values (adult shower, 35 minutes; child bath, 60 minutes). Please revise.  

 
Response 5: The November 2004 draft, January 2005 draft final, and October 2005 final 

version of the groundwater BHHRA work plan each described an adult 
showering duration of 12 minutes and a young child bathing duration of 20 
minutes (EPA, 2003).  The 12-minute bathing and 20-minute showering 
durations would yield slightly higher risk estimates than would the 15-minute 
durations identified in the previous PBOW work plans (IT Corporation, 1999; 
1998) for the child and child/adult resident used to evaluate long-term 
residential cancer risks.   
 
It is the position of the USACE and Shaw that the showering and bathing 
durations should not be revised, but that these RAGS E values should be 
included in the uncertainties analysis.  This revision would represent a 
substantial level of recalculation and revision/rechecking of values in the text 
and tables.  However, because risks are generally driven by the ingestion 
pathway, recalculation would not change the basic conclusions of the BHHRA.  
It is also the opinion of the USACE and Shaw that the application of a 60-
minute bathing duration for a young child is likely a considerable overestimate 
of even an upper bound.  We base this opinion on the following: 

 
• The survey on which the Exposure Factors Handbook (EPA, 1997) is based 

does not include children.  Instead, this value is based only on adults (age 18 
and older). 

 
• A young child would need constant attention because of safety concerns; for 

a young child to remain in the bathtub for an hour would mean that the 
parent does essentially nothing but bathe and stay with the child for an hour 
every day.  It is highly doubtful that in 2006 one could find 1 parent in 20 
(equating to the 95th percentile) with this kind of time on their hands, even 
if the parent wished to spend it in this fashion. 

 
• Multiple children in the family would multiply this time. 

 
• Long bathing durations, especially for young children, can lead to skin 

problems such as eczema. 
 
 Moreover, even if an average duration of 60 minutes per bathing event were 

assumed for a child, it is noted that EPA has identified that children in the age 
group of 1 through 6 years bathe only, on average, approximately every other 
day (EPA, 2001).  Thus, if an average bathing duration for an exposed 
individual were assumed to be 60 minutes per bathing event, the average daily 
duration would be only about 30 minutes.   
 
Although the current Exposure Factors Handbook references survey data that 
describes 12 minutes for showering and 20 minutes for bathing as median 
values, a previous version of the Exposure Factors Handbook (EPA, 1989) 
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referenced a paper (James and Knimann, 1987) that identifies a 7-minute 
showering/bathing duration as the median and 12 minutes as an upper-end 
estimate.  The 1997 EFH revisited the James and Knuimann study and found 
that only 50 of 2550 respondents reported taking showers of greater than 20 
minutes duration.  This re-evaluation identified a mean shower duration of 8 
minutes and a 95th percentile of 16 minutes, as well as a median of 7 minutes.  
These values are far closer to the 12 minutes used in the BHHRA than is the 35 
minutes identified by the RAGS E document.  
 
Also, after looking at the Exposure Factors Handbook and survey studies 
therein, it is apparent that some individuals—either intentionally or 
unintentionally—exaggerate.  An example of this might be found in the Tsang 
and Klepeis (1996) study referenced in the EFH which forms the basis for the 
recommendation of the 60-minute bath.  The average number of showers per 
day for the study was up to 10 for some of the respondents; the average number 
of baths was 15 per day for some individuals.  These high values would appear 
to be unlikely.  The researchers apparently understood some of their values to 
be exaggerated, as they assumed any survey value greater than 60 minutes to be 
61 minutes.  It is noted that the number of baths per day also included “baths 
given” in the survey.  Thus, the estimated daily time durations that baths were 
given to young children (or invalids) were also counted by adults as “bathing 
time”.  For these reasons, the USACE and Shaw suggest that the 60-minute 
average daily bathing duration for the 95th percentile individual may be an 
exaggeration, even for an adult (and assumed by RAGS E to also represent a 
child) , because the time spent bathing a child does not represent a true “bathing 
exposure” scenario for the adult.  We also note that the USACE and Shaw have 
spoken with some USEPA risk assessors who agree that the RAGS E values 
appear to be obviously out of line and welcome the justified use of alternative 
values.   
 
In summary, USACE and Shaw used the bathing/showering duration values 
included in the draft and final work plans, and appropriately referenced therein.  
These values are consistent with the values accepted in previous PBOW work 
plans, even providing more conservativeness than the values in those work 
plans.  USACE and Shaw, as well as some EPA risk assessors, consider the 
RAGS E bathing duration values for children, especially, to be unnecessarily 
high.  A review of the data from which they were derived strongly suggests 
some exaggeration.  Further, childhood exposure was not considered in the 
bathing survey.  Thus, from a technical perspective, the USACE and Shaw 
consider the bathing duration values used in the PBOW draft BHHRA to be 
more defensible than the corresponding RAGS E values.  Also, incorporation of 
the RAGS E bathing duration values would involve a substantial level of effort 
and would result in changing most of the risk output in the BHHRA.  These 
calculation changes would not have any substantive effect on the results of the 
BHHRA.  Therefore, the USACE and Shaw strongly recommend that the RAGS 
E bathing duration values not be incorporated into the calculations, but 
mentioned in the uncertainties analysis.   
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Comment 6: Section 3.2.4 page 3-13:  In the second paragraph, please remove the word 
“interim” from the first sentence.  The reason for this is because during the 
last team meeting, terminology regarding remedial actions for soils were 
discussed.  Ohio EPA is not sure if this issue has been resolved within the 
Army Corps.  Therefore, keep the text general regarding the type of 
remedial action.   

 
Response 6: The word “interim” will be removed as requested. 
 
Comment 7: Section 6.1.1 page 6-1:  In the second sentence of “Site Worker” summary, 

please replace the word “Risks associated with two target...” with “adverse 
effects” (or another similar word such as Hazards) since this sentence is 
discussing HI results which are based on threshold levels.  

 
Response 7: As requested, the word “risks” will be removed and replaced to reflect hazards. 
 
Comment 8: Executive Summary and Section 6.1.1:  Please check the accuracy of the 

reported ILCR and HI estimates in these sections as there are differences 
in the text of these sections.  For example, at TNT A, the executive 
summary reports that the risks/hazards associated with use of groundwater 
by the onsite worker is ILCR = 1E-5 and HI = 0.2 (page ES-3) whereas 
these estimates are reported on pages 6-1 to 6-2 as ILCR = 3E-4 and HI 
total = 10 which is further segregated based on target organs to an HI = 5 
based on CNS as the target and HI = 2 based on blood cells as the target.  
Please check all values for all receptors throughout the report and correct 
as necessary. 

 
Response 8: Section 6.1.1 reports the overall risks, whereas the Executive Summary 

summarizes the site-related risks.  The referenced values for the TNTA site 
worker are reported accurately in the Executive Summary, these are the same as 
shown in Section 6.2.1 on page 6. 

 
Comment 9: Section 6.2 Site Related Groundwater Risk Results, page 6-8:  More detail 

is needed to explain exactly how these “site related” risks were determined.  
Please add a detailed discussion to explain the rationale for this 
determination. 

 
Response 9: Text will be added to state the general bases on which determinations of site-

relatedness were made for the COPCs.  A statement will be made that 
determinations to either include or exclude COPCs as site related were based on 
site history, prevalence and detected concentrations, presence or lack thereof in 
other media, potential for association with naturally occurring petroleum, 
statistical testing results, and status as possible laboratory artifacts.  It will also 
state that Appendix H (Appendix G in the draft BHHRA) presents a line-of-
evidence approach that considers all of these criteria, as applicable, for each 
COPC.  Table 7-2 will be renumbered and referenced in Section 6.2. 
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 OEPA commented on the January 31, 2005 submittal of the BHHRA Work Plan 
that statistical comparisons to background should be done only in the 
uncertainty analysis.  The USACE and Shaw agreed to follow this approach, 
which formed the basis of reporting both overall and site-related risks.  In 
preparing the BHHRA report, it became apparent for most of the non-modeled 
evaluations that the majority of the risks were associated with chemicals that did 
not appear to be site related.  Therefore, Shaw and the USACE judged it best to 
present all of the risk characterization data in one chapter, both overall (Section 
6.1) and site-related (Section 6.2), rather than presenting extensive overall risk 
characterization results in the risk characterization (Chapter 6) and site-related 
risk characterization results only in the uncertainties analysis (Chapter 7).  It is 
still our goal to meet OEPA’s expressed desire that the uncertainties associated 
with risk-relatedness be clearly presented.  Therefore, Section 6.2 will still 
clearly reference the presentation of site relatedness as an uncertainty that made 
in Section 7.2.3.  The output of the statistical analysis, provided in Appendix B 
of the draft BHHRA, is referenced in Section 7.2.3 as is the detailed qualitative 
analysis of site relatedness which is provided in Appendix G.  Table 7-2, 
referenced in Section 7.2.3 (and which will be moved to Section 6), provides a 
synopsis of the results of the site relatedness evaluation provided in what will 
now be Appendix H (Appendix).   

 
Comment 10: Section 7.2.3 page 7-4, first paragraph:  The second sentence indicates that 

visual signs of petroleum were noted in some wells and at these wells, the 
petroleum had to be bailed out prior to sampling.  It is unclear if the wells 
were background wells or onsite wells. Please clarify.   

 
Response 10: Clarification will be provided to indicate that the text refers to on-site and 

downgradient wells. 
 
Comment 11: General Comment:  There is not a “recommendations” section included in 

this report.  Please add a recommendations section to address how the 
unacceptable risks and hazards noted from the risk assessment evaluation 
will be handled. 

 
Response 11: A brief recommendation section will be added.  Essentially, the 

recommendation will be that a feasibility study be performed. 
 
Comment 12: Appendix G:  The information in this appendix appears to be a big part of 

the rationale for determining which COPCs are site-related.  It may be 
helpful to summarize this information in table format so that a summary 
can be included in the main text.  

 
Response 12: It is agreed that Appendix G of the draft BHHRA provides the rationale for site-

relatedness.  Table 7-2 is a synopsis of the results of Appendix G.  As 
mentioned in the response to Comment No. 9, this table will be moved to 
Chapter 6 in the final BHHRA.  Also, this table will be re-labeled “Table H-1” 
and inserted into Appendix H as well; note that Appendix G of the draft will be 
relabeled as “Appendix H” in the final BHHRA. 
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IT Corporation (IT), 1999a, Baseline Human Health Risk Assessment and Ecological Risk 
Assessment Work Plans, TNT Area B, Final, Former Plum Brook Ordnance Works, 
Sandusky, Ohio, May. 
 
IT Corporation (IT), 1998, Baseline Human Health Risk Assessment and Ecological Risk 
Assessment Work Plans, Red Water Ponds Areas, Final, Former Plum Brook Ordnance 
Works, Sandusky, Ohio, September. 
 
James, I.R., and M.W. Nuimann, 1987, “An Application of Bayes Methodology to the Analysis 
of Diary Records from a Water Use Study,” Journal of the American Statistics Association, 
Volume 82, No. 399, pp. 705-711. 
 
Tsang, A.M., and N.E. Klepeis, 1996, Results tables from a detailed analysis of the National 
Human Activity Pattern Survey (NHAPS) response, draft report prepared for the U.S. 
Environmental Protection Agency by Lockheed Martin, Contract No. 68-W6-001, DO No. 13. 
 
U.S. Environmental Protection Agency (EPA), 2003a, Updated Dermal Exposure Assessment 
Guidance, EPA Region 3, Philadelphia, Pennsylvania, June.  
 
U.S. Environmental Protection Agency (EPA), 2001, Age-Group Recommendation for 
Assessing Childhood Exposure and the Adequacy of the Existing Exposure Factors Data for 
Children, Risk Assessment Forum, Technical Issues Paper, Washington, D.C., October, 
EPA/630/R-03/005.  
 
U.S. Environmental Protection Agency (EPA), 1997, Exposure Factors Handbook, Office of 
Research and Development, National Center for Environmental Assessment, Washington, D.C., 
EPA/600/P-95/002F, August. 
 
U.S. Environmental Protection Agency (EPA), 1989, Exposure Factors Handbook, Office of 
Emergency and Remedial Response, Washington, D.C., EPA/600/3-89/013F, August. 
 
 
The Draft Baseline Human Health Risk Assessment for Groundwater was also reviewed by 
USACE, Huntington District whose only comment, communicated verbally was that the private 
well survey should be incorporated into the text; this comment was addressed by the response to 
Jim Beaujon, USACE Nashville, Comment No. 2.  This report was also reviewed by USACE 
Hazardous, Toxic and Radioactive Waste Center of Excellence (HTRW-CX), Omaha, Nebraska.  
The HTRW-CX had no comments. 
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