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Executive Summary 
 

This report presents the results of the feasibility study (FS) for Defense Environmental Restoration 

Program (DERP)-Formerly Used Defense Site (FUDS) Project No. G05OH001817, which is 

composed of four site areas at the former Plum Brook Ordnance Works (PBOW) in Sandusky, 

Ohio. These four sites are Water Treatment Plant No. 1 (WWTP1), the TNT Area A (TNTA) to 

WWTP1 (TNTA/WWTP1) Sewer Lines, the TNT Area B (TNTB) to WWTP1 (TNTB/WWTP1) 

Sewer Lines, and Waste Water Treatment Plant No. 3 (WWTP3). The U.S. Army Corps of 

Engineers contracted CB&I Federal Services LLC, formerly Shaw Environmental and 

Infrastructure, Inc., to conduct this FS under Delivery Order No. 0001 of Contract No. W912P5-12-

D-0001.  

 

The purpose of this FS is to serve as a mechanism for the development, screening, and detailed 

evaluation of alternative remedial actions for contaminated media at the four sites under 

investigation for this DERP-FUDS project. The only contaminated medium requiring the 

development of remedial alternatives in order to be protective of human health and the 

environment or to meet applicable or relevant and appropriate requirements (ARAR) is soil at the 

TNTA/WWTP1 Sewer Lines. Surface water, sediment, and groundwater associated with the 

TNTA/WWTP1 Sewer Lines do not require any remedial action to protect human health and the 

environment or to meet ARARs. Likewise, remedial actions are not required to protect human 

health and the environment or to meet ARARs with respect to WWTP1, the TNTB/WWTP1 

Sewer Lines, or WWTP3 environmental media. Therefore, the primary focus of the FS is 

contaminated soil at the TNTA/WWTP1 Sewer Lines. However, summaries of the 

investigations, risk assessments, and conclusions for WWTP1, the TNTB/WWTP1 Sewer Lines, 

WWTP3, and other environmental media associated with the TNTA/WWTP1 Sewer Lines are 

presented in Chapter 1.0 of this FS.  

 

The 9,009-acre PBOW site was built in early 1941 as a manufacturing plant for 2,4,6-trinitrotoluene 

(TNT), dinitrotoluene, and pentolite. Production of explosives at PBOW began on December 16, 

1941 and continued until 1945. After the plant shut down in 1945, the U.S. Army conducted 

decommissioning procedures until the end of 1945. The Army reacquired a portion of the property in 

1954, and further cleanup operations were performed during the 1950s through 1963. The National 

Aeronautics and Space Administration (NASA) accepted accountability and custody of the entire 

PBOW property and a title transfer by the Department of the Army was completed in 1963.  
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The PBOW site is currently utilized and maintained by NASA and is operated as the Plum Brook 

Station of the John H. Glenn Research Center. NASA currently controls approximately 6,400 

acres and is using the PBOW facility to conduct space research as a satellite operation of the 

John H. Glenn Research Center at Lewis Field in Cleveland, Ohio.  

 

During the PBOW operating years, wastewater from manufacturing operations at TNTA was 

conveyed to WWTP1 through two sewer lines. The northern sewer line was approximately 4,200 

feet long and the southern sewer line was approximately 3,800 feet long. The sewer lines are 

located in the northeastern quadrant of PBOW. Wastewater from TNTA consisted of spent 

sulfuric and nitric acids and red water from the TNT purification process. Constituents in 

wastewater included sodium salts of sulfite, sulfate, nitrite, nitrate, sulfonates of unwanted TNT 

isomers, trinitrobenzoic acid, trinitrobenzaldehyde, trinitrobenzyl alcohol, nitrotoluenes, and 

dinitrotoluenes.  

 

A remedial investigation was performed at the TNTA/WWTP1 Sewer Lines from 2008 to 2011. 

Eighteen test pits were excavated along the former sewer line traces in 2008. Test pit excavations 

uncovered only small pieces of terracotta piping, wood-stave fragments, and pieces of metal 

banding. The absence of intact sections of sewer line indicated that the sewer lines had been 

previously removed. The majority of the soil contamination surrounding the lines was also 

presumably removed during the previous sewer line excavation. This accounted for the small 

number of contaminated soil samples that were discovered during the remedial investigation. 

Forty-five soil samples were collected for analysis in and around the test pits. Subsequently, 117 

composite subsurface soil samples were collected along the sewer line trace for on-site analysis 

by colorimetric screening methods. Samples with field screening results greater than 10 parts per 

million nitroaromatic compounds were sent to an off-site laboratory for confirmatory analysis.  

 

An additional nine soil samples were collected at each of two areas (near test pits TP-27 and 

TP-33) that had been identified as potential hot spots based on an initial evaluation of laboratory 

analytical results. These additional samples were analyzed for nitroaromatics. 

 

No contamination was indicated by the additional samples collected in the vicinity of test pit 

TP-33, including a resampling of the original location where a single elevated TNT 

concentration was previously reported. Therefore, it was concluded from the test pit TP-33 area 

sample results that this area does not represent a hot spot.  
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Elevated concentrations of TNT were detected in three of the nine additional samples collected 

from the vicinity of test pit TP-27. Therefore, 12 additional surface soil samples were collected 

in the vicinity of test pit TP-27 to delineate contamination in this small hot spot area.  

 

Ten piezometers were installed, and groundwater samples were collected from the four 

piezometers that yielded enough water for analysis. Three shallow overburden/shale monitoring 

wells were constructed and sampled. Three deeper limestone bedrock monitoring wells were 

constructed, and samples were collected at the two wells that yielded enough water for analysis. 

Ten surface water and 10 sediment samples were also collected and analyzed.  

 

A baseline human health risk assessment (BHHRA) and a screening-level ecological risk 

assessment were completed for the TNTA/WWTP1 Sewer Lines. The BHHRA evaluated the 

exposure of residential and nonresidential receptors to soil, groundwater, sediment, and surface 

water for various potential and hypothetical receptors. Exposure to groundwater was evaluated 

assuming hypothetical future use as a potable source. The EPA National Oil and Hazardous 

Substances Pollution Contingency Plan (NCP) describes an acceptable cancer risk range of 1E-6 

to 1E-4 (i.e., an increase in the cancer rate ranging between 1 per 1,000,000 to 1 per 10,000 

among exposed individuals). This cancer risk range is referred to hereinafter as the “NCP risk 

management range.” Incremental lifetime cancer risk (ILCR) values exceeding the 1E-6 to 1E-4 

cancer risk management  range established by the Comprehensive Environmental Response, 

Compensation and Liability Act (CERCLA) were exceeded by worker and residential receptors 

based on exposure to groundwater. The ILCR results are compared to the NCP risk management 

range and are also compared to the PBOW cancer risk goal of 1E-5, which represents the 

logarithmic midpoint of the NCP risk management range. This 1E-5 ILCR level has been used as 

a goal for remediation at other PBOW sites. It is used to initially set goals for remediation, 

subject to possible modification in accordance with appropriate risk and site-specific 

considerations. 

 

Noncancer hazards also exceeded the noncancer hazard index (HI) threshold of 1. However, 

virtually all of the ILCR and HI values were associated with naturally occurring groundwater 

constituents, notably naturally occurring petroleum hydrocarbons. Conversely, no site-related 

contaminants (e.g., TNT) were detected in groundwater. Because elevated groundwater risks and 

hazards are unrelated to former U.S. Department of Defense activities, the results of the BHHRA 

summarized, in the following bullets, do not include groundwater exposure pathways.  
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 Exposure of the future groundskeeper and the future resident to surface soil exceeded 
the PBOW cumulative ILCR goal of 1E-5, although the cancer risk was below the 
upper end of the risk management range of 1E-4 established by the CERCLA. 

 
 Exposure of a hypothetical future child resident to total soil results in an HI of 4. This 

exceeds the threshold value of 1, indicating that adverse noncancer human health 
effects cannot be regarded as unlikely for this receptor.  

 
 The ILCR for the hypothetical future adult/child resident exposed to total soil is 2E-5. 

This value exceeds the PBOW ILCR goal of 1E-5, but is within the 1E-6 to 1E-4 
NCP risk management range. 

 
 If the analytical data from the TP-27 and TP-33 areas are excluded, the ILCR values 

of all receptors are less than the PBOW ILCR goal of 1E-5 and within or less than the 
NCP risk management range.  

 
 If the analytical data from the TP-27 and TP-33 areas are excluded, the HI values of 

all receptors are less than the threshold value of 1. 
 

The screening-level ecological risk assessment determined that the potential for adverse 

ecological risk is very low at the TNTA/WWTP1 Sewer Lines site. Localized adverse effects to 

individual ecological receptors are possible at the TP-27 hot spot, but the hot spot area is not 

large enough to pose a significant concern to wildlife populations, and additional evaluation or 

remediation for ecological risk is unnecessary.  

 

The remedial action objective for soil at the site is as follows: 

 
 Prevent human exposure via any exposure route (ingestion, inhalation, or dermal 

contact) to soil containing TNT, which is the only chemical of concern, at 
concentrations that exceed the remedial goal (RG) of 39 milligrams per kilogram. 

 

The RG for TNT was based on noncancer considerations at an HI of 1. This RG also is within 

the CERCLA/NCP cancer risk management range of 1E-6 to 1E-4; the U.S. Army Corps of 

Engineers is bound by this range with respect to cancer risks. The RG also meets the PBOW 

cancer risk goal of 1E-5, which represents the logarithmic midpoint of the risk management 

range. The 1E-5 ILCR level has been used as a goal for remediation at all PBOW sites for more 

than a decade. It is used to initially set goals for remediation, subject to possible modification in 

accordance with appropriate risk and site-specific considerations.  

 

A number of remedial technologies were screened in the FS for their potential effectiveness, 

implementability, and relative cost in meeting the remedial action objective for the site. The 
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technologies retained from the screening were assembled into the following remedial alternatives 

for detailed evaluation in the FS: 

 
 Alternative 1 – No Action. 
 
 Alternative 2 – Excavation and Off-Site Disposal. Excavation and off-site 

disposal of soil with concentrations of TNT above the RG. The estimated volume of 
excavated soil is 11 bank cubic yards (BCY) and 14 loose cubic yards (LCY). 
Treatment of the excavated soil is not required prior to disposal. Excavated soils are 
disposed of at an approved municipal solid waste or nonhazardous industrial waste 
landfill.  

 
 Alternative 3 – Excavation, Windrow Composting, and On-Site Disposal. 

Excavation of all soil with concentrations of TNT above the RG. The estimated 
volume of excavated soil is 11 BCY and 14 LCY. Excavated soils are treated using 
windrow composting. Treated soil is placed back on site. 

 

 Alternative 4 – Excavation, Alkaline Hydrolysis and On-Site Disposal. 
Excavation of soil with concentrations of TNT above the RG. The estimated volume 
of excavated soil is 11 BCY and 14 LCY. Excavated soils are treated using alkaline 
hydrolysis. Treated soil is placed back on site.  

 

The remedial alternatives were evaluated with respect to the two threshold and five balancing 

criteria specified by CERCLA. The threshold criteria are protection of human health and the 

environment and compliance with ARARs. The balancing criteria are long-term effectiveness 

and permanence; reduction of toxicity, mobility and volume of contamination; short-term 

effectiveness; implementability; and cost. Two additional criteria, the modifying criteria, of state 

acceptance and community acceptance will also be evaluated in the decision document.  

 

Alternatives 2 through 4 would meet the threshold criteria of protection of human health and the 

environment and compliance with ARARs. All three alternatives protect human health by 

reducing the human health risk to or below the PBOW target cancer risk and noncancer hazard 

threshold. Alternative 1 is not protective because no action is taken to reduce or control human 

health risk. 

 

Alternatives 2 through 4 are essentially equivalent with respect to long-term effectiveness 

because residual risk would be reduced to acceptable levels and no long-term controls would be 

required at the site to manage residual risk. Alternative 1 would not be effective in the long run 

because no treatment or controls would be implemented to reduce or manage the unacceptable 

level of residual risk.  

 



 

 

KN14\PBOW\WWTP1_3\FS\TNTA WWTP1 SL\F\F-WWTP1_3_FS.docx\4/4/2014 11:30 AM ES-6 

Alternatives 3 and 4 satisfy the statutory preference for selecting remedial actions that employ 

treatment technologies that permanently and significantly reduce the toxicity, mobility, or 

volume of hazardous substances as their principal elements. Alternatives 3 and 4 would treat all 

of the excavated soil. Alternatives 1 and 2 do not satisfy the statutory preference for treatment, 

but Alternative 2 would eliminate exposure to and manage the migration of TNT in soil by 

transferring the contaminated soil to a disposal facility designed to manage the waste. 

 

Alternatives 2 through 4 would each provide adequate safeguards for site workers, the 

community, and the environment during remedial action. Alternative 2 is the simplest alternative 

and would be implemented in the shortest period of time. It would require a small volume of soil 

to be transferred off site to a local landfill for disposal. Alternatives 3 and 4 would require on-site 

treatment prior to disposal back on site and therefore would require a slightly longer time to 

implement. Alternative 4 may require the use of hazardous materials as treatment chemicals, and 

material handling systems could require extra precautions to protect remediation workers. 

Alternative 1 would pose no threat to site workers, the community, or the environment during 

remedial action because no action would be taken. 

 

Alternatives 2 through 4 are readily implementable, and all of the technologies have been 

previously implemented at PBOW. Equipment and labor are available locally for the 

implementation of Alternatives 2 through 4. Treatment chemicals for Alternative 4 are not 

available locally but are easily obtained. Alternative 2 would require a landfill approved for 

disposal of CERCLA waste, but a nearby municipal landfill has been approved for this type of 

disposal in the past. No action would be taken under Alternative 1. 

 

The total present value cost (including 30 percent contingency) for each of the four remedial 

alternatives for TNTA/WWTP1 Sewer Lines soil is provided in the following table. There is no 

cost associated with the implementation of Alternative 1. Alternative 2 has the lowest present 

value cost ($119,000) of the three alternatives that implement a remedial action because it does 

not require on-site treatment of soil. Of the two alternatives that implement on-site treatment, 

Alternative 4 has the lower present value cost at $157,000. Alternative 3 has a present value cost 

of $181,000, the highest of all the remedial alternatives. 

 

Alternative 1 Alternative 2 Alternative 3 Alternative 4 
$0 $119,000 $181,000 $157,000 
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1.0 Introduction 
 

This report presents the feasibility study (FS) for Defense Environmental Restoration Program 

(DERP)-Formerly Used Defense Site (FUDS) Project No. G05OH001817 at the former Plum 

Brook Ordnance Works (PBOW) in Sandusky, Ohio. This project includes four separate study 

areas:  

 
 Waste Water Treatment Plant No. 1 (WWTP1) 
 TNT Area A (TNTA) to WWTP1 (TNTA/WWTP1) Sewer Lines 
 TNT Area B (TNTB) to WWTP1 (TNTB/WWTP1) Sewer Lines 
  Waste Water Treatment Plant No. 3 (WWTP3). 

 

Administratively, these four areas are referred to as WWTP1/WWTP3 (Including TNTA/WWTP1 

and TNTB/WWTP1 Sewer Lines).  

 

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 PBOW. PBOW is an Army DERP project under the Great Lakes and Rivers Division (LRD) 

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 for PBOW is 

provided by the USACE Huntington District office and technical oversight is provided by the USACE 

Nashville District office.  

 

DERP requires that the FS be prepared in accordance with the Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA) as amended, and the National Oil and 

Hazardous Substances Pollution Contingency Plan (NCP) (U.S. Environmental Protection 

Agency [EPA], 1990). The FS is consistent with EPA remedial investigation (RI)/FS guidance, 

Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA 

(EPA, 1988) and subsequent guidance materials, including Guidance on Implementation of the 

Superfund Accelerated Cleanup Model (SACM) under CERCLA and the NCP (EPA, 1992). The 

FS was completed in compliance with the requirements of Delivery Order No. 0001 of Contract 

No. W912P5-12-D-0001 awarded to CB&I Federal Services LLC. Please note that CB&I acquired 

the Shaw Group in 2013. As a result, this and other contracts previously held by Shaw Environmental 

& Infrastructure, Inc., (Shaw) have been novated to CB&I Federal Services LLC. 
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1.1  Report Purpose and Organization 

The purpose of this FS is to serve as a mechanism for the development, screening, and detailed 

evaluation of alternative remedial actions for contaminated media at the four sites under 

investigation for this DERP-FUDS project. The FS is based on data presented in the RI report 

(Shaw, 2013). The only contaminated medium requiring the development of remedial 

alternatives is soil at the TNTA/WWTP1 Sewer Lines. Therefore, the primary focus of the FS is 

the contaminated soil at the TNTA/WWTP1 Sewer Lines. 

 

Surface water, sediment, and groundwater associated with the TNTA/WWTP1 Sewer Lines do 

not require any remedial action in order to protect human health and the environment or to meet 

applicable or relevant and appropriate requirements (ARAR). Likewise, remedial actions are not 

required in order to protect human health and the environment or to meet ARARs with respect to 

WWTP1, TNTB/WWTP1 Sewer Lines, or WWTP3 environmental media.  

 

Chapter 1.0 provides a description and history of the PBOW facility and the four study areas; a 

summary of environmental investigations, including the RI efforts (Shaw, 2013); a summary of the 

baseline human health and screening-level ecological risk assessments (SLERA); and a 

recommendation for further evaluation in this FS for TNTA/WWTP1 Sewer Lines soil. Chapter 2.0 

identifies the remedial action objectives (RAO), provides remediation volume estimates based on 

the RAOs and analytical results, and identifies ARARs associated with the chemicals, 

environmental media, and potential actions associated with the remediation of site materials. 

Chapter 3.0 presents the screening of technologies and process options used to assemble the 

remedial alternatives. Chapter 4.0 develops remedial alternatives and evaluates each remedial 

alternative against the evaluation criteria specified in EPA guidance (EPA, 1988). Chapter 5.0 

presents a comparative analysis of the remedial alternatives with respect to the EPA evaluation 

criteria. Chapter 6.0 cites the reference materials used to prepare the FS.  

 

1.2  PBOW Facility History and Background 

PBOW was established by the War Department as a government-owned, contractor-operated 

(GOCO) facility for the production of 2,4,6-trinitrotoluene (TNT), 2,4-dinitrotoluene (DNT), and 

pentolite during World War II. The PBOW site originally consisted of approximately 9,100 

acres, approximately 3,500 acres of which were used as a buffer area outside the facility fence 

line. The property was acquired in the name of the United States of America in 1941. The 

government contractor, Trojan Powder Company, operated the production facility from 

December 1941 until 1945. It is estimated that more than 1 billion pounds of nitroaromatic 

explosives were manufactured during this period. 
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At the end of production in September 1945, PBOW was placed in standby operation status and 

the Army conducted decontamination and decommissioning activities. On December 17, 1945, 

the U.S. Army Ordnance Department (Ordnance Department) obtained physical control of the 

site. The Ordnance Department continued decontamination efforts until August 1946. In 1946, 

over 6,200 acres, 3,231 located within the fenced area, were transferred to the War Assets 

Administration (WAA), and approximately 2,800 acres were transferred to the Ravenna Arsenal. 

This 2,800-acre parcel, transferred to Ravenna Arsenal and referred to as the Magazine Area 

(and also the Plum Brook Depot), was transferred again in July 1947 to the Erie Ordnance Depot, 

LeCarne, Ohio (War Department, 1947). The Magazine Area included approximately 2,300 

acres inside the fence line and 500 acres of the buffer area, outside of the fence line. 

 

In 1949, the General Service Administration (GSA) took control of WAA’s portion of the 

PBOW property, which included an indeterminate amount of acreage outside of the fence line 

due to conveyances by WAA to private landowners during the late 1940s and early 1950s. It is 

believed that farmers were given the opportunity to buy back land in the buffer area, outside the 

fence line. 

 

In June 1954, the Army reacquired the 3,231 acres within the PBOW fence line that were 

previously transferred to the WAA and subsequently to GSA. From August 1954 to some time in 

1958, further decontamination was performed by the Army. The decontamination included 

removal of and disposal of contaminated surface and subsurface soil around the buildings and 

wooden and ceramic waste disposal lines containing TNT. This included thousands of pounds of 

TNT which were discovered in catch basins and removed and incinerated at the burning grounds.  

 

Two property use agreements were entered into by the Army and the National Advisory 

Committee for Aeronautics (NACA), the predecessor of the National Aeronautics and Space 

Administration (NASA), in March 1956 and January 1958, respectively. The first agreement was 

for approximately 500 acres on which NACA built a nuclear reactor. The second agreement gave 

NACA (NASA as of October 1958) use of an additional 2,700 acres within the fenced area but 

outside the Magazine Area, for a total of 3,231 acres under the two use agreements. At this time, 

NASA had use of all property inside the PBOW fence except the 2,300 acres in the Magazine 

Area. The Army declared this 3,231-acre property as excess in October 1958. 

 

In September 1961, the Army declared the Magazine Area as excess, and NASA formally 

requested custody of the property in October 1961 (NASA, 1961). On March 15, 1963, 

accountability and custody of the PBOW property (6,031 acres) were transferred from the 

Department of the Army to NASA.  
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However, prior to NASA’s acceptance of the property in March 1963, Ravenna Arsenal 

performed additional decontamination and subsequently certified 500 acres of the former PBOW 

property as decontaminated and suitable for unrestricted future use. This decontamination 

certification was only for the 500 acres in the former pentolite manufacturing area (area where 

NASA built the nuclear reactor) under the first use agreement. NASA identified additional DoD-

related contamination in 1963, after transfer of the property. NASA performed further 

decontamination efforts and the removal of structures in 1964. 

 

NASA has operated and maintained the property inside the fence line since 1963, and the facility 

currently located there is the NASA Glenn Research Center, Plum Brook Station. NASA 

operates the property as a space research facility in support of its John Glenn Research Center at 

Lewis Field, Cleveland, Ohio. Most of the aerospace testing facilities built in the 1960s at the 

site have been demolished or are currently on standby or inactive status. During 1967 through 

1971, NASA purchased approximately 2,000 acres outside of the fence line from local farmers as 

“buffer.” On April 18, 1978, NASA declared approximately 2,152 acres of PBOW as excess. 

This excess included approximately 1,500 acres of farmland outside the fence, including those 

acres purchased from farmers beginning in 1967, and was sold as farmland (NASA, 2013). Also, 

46 acres outside of the fence in the northeast corner of the PBOW facility near the guard house 

were conveyed to the Perkins Township Board of Education for use as a bus transportation area. 

In addition, the 2,152 acres of PBOW declared excess included a 604-acre parcel in the western 

part of the fenced area known as “Parcel 59.” This area, although previously declared excess, 

was not transferred and remains under NASA control. According to a NASA newsletter, NASA 

presently controls approximately 6,432 acres (NASA, 2013); this includes approximately 5,500 

acres within the fence line and 900 acres outside of the fence which have been leased for 

agriculture (NASA, 2012).  

 

The former PBOW FUDS property includes the entire 9,100 acres, but the only project areas that 

have been approved (or proposed) for the property are located within the fenced area (currently 

controlled by NASA). The fence generally runs along the patrol road. The area outside the fence 

was used as a buffer zone during the PBOW manufacturing period, and there is no known or 

suspected DoD-related contamination outside the fence line. Each of the WWTP1 and WWTP3 

sites, including the sewer line traces, are within the former PBOW and current NASA fence line. 
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1.3  Description and History of Study Areas 

 

1.3.1  WWTP1 

The former WWTP1 is located in the north-central portion of PBOW, approximately 200 feet 

northwest of the intersection of Maintenance Road and Taylor Road, and comprises 

approximately 2 acres (Figure 1-2). General site features of WWTP1 are shown on Figure 1-3. 

During PBOW manufacturing operations from 1941 to 1944, WWTP1 received TNT 

manufacturing wastes from TNTA and TNTB through wood-stave waste water sewer lines for 

treatment and disposal (ICI, 1995). The purpose of the plants was to treat waste water through 

evaporation and/or incineration; alternately untreated waste water was discharged from each of 

the manufacturing areas to the waste water ponds. The waste water that was transferred and 

received from the TNT manufacturing areas consisted of spent sulfuric acid and nitric acids and 

red water from the TNT purification process. Chemicals in the waste streams included sodium 

salts of sulfite, sulfate, nitrite, nitrate, sulfonates of unwanted TNT isomers, trinitrobenzoic acid, 

trinitrobenzaldehyde, trinitrobenzyl alcohol, nitrotoluenes, and dinitrotoluenes (D&M, 1997a).  

 

WWTP1 consisted of a raw waste storage tank, caustic storage tank, neutral storage tank, an 

equalization tank, a condensate storage tank, an evaporator building, an incinerator, and a thick 

liquid storage tank. The plants received a waste water slurry from the TNT manufacturing 

settling basins and neutralized the slurry through a chemical depuration process. The liquid was 

discharged to open ditches or ponds surrounding the facilities or thickened by evaporation. The 

thickened liquid was then incinerated. The incinerators were located to the east of the storage 

tanks at WWTP1. Ash from the WWTP1 incinerator was disposed of in Ash Pit 1 (AP1). 

 

A site inspection (SI) (USACE, 2000) had been conducted at WWTP1 prior to the RI effort 

(Shaw, 2013). Historical drawings were reviewed by D&M (1997b), when it was determined that 

the raw waste storage tank located at the former WWTP1 received waste from the settling basins 

located at manufacturing areas TNTA and TNTB. During a field reconnaissance conducted in 

March 1999 as part of an SI, bare areas and the remains of concrete foundations were reported to 

have been observed where the former buildings and storage tanks were once present (USACE, 

2000). The SI recommended additional investigation of WWTP1 due to the presence of 

nitroaromatic compounds (NAC) in two soil samples (USACE, 2000); note that the SI report is 

actually titled “limited site investigation.” 

 

The topography of WWTP1 is essentially flat, with a slight sloping gradient of less than 5 feet 

toward the north and west (USACE, 2000). Two drainage ditches are associated with WWTP1, 

one to the north and one to the west. Except during precipitation events, these ditches usually 
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contain little or no water. These ditches converge northwest of WWTP1 and drain toward the 

north-northwest, into an unnamed tributary to Plum Brook.  

 

WWTP1 is covered with a variety of vegetation types. In the far eastern portion of the site, some 

mowing appears to occur, but based on the overgrown nature of the site, not more than a few 

times per year. More frequent mowing occurs on the portion of the site that is immediately along 

the road. The remainder of WWTP1 contains a mosaic of upland old field and dense shrub thicket 

dominated by gray dogwood (Cornus racemosa). The old field portions of the site contain a variety 

of grasses and herbs. Scrub/shrub wetland vegetation occurs along the ditch located along the 

northern border of the WWTP1 study area.  

 

1.3.2  TNTA/WWTP1 Sewer Lines 

The locations of the TNTA/WWTP1 Sewer Lines are shown on Figure 1-2. General site features of 

the TNTA/WWTP1 Sewer Lines are shown on Figure 1-4. The TNTA/WWTP1 Sewer Lines 

extended to the west-southwest from the settling basins at TNTA to WWTP1. The more southern 

of these TNTA/WWTP1 lines extended directly west-southwest from TNTA to WWTP1, 

approximately 3,800 feet. The more northern of these lines extended due west approximately 

2,700 feet from TNTA before angling southwest for 1,500 feet to WWTP1. WWTP1 is located 

in the west-central portion of the PBOW facility, approximately 650 feet northwest of the 

intersection of Maintenance Road and Taylor Road. A more complete description of the 

TNTA/WWTP1 Sewer Lines is included in the RI report (Shaw, 2013). 

 

The waste water that was transferred via the TNTA/WWTP1 sewer lines from TNTA consisted 

of spent sulfuric and nitric acids and red water from the TNT purification process. Chemicals in 

the waste streams included sodium salts of sulfite, sulfate, nitrite, nitrate, sulfonates of unwanted 

TNT isomers, trinitrobenzoic acid, trinitrobenzaldehyde, trinitrobenzyl alcohol, nitrotoluenes, 

and dinitrotoluenes (D&M, 1997a). The TNTA/WWTP1 sewer lines were constructed with 

wood-stave pipes made of small wood slats (i.e., staves) joined together in a tongue-and-groove 

fashion and reinforced with steel banding. Use of wood-stave pipes was not uncommon for water 

and sewage conveyance during the late 1800s until the 1950s.  

 

Review of aerial photographs indicates portions of the sewer line trace are still visible based on 

ground scarring. Site walks conducted in the spring of 2009 confirmed linear depressions in the 

ground surface, possibly the result of the degradation of the wooden sewer line and collapse of 

the overlying soil. No previous investigations concerning the TNTA/WWTP1 sewer lines had 

been conducted at PBOW. 
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During the 2009-2011 investigation of the TNTA/WWTP1 Sewer Lines, no structures or 

foundations of any kind were encountered. Only small (e.g., several inches long) fragments of 

wood staves used to construct the sewer line were observed, as were miscellaneous pieces of 

metal banding which had held the staves together (Shaw, 2013). No intact sewer lines were 

found. Because the observed small pieces of wood-stave lines were very well preserved, it is 

apparent that the wood-stave sewer lines were previously removed and that the absence of intact 

sewer lines is not due to deterioration. Thus, it is likely that the majority of any residual 

contamination within the sewer lines was likewise removed during sewer line removal.  

 

1.3.3 TNTB/WWTP1 Sewer Lines 

The former WWTP1 is located in the north-central portion of PBOW, approximately 200 feet 

northwest of the intersection of Maintenance Road and Taylor Road (Figure 1-2). General site 

features of the TNTB/WWTP1 Sewer Lines are shown on Figure 1-5. During PBOW 

manufacturing operations from 1941 through 1944, WWTP1 received TNT manufacturing 

wastes from TNTA (located east of WWTP1) and TNTB (located south-southwest of WWTP1) 

through wood-stave waste water sewer lines for treatment and disposal (ICI, 1995). The trace of 

the TNTB/WWTP1 sewer line, which formerly ran south-southwest to north-northeast, is the 

subject of this BHHRA.  

 

The waste water that was transferred via the sewer lines from TNTB consisted of spent sulfuric 

acid, nitric acids, and red water from the TNT purification process. Chemicals in the waste 

streams may have included sodium salts of sulfite, sulfate, nitrite, and nitrate; sulfonates of 

unwanted TNT isomers; trinitrobenzoic acid; trinitrobenzaldehyde; trinitrobenzyl alcohol; 

nitrotoluenes; and dinitrotoluenes (D&M, 1997a).  

 

Based on historical as-built maps (Trojan Powder Company, 1944), the sewer lines originally 

extended from the TNTB settling tanks to WWTP1 and included a 4-inch and a 6-inch sewer line 

that extend north-northeast from the TNTB settling basins (Building 187) for approximately 

5,500 feet to the Raw Waste Storage Tank at WWTP1. Based on a review of a historical E.B. 

Badger & Sons (1962) map, a portion of the sewer lines along Shortcut Road apparently was 

removed (decontaminated) in November 1945. The TNTB/WWTP1 sewer lines were 

constructed with wood-stave pipes similar to the TNTA/WWTP1 sewer lines described in 

Section 1.3.2. 

 

Review of aerial photographs indicates limited portions of the sewer line trace are still visible 

based on ground scarring. Site walks conducted in the spring of 2009 confirmed linear 

depressions in the ground surface, particularly under existing roads. These depressions have 
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resulted from the settling of the overlying soil. No previous investigations concerning the 

TNTB/WWTP1 sewer lines had been conducted at PBOW. 

 

The topography along the TNTB/WWTP1 sewer line trace is essentially flat throughout its 

approximately 5,500-foot length, with some low-lying areas and a slight sloping gradient 

downward toward the north. The southern portion of the sewer line trace is adjacent to Ransom 

Brook and crosses a tributary to the creek. Note that this portion of Ransom Brook was 

investigated as part of TNTB and was found not to be impacted from former DoD activities (IT 

Corporation, 2001a). 

 

The TNTB/WWTP1 sewer line trace intersects a variety of vegetation types, including 

successional woods, shrub thicket, upland old field, mowed field, and wet meadow habitat. The 

mowed portions are generally along road and utility areas. No vegetative stresses attributable to 

chemical contamination have been observed along the TNTB/WWTP1 sewer line trace.  

 

1.3.4  WWTP3 

The former WWTP3 is located in the western-central portion of PBOW, approximately 650 feet 

southwest of the intersection of Maintenance Road and Ransom Road and 450 feet southeast of 

Patrol Road. General site features of WWTP3 are shown on Figure 1-6. The area represented by 

WWTP3 environmental samples occupies approximately 3 acres. During PBOW manufacturing 

operations from 1941 to 1944, WWTP3 acted as an overflow treatment plant for WWTP1 and 

Waste Water Treatment Plant No. 2 (WWTP2) and was connected to those facilities by a 6-inch 

steel sewer line (ICI, 1995). WWTP1 received wastes from TNTA and TNTB, while WWTP2 

received waste from TNTC. As stated in Section 1.3.1, the purpose of the treatment plants was to 

treat the waste water discharged from each of the manufacturing areas through evaporation 

and/or incineration. Unlike the other two PBOW waste water treatment plants, WWTP3 received 

overflow from the other two plants and did not discharge to the red water ponds. The waste water 

that was transferred and received from the TNT manufacturing areas consisted of spent sulfuric 

acid and nitric acids and red water from the TNT purification process. Chemicals in the waste 

streams included sodium salts of sulfite, sulfate, nitrite, nitrate, sulfonates of unwanted TNT 

isomers, trinitrobenzoic acid, trinitrobenzaldehyde, trinitrobenzyl alcohol, nitrotoluenes, and 

dinitrotoluenes (D&M, 1997a).  

 

WWTP3 consisted of a neutral storage tank, an equalization tank, a condensate storage tank, an 

evaporator building, an incinerator, and a thick liquid storage tank. The waste water treatment 

plants received waste water from the TNT manufacturing settling basins via the sewer lines. This 

waste water was neutralized through a chemical depuration process. The liquid was thickened by 
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evaporation and was then incinerated. The incinerators were located to the north of the storage 

tanks at WWTP3. Ash from the WWTP3 incinerator was disposed of in nearby Ash Pit 3. D&M 

(1997c) conducted a review of records and found that a bermed, square depression north of 

WWTP3 and south of Maintenance Road was thought to have possibly been used as an ash 

settling basin. A depression was found during 1995 field reconnaissance, but no berms were 

present (D&M, 1997b). This depression was sampled in 1999 as part of the  SI (USACE, 2000). 

This area, represented by SI samples SSW309 and SSW310, has since been paved as part of the 

parking area shown on Figure 1-6. 

 

The neutralization storage tank of WWTP3 was converted by NASA into the K-Site control 

building. The K-Site itself was operated in the former Power House 3 Building (USACE, 2000), 

which is approximately 300 feet to the southeast of WWTP3. Operations at the K-Site Test 

Facility officially ceased in 2007, and the K-Site control building was razed and associated soil 

was removed by NASA in October 2012 (NASA, 2013). 

 

1.4  Physical Setting 

 

1.4.1  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 (amsl) at the intersection of Taylor Road and Patrol Road on 

the southwestern side of the site to 625 feet amsl 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, 2005).  

 

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, 1997c). 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, 1997c). 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 
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and reservoirs and former red water ponds are located at PBOW (U.S. Geological Survey 

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

 
WWTP1. Surface water for WWTP1 drains into small unnamed ditches north and west of the 

site that connect with larger ditches that eventually drain into Plum Brook.  

 

TNTA/WWTP1 Sewer Lines. Surface water of the TNTA/WWTP1 sewer lines drains to two 

different PBOW creeks. Surface runoff in the western portion of the lines is interpreted to drain 

toward Plum Brook, while the majority of runoff is thought to drain toward a small creek on the 

southern portion of the site that discharges into Lindsley Ditch.  

 

TNTB/WWTP1 Sewer Lines. Surface water of the TNTB/WWTP1 sewer lines drains to low-

lying areas which drain to tributaries for the larger creeks. Surface water at the southern end of 

the line drains west toward Ransom Brook. Water located near the center and northern end of the 

line drains east toward Plum Brook.  

 

WWTP3. Surface water for WWTP3 water drains toward a small creek located in the northwest 

portion of the site that eventually discharges into Pipe Creek.  

 

1.4.2  Soils 

Following closure and removal of the manufacturing structures, tanks, and equipment, a local fill 

sand was brought to the areas to cover the remaining concrete building foundations and 

demolition scars and to provide a level ground surface for promotion of a natural landscape. 

Soils within the four study areas are described separately in the following paragraphs.  

 

WWTP1. Based on drilling and sampling results, some fill is present throughout WWTP1, with 

an interpreted maximum thickness of up to 2.6 feet found in the vicinity of boring WWTP1-

SB01 (Figure 1-3). The fill material and the interpreted 1940 ground surface are very similar in 

lithology (very fine-grain sand), but the native ground surface soil is interpreted to be 

characterized by color laminations and striations compared to a homogeneous and sometimes 

mottled fill sand. At some of the borings, a thin gravel layer was encountered and interpreted to 

be a former working or road surface. The average thickness of fill sand encountered at WWTP1 

is 1.3 feet, but fill material is absent in some portions of the site.  

 

Native soil at WWTP1 was predominantly derived from glacial deposits (till, outwash, or glacial 

lacustrine [lake] deposits). The top 6 feet of soil at WWTP1 generally consists of a very fine-

grain, homogeneous, stratified sand with vertical laminations. Below 6 feet, the soil changes to a 
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stiff, homogeneous, dark gray, highly plastic, silty clay. Rock fragments consisting of shale and 

limestone were commonly encountered near the bottom of borings that were advanced to 

bedrock. 

 

TNTA/WWTP1 Sewer Lines. Fill material is suspected to have been encountered in 1 of the 

12 soil borings drilled during the January 2009 fieldwork along the sewer lines traces. Boring 

PZ-05 (Figure 1-4) encountered suspected fill material consisting of a loose, dark yellowish-

brown, fine-grain, well-sorted sand beginning at the ground surface to a depth of 7 feet. This 

boring may have been drilled within material that was used as backfill after initial emplacement 

or abandonment of the TNTA/WWTP1 Sewer Lines.  

 

Native soil in borings drilled at the TNTA/WWTP1 Sewer Lines area consisted of glacial till, 

glacial outwash, or a glacial lacustrine (lake) deposit. In general, along the northern half of the 

field, the soil consisted of a stiff, olive-brown, mottled brown, silty clay overlying a fine-grain, 

homogeneous, well-sorted sand overlying a very stiff, dark gray, silty clay. This area is within a 

topographic high and represents a different depositional environment than was found in the 

southern portion. In the southern portion of the field, no sand lenses were encountered and 

bedrock refusal on the underlying Olentangy Shale occurred at a shallower depth. The average 

thickness of soil at the TNTA/WWTP1 Sewer Lines was 12.5 feet below ground surface (bgs). 

 

During excavation of test pits in 2008 and 2010, visible red staining indicative of NACs was 

evident in soils, particularly on the eastern end of the southern line adjacent to Columbus Avenue 

and the western end of the northern line adjacent to (east of) Taylor Road. Based on results of the 

field screening, it was evident that this staining represented residual soil contamination from the 

former waste line. The extent of the red staining appeared to be confined to very narrow layers 

within the soil column and is interpreted to be the result of minor leaks during operations or 

minor spills during the removal of the TNTA/WWTP1 Sewer Lines. 

 

TNTB/WWTP1 Sewer Lines. No fill material was believed to have been encountered in any 

of the soil borings drilled during the August 2009 fieldwork along the sewer line trace. No 

buildings or other structures were known to be present along the TNTB/WWTP1 sewer line trace 

except for the TNTB pump house/settling tanks and the raw storage tank at WWTP1, located at 

the south and north ends of the former sewer lines, respectively.  

 

Native soil in borings drilled at the TNTB/WWTP1 sewer lines area (TNTB-SL-DP01 through 

TNTB-SL-DP014) and monitoring well borings (1SLB-MW01 and 1SLB-MW02) consisted of a 
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glacial till, glacial outwash, or glacial lacustrine (lake) deposit. In general, along the northern 

portion of the sewer lines (Figure 1-5), soil consisted of a loose, very fine-grain, dark yellowish-

brown sand to a depth of approximately 10 feet bgs, where a gray, medium to stiff silt with shale 

fragments was encountered. Along the southern portion of the TNTB/WWTP1 sewer lines, the 

total depth to refusal became much shallower and the soil generally consisted of only a dark 

yellowish-brown, loose sand. Refusal was met in 14 of the 16 borings in shale (Olentangy 

Shale), and the two borings that did not encounter shale were drilled near former WWTP1 to a 

maximum depth of only 10 feet bgs. The average depth at which shale was encountered in the 

northern portion of the sewer line was approximately 17 feet bgs. In the southern end of the 

sewer line, the shale was encountered at an average depth of 6.3 feet bgs although, for the most 

part, the closer to the TNTB settling tanks a borehole was drilled, the less overburden was 

encountered. 

 

WWTP3. Most of the present ground surface at WWTP3 is interpreted as being very near the 

1940s ground surface. Little to no fill material is believed to be present due to black cinders and 

burnt wood located near the present ground surface. Aside from the neutral waste storage tank, 

the buildings and structures at WWTP3 were burned and demolished in the 1950s or early 1960s. 

The neutral waste storage tank was converted for use by NASA as the K-Site control building 

and adjoining patio. This building and patio were demolished by NASA in October 2012. Soil 

boring SB-01 was drilled in a berm located on the west side of the building (Figure 1-6) and 

encountered black cinders and soil indicative of the original surface. With little to no fill material 

encountered at the site, the berm around the building is suspected to have been created with the 

1940 surface soil. Interpreted bore log information from piezometer and monitoring well drilling 

shows the thickness of the 1940 disturbed soil ranges from the existing ground surface (SB-06) 

to a maximum depth of 4 feet bgs (WTP3-BEDGW-003).  

 

The native soil at PBOW and the soil at WWTP3 are predominantly derived from glacial till, 

glacial outwash, or glacial lacustrine (lake) deposits. Below the disturbed soil associated with the 

1940s-era construction activities at WWTP3, the soil generally consists of a stiff, dark brown to 

dark gray, mottled silt to a depth of approximately 7 feet, then changes to a homogeneous, dark 

gray, highly plastic silt or clay. Rock fragments (shale) were typically found in split-spoon 

samples during monitoring well borehole drilling prior to refusal.  

 

1.4.3  Geology 

At PBOW, three bedrock units have been encountered during well installation. These are the 

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

2005). 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, 1997c). 

 

WWTP1. Bedrock units in WWTP1 consist of the Olentangy Shale and the underlying Delaware 

Limestone, both of Devonian age. The Olentangy Shale at WWTP1 was encountered at an 

average depth of 22.8 feet bgs. In general, the shale was gray in color, highly weathered, friable, 

and thinly laminated. Thickness of the shale in the bedrock monitoring well locations averaged 

18.6 feet. Below the shale, the Delaware Limestone was encountered. It was found at depths 

ranging from 38.1 feet bgs (600.5 feet amsl) in bedrock well WTP1-BEDGW-002 to 38.8 feet 

bgs (597.8 feet amsl) in well WTP1-BEDGW-001. The limestone was typically dark gray in 

color, massive, fossiliferous, slightly weathered, and hard. Pyrite crystals were located on several 

cores along with a light brown hydrocarbon staining. All three of the bedrock wells exhibited a 

strong hydrocarbon and hydrogen sulfide odor. A description of the presence of naturally 

occurring petroleum hydrocarbons and hydrogen sulfide is presented in Section 1.4.5. 

 

TNTA/WWTP1 Sewer Lines. Bedrock units below the TNTA/WWTP1 Sewer Lines consist 

of the Olentangy Shale and the underlying Delaware Limestone, both of Devonian age. The 

Olentangy Shale at the TNTA/WWTP1 Sewer Lines was encountered at an average depth of 

12.5 feet bgs. In general, the shale was gray in color, highly weathered, friable, and thinly 
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laminated. Thickness of the shale in the bedrock monitoring well locations averaged 30.2 feet. 

Below the shale, the Delaware Limestone was encountered. It was found at depths ranging from 

40.2 feet bgs (592.8 feet amsl) in bedrock well 1SLA-BEDGW-001 to 52.3 feet bgs (631.7 feet 

amsl) in well 1SLA-BEDGW-003. The limestone was typically dark gray in color, massive, 

fossiliferous, slightly weathered, and hard. Pyrite crystals were located on several cores along 

with a light brown hydrocarbon staining. All three of the bedrock wells exhibited a strong 

hydrocarbon and hydrogen sulfide odor. A description of the presence of naturally occurring 

petroleum hydrocarbons and hydrogen sulfide is presented in the RI Report (Shaw, 2013). 

 

TNTB/WWTP1. Bedrock units in the TNTB/WWTP1 sewer lines area consist of the Olentangy 

Shale. The Olentangy Shale was encountered in 14 of the 16 borings at depths ranging from 3.5 

feet bgs (TNTB-SL-DP09) to 17 feet bgs (TNTB-SL-DP04). The average elevation of the top of 

the Olentangy Shale ranged from approximately 640 to 660 feet amsl. Based on samples 

recovered from the direct-push and monitoring well borings, the Olentangy Shale was typically 

gray in color, highly weathered near the soil bedrock interface, thinly laminated, and friable. The 

depth of the Delaware Limestone in the TNTB/WWTP1 sewer lines area ranges from 23 feet bgs 

at WWTP1 to 40 feet bgs at TNTB.  

 

WWTP3. Bedrock units at WWTP3 consist of the Olentangy Shale and the underlying Delaware 

Limestone, both of Devonian age. A 2- to 3-foot-thick possible limestone lens, limestone floater, 

or glacial erratic was interpreted to have been encountered above the Olentangy Shale during 

drilling of wells WTP3-BEDGW-001 and WTP3-BEDGW-002. A detailed description of the 

rock could not be made because only minor fragments were recovered during installation of the 

isolation casing while “wet” drilling. From recovered fragments and the driller’s interpretation, 

the rock was a very hard (harder than any other bedrock cut during this monitoring well 

installation task), nonfractured, limestone or glacial erratic. Shale was encountered below the 

hard rock at WTP3-BEDGW-001 and WTP3-BEDGW-002 and at 25.8 feet bgs in boring/well 

WTP3-BEDGW-003. The shale (Olentangy) at WWTP3 was encountered at an average depth of 

26.4 feet bgs, was dark gray in color, and had an average thickness of 1.3 feet. A hard, shaley 

limestone encountered below the shale quickly changed to a hard, gray, competent, fossiliferous 

limestone at a depth of approximately 29.5 feet bgs. All three of the bedrock wells exhibited 

hydrocarbon staining on the bedrock cores, and hydrogen sulfide odors were detectable.  

 

1.4.4  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 
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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, 1997d). 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). 

 

Based on location and yield data from domestic groundwater wells outside of the PBOW 

boundary, the bedrock groundwater has been divided into three horizontal zones. Zone 1 occurs 

in the north 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. In addition to being located in the shale, Zone 3 

groundwater wells are poor yielding, many of them providing less than 3 gpm (D&M, 1997c). 

WWTP1, the TNTA/WWTP1 Sewer Lines, and the TNTB/WWTP1 Sewer Lines are in Zone 3, 

and WWTP3 appears to be within Zone 2. 

 

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

one in the underlying Delaware Limestone bedrock. Data from previous investigations (IT 

Corporation, 1997, 1999, 2001b,c; Shaw, 2003, 2005) show that groundwater in the overburden 

is in discontinuous pockets during dry time periods, exemplified by monitoring wells that are 

typically dry or site areas in which wells could not be installed due to a lack of water in the 

overburden soil at the time of drilling. Throughout PBOW, a downward gradient exists from the 

overburden/shale water-bearing zone to the bedrock aquifer, suggesting the potential for 

migration from the overburden/shale to the limestone bedrock. 

 

WWTP1. Overburden/shale groundwater at WWTP1 was encountered at depths ranging from 

2.4 feet bgs (PZ-02) to 5.5 feet bgs (SB-08/PZ-05 and PZ-01) in December 2008 (wet season) 

during soil boring drilling/piezometer installation. During monitoring well installation conducted 

in March 2009 (wet season), overburden/shale groundwater was encountered at depths of 1 foot 

bgs (WTP1-MW01 and WTP1-BEDGW-001) to 3 feet bgs (WTP1-BEDGW-003). As shown by 

the May  2009 (wet season) overburden/shale groundwater elevation contour map depicted on 

Figure 1-7, groundwater flow is in a north-northwest direction toward an unnamed drainage 

ditch. This contour map includes water level measurements from both the temporary piezometers 

and permanent monitoring wells. The October 2009 (dry season) contour map depicted on Figure 

1-8 does not include measurements from temporary piezometers because they had been 
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abandoned in June 2009. This October map includes groundwater measurements from the two 

newly installed TNTB/WWTP1 Sewer Lines overburden/shale wells (1SLB-MW01 and 1SLB-

MW02, installed in October 2009. The groundwater flow direction during October 2009 was also 

towards the northwest. Overburden/shale groundwater flow from both contour maps indicates 

that flow direction mimics the surface topography.  

 

In addition, one stream level staff gauge (SG01) was placed in the drainage ditch located north of 

the area, beside surface water-sediment sample location SDW-02, and survey elevations were 

recorded at the top and base of the rod. The drainage ditch was dry during all water level 

measuring events. This suggests that the surface drainage may not act as a point of groundwater 

discharge, at least in the vicinity of the staff gauge. However, it should be noted that the May 

2009 water level in PZ-01 is approximately 0.5 foot higher than the bottom of the ditch. 

Piezometer PZ-01 is approximately 29 feet south of the staff gauge, suggesting the potential does 

exist for limited groundwater discharge during periods of higher precipitation and groundwater 

recharge. 

 

Two bedrock wells were installed at WWTP1 during the RI. Bedrock groundwater was 

encountered in fractures at depths of 45 feet bgs (WTP1-BEDGW-002) and 47.2 feet bgs 

(WTP1-BEDGW-003) during bedrock monitoring well installation in March 2009. No water-

bearing fractures were encountered during bedrock drilling for WTP1-BEDGW-001, so the 

borehole was properly abandoned and a well was not installed. To provide a regional bedrock 

groundwater flow determination instead of a local interpretation based on only two bedrock 

wells, groundwater level measurements were recorded from all PBOW sitewide bedrock 

monitoring wells during the months of May (wet season) and August 2010 (dry season). As 

determined by elevations shown on Figures 1-9  and 1-10, bedrock groundwater flow is in a 

northwest direction toward a bedrock groundwater trough. The trough has been interpreted to be 

the result of continuous bedrock groundwater pumping by sumps in the Reactor Building and/or 

preferential flow along southwest-to-northeast bedrock fractures. This interpretation is 

speculative, however, given that water levels are not available for the Reactor Area wells. 

 

TNTA/WWTP1 Sewer Lines. Overburden/shale groundwater at the TNTA/WWTP1 Sewer 

Lines was encountered at depths ranging from 3 feet bgs (PZ-05) to 10 feet bgs (SB-07/PZ-09) 

during soil boring drilling/piezometer installation in January 2009 (wet season). Groundwater 

was not encountered in six of the borings, probably due to the low-permeability silt and silty clay 

present at those boring locations. During monitoring well installation conducted in February and 

March 2009 (wet season), overburden/shale groundwater was found in a perched lens in two 

wells (1SLA-BEDGW-002 and 1SLA-BEDGW-003). Overburden/shale groundwater was 
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encountered at the greatest depth of 17 feet bgs in well 1SLA-BEDGW-001. As shown by the 

May 26, 2009 (wet season) overburden/shale groundwater elevation contour map (Figure 1-11), 

which includes water level measurements from both the temporary piezometers and permanent 

monitoring wells, groundwater flow is in a south-to-west radial direction, toward an unnamed 

drainage ditch and Plum Brook. Figure 1-12 presents an overburden/shale groundwater 

potentiometric map of water level measurements taken on October 27, 2009 (dry season) from 

the overburden/shale monitoring wells (the piezometers were abandoned in July 2009). The 

groundwater flow direction during October 2009 is also in a radial south-to-west direction. 

Overburden/shale groundwater flow mimics the surface topography from both contour maps.  

 

Three bedrock monitoring wells were installed at the TNTA/WWTP1 Sewer Lines. The 

locations of the three bedrock wells (upgradient, source, and downgradient) were based on 

historical sitewide bedrock groundwater flow maps. Well 1SLA-BEDGW-001 was installed in 

an upgradient position, south of the sewer lines; bedrock well 1SLA-BEDGW-002 was installed 

as a source area well near the southern sewer line; and monitoring well 1SLA-BEDGW-003 was 

installed as a downgradient well. Bedrock groundwater was encountered during February and 

March 2009 drilling in fractures at depths of 57.1 feet (1SLA-BEDGW-001), 68 feet (1SLA-

BEDGW-002), and 76.6 feet (1SLA-BEDGW-003). The screened interval of each of these wells 

is within the Delaware Limestone bedrock. Because minimal information is available from 

mapping of groundwater from only three bedrock wells, sitewide (regional) Delaware Limestone 

groundwater flow maps are shown on Figure 1-9 (wet season, May 2010) and Figure 1-10 (dry 

season, August 2010) to characterize groundwater flow in the vicinity of the TNTA/WWTP1 

Sewer Lines. Delaware Limestone groundwater flow is determined to be in a north-northeast 

direction in the general vicinity of the TNTA/WWTP1 Sewer Lines. 

 

TNTB/WWTP1 Sewer Lines. Overburden/shale groundwater at the TNTB/WWTP1 sewer 

lines was encountered at depths ranging from 5 feet bgs (TNTB-SL-DP01) to 8.2 feet bgs 

(TNTB-SL-DP06) in August 2009 (dry season) during soil boring drilling/piezometer 

installation. Groundwater was not encountered in eight of the borings, possibly due to the dry 

conditions or because the stiff silt at these locations served as a groundwater barrier. During 

monitoring well installation conducted in October 2009 (dry season), overburden/shale 

groundwater was encountered at a depth of 6 feet bgs (636.43 feet amsl) in 1SLB-MW01 and at 

a depth of 4 feet bgs (637.46 feet amsl) in well 1SLB-MW02. Figure 1-13 presents an 

overburden/shale groundwater potentiometric map of water level measurements taken October 

27, 2009 (dry season) from the overburden/shale monitoring wells (the piezometers were 

abandoned in July 2009, so a wet and dry season water level measurement comparison was not 

possible). The groundwater flow direction depicted on the October 2009 maps varies depending 
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upon the monitoring well groundwater measurement location, but in all cases, the groundwater 

flow direction mimics the surface topography in both contour maps. In general, overburden/shale 

groundwater flow direction is towards the north.  

 

Sitewide (regional) Delaware Limestone groundwater flow maps are shown on Figure 1-9  (wet 

season, May 2010) and Figure 1-10 (dry season, August 2010). Delaware Limestone 

groundwater flow in the vicinity of the TNTB/WWTP1 Sewer Lines is determined to be in a 

north-northeast direction. 

 

WWTP3. Overburden/shale groundwater at WWTP3 was encountered at depths ranging from 

3.4 feet bgs (SB-06) to 10.5 feet bgs (SB-02/PZ-03) in December 2008 (wet season) during soil 

boring drilling/piezometer installation. During monitoring well installation conducted in March 

and April 2009 (wet season), overburden/shale groundwater was encountered at depths from 9.7 

feet bgs (WTP3-MW03) to 10.3 feet bgs (WTP3-BEDGW-001). As shown by the May 18, 2009 

overburden/shale groundwater elevation contour map, which includes water level measurements 

from the temporary piezometers and permanent monitoring wells (Figure 1-14), groundwater 

basically follows topographic contours and flow is in a northeast and northwest direction toward 

an unnamed drainage ditch. Figure 1-15 presents an overburden/shale groundwater elevation 

map of water level measurements in November 2009 (dry season). The November 2009 contour 

map was drawn using only the three overburden/shale monitoring wells (groundwater from 

temporary piezometers were not measured because they were removed in July 2009). The 

November 2009 contour map shows a change in groundwater flow direction to the southeast, 

likely due to localized groundwater recharge from the unnamed ditch at the site.  

 

In addition, one stream level staff gauge (SG03) was placed in the drainage ditch located north of 

WWTP3 and survey elevations were recorded at the top and base of the rod. Water level 

measurements of the drainage ditch surface water were conducted from the staff gauge. When 

groundwater elevations from the nearest monitoring well (WTP3-MW03) are compared with 

surface water measurements from the drainage ditch, the drainage ditch meets the definition of a 

water “gaining” stream during the wet season month of May (Figure 1-14) and the definition of a 

water “losing” stream during the dry season month of November (Figure 1-15). Figure 1-14 

shows that the May groundwater elevation of WTP3-MW03 adjacent to the ditch is greater than 

the water level elevation measured at SG03, indicating the potential for groundwater to discharge 

into the ditch. Figure 1-15 shows that the November groundwater elevation near the drainage 

ditch is less than the surface elevation of the ditch (approximately 630.6 feet amsl), indicating 

that the ditch is potentially losing water to the adjacent overburden/shale groundwater system. 
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Three bedrock wells were installed at WWTP3 during the RI. Bedrock groundwater at WWTP3 

was encountered in fractures at depths of 37 feet bgs in WTP3-BEDGW-001, 37.1 feet bgs in 

WTP3-BEDGW-002, and 36 feet bgs in WTP3-BEDGW-003 during bedrock monitoring well 

installation in April 2009. To provide a regional bedrock groundwater flow determination instead 

of a local interpretation based on only three bedrock wells, groundwater level measurements 

were recorded from all PBOW sitewide bedrock monitoring wells during the months of May and 

August 2010. Based on the May and August 2010 data, bedrock groundwater flow is in a 

southeast direction toward a trough. The groundwater trough has been interpreted to be the result 

of the bedrock fracture network coupled with groundwater withdrawal from pumping by wells in 

the Reactor Building (Figures 1-14 and 1-15). 

 

1.4.5  Unsuitability of PBOW Groundwater for Use as Drinking Water 

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 (Shaw, 2005). PBOW is located within the 

transition of the two systems. 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 (ODNR) (1962) as being of low quality because of high mineral content. 

 

The two main water-bearing zones underlying the PBOW facility are located in the 

overburden/shale unit and the limestone bedrock and are thus called the overburden/shale and 

bedrock water-bearing zones. The overburden and shale groundwater units exhibit similar water 

levels, suggesting substantial vertical communication, and are considered one hydrogeologic 

unit.  

 

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

pockets during periods of dry weather (Shaw, 2005; IT Corporation, 1997, 1999, 2001b). 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 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 EPA Office of Groundwater Secondary Drinking Water Regulations (SDWR) or 

health advisories (EPA, 2012). SDWRs are nonenforceable federal guidelines regarding cosmetic 

effects (such as tooth or skin discoloration) or aesthetic effects (such as taste, odor, or color) of 

drinking water that are used by public water authorities as guidance for acceptability of water as 

a potable source. The overburden/shale groundwater unit is consistent with the EPA guidelines 
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for Class III nonpotable groundwater based on naturally occurring sulfate and TDS. Therefore, 

this groundwater unit is not a suitable drinking water source based on both low yield and 

naturally poor quality. 

 

The low yield in the overburden/shale groundwater that is characteristic under much of PBOW 

was observed in the vicinity of WWTP1, the TNTA/WWTP1 Sewer Lines, the TNTB/WWTP1 

Sewer Lines, and WWTP3. Although all four TNTB/WWTP1 Sewer Lines overburden/shale 

groundwater samples could be collected using low-flow sampling methodology, two of the six 

piezometers in the vicinity of the TNTB/WWTP1 Sewer Lines were dry and a third could not be 

low-flow sampled. Therefore, groundwater yield in the vicinity of the TNTB/WWTP1 Sewer 

Lines appears to be spatially limited and unlikely to yield sufficient water to serve as a potable 

source, even though the groundwater yield was greater there than at the other three sites.  

 

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. 

 

The presence of natural petroleum-derived hydrocarbon seeps is common along the walls of area 

quarries (Shaw, 2005). Petroleum hydrocarbon odors and/or staining were observed at depth 

during the drilling of all three WWTP1 bedrock wells, all three TNTA/WWTP1 Sewer Line 

bedrock wells, and all three WWTP3 bedrock wells. Also, at least one well emitted elevated 

hydrogen sulfide concentrations in each of these three areas. No bedrock wells were installed in 

the vicinity of the TNTB/WWTP1 Sewer Lines because of negligible contamination in the 

overburden/shale wells in this area.  

 

Consistent with the findings of naturally occurring petroleum hydrocarbons in the limestone 

wells, benzene was detected in each of the WWTP1, TNTA/WWTP1 sewer line, and WWTP3 

wells. The TDS concentration of each WWTP1 (2,630 to 4,600 milligrams per liter [mg/L]), 

TNTA/WWTP1 sewer line (2,250 to 12,200 mg/L), and WWTP3 (1,160 to 1,790 mg/L) 

limestone bedrock groundwater sample exceeded the SDWR for TDS of 500 mg/L. The most 

common components of TDS are common salts; very small particulates; and ionic forms of 

common elements such as calcium, magnesium, sodium, iron, sulfate, and strontium (OEPA, 

2009). The elevated TDS within the limestone bedrock that underlies PBOW likely results from 
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the reducing conditions that mobilize metals. In addition, naturally occurring long-chained 

petroleum hydrocarbon molecules may also contribute to TDS in PBOW bedrock groundwater.  

 

In summary, the limestone unit generally provides an adequate quantity of groundwater for 

hypothetical potable use. However, the natural quality of this water would fail drinking water 

standards with respect to naturally occurring benzene that consistently exceeds the maximum 

contaminant level and the elevated TDS. The elevated benzene is related to naturally occurring 

petroleum hydrocarbons, and the high TDS is likely associated with naturally occurring reducing 

conditions. 

 

1.4.6  Groundwater Use in Areas Surrounding PBOW 

Approximately 170 private drinking water wells permitted by the Erie County Health 

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 (Shaw, 2006). 

Groundwater is not used within the PBOW facility. 

 

1.5  Summary of Remedial Investigation 

The following sections provide an overview of the investigative activities conducted as part of 

the RI for each of the four sites. A field investigation was conducted at WWTP1 and WWWTP3 

in 1999 as part of an SI (USACE, 2000). Collection, analysis and evaluation of RI samples were 

performed based partly on the SI samples. Note that no previous investigation was conducted for 

the TNTA/WWTP1 and TNTB/WWTP1 Sewer Lines.  

 

1.5.1  WWTP1 

 
Soil. From December 3 through 5, 2008, a total of 27 RI soil samples, including 3 field quality 

control (QC) samples, were collected from seven direct-push borings at WWTP1. Soil samples 

included 9 surface and 18 subsurface soil samples. Soil samples were analyzed for NACs, 

semivolatile organic compounds (SVOC), and target analyte list (TAL) metals; one surface soil 

sample was analyzed for total organic carbon (TOC). In addition, surface and subsurface soil 

samples from only the intermediate depth range were analyzed for polychlorinated biphenyls 

(PCB). 

 

Piezometer Groundwater. In December 2008, a total of three groundwater samples were 

collected from three (PZ-01, PZ-02, and PZ-03) of the six temporary piezometers and analyzed 
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for NACs, SVOCs, metals (filtered and unfiltered), total cyanide, and water quality parameters 

(alkalinity, chloride, hardness, nitrate, sulfate, TDS, total suspended solids, turbidity, oxidation-

reduction potential, and ferrous iron).  

 

Overburden/Shale Groundwater. Overburden/shale monitoring well groundwater sampling 

from an upgradient well (WTP1-MW03), a source area well (WTP1-MW02), and a 

downgradient well (WTP1-MW01) occurred in May (wet season) and October (dry season) of 

2009. Monitoring well samples were analyzed for NACs, volatile organic compounds (VOC), 

SVOCs, metals (filtered and unfiltered), total cyanide, and water quality parameters.  

 

Bedrock Groundwater. Bedrock monitoring well sampling from upgradient well WTP1-

BEDGW-003 and source area well WTP1-BEDGW-002 occurred in May (wet season) and 

October-November (dry season) of 2009. A downgradient monitoring well was not installed at 

WWTP1 because bedrock groundwater was not encountered during drilling of the borehole to a 

depth of nearly 100 feet. Only a groundwater sample from upgradient bedrock well WTP1-

BEDGW-003 was collected during May 2009 due to insufficient recharge in the source area 

well. Both wells were sampled during the dry season sampling, but neither sample was collected 

using the low-flow method. Bedrock groundwater samples were analyzed for NACs, VOCs, 

target compound list SVOCs, TAL metals (filtered and unfiltered), hardness, total cyanide, and 

water quality parameters.  

 

Surface Water. One surface water sample was collected in May 2009 from an unnamed 

drainage ditch located north of the site. Four samples were planned for collection, but no surface 

water was present at the other three sample locations. The sample was analyzed for NACs, 

SVOCs, TAL metals, and water quality readings (oxidation-reduction potential, pH, 

conductivity, turbidity, dissolved oxygen, and temperature).  

 

Sediment. Four sediment samples were collected in May 2009 from the locations where 

surface water sampling had been planned, including from the three locations which lacked 

surface water at the time of sampling. The sediment samples were collected from the drainage 

ditches located north and west of the site near the 1999 SI (USACE, 2000) sediment sample 

locations. The 1999 SI sample location stakes were found at each sample location. Sediment 

samples from the 1999 SI were analyzed for SVOCs, NACs, and TAL metals. Samples were 

analyzed for PCBs to verify their presence/absence, and one sample was analyzed for TOC.  
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1.5.2  TNTA/WWTP1 Sewer Lines 

 

Test Pit Excavation. A total of 18 test pits were excavated along the former sewer line traces 

in December 2008. No former sewer lines were encountered during any of the excavations, but 

metallic banding, terracotta piping pieces, and wood-stave fragments were uncovered. To 

determine any NAC contamination impact to the soil associated with the former sewer lines, a 

total of 23 soil samples were collected within these test pits below any disturbed material at 

depths of 3 to 5.5 feet bgs and analyzed only for NACs (Shaw, 2013). This depth range is 

interpreted to be immediately below the sewer lines. 

 

Soil. To further define the area and confirm NAC contamination detected in the test pit soil 

samples, 12 subsurface soil samples were collected from depths of 3 to 5 and 8 to 10 feet bgs in 

January 2009 soil borings. Soil samples were analyzed for NACs, PCBs, SVOCs, and TAL 

metals.  

 

Following review and evaluation of the 2009 soil and groundwater analytical results, additional 

subsurface soil sampling was performed. In October 2010, a total of 117 composite subsurface 

soil samples were collected from along 5,850 feet of the TNTA/WWTP1 Sewer Line traces and 

analyzed on site by colorimetric screening methods. If a sample result exhibited field screening 

concentrations greater than 10 parts per million, the sample was sent off site for confirmation 

analysis. When sample results were greater than 10 parts per million, three composite samples 

were collected to determine lateral NAC distribution. Nitroaromatics found at higher 

concentrations during on-site screening were typically found at lower concentrations in 

laboratory analytical samples (Shaw, 2013). 

 

Based on preliminary evaluations of October 2010 data, a surface soil sample near boring SB05 

(located within the footprint of test pit TP-27) and a subsurface soil sample from the TP-33 test 

pit were identified as potential hot spots due to elevated TNT concentrations. Therefore, in 

August 2011, nine surface soil samples (0 to 1 foot bgs) were collected in areas surrounding test 

pit TP-27, along the southern sewer line, and nine additional subsurface soil samples (5 to 7 feet 

bgs) were collected in areas surrounding test pit TP-33, along the northern sewer line. All 

samples were analyzed for NACs only (Shaw, 2013).  

 

To address data gaps in the evaluation of surface soil NAC contamination encountered during the 

August 2011 field event, a fourth phase of delineation sampling was conducted in September 

2011 in the area of test pit TP-27. This event included collection of only surface soil (0 to 1 foot) 

samples. A total of 12 samples were collected and analyzed for NACs only (Shaw, 2013).  
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Piezometer Groundwater. A total of 10 temporary piezometers were installed and 

groundwater samples were collected in January 2009. Groundwater samples from the 

piezometers were analyzed for NACs; only four of the piezometers had a sufficient volume of 

water to collect any samples.  

 

Overburden/Shale Groundwater. Based on information from the shallow temporary 

piezometers, three permanent overburden/shale monitoring wells were installed in upgradient, 

source area, and downgradient locations. Two groundwater samples were collected during the 

wet season month of May 2009 and three groundwater samples were collected during the dry 

season month of November 2009. Groundwater samples were analyzed for NACs, VOCs, 

SVOCs, metals (filtered and unfiltered), and water quality parameters (Shaw, 2013). Based on 

groundwater elevation measurements, overburden/shale groundwater flow tends to follow the 

surface topography toward the south to southwest. 

 

Bedrock Groundwater. In addition, to determine depth to groundwater, gradient, and any 

impact to the bedrock groundwater, three limestone bedrock monitoring wells were installed in 

upgradient, source area, and downgradient locations to the former sewer lines. Two groundwater 

samples were collected during the wet season month of May 2009 and five groundwater samples 

were collected from two bedrock wells during the dry season in November 2009. Groundwater 

samples could not be collected from upgradient well 1SLA-BEDGW-001 during either event 

because of insufficient well yield. Groundwater was analyzed for NACs, metals (filtered and 

unfiltered), VOCs, SVOCs, and water quality parameters (Shaw, 2013). Groundwater elevation 

measurements from the bedrock monitoring wells indicate that the flow direction is toward the 

north-northeast. 

 

Surface Water. A total of 10 surface water samples were collected from Plum Brook in 

October 2010. These were analyzed only for NACs (Shaw, 2013). 

 

Sediment. A total of 10 sediment samples were collected from Plum Brook in October 2010. 

These were analyzed for NACs and PCBs (Shaw, 2013). 

 

1.5.3  TNTB/WWTP1 Sewer Lines 

 

Test Pit Excavation. Twenty test pits were excavated between the former WWTP1 and TNTB 

settling tanks area. No intact piping was encountered during excavations, but the trenching did 

uncover evidence of soil discoloration consistent with a filled trench and indications that a 
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pipeline had been present (i.e., portions of wood-stave piping and metal bands). A total of 24 soil 

samples (including 2 field QC duplicate samples and 2 field QC split samples) were collected 

and analyzed for NACs. Test pit soil samples were typically collected from a depth of 1.5 to 2 or 

2 to 3 feet bgs.  

 

Soil. To confirm NAC detections in the test pit soil and any impact to the groundwater, direct-

push soil drilling was conducted in August 2009. A total of 30 soil samples, including field QC 

samples, were collected from 14 direct-push borings at the TNTB/WWTP1 Sewer Lines. 

Fourteen surface (0 to 1 foot, including 2 field QC duplicate and 2 field QC split samples) and 16 

subsurface (depths below 0 to 1 foot, including 1 field QC duplicate and 1 field QC split sample) 

soil samples were collected from the borings.  

 

Piezometer Groundwater. During August 2009, a total of six overburden groundwater 

samples (including one field QC duplicate and one field QC split sample) were collected from 

the six temporary piezometers installed at TNTB/WWTP1. Groundwater samples were collected 

from piezometers TNTB-SL-PZ01, TNTB-SL-PZ02, TNTB-SL-PZ03, and TNTB-SL-PZ06. 

Except for the sample from piezometer TNTB-SL-PZ01, all were collected using low-flow 

groundwater sampling methodology. The other two temporary piezometers (TNTB-SL-PZ04 and 

TNTB-SL-PZ05) were dry, so no groundwater sample could be collected. Because the other four 

boreholes planned for piezometer installation were dry, no piezometers were installed at these 

locations (TNTB-SL-PZ07, TNTB-SL-PZ08, TNTB-SL-PZ09, and TNTB-SL-PZ10). 

Groundwater samples were analyzed only for NACs.  

 

Overburden/Shale Groundwater. Based on the limited detection of NACs in soil and 

piezometer groundwater samples, only two permanent overburden/shale monitoring wells 

(1SLB-MW01 and 1SLB-MW02) were installed at the TNTB/WWTP1 Sewer Lines to assess 

groundwater quality. Groundwater sampling was conducted in May 2009, during the wet season, 

and in November 2009, during the dry season. Groundwater was collected from both wells 

during May and November 2009 sampling events using a bladder pump and the low-flow 

sampling methodology. Monitoring well samples were analyzed for NACs, VOCs, SVOCs, TAL 

metals (filtered and unfiltered), total cyanide, and water quality parameters.  

 

1.5.4  WWTP3 

 

Soil. From December 10 through 11, 2008, a total of 27 RI soil samples, including 3 field QC 

samples, were collected from seven direct-push borings at WWTP3. Soil samples included 7 

surface and 20 subsurface soil samples. Soil samples were analyzed for NACs, SVOCs, and TAL 
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metals, and one surface soil sample was analyzed for TOC. In addition, surface and subsurface 

soil samples from only intermediate depth range were analyzed for PCBs.  

 

Piezometer Groundwater. In December 2008, a total of three groundwater samples were 

collected from three (PZ-01, PZ-02, and PZ-03) of the six temporary piezometers and analyzed 

for NACs, SVOCs, metals (filtered and unfiltered), total cyanide, and water quality parameters 

(alkalinity, chloride, hardness, nitrate, sulfate, TDS, total suspended solids, turbidity, oxidation-

reduction potential, and ferrous iron).  

 

Overburden/Shale Groundwater. Overburden/shale monitoring well sampling from 

WTP3-MW01 (upgradient well), WTP3-MW02 (source area well), and WTP3-MW03 

(downgradient well) was performed in May 2009 during the wet season and in November 2009 

during the dry season. Groundwater samples from the overburden/shale wells during both 

months could not be sampled using the low-flow sampling methodology due to insufficient yield. 

Groundwater was collected from overburden/shale wells by purging with a bladder pump one 

day and sampling with a new, disposable Teflon® bailer the next day. Monitoring well samples 

were analyzed for NACs, VOCs, SVOCs, metals (filtered and unfiltered), total cyanide, and 

water quality parameters.  

 

During both sampling events, there were no detections of VOCs, SVOCs, or cyanide in any of 

the wells. The NAC 2,4-DNT was detected above the risk-based screening concentration (RBSC) 

in downgradient well WTP3-MW03 during the May and November 2009 sampling events.  

 

Bedrock Groundwater. Bedrock monitoring well groundwater sampling in bedrock wells 

(WTP3-BEDGW-001 [downgradient well], WTP3-BEDGW-002 [source area], and WTP3-

BEDGW-003 [upgradient well]) occurred in May (wet season) and November (dry season) 2009. 

Well WTP3-BEDGW-003 was sampled during the November event using low-flow sampling 

methodology, but the low-flow method could not be used during the May 2009 sampling event. 

No other bedrock well could be sampled using the low-flow sampling methodology during either 

sampling event due to insufficient recharge. Groundwater was collected from the bedrock wells 

by purging with a bladder pump one day and sampling with a new, disposable Teflon bailer the 

following day. Bedrock groundwater samples were analyzed for NACs, VOCs, target compound 

list SVOCs, TAL metals (filtered and unfiltered), hardness, total cyanide, and water quality 

parameters.  

 

Surface Water. On May 23, 2009, three RI surface water samples were collected from the 

unnamed drainage ditch located adjacent to and on the western side of WWTP3. A total of five 
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surface water samples (including one field duplicate and field split sample) were collected. Two 

of the surface water samples were collected at or near the SI sample locations (USACE, 2000). 

The third surface water sample location was north of the previous two locations but before the 

intersecting of another creek. The surface water samples were analyzed for NACs, SVOCs, and 

TAL metals, and water quality readings were recorded.  

 

Sediment. Three sediment samples were collected from WWTP3 on May 23, 2009, collocated 

with the RI surface water samples. Two of the sediment samples, WWTP3-SD01 and WWTP3-

SD02, were collected from the drainage ditch near the SI  (USACE, 2000) sediment sample 

locations and analyzed only for PCBs. Sediment sample WWTP3-SD03 was located north of the 

previous two sediment sample locations but before the intersecting of another creek. The 

sediment samples were analyzed for NACs, PCBs, SVOCs, TAL metals, and TOC.  

 

1.6  Nature and Extent of Contamination 

A summary of the analytical results is presented in the following sections. Additional 

information and a complete analytical data set can be found in the RI Report (Shaw, 2013). In 

these sections, detected concentrations of chemicals in site media are compared to RBSCs and 

established background values for inorganics. RBSCs were derived to reflect a noncancer hazard 

quotient (HQ) of 0.1 or an incremental lifetime cancer risk (ILCR) of 1E-6, whichever resulted 

in a lower value. In these comparisons, RBSCs and background values are used only as points of 

reference; no risk analysis or statistical analysis with respect to background values are presented 

or intended in these sections. Issues associated with risk are summarized in Sections 1.7 and 1.8. 

 

1.6.1 WWTP1 

 

Soil. Several NACs exceeded the RBSC in WWTP1 subsurface soil; TNT is the only NAC that 

exceeded its RBSCs in surface soil. TNT is the predominant contaminant, based on magnitude of 

concentration and relative exceedance of the RBSC. Vanadium is the only inorganic to have a 

maximum detected concentration that exceeded both the RBSC and the background screening 

concentration (BSC). No inorganics were detected in subsurface soil at concentrations that 

exceeded both the RBSC and BSC. Several polycyclic aromatic hydrocarbons (PAH) were 

detected at concentrations exceeding RBSCs in surface soil and in one subsurface soil sample. 

These PAHs are likely associated with controlled burning programs that have been used for 

vegetation management in this area, and may also be associated with vehicle emissions and also 

other non-DOD-related anthropogenic sources. Additionally, Aroclor 1254 was detected 

marginally above the RBSC in one field QC split sample at a depth of 8 to 10 feet bgs; this result 

is questionable, as the regular sample and QC duplicate sample were nondetect. Figure 1-16 
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shows chemicals that were detected in WWTP1 soils, inorganics that exceed RBSCs or 

background concentrations and organics that exceed RBSCs. 

 

Groundwater. Two NACs (2,4-DNT and 2,6-DNT) were detected at concentrations of 9.9 and 

4.1 micrograms per liter (µg/L), respectively, in the groundwater in one temporary piezometer 

PZ03 and in two groundwater monitoring wells (Figure 1-17). Groundwater from the 

piezometers was not purged prior to sampling, and the piezometers are constructed without a 

filter pack. It is suspected that the NACs were largely due to contaminants adsorbed to sediment 

and entrained in the groundwater samples. This is supported by the observation of lower 

concentrations detected in the monitoring wells, where each DNT was detected at concentrations 

between 0.2 and 1.7 µg/L (Figure 1-18), No VOCs were detected in WWTP1 overburden/shale 

groundwater, and the common laboratory contaminant bis(2-ethylhexl)phthalate is the only 

SVOC detected. No inorganics exceeded both RBSCs and BSCs in overburden/shale monitoring 

wells (Figure 1-18). 

 

The bedrock aquifer does not appear to have been impacted by former operations at WWTP1, as 

no NACs were detected in any of the bedrock groundwater samples (Figure 1-18). Several VOCs 

were detected at concentrations exceeding RBSCs, with the petroleum hydrocarbons benzene, 

ethylbenzene, toluene, and xylene found at the highest concentrations; these are naturally 

occurring in the Delaware Limestone. Likewise, the only SVOCs detected at concentrations 

exceeding RBSCs are the two petroleum hydrocarbon compounds naphthalene and 2-

methylnaphthalene. Additionally, four metals were detected at concentrations exceeding both the 

RBSCs and BSCs (Figure 1-19).  

 

Surface Water. No NACs were detected in surface water, and no chemicals were detected at 

concentrations that exceed RBSCs (Figure 1-20). Therefore, surface water does not appear to be 

impacted by former operations at the WWTP1 site. 

 

Sediment. No NACs were detected in sediment, and no chemicals were detected at 

concentrations that exceed RBSCs (Figure 1-20). Therefore, sediment does not appear to be 

impacted by former operations at the WWTP1 site. 

 

1.6.2  TNTA/WWTP1 Sewer Lines 

 

Soil. Based on the 2008 through 2011 RI activities, no chemical inorganic concentrations in 

surface soil or subsurface soil exceeded the RBSCs and exceeded established background values 

for inorganics. Several NACs exceeded the RBSCs in surface soil (Figure 1-21); only TNT and 
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2,4-DNT exceeded RBSCs in subsurface soil from test pits (1-22) or borings (1-23). TNT is the 

predominant contaminant, based on magnitude of concentration and relative exceedance of the 

RBSC. Several PAHs were detected at concentrations exceeding RBSCs in surface soil, but not 

in subsurface soil. These PAHs are likely associated with controlled burning programs that have 

been used for vegetation management in this area and may also be associated with vehicle 

emissions and also other non-DOD-related anthropogenic sources. Additionally, Aroclor 1221 

was detected marginally above the RBSC in one field QC duplicate sample at a depth of 8 to 10 

feet bgs; this result is questionable as the regular sample and field QC split sample were 

nondetect (Figure 1-23). 

 

Only one general location had concentrations of TNT greater than the RBSC (3.6 milligrams per 

kilogram [mg/kg]) in the surface soil:  the vicinity of test pit TP-27, which is located on the 

southern sewer line. Two subsurface soil samples had reported TNT concentrations that exceed 

the RBSC. These include the sample collected at 5.0 to 5.5 feet bgs along the northern sewer line 

trace at test pit TP-33 and the sample collected at a depth of 5 to 5.25 feet bgs along the southern 

sewer line trace at test pit TP-30. Figures 1-21 through 1-24 present the surface and subsurface 

soil results from the TNTA/WWTP RI. Table 1-1 presents a summary of NACs detected in soil 

that exceed RBSCs.  

 

The limited contamination in the subsurface soil may have resulted from leaks in the sewer line 

during transport of the TNT manufacturing waste. Alternatively, the limited contamination of 

both the subsurface and surface soil may have resulted from residual materials in the sewer lines 

being inadvertently deposited on the soil during removal of the sewer lines.  

 

Based on the initial elevated TNT concentrations reported for TP-27 surface soil (138 mg/kg at 

SB-05) and TP-33 subsurface soil (1,380 mg/kg at 5 to 5.5 feet bgs), these two locations were 

further investigated as potential hot spots (Section 1.5). This investigation yielded the finding of 

additional TNT contamination in the vicinity of TP-27. Another surface soil sample collected at 

the same location as the original SB-05 surface soil sample had a TNT concentration that was 

approximately double (287 mg/kg), and sample SB-12 (located 10 feet east of SB-05) had a TNT 

concentration of 1,200 mg/kg. TNT was also detected in other surface soil samples in the vicinity 

of test pit TP-27, but at much lower concentrations (Figure 1-21). Therefore, the vicinity of test 

pit TP-27 is interpreted as a limited hot spot area. Further evaluation of surface and subsurface 

soil samples in the vicinity of test pit TP-33 yielded no other detections of TNT that exceeded 

the RBSC. A subsequent soil boring sample collected at the same location and depth as the TP-

33 test pit had a reported detection of TNT at a concentration (0.0793 mg/kg) that was orders of 

magnitude less than the original TP-33 sample. Therefore, the elevated TNT concentration 
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reported in the original TP-33 subsurface soil is not regarded as representative of the vicinity of 

the TP-33 test pit, and this area is not regarded as a potential hot spot.  

 

Groundwater. The overburden/shale shallow aquifer is not impacted due to the 

TNTA/WWTP1 Sewer Lines. Although two NACs were detected in the groundwater in 

temporary piezometers PZ08 and PZ09 (Figure 1-25), groundwater from these piezometers was 

not purged prior to sampling, and the piezometers are constructed without a filter pack. It is 

suspected that the NACs were likely due to contaminants adsorbed to sediment and entrained in 

the groundwater samples. This is supported by the observation of no detections above the RBSCs 

of the NACs, VOCs, SVOCs, or cyanide in the five groundwater samples that were collected 

from permanent monitoring wells (Figure 1-26). 

 

The bedrock aquifer does not appear to have been impacted by the presence of the 

TNTA/WWTP1 Sewer Lines. Limestone groundwater samples exhibited one nitrobenzene 

detection (only in a field QC duplicate sample), two metals, and petroleum-related VOCs and 

SVOCs at concentrations above the RBSCs and BSCs (Figure 1-27). The organic contaminants 

are related to the naturally occurring petroleum in the Delaware Limestone.  

 

Surface Water. No contaminants were detected in the eight surface water samples (which 

include one field QC duplicate and one field QC split sample) that were collected from Plum 

Brook (Figure 1-28). Therefore, the TNTA/WWTP1 Sewer Lines appear not to have had any 

impact on Plum Brook surface water. 

 

Sediment. No NACs were detected in sediment and no PCBs exceeded RBSCs in the eight 

sediment samples (including one field QC duplicate and one field QC split sample) collected 

from locations collocated with the surface water sample locations in Plum Brook (Figure 1-28). 

Therefore, the TNTA/WWTP1 Sewer Lines appear to have had no impact to the sediment in 

adjacent Plum Brook. 

 

1.6.3 TNTB/WWTP1 Sewer Lines 

 

Soil. No NACs were detected in TNTB/WWTP1 sewer lines surface soil samples at 

concentrations exceeding RBSCs (Figure 1-29). TNT was detected in one subsurface soil sample 

from test pit TP-01 at a concentration only marginally greater than the RBSC (Figure 1-30); no 

NACs were detected at concentrations exceeding the RBSCs in the surface soil samples collected 

from borings (Figure 1-29). The only other organics detected at concentrations exceeding the 

RBSCs were PAHs. These PAHs are likely associated with controlled burning programs that 
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have been used for vegetation management in this area and may also be associated with vehicle 

emissions and also other non-DOD-related anthropogenic sources. No inorganics were detected 

in soils at concentrations exceeding the RBSCs and BSCs (Figures 1-29 and 1-30). 

 

Groundwater. Although several NACs were detected in TNTB/WWTP1 piezometers, none 

were reported at concentrations exceeding the RBSCs (Figure 1-31). Only one NAC (2-

nitrotoluene) was detected in WWTP1/TNTB Sewer Lines overburden/shale groundwater 

monitoring wells and at a concentration that is less than the RBSC (Figure 1-32). All detections 

of inorganics were at concentrations less than the RBSCs and/or BSCs. No other organics were 

detected at concentrations exceeding the respective RBSCs (Figure 1-32). Because of an obvious 

lack of contamination in other WWTP1/TNTB Sewer Lines media, it was determined that no 

bedrock groundwater monitoring wells were necessary for this area.   

 

1.6.4  WWTP3 

 

Soil. Only one NAC, TNT, was detected in surface soil and at a concentration less than the 

RBSC; further, TNT was detected in only a single sample. No NACs were detected in the 

subsurface soil samples. This lack of NACs in soil indicates a lack of site-related contamination. 

The only other organics detected at concentrations exceeding the RBSCs were PAHs. The 

highest concentrations were observed in the surface soil samples, but RBSC exceedances of 

PAHs were also observed in the subsurface soil (Figure 1-33). The source(s) of these PAHs 

could not be ascertained, but PAHs were not part of the WWTP3 waste stream. The highest 

concentrations of PAHs were observed immediately adjacent to the former neutralization tank 

that NASA had converted to the K-Site control building. Elevated concentrations of PAHs were 

also found in a sample collected immediately adjacent to a former asphalt roadway; in this case, 

it is likely that the PAHs originated from the asphalt materials and possibly vehicle emissions. 

No inorganics were detected in WWTP3 soils at concentrations exceeding both the RBSCs and 

BSCs. Results of analytes detected in soil are shown on Figure 1-33. 

 

Groundwater. 2,4-DNT was detected at a concentration that slightly exceeded the RBSC in 

from overburden/shale monitoring well WTP3-MW3 (Figure 1-34). Nitroaromatics were not 

detected in any other overburden/shale monitoring wells or piezometers (Figure 1-35). No other 

organics were detected at concentrations greater than RBSCs. Although several inorganics were 

detected at concentrations exceeding RBSCs among the unfiltered overburden/shale groundwater 

samples, arsenic is the only inorganic detected in the filtered samples at concentrations that 

exceeded RBSCs (Figure 1-34).  
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No NACs were detected in the bedrock groundwater samples, which indicates that former 

WWTP3 operations have not adversely impacted bedrock groundwater underlying the site 

(Figure 1-36). All other organics detected in WWTP3 bedrock groundwater at concentrations 

exceeding RBSCs are the VOCs benzene, toluene, and xylene, and the SVOCs naphthalene and 

2-methylnaphthalene. Each of these five compounds is commonly associated with petroleum 

hydrocarbons that are naturally occurring  in the Delaware Limestone. Arsenic and manganese 

are the only inorganics detected in the bedrock groundwater at concentrations that exceed both 

RBSCs and BSCs in bedrock groundwater (Figure 1-36). 

 

Surface Water. No NACs or other organics were detected in surface water, indicating that 

surface water is not impacted by former WWTP3 operations. Four inorganics were detected at 

concentrations that exceed RBSCs (Figure 1-37).  

 

Sediment. No NACs were detected in sediment. The only organics detected at concentrations 

exceeding RBSCs are two PAH compounds (Figure 1-37), which are not regarded as related to 

former WWTP3 operations. Four inorganics were detected at concentrations that exceed RBSCs, 

but these concentrations are within the range of background soil concentrations. Therefore, 

sediment does not appear to be impacted by former operations at the WWTP3 site. 

 

1.7  Summary of Human Health Risks 

Risks associated with exposure to contaminants in environmental media associated with the four 

sites were evaluated for human health risks and hazards in four separate baseline human health 

risk assessments (BHHRA), which are included in the RI (Shaw, 2013). This section presents a 

summary of the human receptors and the protocol used to evaluate for cancer risks and 

noncancer hazards in the BHHRAs. Summaries of the BHHRA results are presented for each of 

the four sites in Sections 1.7.1 through 1.7.4. The BHHRAs were performed to satisfy 

administrative requirements including those described by FUDS regulations (USACE, 2004). 

 

Human health risks were evaluated for potential current and future human receptors that may 

have contact with soils, surface water, sediment, overburden/shale groundwater, and/or limestone 

bedrock groundwater associated with each of the four sites.  
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The following receptors and environmental media were evaluated for risks/hazards in the 

separate BHHRAs:  

 
 Current groundskeeper (surface soil) 
 Future groundskeeper (total soil and groundwater) 
 Current/future construction worker (total soil, surface water, and sediment) 
 Future hunter (surface soil [including the venison ingestion pathway]) 
 Future hunter’s child (surface soil [venison ingestion pathway only]) 
 Future adult and child resident (total soil, surface water, sediment, and groundwater) 
 Future indoor worker (surface soil and groundwater). 

 

Note that the resident and construction worker were evaluated in the BHHRA for exposure to 

total soil, which is a combination of surface and subsurface soil. Under a future residential 

development or a construction scenario, it is likely that soil would be excavated and that these 

receptors would thus be exposed to a mixture of surface and subsurface soil. Also, because 

virtually no contamination was found in TNTB/WWTP1 Sewer lines subsurface soil, the 

concentrations of contaminants found in surface soil for this site were conservatively used as 

both surface soil and total soil. Sediment and surface water were not present in the immediate 

vicinity of the TNTB/WWTP1 Sewer Lines; therefore, the evaluation of these media does not 

apply to this site. 

 

Three receptors, the future groundskeeper, resident (adult and child), and indoor worker, were 

separately evaluated for hypothetical exposure to either overburden/shale groundwater or 

bedrock groundwater underlying the vicinity of the four sites, assuming use as a potable source. 

However, potable use of the either groundwater unit is regarded as implausible, as described in 

the following paragraphs. As described in the BHHRA, the evaluation of exposure to 

groundwater was included in the BHHRAs to address administrative requirements, including 

those described by FUDS regulations (USACE, 2004). 

 

The overburden/shale groundwater is not regarded as a potential potable source because of 

limited yield in all four sites (Section 1.4.5). The observation of limited yield is consistent with 

the results of other PBOW sites, including those that are near WWTP1 (e.g., Ash Pit 1 [Shaw, 

2011a] and the Locomotive Building Area [Shaw, 2011b], where most of the overburden wells 

produced insufficient water for low-flow sampling.  

 

The limestone bedrock groundwater in the vicinity of WWTP1, the TNTA/WWTP1 Sewer 

Lines, and WWTP3 is not regarded as a potable source because of poor natural quality. The poor 

quality is associated with the presence of naturally occurring hydrogen sulfide gas and petroleum 

hydrocarbons. Petroleum hydrocarbon staining was observed at depth in one or more wells from 
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each of these three sites. Similarly, petroleum hydrocarbon staining was observed at depth in one 

or more wells from each of these three sites. The presence of elevated concentrations of 

hydrogen sulfide gas and of petroleum hydrocarbons at depth is consistent with the findings at 

other PBOW sites near WWTP1, including Ash Pit 1 (Shaw, 2011a), and the Locomotive 

Building Area (Shaw, 2011b). As mentioned, bedrock groundwater monitoring wells were not 

installed in the vicinity of the TNTB/WWTP1 Sewer lines because of a lack of contamination 

found in other TNTB/WWTP1 Sewer Lines environmental media, including overburden/shale 

groundwater. 

 

The ILCR values for each exposure medium and each receptor are compared to the EPA (1990) 

NCP acceptable cancer risk range of 1E-6 to 1E-4 (i.e., an increase in the cancer rate ranging 

between 1 per 1,000,000 and 1 per 10,000 among exposed individuals). This cancer risk range is 

referred to hereinafter as the “NCP risk management range.” The ILCR results are also compared 

to the PBOW cancer risk goal of 1E-5, which represents the logarithmic midpoint of the NCP 

risk management range. This 1E-5 ILCR level has been used as a goal for remediation at other 

PBOW sites. The PBOW cancer risk goal is used to initially set goals for remediation, subject to 

possible modification in accordance with appropriate risk and site-specific considerations. 

 

Noncancer hazards are quantified using chemical-specific HQs, which are summed to derive an 

hazard index (HI). HI values are compared to an HI goal of 1. This represents a level at or below 

adverse noncancer effects which are regarded as unlikely for any individual exposed under the 

receptor scenario. Where an HI exceeds a value of 1, it may be appropriate to segregate the HQ 

values by the target organs affected for each chemical of potential concern quantitatively 

evaluated in the BHHRA. If a target organ-specific HI exceeds a value of 1, then the noncancer 

hazard cannot be regarded as unlikely. Because of uncertainties associated with toxicity values 

and exposure assumptions, the total ILCR and HI values are rounded to one significant figure; 

for total HI values greater than 10, the HI value is rounded to the nearest whole number.  

 

1.7.1  WWTP1 BHHRA Results 

Summaries of the initial BHHRA results, including exposure to bedrock groundwater and 

overburden/shale groundwater for the future groundskeeper, indoor worker, and resident, are 

presented in Table 1-2. As mentioned, the groundwater underlying the vicinity of WWTP1 is 

nonpotable; thus, exposure to groundwater is regarded as implausible. Therefore, cancer risks 

and noncancer hazards were re-evaluated for exposure to WWTP1 environmental media, 

excluding groundwater, for the future groundkeeper, indoor worker, and resident (Table 1-3). 
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Of the four receptors that were initially not assumed to be exposed to groundwater (i.e., current 

groundskeeper, construction worker, hunter, and hunter’s child), none has an ILCR value that 

exceeds the PBOW risk goal or the NCP risk management range; likewise, none of these has an 

HI value that exceeds the HI goal (Table 1-2).  

 

WWTP1 Media Assuming Bedrock Groundwater Use. Each of the receptors assumed to 

use bedrock groundwater as a potable source (i.e., future groundskeeper, future indoor worker, 

and future resident) has an associated total HI value that exceeds the HI goal of 1. Essentially all 

of this HI is associated with exposure to groundwater, and approximately 93 percent of the 

groundwater HI is associated with naturally occurring petroleum hydrocarbons (benzene, 

naphthalene, and xylenes) and naturally occurring arsenic. Similarly, all three of these receptors 

assumed to use bedrock groundwater have ILCR values that exceed both the PBOW cancer risk 

goal of 1E-5 and the NCP risk management range. Over 99 percent of each of these ILCRs is 

associated with exposure to groundwater (Table 1-2), with naturally occurring arsenic, benzene, 

and naphthalene contributing virtually all of this risk.  

 

WWTP1 Media Assuming Overburden/Shale Groundwater Use. Of the receptors that 

were assumed to use overburden/shale groundwater as a potable source (i.e., future 

groundskeeper, future indoor worker, and future resident), only the child resident has an 

associated HI value that exceeds the HI goal of 1; most of this HI is associated with exposure to 

naturally occurring inorganics in groundwater. Assumed exposure to overburden groundwater 

contributes to an ILCR that exceeds the PBOW cancer risk goal of 1E-5 for each receptor. Of 

these receptors assumed to be exposed to overburden groundwater, only the future resident has 

an ILCR value that exceeds the NCP risk management range (Table 1-2). Over 95 percent of this 

ILCR is associated with groundwater, and more than 80 percent of this groundwater cancer risk 

is associated with naturally occurring arsenic in groundwater. 

 

WWTP1 Media Excluding Groundwater Use. If groundwater use, because of low yield 

and poor natural quality, is excluded for the future indoor worker, future groundskeeper, and 

future indoor resident, none of receptors has an HI value that exceeds the HI target value of 

1(Table 1-3). The ILCR value for each of these receptors is within the NCP risk management 

range and is less than the PBOW cancer risk goal of 1E-5. Based on these results, site-related 

contamination is not present in WWTP1 environmental media at levels that would adversely 

affect hypothetical receptors or would result in unacceptable cancer risk. 
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1.7.2  TNTA/WWTP1 Sewer Lines BHHRA Results 

Summaries of the initial TNTA/WWTP1 Sewer Lines BHHRA results, including exposure to 

bedrock groundwater and overburden/shale groundwater for the future groundskeeper, indoor 

worker, and resident, are presented in Table 1-4. As mentioned, the groundwater underlying the 

vicinity of the TNTA/WWTP1 Sewer Lines is nonpotable; thus, exposure to groundwater is 

regarded as implausible. Therefore, cancer risks and noncancer hazards were re-evaluated for 

exposure to TNTA/WWTP1 Sewer Line environmental media, excluding groundwater, for the 

future groundkeeper, indoor worker, and resident (Table 1-5). 

 

Of the four receptors that were initially not assumed to be exposed to groundwater (i.e., current 

groundskeeper, construction worker, hunter, hunter’s child), none has an ILCR value that 

exceeds the PBOW risk goal or the NCP risk management range; likewise, none of these has an 

HI value that exceeds the HI goal (Table 1-4).  

 

TNTA/WWTP1 Sewer Lines Media Assuming Bedrock Groundwater Use. Each of the 

receptors assumed to use bedrock groundwater as a potable source (i.e., future groundskeeper, 

future indoor worker, and future resident) has an associated total HI value that exceeds the HI 

goal of 1; most of this HI is associated with exposure to groundwater. Similarly, all three of these 

receptors assumed to use bedrock groundwater have ILCR values that exceed both the PBOW 

cancer risk goal of 1E-5 and the NCP risk management range; approximately 99 percent of this 

ILCR is associated with exposure to groundwater (Table 1-4), with naturally occurring 

inorganics and benzene contributing virtually all of this risk.  

 

TNTA/WWTP1 Sewer Lines Media Assuming Overburden/Shale Groundwater Use. 

Each of the receptors that were assumed to use overburden/shale groundwater as a potable source 

(i.e., future groundskeeper, future indoor worker, and future resident) has an associated HI value 

that exceeds the HI goal of 1; most of this HI is associated with exposure to naturally occurring 

inorganics in groundwater. Exposure to overburden/shale groundwater does not contribute to the 

total ILCR of these receptors (Table 1-4).  

 

TNTA/WWTP1 Sewer Lines Media Excluding Groundwater Use. If groundwater use is 

excluded for the future indoor worker, future groundskeeper, and future indoor resident, only the 

child resident has an HI that exceeds the HI goal value of 1 (Table 1-5). This HI value of 4 is 

almost entirely associated with the presence of TNT in total soil. The ILCR value for each of 

these receptors is within the NCP risk management range. Only the future resident has a total 

ILCR (2E-5) that slightly exceeds the PBOW cancer risk goal of 1E-5. However, only 
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approximately half of this ILCR is associated with site-related contaminants (TNT); therefore, 

site-related contamination does not result in an ILCR that exceeds the PBOW cancer risk goal.  

  

Hot Spot Risk Evaluation and Risk Summary. The HI and ILCR results presented in the 

previous paragraphs include those associated with soil samples that were collected from along 

the entire length of the former sewer lines. Based on the initial BHHRA results and a review of 

the data, two areas near test pit locations TP-27 and TP-33 were identified as potential hot spots; 

a single sample with an elevated TNT concentration was observed at each of these locations. 

Therefore, each of these areas was further delineated as summarized in Section 1.5. Further 

delineation near TP-33 resulted in the finding that the sample with an elevated TNT soil 

concentration was not representative of TNT concentrations in that area, as no other samples 

collected at or in the vicinity of TP-33 exhibited elevated TNT concentrations. However, 

additional TNT soil contamination was found at and in the vicinity of TP-27 based on the results 

of the delineation sampling. Therefore, the vicinity of TP-27 is considered a hot spot.  

 

Because the TP-27 area is regarded as a hot spot, the analytical results from this area may be 

excluded from the general TNTA/WWTP1 Sewer Line data sets and addressed separately. 

Likewise, data from TP-33, which had been identified as a potential hot spot, may be excluded 

from the data set, because the single elevated concentration was found to be clearly 

nonrepresentative of the TP-33 area. If both the TP-27 and the TP-33 data sets are removed from 

the risk characterization (and groundwater is appropriately excluded), none of the 

TNTA/WWTP1 sewer line receptors has an ILCR value that exceeds the PBOW cancer risk goal 

and none of these receptors has an HI that exceeds the target HI of 1 (Table 1-6). The results of 

this evaluation indicate that exposure to soil along the TNTA/WWTP1 Sewer Lines, outside of 

the TP-27 area, would not result in unacceptable cancer risks or noncancer hazard for any 

receptor.  

 

Chemicals of concern (COC) are identified for PBOW sites based on the results of the BHHRA 

for those receptors that have a total site-related ILCR that exceeds 1E-5 or a total site-related HI 

that exceeds a value of 1. COCs are site-related chemicals that are identified as requiring a 

remedial action. Because the area surrounding PBOW is agricultural and residential and because 

other PBOW sites have been remediated based on unrestricted land use, TNT has been identified 

as a COC for TNTA/WWTP1 Sewer Line surface soil based on residential exposure. This future 

land-use assumption is appropriate because of the current residential land use in the area 

immediately surrounding the former PBOW facility; thus, if/when the property is excessed, the 

land will likely become residential.  
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Only TP-27 surface soil contained site-related chemicals that contributed to a total site-related 

ILCR that exceeded the PBOW HI goal of 1. This exceedance occurred only for the resident. The 

chemical responsible for the entire HI was TNT, and thus it contributed significantly to the 

elevated HI value for the resident assumed to be exposed to surface soil (including the vicinity of 

TP-27). Because of its potential noncancer hazard to the hypothetical future resident, TNT was 

identified as a COC. Exposure to site-related chemicals did not result in the exceedance of the 

PBOW ILCR cancer risk goal for any receptor; therefore, no chemicals were identified as COCs 

based on potential cancer risks. 

 

1.7.3  TNTB/WWTP1 Sewer Lines BHHRA Results 

A summary of the TNTB/WWTP1 Sewer Lines BHHRA results, including exposure to 

overburden/shale groundwater for the future groundskeeper, indoor worker, and resident, is 

presented in Table 1-7. The total HI value for each of the receptors was less than the target value 

of 1. Similarly, the ILCR value for each receptor was within the NCP acceptable range and less 

than the PBOW cancer risk goal of 1E-5 (Table 1-7). As mentioned, the groundwater underlying 

the vicinity of the TNTB/WWTP1Sewer Lines is regarded as nonpotable, and exposure to 

groundwater is thus regarded as implausible.  

 

1.7.4  WWTP3 BHHRA Results 

Summaries of the initial WWTP3 BHHRA results, including exposure to bedrock groundwater 

and overburden/shale groundwater for the future groundskeeper, indoor worker, and resident, are 

presented in Table 1-8. As mentioned, the groundwater underlying the vicinity of WWTP3 is 

nonpotable; thus, exposure to groundwater is regarded as implausible. Therefore, cancer risks 

and noncancer hazards were re-evaluated for exposure to WWTP3 environmental media, 

excluding groundwater, for the future groundkeeper, indoor worker, and resident (Table 1-9). 

 

Of the four receptors that were initially not assumed to be exposed to groundwater (i.e., current 

groundskeeper, construction worker, hunter, and hunter’s child), none has an HI value that 

exceeds the HI goal (Table 1-8). Among these same four receptors, none of the ILCR values 

exceed the NCP risk management range, and only the current groundskeeper has an ILCR that 

exceeds the PBOW risk goal.  

 

WWTP3 Media Assuming Bedrock Groundwater Use. Each of the receptors assumed to 

use bedrock groundwater as a potable source (i.e., future groundskeeper, future indoor worker, 

and future resident) has an associated total HI value that exceeds the HI goal of 1; approximately 

97 percent of this HI is associated with exposure to groundwater (Table 1-8), with arsenic 

contributing nearly 80 percent of this value and cyanide contributing approximately 20 percent. 
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Arsenic in groundwater appears to be associated with naturally occurring conditions and 

unrelated to former site operations. Likewise, cyanide is not known to be part of the TNT 

manufacturing waste stream, and its presence is unlikely to be site related. Regardless of its 

source, the cyanide maximum detected concentration in bedrock groundwater is substantially 

less than the maximum contaminant level of 200 µg/L (EPA, 2012).  

 

Similarly, all three of the receptors assumed to use bedrock groundwater have ILCR values that 

exceed both the PBOW cancer risk goal of 1E-5 and the NCP risk management range; 

approximately 97 percent of this ILCR is associated with exposure to groundwater (Table 1-8), 

with naturally occurring inorganics and benzene contributing virtually all of this risk.  

 

WWTP3 Media Assuming Overburden/Shale Groundwater Use. Of the receptors that 

were assumed to use overburden/shale groundwater as a potable source (i.e., future 

groundskeeper, future indoor worker, and future resident), only the adult resident and child 

resident have associated HI values that exceed the HI goal of 1. Approximately 98 percent of this 

HI is associated with exposure to naturally occurring inorganics and cyanide in groundwater. 

Although the source of cyanide is unknown, cyanide had not been identified as part of the TNT 

manufacturing waste stream, so its presence is unlikely to be site related. Regardless of its 

source, the cyanide maximum detected concentration in WWTP3 overburden groundwater is 

substantially less than the maximum contaminant level of 200 µg/L (EPA, 2012).  

 

Assumed exposure to overburden groundwater contributes to an ILCR that exceeds the PBOW 

cancer risk goal of 1E-5 for each receptor. Of the receptors assumed to be exposed to overburden 

groundwater, only the future resident has an ILCR value that exceeds the NCP risk management 

range (Table 1-8). Over 95 percent of this ILCR is associated with groundwater, and  over 99 

percent of this groundwater cancer risk is associated with naturally occurring arsenic in 

groundwater. 

 

WWTP3 Media Excluding Groundwater Use. If groundwater use is excluded, because of 

low yield and poor natural quality, for the future indoor worker, future groundskeeper, and future 

indoor resident, none of these receptors has an HI value that exceeds the HI target value of 

1(Table 1-9). The ILCR value for each of these receptors is within the NCP risk management 

range, but the ILCR for the future resident (5E-5) exceeds the PBOW cancer risk goal. 

Approximately 95 percent of this ILCR value is associated with PAHs in soil. The five highest 

concentrations and most of the PAH detections were found in surface soil. As presented in the 

BHHRA (Shaw, 2013), the origin of the PAHs at WWTP3 is unclear, as PAHs were not part of 

the TNT manufacturing waste stream.  
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Recalculated WWTP3 Soil Risks. As described previously, two receptors were found to 

have ILCR values that exceed the PBOW risk goal of 1E-5 based solely on exposure to WWTP3 

soil. These are the current groundskeeper assumed to be exposed to surface soil and the 

hypothetical future resident assumed to be exposed to total soil. These risks are mostly 

associated with the presence of PAHs. 

 

The WWTP3 soil samples with two of the three highest PAH concentrations were surface soil 

samples in the immediate vicinity of the former neutral storage tank that NASA converted into 

the K-Site control building. NASA agreed to take responsibility for addressing elevated PAH 

concentrations in soil in the immediate vicinity of the former K-Site control building, which was 

demolished in October 2012, and the associated soil was removed and disposed of by NASA 

(NASA, 2013). This removed soil includes the areas represented by the samples with the highest 

and third-highest PAH concentrations among WWTP3 soil samples. Therefore, risks associated 

with soil were re-evaluated for the future resident and the current groundskeeper excluding these 

two samples from the NASA removal area. Also, a third surface soil sample that was collected 

immediately adjacent to a former access road was also removed from the soil data sets in this re-

evaluation. This sample collected from along the roadside was removed from the data sets as part 

of this re-evaluation because the PAHs in this sample were likely resultant from asphalt materials 

and vehicle emissions. The results of this soil re-evaluation (Table 1-10) show that the ILCR 

values for the current groundskeeper and hypothetical future resident are less than or equal to the 

PBOW cancer risk goal and are within the NCP risk management range.  

 

1.8  Summary of Ecological Risks 

Risks associated with exposure to contaminants in environmental media associated with the four 

sites were evaluated for ecological risks in four separate SLERAs as part of the RI (Shaw, 2013). 

Each SLERA included problem formulation, exposure characterization, ecological effects 

characterization, and risk characterization steps. Summaries of the SLERAs are presented for 

each of the four sites in Sections 1.8.1 through 1.8.4. The SLERAs were performed to satisfy 

administrative requirements, including those described by FUDS regulations (USACE, 2004). 

 

1.8.1  Summary of Ecological Risks for WWTP1 

A site reconnaissance was performed to characterize ecological communities at WWTP1 (Shaw, 

2013). This reconnaissance revealed no indication of stressed vegetation. The National Wetland 

Inventory maps (U.S. Fish and Wildlife Service, 1977) did not identify any wetlands at WWTP1; 

the nearest identified wetland was at Reservoir No.1, located approximately 800 feet north-

northeast of the site. No threatened or endangered (T&E) species were identified at the site. 
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As part of the problem formulation step, receptors were identified to represent a variety of avian 

and mammalian receptor types and foraging guilds that are likely to be present at the site. 

Although surface water and sediment samples were collected from the ditch along the north and 

west borders of the site, the aquatic habitat was deemed inadequate to support aquatic receptors 

(e.g., only one out of four planned surface water samples was collected, and it was obtained from 

a large puddle); therefore, only terrestrial receptors were included and evaluated in the SLERA. 

The six terrestrial receptors are as follows: 

 
 Deer mouse (Peromyscus maniculatus) (small omnivorous mammal) 

 Short-tailed shrew (Blarina brevicauda) (small insectivorous mammal) 

 Eastern cottontail rabbit (Sylvilagus floridanus) (medium-sized terrestrial herbivorous 
mammal) 

 Marsh wren (Cistothorus palustris) (small insectivorous bird) 

 White-tailed deer (Odocoileus virginianus) (large herbivorous mammal) 

 Red-tailed hawk (Buteo jamaicensis) (large carnivorous bird). 
 

A predictive risk estimate was performed for the WWTP1 by modeling potential effects of 

exposure of the six terrestrial assessment species to WWTP1 soil pathways. Ecological HQ 

values were calculated for each chemical of potential ecological concern (COPEC) and each 

assessment receptor. Two HQ values were derived for each receptor: one based on a no-

observed-adverse-effect level (NOAEL) toxicity reference value (TRV) and the other based on 

the less stringent lowest-observed-adverse-effect level (LOAEL) TRV. 

 

HQ values of 1 or less represent no probable adverse ecological effects. Although OEPA 

considers all HQs greater than 1 to be potentially significant, because of the conservative nature 

of the HQ values generated, the following guidelines were used to assist in interpretation of the 

food chain model:  values greater than 1 but not exceeding 10 represent a low potential for 

adverse ecological effects, HQ values that exceed 10 are regarded as having a significant 

potential for adverse effects, and HQ values that exceed 100 are regarded as having the highest 

potential for ecological effects (Wentsel et al., 1996).  

 

SLERA Results. Four explosives compounds in soil (2,3,5-trinitrobenzene, 1,3-dinitrobenzene 

[DNB], TNT, and tetryl) had HQ values greater than 1 for one or more receptors, as shown in 

Table 1-11, including 1,3,5-trinitrobenzene, 1,3-DNB, TNT, and tetryl. HQs for these soil 
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COPECs ranged from 1.69 (LOAEL-based HQ for the marsh wren exposed to TNT) to 11 

(NOAEL-based HQ for the short-tailed shrew exposed to 1,3-DNB). No HQs exceeded 10 when 

rounded, and 1,3-DNB and TNT were the only chemicals that had both NOAEL- and LOAEL-

based HQs that exceeded 1.  

 

Although four explosives compounds exceeded an HQ of 1, none of these compounds were 

considered to be final COPECs requiring further investigation. Because the HQ values using 

conservative input values did not exceed 10 when rounded, the potential for adverse ecological 

effects is considered low. Also, the primary exposure route of concern for all four compounds 

was ingestion of terrestrial invertebrates. The model used to uptake into terrestrial invertebrates 

likely overestimated hazards at this site based on the fact that other NACs for which site-specific 

data are available exhibited soil-to-invertebrate uptake factors two orders of magnitude lower 

than those predicted by the model. Therefore, the dose incurred from the ingestion of 

invertebrates is likely overestimated by up to two orders of magnitude for the four explosives 

COPECs.  

 

Another important consideration is that the area where elevated explosives compounds were 

detected is very limited. The home range size and density characteristics of various ecological 

species of concern make it unlikely that multiple individuals of a given species (i.e., local 

populations) would be exposed to contaminated soil at a small portion of the 2-acre WWTP1 site 

on a regular basis. 

 

In summary, explosives compounds were detected at elevated concentrations in soil, particularly 

in the vicinity of sample location WWTP1-SB04. Several receptors had HQ values greater than 

1, but the conclusions of the food chain model likely overestimated hazard because populations 

of receptors would unlikely be exposed to the very limited area where elevated concentrations 

were detected, and the assumptions of the model likely overestimated exposure, particularly with 

regards to ingestion of invertebrate prey items. Therefore, based on the results of the SLERA, no 

chemicals are identified for further evaluation for protection of the environment at WWTP1. 

 

1.8.2  Summary of Ecological Risks for the TNTA/WWTP1 Sewer Lines 

A site reconnaissance was performed to characterize ecological communities at the 

TNTA/WWTP1 Sewer Lines site (Shaw, 2013). This reconnaissance revealed no indication of 

stressed vegetation. Although the National Wetland Inventory maps (U.S. Fish and Wildlife 

Service, 1977) did not identify any wetlands in the vicinity of the sewer line traces, two areas 

(one having a total of approximately 3 acres and the other approximately 1 acre) which intersect 

the sewer line traces were identified during a site vegetation survey as wet meadow community. 
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Elevated concentrations of chemical contaminants were not found along the sewer lines in these 

areas.  

 

A northern harrier (Circus cyaneus), a state-listed endangered species, was observed in the 

vicinity of the TNTA/WWTP1 Sewer Lines. Effects to this species were evaluated using the red-

tailed hawk. No federal T&E species have been observed on site.  

 
Soil, as well as surface water and sediment from Plum Brook, which is intersected by both sewer 

line traces in the western portion of the site, were evaluated in the SLERA. As part of the 

problem formulation step, both terrestrial and aquatic assessment receptors were identified to 

represent a variety of avian and mammalian receptor types and foraging guilds that are likely to 

be present at the site. The seven terrestrial assessment receptors and two aquatic assessment 

receptors are as follows: 

 
Terrestrial Assessment Receptors 
 

 Deer mouse (Peromyscus maniculatus, small omnivorous mammal) 
 Short-tailed shrew (Blarina brevicauda, small insectivorous mammal) 
 Eastern cottontail rabbit (Sylvillagus floridanus, medium-sized herbivorous mammal) 
 Marsh wren (Cistothorus palustrus, small insectivorous bird) 
 White-tailed deer (Odocoileus virginianus, large herbivorous mammal) 
 Raccoon (Procyon lotor, medium-sized omnivorous mammal) 
 Red-tailed hawk (Buteo jamaicensis, large carnivorous bird). 

 
Aquatic Assessment Receptors 

 
 Raccoon (Procyon lotor, medium-sized omnivorous semiaquatic mammal) 
 Muskrat (Ondatra zibethicus, medium-sized aquatic omnivore). 

 

A predictive risk estimate was performed for the TNTA/WWTP1 Sewer Lines by modeling 

potential effects of exposure of the seven terrestrial and two aquatic assessment species to 

TNTA/WWTP1 Sewer Lines soil, surface water, and sediment pathways. Ecological HQ values 

were calculated for each COPEC and each assessment receptor. With the exception of the red-

tailed hawk, two HQ values were derived for each receptor:  one based on a NOAEL and the 

other based on the less stringent LOAEL. Because the red-tailed hawk was selected as 

representative of the state-endangered northern harrier, which was observed on site, only the 

more conservative NOAEL-based HQ was derived for the hawk. HQ values were interpreted 

using the Wentsel et al. (1996) approach described in Section 1.8.1.  
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SLERA Results. Only three chemicals had NOAEL-based HQ values as a result of modeled 

exposure to the TNTA/WWTP1 Sewer Lines COPECs that exceeded a value of 1 with respect to 

soil among the seven terrestrial receptor species:  Aroclor 1016 (wren only; HQ = 20.5), 1,3,5-

trinitrobenzene (wren only; HQ = 1.8), and TNT (deer mouse and cottontail rabbit; HQ = 4.5 and 

3.3, respectively) (Table 1-12) (note that the TNT results reflect HQs that were recalculated in 

the SLERA using more realistic soil-to-terrestrial invertebrate uptake factors than were originally 

used in the SLERA HQ calculations). TNT HQs were elevated due to the presence of a hot spot 

of TNT in the TP-27 sample location area. Although both NOAEL- and LOAEL-based HQs 

exceeded 1 for Aroclor 1016, this PCB was detected in only 1 of 15 samples and is not 

considered to be site related. All HQs for the red-tailed hawk, which served as a surrogate for the 

northern harrier, were less than 1, which indicates that impacts to the only T&E species observed 

on site are unlikely. The only COPEC with a LOAEL-based HQ greater than 1 was Aroclor 

1016, which had an HQ of 2.1 for the wren. These results indicate an overall low potential for 

adverse ecological effects associated with soil.  

 

Neither of the aquatic receptors had a NOAEL-based or LOAEL-based HQ greater than 1 (Table 

1-12). This indicates that adverse effects to aquatic species associated with exposure to 

TNTA/WWTP1 Sewer Lines sediment and surface water are unlikely. 

 

In conclusion, the potential for adverse ecological impacts is considered to be very low in the 

vicinity of the TNTA/WWTP1 Sewer Lines. Although localized adverse effects to individual 

ecological receptors at the TP-27 TNT hot spot area (Section 1.6) cannot be completely 

discounted, the hot spot area (estimated at 150 square feet [Section 2.5]) is not large enough to 

warrant concern for adverse effects to local wildlife populations. Therefore, based on the results 

of the SLERA, no chemicals are identified for further evaluation for protection of the 

environment at the TNTA/WWTP1 Sewer Lines. 

 

1.8.3  Summary of Ecological Risks for the TNTB/WWTP1 Sewer Lines 

A site reconnaissance was performed to characterize ecological communities at the 

TNTB/WWTP1 Sewer Lines site (Shaw, 2013). This reconnaissance revealed no indication of 

stressed vegetation. The National Wetland Inventory maps (U.S. Fish and Wildlife Service, 

1977) did not identify any wetlands on the sewer lines trace. However, the maps did indicate a 

wetland directly south of the intersection of the TNTB/WWTP1 sewer lines trace and Short Cut 

Road, where the trace runs adjacent to retention ponds associated with a NASA support building. 

These ponds are classified as a palustrine, unconsolidated bottom, intermittently exposed 

wetland. A golden-winged warbler (Vermivora chrysoptera) was observed in the vicinity of the 

TNTB/WWTP1 Sewer Lines. The golden-winged warbler was listed as a state-endangered 
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species when the SLERA was performed, although it is currently listed as extirpated in Ohio by 

ODNR (ODNR, 2012). Effects to this species were evaluated using the marsh wren. No federal 

T&E species have been observed on site.  

 

Soil was the only medium evaluated in the SLERA. As part of the problem formulation step, 

terrestrial assessment receptors were identified to represent a variety of avian and mammalian 

receptor types and foraging guilds that are likely to be present at the site. The six terrestrial 

assessment receptors are as follows: 

 
 Deer mouse (Peromyscus maniculatus, small omnivorous mammal) 
 Short-tailed shrew (Blarina brevicauda, small insectivorous mammal) 
 Eastern cottontail rabbit (Sylvillagus floridanus, medium-sized herbivorous mammal) 
 Marsh wren (Cistothorus palustrus, small insectivorous bird) 
 White-tailed deer (Odocoileus virginianus, large herbivorous mammal) 
 Red-tailed hawk (Buteo jamaicensis, large carnivorous bird). 

 

A predictive risk estimate was performed for the TNTB/WWTP1 Sewer Lines by modeling 

potential effects of exposure of the six terrestrial assessment species to TNTB/WWTP1 Sewer 

Lines soil pathways. Ecological HQ values were calculated for each COPEC in soil and each 

assessment receptor. Two HQ values were derived for each receptor:  one based on a NOAEL 

TRV and the other based on the less stringent LOAEL TRV. Because the marsh wren was 

selected as representative of the state-endangered golden-winged warbler, only the more 

conservative NOAEL-based HQ was derived for the wren. HQ values were interpreted using the 

Wentsel et al. (1996) approach described in Section 1.8.1. 

 

SLERA Results. Only one chemical, carbazole, had an HQ that exceeded 1 for any receptor. 

Carbazole had both NOAEL- and LOAEL-based HQs that exceeded 1 for the deer mouse, short-

tailed shrew, and cottontail rabbit (HQ range: 44.4 for the cottontail rabbit LOAEL-based HQ to 

1,380 for the Deer Mouse NOAEL-based HQ) (Table 1-13). The marsh wren, which represents 

the golden-winged warbler, did not have HQs that exceeded 1 for any COPEC.  

 

Although several receptors had elevated HQs for carbazole, it is unlikely that this COPEC 

represents a threat to ecological receptors. Carbazole, chemically similar to PAHs, occurs as a 

natural constituent of creosote and coal tar, and may be a product of incomplete combustion. It 

was detected in only 1 out of 16 locations, with a concentration of 0.603 mg/kg in the sample 

from TNTB-SL-DP01 and at 0.087 mg/kg in the field duplicate sample from this location 

(average of 0.345 mg/kg). Both of these results are “J” qualified as estimates below the reporting 

limit and well within the range of PAH concentrations detected at this location. The elevated 
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HQs for carbazole result from the use of TRVs that have recently been revised. The Los Alamos 

National Laboratory database that was source of the carbazole TRVs was updated in 2012, after 

the SLERA was finalized. When incorporated into the TNTB/WWTP1 Sewer Lines food chain 

model, the updated TRVs would result in HQs less than 1 for all receptors. Therefore, the 

presence of carbazole is determined to be innocuous. Additionally, carbazole is not associated 

with the waste stream that formerly flowed through the sewer lines and is likely related to 

incomplete combustion related to weed control or other ambient sources. 

 

In conclusion, the potential for adverse ecological impacts is considered to be very low at the 

TNTB/WWTP1 Sewer Line site. Based on the results of the SLERA, no chemicals are identified 

for further evaluation for protection of the environment at the TNTB/WWTP1 Sewer Lines. 

 

1.8.4  Summary of Ecological Risks for WWTP3 

A site reconnaissance was performed to characterize ecological communities at WWTP3 (Shaw, 

2013). This reconnaissance revealed no indication of stressed vegetation. The National Wetland 

Inventory maps (U.S. Fish and Wildlife Service, 1977) did not identify any wetlands at WWTP3. 

However, the maps did identify Ash Pit 3, which is a DERP-FUDS site approximately 400 feet 

to the south of WWTP3, as a freshwater pond wetland (wetland classification code PUBG, i.e., a 

palustrine system with an unconsolidated bottom, intermittently exposed). No T&E species were 

identified at the site. 

 

Soil as well as surface water and sediment from the ditch adjacent to the site were evaluated in 

the SLERA. As part of the problem formulation step, both terrestrial and aquatic assessment 

receptors were identified to represent a variety of avian and mammalian receptor types and 

foraging guilds that are likely to be present at the site. The seven terrestrial assessment receptors 

and two aquatic assessment receptors are as follows: 

 
Terrestrial Assessment Receptors 
 

 Deer mouse (Peromyscus maniculatus, small omnivorous mammal) 
 Short-tailed shrew (Blarina brevicauda, small insectivorous mammal) 
 Eastern cottontail rabbit (Sylvillagus floridanus, medium-sized herbivorous mammal) 
 Marsh wren (Cistothorus palustrus, small insectivorous bird) 
 White-tailed deer (Odocoileus virginianus, large herbivorous mammal) 
 Raccoon (Procyon lotor, medium-sized omnivorous mammal) 
 Red-tailed hawk (Buteo jamaicensis, large carnivorous bird). 
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Aquatic Assessment Receptors 

 
 Raccoon (Procyon lotor, medium-sized omnivorous semiaquatic mammal) 
 Muskrat (Ondatra zibethicus, medium-sized aquatic omnivore). 

 

A predictive risk estimate was performed for the WWTP3 by modeling potential effects of 

exposure of the seven terrestrial and two aquatic assessment species to WWTP3 soil, surface 

water, and sediment pathways. Ecological HQ values were calculated for each COPEC and each 

assessment receptor. Two HQ values were derived for each receptor:  one based on a NOAEL 

TRV and the other based on the less stringent LOAEL TRV. HQ values were interpreted using 

the Wentsel et al. (1996) approach described in Section 1.8.1. 

 

SLERA Results. Two metals (lead and selenium), two PCBs (Aroclor 1016 and Aroclor 

1254), and four SVOCs (benzo[a]anthracene, benzo[b]fluoranthene, chrysene, and carbazole) 

had HQs greater than 1 when rounded to one significant figure (Table 1-14). Although some of 

these chemicals were COPECs in more than one medium, nearly the entire hazard was associated 

with soil exposure routes, with the exception of selenium, which was associated with sediment 

exposure. 

 

Lead and selenium had maximum HQ values that were less than 10. Given the relatively small 

percentage of samples with elevated concentrations and the fact that HQs calculated using 

conservative assumptions did not exceed 10, the potential for adverse impacts to populations of 

organisms associated with exposure to lead in soil and selenium in sediment is considered to be 

very low. 

 

The PCBs Aroclor 1016 and Aroclor 1254, which were COPECs in soil, had HQs greater than 1 

for multiple receptors. However, only the marsh wren had a LOAEL-based HQ that marginally 

exceeded 1 (HQ = 1.9 for Aroclor 1016). Further, only one sample for each PCB had a 

concentration that exceeded the conservative ecological screening value. Given the small 

percentage of samples with elevated concentrations and the fact that HQs calculated using more 

realistic (yet still conservative) assumptions only marginally exceeded 1 for Aroclor 1016, the 

potential for adverse impacts to populations of organisms associated with exposure to Aroclor 

1016 and Aroclor 1254 in soil is considered to be very low. 
 

Three PAH COPECs in soil (benzo[a]anthracene, benzo[b]fluoranthene, and chrysene) had HQs 

greater than 1 when rounded. No HQ was greater than 5, and all exceedances were based only on 

NOAELs; no LOAEL-based HQs for these three PAHs exceeded 1 when rounded. PAHs are 

common anthropogenic contaminants, and their presence at an industrial/military facility is 
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expected, but they are unlikely related to specific historical processes performed at WWTP3. 

Further, two of the three samples with the highest PAH concentrations were immediately 

adjacent to the NASA K-Site control building (former WWTP3 neutralization tank). This 

building and the associated soil were removed and disposed of by NASA in October 2012 

(NASA, 2013). Because the three PAH COPECs are common anthropogenic compounds that are 

likely not site-related, areas of highest concentrations have been removed, the NOAEL-based 

HQs were not elevated (i.e., were not greater than 10), and the LOAEL-based HQs did not 

exceed 1, these three PAHs are considered to be of relatively low concern for ecological 

exposure.  

 

The SVOC carbazole, which co-occurred with the samples having the highest PAH 

concentrations, had highly elevated HQs for multiple receptors. As described in Section 1.8.3, 

the elevated HQs were due to the inclusion of a TRV in the food chain model that has been 

recently updated. When updated TRVs are used for this chemical, all HQs are below 1 for all 

receptors. Therefore, carbazole is of low concern for WWTP3.  

 

In general, concern regarding exposure to chemicals at WWTP3 is unwarranted for most species 

because considerations such as the home range size and density characteristics of various 

ecological species of concern make it unlikely that multiple individuals of a given species (i.e., 

local populations) would be exposed to media at the 3-acre WWTP3 site on a regular basis. The 

SLERA noted that the potential for adverse ecological impacts is considered to be minimal at his 

site for the following reasons: 

 
 The COPEC with the highest HQs in the SLERA was carbazole. Using updated TRVs 

for carbazole, all carbazole HQs are below1.  
 

 Other than carbazole, PCBs are the only chemicals with HQ values that exceeded 10; 
however, PCB HQs based on more realistic assumptions only marginally exceeded 1. 

 The number of samples detected at elevated concentrations represents a very small 
portion of a 3-acre site. Therefore, exposure frequency of receptors of concern to 
these areas is expected to be highly limited such that adverse effects to wildlife 
populations are considered unlikely. 

 The area where the highest PAH (and carbazole) concentrations were detected is 
immediately adjacent to the former NASA K-site building. NASA has removed this 
soil (Section 1.7.4). 
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In conclusion, the potential for adverse ecological impacts is considered to be very low at 

WWTP3. Based on the results of the SLERA, no chemicals are identified for further evaluation 

for protection of the environment at WWTP3. 

 

1.9  Recommendations from the Remedial Investigation 

Based on the results of the WWTP1, TNTA/WWTP1 Sewer Lines, TNTB/WWTP1 Sewer 

Lines, and WWTP3 RI efforts, including the BHHRAs and SLERAs, remedial action should be 

considered to address human health concerns for the small hot spot area of surface soil in the 

vicinity of TNTA/WWTP1 Sewer Lines test pit TP-27, where elevated TNT concentrations were 

identified. This remedial action will help abate any potential localized ecological impacts at the 

TNTA/WWTP1 Sewer Lines site as well. However, because of the minor areal extent with 

respect to ecological populations, the lack of T&E species, the lack of sensitive habitat, and no 

observations of vegetative stress, no additional evaluation or remediation is warranted with 

respect to ecological receptors. 

 

Although WWTP1, TNTA/WWTP1 Sewer Lines, and WWTP3 bedrock groundwater 

risks/hazards and overburden/shale groundwater risk/hazards exceeded the PBOW goals for one 

or more receptors , no further evaluation or other actions are warranted because the unacceptable 

risks and hazards associated with groundwater exposure in the BHHRA are attributable to 

naturally occurring conditions rather than former DOD activities. Also, because groundwater use 

is not regarded as plausible based on insufficient yield and/or poor natural quality, the risks 

associated with groundwater are accordingly implausible. 
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2.0 Identification of Remedial Action Objectives  
 

2.1  Introduction 

This chapter presents the RAOs, COCs, and remedial goals (RG) for cleanup of contaminated 

surface soil at the TNTA/WWTP1 Sewer Lines. This chapter also includes an estimate of the 

area and volume of contaminated soil that requires remedial action and ARARs that must be 

complied with during remedial activities. As stated in Section 1.9, no unacceptable DOD-related 

risks were identified for environmental media at WWTP1, the TNTB/WWTP1 Sewer Lines, or 

WWTP3. Therefore, RAOs and RGs were not developed for these sites.  

 

Section 2.2 presents the RAOs. Section 2.3 identifies the COCs and discusses the basis for their 

selection. Section 2.4 identifies the RGs and describes their derivation and implications for 

reduction in potential ecological hazards. Section 2.5 presents an estimate of the area and volume 

of contaminated soil. Section 2.6 presents ARARs associated with potential remediation 

activities.  

 

2.2  Remedial Action Objectives 

RAOs are cleanup objectives that are developed during the FS and finalized in the decision 

document to protect human health and the environment. They consist of medium-specific goals 

for protecting human health and the environment. RAOs provide the basis for the identification, 

detailed analysis, and selection of remedial alternatives. 

 

RAOs developed for the protection of human health and the environment specify the following: 

 
 COCs to be addressed 
 
 Relevant exposure routes and receptors 
 
 Chemical concentration limits specific to COCs, environmental media, and specific 

locations at the site, referred to as RGs. 
 

The RAO for TNTA/WWTP1 Sewer Lines is: 

 
 Prevention of human exposure via any exposure route (ingestion, inhalation, or 

dermal contact) to soil containing TNT, which is the only COC, at concentrations that 
exceed the RG of 39 mg/kg. 
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2.3  Chemicals of Concern 

COCs are identified as those chemicals that contribute significantly to exposure pathways with 

unacceptable human health risks/hazards which exceed the target goal for cancer risk or 

noncancer hazard, or those chemicals that represent a potential for adverse ecological effects. As 

discussed in Section 1.7.2, the BHHRA evaluated chemicals detected in TNTA/WWTP1 Sewer 

Line environmental media using several exposure scenarios. Each of these was evaluated for 

potential cancer risks and noncancer hazards. None of these scenarios indicated an unacceptable 

cancer risk. The only scenario that resulted in an unacceptable noncancer hazard is the assumed 

future residential use of TNTA/WWTP1 Sewer Line surface soil, with a child HI value of 4. 

Virtually all of this HI value is associated with the presence of TNT. As discussed in Section 

1.8.2, the TNTA/WWTP1 Sewer Line environmental media do not pose a significant threat to 

any ecological receptors.  

 

Thus, based on the results of the risk assessments, TNT in surface soil is the only COC.  

 

2.4  Remedial Goals  

RGs are selected to address human health concerns and may be based on chemical- and medium-

specific ARARs and risk-based criteria. These terms are briefly described below: 

 
 Chemical-specific ARARs – Enforceable requirements for specific chemical 

concentrations.  
 

 Risk-based criteria – Risk-based criteria are derived using exposure and toxicity 
assessment methodology. These criteria provide important standards relating 
contaminant concentrations to specific risk levels. Risk-based criteria are chemical-
specific, receptor-specific, medium-specific concentrations. 

 

An RG was developed for TNT in soil, as described in Section 2.4.1. TNT is the only COC 

identified for TNTA/WWTP1 Sewer Lines soil. 

 

2.4.1  Development of Remedial Goals 

The first step of RG development was to perform a comprehensive search for any chemical-

specific ARARs for TNT in soil. No chemical-specific ARARs were found. Therefore, the 

TNTA/WWTP1 Sewer Lines RG was derived from risk-based criteria, referred to as risk-based 

remediation concentrations (RBRC). The RBRCs were back-calculated in the BHHRA, using 

risk characterization results. Most of the property surrounding the former PBOW facility is rural 

residential, and other PBOW sites have been remediated to meet residential criteria. It is 

therefore likely that if/when the property including the TNTA/WWTP1 Sewer Lines is excessed, 
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it may be developed for residential purposes. For this reason, the RBRC selected for use in 

deriving the TNT RG is based on residential land use. 

 

With respect to risk-based criteria, both cancer and noncancer effects must be considered in the 

derivation of RGs. TNT has known carcinogenic effects and an EPA-verified cancer slope factor, 

as well as known noncancer effects and a verified chronic reference dose.  

 

The RG was derived to meet a cumulative target cancer risk level of 1E-5 and a cumulative HI of 1. 

The PBOW Project Delivery Team selected a cancer risk goal of 1E-5, which  represents the 

logarithmic midpoint of the NCP acceptable cancer risk range (1E-6 to 1E-4). This 1E-5 ILCR level 

has been used as a goal for remediation at other PBOW sites. It is used to initially set goals for 

remediation, subject to possible modification in accordance with appropriate risk and site-specific 

considerations.  

 

The resultant RG of 39 mg/kg is based on health protection for noncancer effects, as this value is 

more stringent than the 1E-5 risk-based RBRC for TNT of 212 mg/kg (Shaw, 2013). The RG for 

TNT is summarized in Table 2-1. 

 

2.4.2  Implications of Remedial Goal for Ecological Receptors 

Ecological receptors were shown in the SLERA to have a low probability of adverse effects 

under current site conditions (Section 1.8). Cleanup of TNT to the RG is not expected to have 

any discernible effects to ecological receptor populations or individuals of protective species. 

 

2.5  Area and Volume of Contaminated Soil 

Surface soil at the TNTA/WWTP1 Sewer Lines is the only environmental medium that requires 

remedial action. The area requiring remedial action, which is in the vicinity of test pit TP-27, is 

shown on Figure 2-1. The remedial area circumscribes the two sample locations where the TNT 

concentration in soil exceeds the RG of 39 mg/kg. The boundary of the remedial area was 

defined by locating the midpoint between adjacent samples with a TNT concentration above and 

below the RG. Note that TNT was detected only infrequently in subsurface soil, and the 

maximum detected concentration in subsurface soil (10.3 mg/kg) is less than the RG of 39 

mg/kg. This includes samples collected at depth intervals beginning at as shallow as 3 feet bgs.  

 

The TNT RG will be used to evaluate post-excavation confirmation samples to determine if 

additional soil removal is required. The RG will be compared to average residual soil 

concentrations to determine if remedial action is complete. The RG will not be used as a not-to-

exceed value. 
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The remedial area shown on Figure 2-1 is 6 feet wide, 25 feet long, and 2 feet deep, with an area 

of 150 square feet and a volume of approximately 11 cubic yards (CY). TNT was detected above 

the RG in surface soil only, but the assumed depth of excavation is extended to 2 feet bgs 

because soil samples were not collected for analysis between 1 and 3 feet bgs. Excavation of soil 

in 1-foot lifts with confirmation sampling between lifts may minimize the volume of soil 

removed during the remedial action.  

 

2.6  ARARs Associated with Potential Remediation Activities 

ARARs are defined in the NCP (EPA, 1990) as follows: 

 
 “Applicable requirements” means those cleanup standards, standards of control, and 

other substantive requirements, criteria, or limitations promulgated under federal 
environmental or state environmental or facility siting laws that specifically address a 
hazardous substance, pollutant, contaminant, remedial action, location, or other 
circumstance at a CERCLA site. Only those state standards that are identified by a 
state in a timely manner and are more stringent than federal requirements may be 
applicable. 

 
 “Relevant and appropriate requirements” means those cleanup standards, standards of 

control, and other substantive environmental protection requirements, criteria, or 
limitations promulgated under federal environmental or state environmental or 
facility siting laws that, while not “applicable” to a hazardous substance, pollutant, 
contaminant, remedial action, location, or other circumstance at a CERCLA site, 
address problems or situations sufficiently similar to those encountered at the 
CERCLA site that their use is well suited to the particular site. Only those state 
standards that are identified by a state in a timely manner and are more stringent than 
federal requirements may be applicable. 

 

There is more discretion in the determination of relevant and appropriate requirements. It is 

possible that only a specific part or parts of a requirement will be considered relevant and 

appropriate in a given case. When the analysis results in a determination that a requirement is 

both relevant and appropriate, compliance with that requirement is mandatory to the same extent 

as for applicable requirements. 

 

ARARs can be separated into three categories:  chemical-specific, action-specific, and location-

specific. There are no chemical-specific ARARs for TNT, the only COC, in soil. No location-

specific ARARs were identified for remedial action because areas of special significance (e.g., 

wetlands; sites containing cultural resources; or habitats of endangered, threatened, or rare 

species) do not exist within the proposed remedial area.  
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The alternative land disposal restriction (LDR) treatment standards for contaminated soil (40 

Code of Federal Regulations 268.49) would be an action-specific ARAR for soil that is classified 

as a hazardous waste after excavation (Table 2-2). 
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3.0 Screening of Remedial Action Technologies 
 

3.1  Introduction 

This section discusses the screening of the technologies and process options used to assemble the 

remedial alternatives for soil and sediment at the TNTA/WWTP1 Sewer Lines. The following 

steps are involved in this screening and defined in Guidance for Conducting Remedial 

Investigations and Feasibility Studies Under CERCLA (EPA, 1988): 

 
 Identifying volumes or areas of contaminated media to which remedial actions might 

be applied, taking into account the RAOs and the chemical and physical 
characteristics of the site (Section 2.5) 

 
 Identifying and screening technology process options to eliminate those that cannot 

be implemented at the site (Section 3.2) 
 
 Assembling the representative technology process options into alternatives 

representing a range of treatment and disposal combinations, as appropriate (Chapter 
4.0). 

 

3.2  Screening of Technology Process Options 

Technology process options were chosen to represent a wide array of possible technologies that 

could be used in site remediation, such as bioremediation, physical process options, chemical 

process options, and institutional controls. In the following subsections, the technologies will be 

evaluated for their effectiveness in achieving RAOs, their implementability, and their relative 

cost. The most feasible technology options will be assembled into remedial alternatives in 

Chapter 4.0. 

 

3.2.1  Capping 

 

3.2.1.1  Effectiveness 

A cap is an engineered structure placed over contaminated soils to serve as a barrier to human 

and ecological receptors that may be exposed to the underlying soil. A cap constructed with low-

permeability materials also reduces the infiltration of precipitation through contaminated soils, 

thereby limiting the transport of contaminants to groundwater, provided that the contaminated 

soil is above the water table. A cap constructed over contaminated soils at the TNTA/WWTP1 

Sewer Lines would prevent exposure to contaminated soil and prevent migration of leachable 

contaminants to groundwater.  
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3.2.1.2  Implementability 

A cap is readily implementable at the TNTA/WWTP1 Sewer Lines, although the cap would 

restrict the land use at the site and institutional controls would be required to prevent actions that 

would compromise the structural integrity of the cover or result in exposure to contaminated soil. 

USACE intends to release the site for unrestricted use. The land surrounding PBOW is 

predominantly used for residential and agricultural purposes.  

 

3.2.1.3  Cost 

The capital cost to construct the cap would be moderate. The operation and maintenance (O&M) 

costs are also expected to be moderate. 

 

3.2.1.4  Summary 

Capping would be effective and implementable at the TNTA/WWTP1 Sewer Lines. However, its 

implementation is not consistent with the intended future use of the site or the current land use of 

property surrounding PBOW. Therefore, capping will be not retained for inclusion in a remedial 

alternative.  

 

3.2.2  Excavation 

 

3.2.2.1  Effectiveness 

This process would achieve the RAO for soil by removing the source of contamination. The 

excavation of contaminated materials would eliminate the contamination at the site, but it does 

not address the final disposition of the excavated material. Therefore, excavation must be 

coupled with a treatment and/or disposal technology to meet the RAO. 

 

3.2.2.2  Implementability 

Excavation of contaminated material is administratively and technically implementable at this 

site. Contaminated soil requiring remedial action is not known to extend more than 1 foot bgs, 

and conventional earthmoving equipment could be used to remove the soil. 

 

3.2.2.3  Cost 

The capital costs associated with this option would be low. There are no O&M costs associated 

with this option. 
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3.2.2.4  Summary 

Excavation would be effective in achieving the RAO for soil by removing contaminated soil 

present at the TP-27 hot spot in surface soil at the TNTA/WWTP1 Sewer Lines. This option is 

feasible and will be retained for inclusion in remedial action alternatives in Chapter 4.0. 

 

3.2.3  On-Site and Off-Site Disposal 

 

3.2.3.1  Effectiveness 

On-site disposal would be an effective option for contaminated soil that has been treated to 

concentrations less than or equal to the RG. Off-site disposal would be an effective option for the 

management of treated and/or untreated soil that cannot be placed back on site because the soil 

contains contaminants at concentrations above the RG.  

 

3.2.3.2  Implementability 

This option is administratively and technically implementable at the site. Soil must be treated to 

decrease the concentrations of TNT to the RG prior to placement back on site. Alternatively, 

excavated soil could be disposed off site without treatment as a nonhazardous solid waste. Both 

on-site and off-site disposal shall comply with Resource Conservation and Recovery Act 

(RCRA) regulations, including, if applicable, LDRs. 

 

3.2.3.3  Cost 

The cost for on-site disposal of treated soil would be low. The cost for off-site disposal of 

contaminated soil as a nonhazardous solid waste would be moderate. 

 

3.2.3.4  Summary 

On-site disposal would be the most cost-effective way to manage soil treated to concentrations 

less than or equal to the RG. Direct off-site disposal of untreated contaminated soil is also an 

effective and implementable process option to achieve the RAO. These process options are 

retained for further development of alternatives in Chapter 4.0.  

 

3.2.4  In Situ Solidification/Stabilization 

 

3.2.4.1  Effectiveness 

Solidification and stabilization process options use binders and chemical additives to reduce the 

mobility of contaminants in soil and sediment through physical and/or chemical means. In situ 

stabilization of organic chemicals is a developing technology that has been researched in bench-

scale tests and small field pilot tests by applying activated carbon (AC) to soil and sediment. 
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Organic contaminants adsorb to the AC and become less bioavailable to potential receptors, 

reducing both exposure and risk. AC treatment has been tested on contaminants such as 

pesticides, PCBs, polychlorinated dibenzodioxin/furans (PCDD/F), and NACs (Hilber and 

Bucheli, 2010; Ghosh et al., 2011).  

 

A laboratory study of AC treatment on Sharpsburg silty clay loam (total organic carbon = 3.4 

percent) spiked with TNT demonstrated that the concentrations of TNT in soil pore water and the 

phytotoxicity of TNT to corn planted in the contaminated soil were significantly reduced 

(Vasilyeva et al., 2001). Soil was spiked with 500, 1,000 and 2,000 mg/kg of TNT and amended 

with 0.25, 0.75 and 1.0 percent AC (less than or equal to 35 micrometers), respectively. AC 

treatment immediately lowered the readily available concentration (extractable in 3 millimolar 

[mM] calcium chloride) of TNT in soil pore water from 35 to 80 mg/L for all three TNT-spiked 

soil conditions to below 5 mg/L. TNT soil pore water concentrations greater than or equal to 20 

mg/L significantly reduced root growth. Total extractable NACs (extractable in acetonitrile) in 

AC-treated soil were 11.4 to 15.7 percent of the initial spiked concentration after 120 days, 

compared to 19.2 to 45.4 percent for untreated soil. TNT degradation products in AC-treated soil 

comprised 39 to 68 percent of the total residual NAC remaining in the soil after 120 days, 

compared to 11 to 56 percent for untreated soil. The increased percentage of TNT degradation 

products in the acetonitrile extraction indicates that AC treatment promoted some additional 

biodegradation of TNT. Tests with carbon-14 (14C)-labeled TNT show that the unextractable 

fraction of 14C for AC-treated soil was 84 percent of the total 14C spiked compared to 62 percent 

in the untreated soil. Whereas corn plants in the untreated 1,000 and 2,000 mg/kg TNT-spiked 

soil died and the growth of the untreated 500 mg/kg TNT spike soil was reduced approximately 

50 percent compared to the control, corn growth in AC-treated soil was not significantly 

different from the uncontaminated control, except for a 30 percent reduction in the growth of the 

AC-treated 2,000 mg/kg TNT-spiked soil. However, the growth of corn plants in uncontaminated 

soil treated with 1 percent AC was reduced by 25 percent compared to the untreated 

uncontaminated control (Vasilyeva et al., 2001), indicating some phytotoxicity of AC at that 

concentration. 

 

The in situ treatment of TNT in soil or sediment by AC has not been implemented at full scale.  

 

3.2.4.2  Implementability 

This process is technically implementable at the site, but regulatory acceptance of in situ 

stabilization is highly uncertain. Regulatory acceptance likely hinges on the ability to quantify 

the relative bioavailability of contaminants in treated soil so that the reduction in residual risk 

can be estimated with a degree of certainty. EPA human health risk assessment guidance 
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supports the use of bioavailability adjustments (EPA, 1989), but bioavailability information has 

been infrequently used in site-specific risk assessments due to limited data, uncertain 

methodologies, and the lack of method validation (EPA, 2011).  

 

The incorporation of bioavailability data in risk assessments will likely increase in the future, but 

progress to date has been very slow. This is a significant regulatory hurdle to the acceptance of in 

situ stabilization as a remedial technology. When application of the technology eventually gets 

expanded to full-scale remediation, the initial implementation will likely be at sites where low 

concentrations of toxic and hydrophobic contaminants (e.g., PCBs and PCDD/Fs) are distributed 

across a large area. These types of sites are difficult and costly to remediate, but large and 

technically complicated projects of this nature may be able to bear the cost burden of the studies 

needed to demonstrate the reduced bioavailability of treated media.  

 

3.2.4.3  Cost 

The capital cost to apply in situ stabilization to contaminated soils is low. However, the cost of 

bioavailability studies to quantify the reduced risk associated with treatment is high. O&M costs 

for the technology are uncertain. Long-term monitoring of the site could be required to confirm 

the long-term effectiveness of in situ stabilization treatments in permanently immobilizing 

contaminants in soil. As a result, O&M costs cannot be quantified but could be significant.  

 

3.2.4.4  Summary 

In situ solidification/stabilization could be effective in immobilizing TNT in soil, but regulatory 

acceptance is highly uncertain, and the small area of contaminated soil requiring remediation at 

the TNTA/WWTP1 Sewer Lines would not justify the expense necessary to confirm the long-

term effectiveness of the technology. Land-use controls may also be required, which would limit 

the future use of the property. For these reasons, in situ solidification/stabilization will not be 

retained for alternative development in Chapter 4.0. 

 

3.2.5  Ex Situ Solidification/Stabilization  

 

3.2.5.1  Effectiveness 

Contaminated soil would be excavated and then mixed with stabilizing agents in a batch mixer or 

pug mill. Alternatively, some stabilization chemicals are sprayed on excavated soils and mixed 

using heavy equipment such as an excavator. Previous Army studies on the use of 

solidification/stabilization on NAC-contaminated soil demonstrated that the addition of AC to 

the stabilization mixture may be required to effectively immobilize organic compounds such as 

TNT (Channell et al., 1996).  
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Stabilization does not transform or remove COCs from soil; it only hinders their environmental 

transport. Therefore, stabilization should be combined with other waste management options like 

off-site disposal in a nonhazardous waste landfill or capping of the stabilized soil. Off-site 

disposal would be appropriate for stabilized soil at the TNTA/WWTP1 Sewer Lines. Capping 

was previously eliminated from further evaluation in Section 3.2.1.4. 

 

Chemical stabilization could be effective in immobilizing TNT in soil, but pretreatment of the 

soil would not be necessary before disposal at a nonhazardous solid waste landfill because the 

excavated soil would be a nonhazardous waste. Nonhazardous soil from other sites at PBOW has 

been disposed at Erie County Landfill, and the landfill has not established a limit on TNT in soil. 

Therefore, solidification/stabilization of excavated soil from the TNTA/WWTP1 Sewer Lines for 

off-site disposal would be unnecessary. Ex situ solidification/stabilization shall comply with 

RCRA regulations, if applicable, including LDRs for final disposal. 

 

3.2.5.2  Implementability 

This process is technically implementable at this site. The technology is mature, and equipment 

and personnel are readily available. Solidification/stabilization does not destroy, but only 

immobilizes the contaminants within the treated material.  

 

3.2.5.3  Cost 

The cost associated with ex situ stabilization is moderate and depends on the amount of 

excavated material requiring treatment, the amount of stabilizing agents required, and labor costs 

associated with the implementation. 

 

3.2.5.4  Summary 

Ex situ solidification/stabilization will not be retained for alternative development in Chapter 4.0. 

Solidification/stabilization does not destroy, but rather immobilizes contamination, and the 

stabilized soil may not be suitable for placement back on site. Excavated soil from the 

TNTA/WWTP1 Sewer Lines would be a nonhazardous solid waste, and stabilization of the 

excavated soil would not be required to meet waste acceptance criteria at the Erie County 

Landfill. Therefore, there is no need to treat excavated soil for off-site disposal.  

 

3.2.6  Windrow Composting 

 

3.2.6.1  Effectiveness 

Windrow composting has been used in the past to treat a variety of organic contaminants, 

including NACs, PAHs, and pesticides. In particular, windrow composting has been used at 
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several sites to effectively treat NAC-contaminated soil that has been impacted by the production 

or handling of TNT-based munitions. The technology has been implemented on a full-scale basis 

to treat TNT-contaminated soil at PBOW as well as other sites at other facilities, including 

Umatilla Depot in Hermiston, Oregon; the Naval Surface Warfare Center in Crane, Indiana; the 

Joliet Army Ammunition Plant in Elwood, Illinois; the Pueblo Chemical Depot in Pueblo, 

Colorado; the Hawthorne Army Depot in Hawthorne, Nevada; and the U.S. Naval Submarine 

Base in Bangor, Washington (Woodhull and Jerger, 2000; EPA, 2002). DNT-contaminated soils 

were also treated during composting operations at the Pueblo Chemical Depot and the Joliet 

Army Ammunition Plant (Woodhull and Jerger, 2000). 

 

Composting can be distinguished from other types of bioremediation processes by the use of 

bulking agents, such as wood chips and straw, to increase the porosity of the soil. Manure, yard 

wastes, and wood processing wastes are often added to increase the amount of nutrients and 

readily degradable organic matter. Occasionally, other easily degradable carbon sources (e.g., 

molasses, acetate, glucose) are added to sustain microorganisms capable of degrading hazardous 

constituents. Inorganic fertilizers may be added to supplement available nutrients (EPA, 1996).  

 

The composting process is mediated by microbial populations that are classified as either 

mesophiles or thermophiles. Mesophilic microbes are those with an optimum temperature range 

of 25 to 40 degrees Celsius (oC). Thermophiles have an optimum temperature range of 40 to 

60oC. Significant degradation of TNT has been reported within both temperature regimes, 

although slightly higher removals have been demonstrated under thermophilic conditions 

(Williams et al., 1992).  

 

Composting can biologically degrade organic contaminants via aerobic, anaerobic, or a 

combination of anaerobic and aerobic processes. Research on TNT degradation using 

composting has shown that a combined anaerobic/aerobic process is the most effective in 

detoxifying TNT-contaminated soil. The first step in the biological degradation of TNT involves 

the reduction of one of the three aromatic nitro groups to an amino group through nitroso and 

hydroxylamino intermediates. Figure 3-1 shows the specific case of the reduction of an aromatic 

nitro group during the fermentation of glucose (Daun et al., 1998).  

 

The sequential reduction of all three nitro groups, converting TNT to 2,4,6-triaminotoluene 

(TAT), can only be achieved under strict anaerobic conditions (Preuss et al., 1993). Figure 3-2 

depicts the transformation processes that are involved in degradation of TNT in an 

anaerobic/aerobic composting system (Bruns-Nagel et al., 2000). Studies have shown that, in 

addition to the transformation of TNT to TAT, degradation of TNT may proceed through the 
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condensation of aminodinitrotoluenes (ADNT) to azoxy-tetranitrotoluenes (Achtnich et al., 

1999).  

 

Significant mineralization of TNT via composting has not been demonstrated. This may be 

explained by the rareness of polynitroaromatic compounds in nature and the resistance of the 

highly oxidized trinitro-substituted aromatic ring to oxidative microbial attack (Rieger and 

Knackmuss, 1995). However, TNT degradation and transformation products can be stabilized 

through interaction with organic and inorganic soil components. The reduction of TNT in the 

presence of clay and humic substances has been shown to significantly increase the removal rate 

of NACs from soil. The TNT metabolites hydroxyamino-dinitrotoluenes and TAT strongly bind 

to clay minerals and humic substances (Daun et al., 1998).  

 

Three different types of interactions between TNT metabolites and soil are possible:  physical 

sorption, sequestration, and covalent binding to soil organic matter. Only if TNT and its 

metabolites are bound through covalent linkages are they considered to be an integral part of the 

humus. When bound to humic materials in this manner, they are not considered to represent a 

potential future threat to the environment.  

 

Composting studies using 14C ring-labeled TNT have demonstrated significant binding of TNT 

transformation products to the humic substances (fulvic acid, humic acid, and humin) present in 

compost (Achtnich et al., 1999; Drzyzga et al., 1998; Bollag et al., 2002). The studies reported 

that the immobilized (unextractable) fraction of the 14C-TNT ranged from 82 to 84 percent. All 

three studies used a combination anaerobic/aerobic treatment approach.  

 

The nature of the bonding mechanism between TNT metabolites and the humic materials in the 

compost has been investigated using nitrogen-15 (15N)-nuclear magnetic resonance spectroscopy 

of 15N-labeled TNT (Achtnich et al., 1999; Bruns-Nagel et al., 2000; Bollag et al., 2002). These 

studies found significant evidence of covalently bound 15N. The Bruns-Nagel study found that 

the major portion (55 percent) of the 15N was strongly bound to the humic fraction of the soil:  23 

percent as heterocyclic structures, 15 percent covalently bonded, 15 percent as amino functional 

groups, and 2 percent as nitro functional groups.  

 

The recent research has demonstrated that, after incorporation of the partially or fully reduced 

TNT into humic materials, the pollutant is practically indistinguishable from the soil organic 

matter. Further, it can be assumed that mineralization of the bound residue would occur at a rate 

similar to that of the mineralization of the natural humus. Even if some covalently bound 



 

 

KN14\PBOW\WWTP1_3\FS\TNTA WWTP1 SL\F\F-WWTP1_3_FS.docx\4/4/2014 11:30 AM 3-9 

molecules are subsequently released and become bioavailable, this process should not occur to 

an extent that would cause toxic effects (Bollag et al., 2002). 

 

Critical process parameters that impact the effectiveness of a composting process include 

porosity of the compost material, free air space, moisture content, particle size, temperature, 

carbon-to-nitrogen ratio, and pH. Bulking agents are typically added to the contaminated soil to 

increase the porosity of the composted material. Adequate porosity is needed to provide a 

conduit for air, water, and nutrients throughout the compost as well as to afford space for the 

growth of microbial communities. Compost bulk density typically ranges from 0.5 to 0.7 ton per 

cubic yard. Free air space is the portion of the porosity occupied by gas. Free air space is 

necessary for the maintenance of aerobic conditions within the compost. The gas/liquid ratio 

within the void space has a profound impact on the efficiency of the treatment process (Ro et al., 

1998).  

 

Windrow composting should effectively treat soil from the TNTA/WWTP1 Sewer Lines. TNT in 

soil would be biodegraded or transformed into less toxic products. A previous implementation of 

the technology at TNTB reduced the concentration of TNT in soil below the RG of 39 mg/kg for 

soil at the TNTA/WWTP1 Sewer Lines. Table 3-1 presents the TNT concentrations in final 

compost from TNTB. The TNTB Report of Findings shows that concentrations of TNT in TNTB 

soil ranged up to 6,100 mg/kg. The post-treatment data in Table 3-1 show that the concentration 

of TNT in treated soil was less than 39 mg/kg in each windrow. Therefore, composted soil from 

the TNTA/WWTP1 Sewer Lines should be suitable for placement back on site. 

 

3.2.6.2  Implementability 

Composting is technically and administratively implementable for soil at the TNTA/WWTP1 

Sewer Lines. Previous composting work at PBOW has shown that a treatment building is not 

required to protect the compost from the weather, even in the winter. Equipment, labor, and 

amendments required for composting are available from local sources, which would lower 

remedial costs. Treated compost would be spread across the site or transported off site as a 

nonhazardous waste and used for daily cover at a nearby landfill. Compost does not have the 

same structural integrity as native soil and may not be suitable as structural backfill. 

 

Composted soil from the TNTA/WWTP1 Sewer Lines should be suitable for placement back on 

site because it is anticipated that the concentration of TNT will be reduced below the RG.  
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3.2.6.3  Cost 

The cost for composting the soil would be moderate. The main factors contributing to the capital 

cost are equipment rental and labor costs. Treated soil that complies with the RG for TNT could 

be returned to the site. The treated material that does not comply with the TNT RG would be 

managed off site at an approved disposal facility as a nonhazardous waste.  

 

3.2.6.4  Summary 

Composting of contaminated soil at the TNTA/WWTP1 Sewer Lines is a potentially feasible 

process option for reducing the concentration of TNT to the RG for placement back on site. 

Therefore, the process is retained for further development as a remedial alternative in Chapter 

4.0. 

 

3.2.7  Alkaline Hydrolysis 

 
3.2.7.1  Effectiveness 

Alkaline hydrolysis involves the addition of an alkaline reagent (lime, sodium hydroxide) to 

increase the pH of contaminated soil, thereby promoting the hydrolysis of NACs to less toxic 

reaction products. Hydrated lime (calcium hydroxide) was initially used as the alkaline reagent 

for the treatment of nitroaromatic explosives, but improved treatment results have been achieved 

for some NACs by using sodium hydroxide (NaOH). 

 

TNT is susceptible to treatment with alkali, as the electronegative nitro groups of TNT reduce 

the electron density of the aromatic ring and make the molecule subject to nucleophilic attack. 

Initiating reactions of TNT in alkali include nucleophilic substitutions of the nitro or methyl 

groups of TNT by OH-, nucleophilic addition of OH- at the C3 and C5 carbons, and removal of a 

proton on the methyl group to form a benzylic carbanion (Thorn et al., 2004). Research 

performed to quantify the TNT-hydroxide reaction rate has identified a multiple step reaction 

process (Felt et al., 2001; Mills et al., 2003). 

 

The TNT-hydroxide reaction is complex and has the potential to produce numerous undefined 

reaction products. One study analyzed the molecular weight fractions of reaction products 

generated when an aqueous solution of TNT was treated with potassium hydroxide at a pH of 13. 

Approximately 40 percent of the reaction products fell within the 1,000 to 6,000 Dalton 

molecular weight range (molecular weight of TNT = 227 Dalton), indicating that a significant 

percentage of the final reaction products consists of large molecules that may result from the 

polymerization of intermediate reaction products (Felt et al., 2001). Characterization of the 
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polymeric precipitate in a second study by 13C and 15N nuclear magnetic resonance suggests that 

a complex mixture of products is formed (Thorn et al., 2004).  

 

The toxicity of alkaline hydrolysis reaction products is of interest in evaluating the residual risk 

that would remain after treatment. The toxicity of TNT-hydroxide reaction products is not well 

defined, although the limited testing that has been done indicates that the reaction products are 

less toxic than TNT. The acute aquatic toxicity of TNT-contaminated water before and after 

treatment with NaOH was tested using the standard Microtox® procedure (Hansen et al., 2001). 

NaOH was added to aqueous solutions of 10 and 100 mg/L TNT to a final concentration of 2 and 

4 mm/liter NaOH. The Microtox results were reported as EC50 values, the effective concentration 

at which 50 percent of the expected fluorescence from the test bacterium (i.e., Vibrio fischeri) is 

inhibited. Higher EC50 values indicate lower toxicity. The median EC50 values of the NaOH-

treated samples were higher than the untreated control, indicating lower toxicity in the alkaline 

hydrolysis-treated samples (Figure 3-3).  

 

Lime. Alkaline hydrolysis of TNT in soil using lime is relatively effective. Destruction 

efficiencies greater than 90 percent have been demonstrated in several studies (Emmrich, 2001; 

Brooks et al., 2003; USACE, 2007). Lime treatment is less effective for DNTs and ADNTs 

(Emmrich, 2001; Hansen et al., 2003; USACE, 2006). In one study, the reduction in TNT, 

2,4-DNT, 2,6-DNT, 2-amino-4,6-dinitrotoluene, and 4-amino-2,6-dinitrotoluene was measured 

in soil from two contaminated sites. The soil samples were treated with lime at pH 11 and 12. 

The results of this study are presented in Table 3-2. Although the removal efficiency of TNT was 

quite high (up to 98 percent), the removal efficiencies for total DNT isomers were 44 to 66 

percent at pH 12. The removal of ADNT isomers was much more variable, as 75 percent of 

ADNTs were removed from a heavily contaminated soil sample, while total ADNT 

concentration actually increased by a factor of 16 in soil from a less contaminated site (Emmrich, 

2001).  

 

Studies conducted by the U.S. Army Engineer Research and Development Center (USERDC) 

found that DNT removal is variable with lime treatment, with low to moderate treatment 

efficiencies (USACE, 2006). A study conducted by USEDRC to determine the effect of mixing 

regime and soil moisture content on the efficacy of alkaline treatment with TNT-contaminated 

soil noted an increase in ADNT concentration (approximately 20 to 28 mg/kg) over the 10-day 

test period (Hansen et al., 2003). Although the report suggested that lime treatment of TNT may 

have produced the ADNTs, the increased ADNT concentration may have been caused by the 

desorption effect that Ca2+ ions have on NACs bound to clay particles (Weissmahr et al., 1999). 
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An alkaline hydrolysis treatability study was conducted using lime to treat NAC-contaminated 

soil from the Reservoir No. 2 Burning Grounds at PBOW (USACE, 2007). Table 3-3 

summarizes the results of this study for the treatment of TNT and DNTs in soil. Lime treatment 

reduced the concentration of TNT in soil by more than 93 percent in both samples treated, 

although the RG for TNT in soil at TNTA/WWTP1 Sewer Lines would not have been met for 

treatment of the more contaminated soil sample.  

 

Caustic Soda. Recent work using NaOH to implement alkaline hydrolysis has shown positive 

results. A laboratory test conducted on NAC-contaminated soil from Volunteer Army 

Ammunition Plant (VAAP) demonstrated that NaOH treatment achieved RGs at that site for all 

NAC constituents, including TNT and DNTs. Table 3-4 presents a summary of partial results 

from this work (Tetra Tech, Inc. [TTI], 2008a). The table presents the results of three treatability 

tests using varying proportions of NaOH and ferric chloride in soil. The VAAP treatability study 

results indicate that soil at the TNTA/WWTP1 Sewer Lines should be treatable using alkaline 

hydrolysis. The maximum TNT concentration at the TNTA/WWTP1 Sewer Lines is less than the 

initial soil concentrations tested in the VAAP bench study. The VAAP treatability tests show that 

the application of NaOH without catalyst was sufficient to attain RGs for soil at VAAP, although 

the addition of ferric chloride seemed to increase the removal efficiency of DNTs somewhat 

(TTI, 2008a).  

 

Nitrite was a principal product of the alkaline hydrolysis reaction with NACs. The addition of 6 

ounces of citric acid to 10 pounds of the alkaline hydrolysis-treated soil during a denitrification 

bench-scale study effectively neutralized the elevated soil pH and provided a carbon source for 

microbial denitrification of the residual nitrite (Britto et al., 2010). The nitrite concentration in 

alkaline hydrolysis treated soil was reduced from 511 mg/kg to nondetect levels within 12 days 

after application of citric acid. 

 

An alkaline hydrolysis treatability study was completed on PBOW TNTC soil by the Shaw 

Technology Development Laboratory (TDL) in 2009. Table 3-5 presents a summary of the 

results. DNTs were not detected in the untreated soil sample collected from the site, so the soil 

was spiked prior to treatment. Several alkaline reagents were tested, and NaOH was found to 

perform best. The treatability study confirmed that alkaline hydrolysis was most effective at a 

soil pH above 12.6, as indicated by the previous TTI pilot test (TTI, 2008b). The treatability 

study found that the TNT concentration could be reduced to the RGs for TNTC within 7 days, 

but none of the treated samples attained the RG for 2,4-DNT or 2,6-DNT or passed the toxicity 

characteristic leaching procedure (TCLP) test for 2,4-DNT. As shown in Table 3-5, the most 

effective treatment reduced 2,4-DNT by 97 percent (10,733 to 282 mg/kg) and 2,6-DNT by 32 
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percent (11,441 to 7,783 mg/kg) within 7 days. The 2,4-DNT concentration in the TCLP leachate 

from the most effective treatment (0.26 mg/L) was only slightly above the regulatory limit (0.13 

mg/L). The LDR regulations require that the concentration of underlying hazardous constituents 

in soil classified as a hazardous waste be reduced by 90 percent, but no more than 10 times the 

universal treatment standard for land disposal. Alkaline hydrolysis achieved this level of 

treatment for 2,4-DNT but not for 2,6-DNT in the bench tests.  

 

Additional bench-scale testing of the alkaline hydrolysis process by TTI indicates that DNTs are 

not readily destroyed unless a pH greater than or equal to 13 is attained in soil during treatment 

(Britto et al., 2010). Addition of moisture to soil saturation levels was also critical for effective 

treatment (Britto et al., 2010). The data also bring into question the need for a catalyst, and 

additional testing was recommended to clarify this issue (Britto et al., 2010). TTI also performed 

column studies to assess the potential effectiveness of in situ treatment in saturated soil. Thirty 

pore volumes of a 50-mM NaOH solution applied to an undisturbed soil column from VAAP 

reduced the concentration of total explosives in the soil column from 5,000 mg/kg to no greater 

than 50 mg/kg. The 50-mM solution raised the pH of the soil in the column to 12.57 after 72 

hours.  

 

Full-scale application of alkaline hydrolysis by TTI at VAAP has shown the technology to be 

effective. Alkaline hydrolysis was used to treat 112,000 CY of NAC-contaminated soil ex situ. 

Treated soil achieved the VAAP cleanup level for DNT of 25.4 mg/kg. The 2,4-DNT 

concentration in 42 percent of the treated soil was below the 2.6 mg/kg limit that would 

potentially make the soil a RCRA characteristic hazardous waste (20-times rule). The average 

2,4-DNT concentration in the remaining soil was 6.9 mg/kg. Full-scale implementation of 

alkaline hydrolysis at VAAP demonstrated successful treatment of NAC-contaminated soil 

within a pH range of 12.3 to 13, with an average treatment pH of 12.5 (Britto et al., 2010). The 

average treatment duration during full-scale application was 21 days (Britto et al., 2010), longer 

than the 10 days previously suggested by the results of the VAAP pilot test (TTI, 2008a). 

Approximately 20 percent of the alkaline hydrolysis-treated soil at VAAP required post-

treatment using citric acid to reduce nitrite concentrations during full-scale remediation (Britto et 

al., 2010).  

 

An additional 11,500 cubic meters of NAC-contaminated soil at VAAP were treated in situ using 

alkaline hydrolysis (TTI, 2010a). NAC-contaminated soil at VAAP was successfully treated in 

situ at a pH of 12.5 or higher. Effective treatment in situ was found to be less dependent on soil 

moisture content, as previously determined during bench-scale testing. In situ soil moisture 
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content in the range of 16 to 25 percent was found to be adequate for treatment of the clay-like 

soil at VAAP (Britto et al., 2010). 

 

The USACE has found that analytical results for nitroaromatic explosive compounds using EPA 

Method 8330 may be biased low if the pH of the soil samples are elevated (Larson et al., 2012). 

The alkaline hydrolysis treatment results summarized in Tables 3-2 through 3-5 are from studies 

that were completed before the effect of soil pH on NAC analysis was known. Therefore, the 

treatment results presented in these tables may overstate the degree of NAC destruction with 

alkaline hydrolysis using both lime and caustic soda. 

 

3.2.7.2  Implementability 

Field demonstrations of alkaline hydrolysis of TNT-contaminated soil with lime have previously 

been performed at DOD facilities in Huntsville, Alabama; Jackson, South Carolina; West Point, 

New York (USACE, 2006); and Fort Lewis, Washington (Thorn et al., 2004). As mentioned in 

Section 3.2.7.1, alkaline hydrolysis of TNT-contaminated soil with caustic soda was 

demonstrated in a full-scale remediation at VAAP.  

 

Calcitic lime is typically applied to contaminated soil to raise the pH to 12, as little or no TNT 

removal is achieved below pH 10 (Hansen et al., 2001; Emmrich, 2001). For this reason, 

dolomitic lime, composed principally of magnesium hydroxide, is not useful as a treatment 

reagent for TNT-contaminated soil because the maximum pH developed by magnesium 

hydroxide is approximately 10.3 due to solubility limitations.  

 

A typical soil treatment recipe uses 2 to 3 parts water to 1 part soil and 1.5 weight percentage 

lime on a dry soil basis (USACE, 2006). Water is necessary, as the hydrolysis reaction proceeds 

only when TNT and hydroxide ion are in solution (Brooks et al., 2003). A USERDC study found 

the optimal percent moisture content of the reaction mixture to be 25 to 30 percent water 

(Hansen et al., 2003). 

 

Full-scale remediation of TNT-contaminated soil using NaOH has been performed at VAAP 

(TTI, 2010a) and Iowa Army Ammunition Plant (TTI, 2010b). The technology was also 

implemented by the USACE-Huntington District at PBOW TNTC. When the alkaline hydrolysis 

process using NaOH was scaled up in field tests at VAAP, the treatment chemicals were applied 

at the rate of 40 pounds of caustic soda and 1 gallon of 30 percent ferric chloride solution per CY 

of soil (Tetra Tech, 2008b). The Shaw TDL alkaline hydrolysis treatability study found that the 

optimum amount of alkaline reagent for TNTC soil is 61 pounds of caustic soda per CY of soil. 

At PBOW TNTC, 2 percent weight NaOH (44 pounds NaOH/CY soil) was added to 
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contaminated soil. One 55-gallon drum of 50 percent ferric sulfate solution was added to each 

250-CY batch of soil (0.22 gallon/CY or 2.63 pounds/CY).  

 

The VAAP treatability study determined that the soil pH must be increased to at least 12.6 to 

ensure effective treatment of all NACs. Therefore, the soil may require neutralization if it is to be 

backfilled in the excavation. Citric acid was used to neutralize soil because it is a weak triprotic 

organic acid that would provide a carbon substrate to promote nitrite reduction as well as 

neutralize the excess alkali. Common methods of lowering soil pH used in agriculture include 

the addition of acid organic matter that is low in calcium and other non-acid cations (e.g., leaf 

mold from coniferous trees, pine needles, tan bark, pine sawdust, acid peat moss) and inorganic 

chemicals such as aluminum sulfate, ferrous sulfate, and elemental sulfur (Brady and Weil, 

2002). The Shaw TDL alkaline hydrolysis treatability study tested several neutralization reagents 

to determine which would be the most cost-effective for full-scale application. The study found 

ferrous sulfate to be the most economical neutralization agent, with the application of 108 

pounds of ferrous sulfate required to neutralize 1 CY of alkaline-treated soil. USACE found that 

the addition of chemicals to reduce soil pH was not necessary at TNTC because the soil pH 

decreased naturally over time while the soil was staged on site after treatment.  

 

The alkaline-treated soil should not require neutralization if off-site disposal of the treated soil is 

required because the upper pH limit for the RCRA corrosivity characteristic does not apply to 

solids. However, disposal facilities may be reluctant to accept high-pH soil (pH above 12.5) even 

though the corrosivity characteristic defined in the RCRA regulations (40 Code of Federal 

Regulations 261.11) applies only to liquids. 

 

The U.S. Army Engineer Research and Development Center has noted that the effects of high pH 

(greater than or equal to 12) on surface water, groundwater, soil chemistry, soil ecology, and 

plant growth are not well understood and remain to be addressed in future research (Hansen et 

al., 2003). However, naturally alkaline soil (8.5 ≤ pH ≤ 10.5) is known to limit growth in some 

plant species because micronutrient metals such as iron and zinc are not as bioavailable due to 

reduced solubility in soil pore water (Brady and Weil, 2002). High sodium concentrations in soil 

from the application of large amounts of caustic soda may affect the soil structure by increasing 

colloidal dispersion and reducing the hydraulic conductivity of the soil. High levels of sodium 

are toxic in some plant species and can affect the uptake and utilization of other cations such as 

potassium (Brady and Weil, 2002). The alkaline hydrolysis-treated and neutralized soil may not 

be suitable as topsoil due to its high salt content. 
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3.2.7.3  Cost 

The cost of full-scale alkaline hydrolysis treatment should be less than competing technologies. 

Its relative cost effectiveness is the reason it was selected over composting and other treatment 

technologies at VAAP and PBOW TNTC. Treatment durations are shorter than composting (3 

weeks versus 6 weeks), and the volume of treatment residuals is significantly less than that of 

composting.  

 

3.2.7.4  Summary 

Alkaline hydrolysis is a feasible process option for attaining the RG for TNT in soil. Therefore, 

the process is retained for further development as a remedial alternative in Chapter 4.0.
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4.0 Development and Detailed Analysis of Remedial 
 Alternatives 
 

The goal of this chapter is to introduce, assess, and communicate the relative costs and benefits 

of the remedial alternatives selected for careful consideration. The evaluation criteria for this 

analysis are provided by EPA in Guidance for Conducting Remedial Investigations and 

Feasibility Studies under CERCLA (EPA, 1988). These criteria are based upon the NCP, Title 40 

Code of Federal Regulations, Section 300.430 (EPA, 1990). The results of this analysis will be 

presented in the proposed plan and decision document or other public information documents, 

following the consideration of state and federal regulatory and community input.  

 

The RI/FS guidance (EPA, 1988) provides nine evaluation criteria for assessing alternatives 

within the context of a comprehensive FS. These criteria cover regulatory, technical, cost, 

institutional, and community considerations. Generally, the two threshold criteria are: 

 
 Protection of human health and the environment 
 Compliance with ARARs. 

 
The five balancing criteria are: 

 
 Long-term effectiveness and permanence  
 Short-term effectiveness  
 Reduction in toxicity, mobility, and volume 
 Technical and administrative implementability 
 Alternative cost including capital, O&M, and present value costs.  

 

The final two criteria, which often are evaluated subsequent to the initial publication of the FS, 

are: 

 
 State acceptance 
 Community acceptance.  

 

The first seven criteria will be fully evaluated in this FS, and the final two criteria will be 

discussed briefly. Unofficial public feedback on potential remedial options has already been 

obtained through preliminary presentations given at the regular public meetings of the PBOW 

Restoration Advisory Board. The last two criteria will be officially evaluated through working-

level discussions with state regulators, as well as through the solicitation of community input 

from more formal public outreach activities. Once all of the FS criteria have been adequately 

considered and a remedial alternative is recommended, the proposed remedial action will be 
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presented to OEPA and the public in a proposed plan. The proposed plan will be presented at a 

public meeting, where comments will be solicited from the public for submittal during a public 

comment period. At the end of the public comment period, all comments and corresponding 

responses will be included in the responsiveness summary of the decision document. The 

decision document will be prepared and, when approved, will be the basis for executing the 

selected remedial alternative for soil at the TNTA/WWTP1 Sewer Lines. 

 

4.1  Development of Remedial Alternatives 

The following four alternatives were selected for detailed evaluation: 

 
 Alternative 1 – No Action 
 Alternative 2 – Excavation and Off-Site Disposal 
 Alternative 3 – Excavation, Windrow Composting, and On-Site Disposal  
 Alternative 4 – Excavation, Alkaline Hydrolysis, and On-Site Disposal. 

 

4.2  Alternative 1 - No Action 

 

4.2.1  Description 

A no-action alternative is required by the NCP to be carried forward as a baseline for detailed 

comparison. Under this alternative, no further remedial action or monitoring would be conducted 

for contaminated soil at the site. Thus, this alternative fails to meet the RAO for soil at the 

TNTA/WWTP1 Sewer Lines. 

 

4.2.2  Overall Protection of Human Health and the Environment 

This alternative would not protect human health because no action would be taken to reduce the 

concentrations of the COC in soil to meet PBOW risk/hazard management goals or to protect 

current or future receptors from exposure to the COC. The site contamination would not 

adversely affect ecological receptor populations because of limited areal extent, even if no action 

were to be taken. 

 

4.2.3  Compliance with ARARs 

There are no chemical-specific ARARs or to-be-considered criteria for soil. Location- 

and action-specific ARARs are not applicable to this alternative because no remedial 

action would be taken. Alternative 1 would leave TNT in soil at concentrations above 

the risk-based RG that was developed using EPA toxicity data.  
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4.2.4  Long-Term Effectiveness 

This alternative would not result in any permanent reduction of potential risk to human health. 

No periodic review would take place to evaluate future site conditions. 

 

4.2.5  Reduction of Toxicity, Mobility, or Volume 

This alternative does not employ any remedial component that would permanently or 

significantly reduce the toxicity, mobility, or volume of contaminants in soil. 

 

4.2.6  Short-Term Effectiveness 

There are no short-term impacts from this alternative because no remedial action would be taken. 

 

4.2.7  Implementability 

There are no technical or administrative implementation issues associated with this alternative. 

 

4.2.8  Cost 

There is no cost impact associated with this alternative. 

 

4.2.9  State Acceptance 

This criterion will be evaluated in more detail in the decision document for the remedial action, 

after a public meeting has been conducted and the public comment period has concluded. 

 

4.2.10  Community Acceptance 

 This criterion will be evaluated in more detail in the decision document for the remedial action, 

after a public meeting has been conducted and the public comment period has concluded. 

 

4.3  Alternative 2 – Excavation and Off-Site Disposal 

 

4.3.1  Description 

Alternative 2 combines excavation and off-site disposal to achieve the RAO for soil. No on-site 

treatment would be performed under Alternative 2. The proposed approach is to excavate soil 

within the area designated on Figure 2-1 where the concentration of TNT in soil exceeds the RG. 

The estimated in-place volume of contaminated soil is 11 bank cubic yards (BCY). Once this soil 

is excavated, the total volume of unconsolidated material is estimated to be 14 loose cubic yards 

(LCY) (30 percent swell).  
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4.3.2  Overall Protection of Human Health and the Environment 

Alternative 2 would protect human health by excavating contaminated soil with TNT at 

concentrations above the RG and transporting the contaminated soil to a disposal facility 

designed, constructed, and maintained to permanently manage such waste materials. The site 

contamination would not adversely affect ecological receptor populations because of limited 

areal extent, even if no action were to be taken. 

 

4.3.3  Compliance with ARARs 

There are no chemical-specific or location-specific, or action-specific ARARs. Alternative 2 

would comply with the action-specific ARAR listed in Table 2-2. 

 

4.3.4  Long-Term Effectiveness 

The long-term effectiveness of Alternative 2 is achieved through the removal of contaminated 

soil with TNT at concentrations above the RG. The alternative would not require the 

maintenance of any long-term controls at the site to manage residual risk from direct exposure to 

soil. 

 

4.3.5  Reduction of Toxicity, Mobility, or Volume 

Alternative 2 would not comply with the statutory preference for selecting remedial actions that 

employ treatment technologies that permanently and significantly reduce the toxicity, mobility, or 

volume of hazardous substances as their principal element. However, transferring waste material from 

an uncontrolled disposal site to a managed disposal facility that is designed and constructed to prevent 

the release of contaminants to the environment would restrict the mobility of the COC in excavated 

soil.  

 

4.3.6  Short-Term Effectiveness 

The implementation of Alternative 2 would not present any significant health threats to the 

community. The excavation of contaminated soils would be performed within the confines of 

PBOW at a sufficient distance from the property boundaries that the nearby community would 

not be affected. Proper decontamination and waste transportation practices would be followed to 

prevent the spread of contamination when equipment or waste materials leave the site. 

 

Alternative 2 does not present site workers with any unusual health or safety concerns for a 

remediation project. A hazard evaluation would be performed prior to the commencement of the 

removal action, and a health and safety plan would be followed during site activities to ensure 
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that risks to workers were minimized. Remediation workers would be provided with the 

appropriate personal protective equipment (PPE) in accordance with the health and safety plan.  

Environmental impacts during remediation would be mitigated primarily through measures 

designed to ensure that contamination is not spread during remedial activities. This includes 

measures such as dust controls during excavation, decontamination procedures for equipment 

and personnel, and storm water runoff and run-on controls.  

 

It is estimated that 9 months would be required to complete remedial activities, from the 

initiation of work plans to disposal of contaminated soil, backfilling of excavated areas, and 

completion of a site closeout report. Table 4-1 provides additional detail on the individual work 

elements involved in the execution of this alternative. 

 

4.3.7  Implementability 

This alternative is technically and administratively implementable.  

 

Compliance sampling of the sidewall and bottom areas of the excavation and analysis of the soil 

samples for NACs would be used to monitor the effectiveness of excavation in removing soil 

contaminated above the RG. 

 

The alternative does not preclude additional remedial action for soil if needed.  

 

Alternative 2 does not present any unusual regulatory requirements that would compromise the 

administrative feasibility of the remedial approach.  

 

4.3.8  Cost 

The detailed cost evaluation associated with the implementation of Alternative 2 is presented in 

Table 4-1. The estimated capital cost for Alternative 2 is $119,000.  

 

A contingency of 30 percent has been added to the cost estimate to account for uncertainty in the 

estimated volume of soil requiring remediation and to provide an allowance for cost elements 

that are not identifiable at the present time. Due to the relatively short time frame over which the 

remedial alternative would be completed, all costs associated with its implementation are 

classified as capital costs. Accordingly, there are no O&M costs for this alternative, and the 

present value cost is equivalent to the capital cost. 
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4.3.9  State Acceptance 

This criterion will be evaluated in more detail in the decision document for the remedial action 

after a public meeting has been conducted and the public comment period has concluded. 

 

4.3.10  Community Acceptance 

This criterion will be evaluated in more detail in the decision document for the remedial action 

after a public meeting has been conducted and the public comment period has concluded. 

 

4.4  Alternative 3 – Excavation, Windrow Composting, and On-Site Disposal 

 

4.4.1  Description 

Alternative 3 includes the following components: 

 
 Excavation of contaminated soil within the proposed remediation area 
 Windrow composting of excavated soil to reduce the concentration of TNT to the RG 
 On-site disposal of treated soil. 

 
Approximately 11 BCY (in-place volume) of soil would be excavated and treated using windrow 

composting. Figure 2-1 defines the remedial area. 

 

The conceptual design of the composting technology was based on previous experience with 

composting at PBOW. Design factors that significantly influence the cost of the remedial 

technology (e.g., size of the treatment area, windrow size, composting batch times, type and cost 

of equipment used, type and cost of operating labor, management of waste residuals) were based 

on the previous field implementation of the technology. The treatment area previously prepared 

at PBOW for windrow composting of contaminated soil from the Pentolite Road Red Water 

Ponds would be used for composting operations. The composting treatment area is 800 feet long 

by 260 feet wide and surrounded by an earthen berm to contain storm water runoff. Treatment 

operations would be conducted in the open. The treatment area is graded and compacted to a 2 

percent slope to control storm water. The treatment area is not covered with an artificial surface 

such as asphalt or concrete. The windrow would be constructed within the treatment area, and 

stockpiles of amendments, untreated soil, and treated compost would be staged in the area.  

 

Storm water would be pumped from sumps on the lower end of the treatment area to a 260-foot-

long by 30-foot-wide by 3-foot-deep contact water retention basin. The basin is lined with 60-mil 

plastic. Water in the basin would be applied to the windrows as needed to maintain the moisture 

content of the compost. Excess water would be trucked off site to an industrial wastewater 

treatment facility. No on-site treatment of contact water would be required. 
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Equipment, labor, and amendments needed to run the composting operation are available locally.  

 

It is assumed that the compost mixture would consist of 25 percent by volume (74.7 percent by 

weight) contaminated soil, 72 percent by volume (19.6 percent by weight) straw, and 3 percent 

by volume (5.7 percent by weight) chicken manure. The volume of the initial compost mixture is 

estimated to be 80 percent of the sum of the component volumes. A treatment cycle for each 

batch is assumed to require 6 weeks:  5 weeks for treatment and 1 week for curing and analytical 

testing.  

 

The compost would be turned periodically with the windrow turner to mechanically aerate the 

material. After the compost is turned, microorganisms within the pile aerobically degrade 

organic compounds until the available oxygen within the pile is utilized. Beyond this point, 

further contaminant degradation is achieved through an anaerobic process. The periodic turning 

of the compost pile permits the composting process to alternate between aerobic and anaerobic 

treatment phases. This is the most effective approach to the biological degradation of NACs. 

 

Precompliance testing of the compost would consist of sampling the compost immediately after 

formation and once a week during treatment. One composite sample would be collected from the 

windrow each week and analyzed as follows:  TNT colorimetric field test and total NACs (off-

site laboratory).  

 

If the precompliance results indicate that the TNT RG has been met, compliance samples would 

then be collected to confirm the results of the precompliance testing. For cost estimating 

purposes in this FS, it assumed that one composite compliance sample would be collected per 

windrow. The actual sampling and analytical strategy employed during remediation would be a 

Project Delivery Team decision.  

 

Treated soil that complied with the RG for TNT would be placed back on site.  

 

4.4.2  Overall Protection of Human Health and the Environment 

Alternative 3 would protect human health by excavating and treating contaminated soil with 

concentrations of the COC above the RG. Treated soil that met the RG for TNT would be placed 

back on site. The site contamination would not adversely affect ecological receptor populations 

because of limited areal extent, even if no action were to be taken. 
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4.4.3  Compliance with ARARs 

There are no chemical-specific, location-specific, or action-specific ARARs. Alternative 3 would 

comply with the action-specific ARAR listed in Table 2-2. 

 

4.4.4  Long-Term Effectiveness 

The long-term effectiveness of Alternative 3 is achieved by excavating and treating contaminated 

soil to reduce the concentration of TNT to the RG. The residual risk from treated soil placed 

back on site would be acceptable for unrestricted use. The alternative would not require the 

maintenance of any long-term controls at the site to manage residual risk from direct exposure to 

soil. 

 

4.4.5  Reduction of Toxicity, Mobility, or Volume 

Alternative 3 would comply with the statutory preference for selecting remedial actions that 

employ treatment technologies that permanently and significantly reduce the toxicity, mobility, 

or volume of hazardous substances as their principal element. The treatment of contaminated 

soils by windrow composting would reduce the toxicity and mobility of NACs in soil through a 

combination of biological degradation and immobilization via covalent binding with humic 

substances in the compost. Composted soil would be placed back on site. 

 

4.4.6  Short-Term Effectiveness 

The implementation of Alternative 3 would not present any significant health threats to the 

community. The excavation and treatment of contaminated soils would be performed within the 

confines of PBOW at a sufficient distance from the property boundaries that the nearby 

community would not be affected. The composting process would be managed to minimize the 

generation of dust or nuisance odors during remediation. Proper decontamination and waste 

transportation practices would be followed to prevent the spread of contamination when 

equipment leaves the site. 

 

Alternative 3 does not present site workers with any unusual health or safety concerns. A hazard 

evaluation would be performed prior to the commencement of the removal action, and a health 

and safety plan would be followed during site activities to ensure that risks to workers were 

minimized. Remediation workers would be provided with the appropriate PPE in accordance 

with the health and safety plan.  

 

Environmental impacts during remediation would be mitigated primarily through measures 

designed to ensure that contamination was not spread during remedial activities. These include 
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measures such as dust controls during excavation and treatment, decontamination procedures for 

equipment and personnel, and storm water runoff and run-on controls.  

 

It is estimated that 11 months would be required to complete remedial activities under 

Alternative 3 from the initiation of work plans to backfilling of excavated areas and completion 

of a site closeout report. Table 4-2 provides additional detail on the individual work elements 

involved in the execution of this alternative. 

 

4.4.7  Implementability 

Windrow composting is a reliable technology, as it has been implemented at a number of 

remediation sites to treat soil contaminated with NACs, PAHs, and other chemicals such as 

pesticides. Composting technology has also been widely used in the treatment of agricultural 

wastes and the management of treatment residuals from municipal wastewater treatment plants. 

As a result, a number of contractors are experienced in implementing these technologies, and 

equipment is readily available. Equipment, personnel, and amendments are available locally for 

composting.  

 

Compliance sampling of the sidewall and bottom areas of the excavation and analysis of the soil 

samples for NACs can be used to monitor the effectiveness of excavation in removing soil with 

TNT concentrations above the RG. 

 

The effectiveness of the composting process is easily monitored by periodic sampling and 

analysis of the compost during and after the treatment process. Colorimetric field analytical 

methods may be utilized during precompliance testing to augment analytical work performed by 

off-site laboratories to lower analytical costs. Standard fixed-base laboratory analyses would be 

used for final compliance sampling after treatment was complete for each batch of compost. The 

composting treatment process could be extended for any composted material that failed 

compliance testing.  

 

The alternative does not preclude additional remedial action for soil, if needed. 

 

Alternative 3 does not present any unusual regulatory requirements that would compromise the 

administrative feasibility of the remedial approach.  

 

4.4.8  Cost 

The detailed cost evaluation for the implementation of Alternative 3 is presented in Table 4-2. 

The estimated capital cost for Alternative 3 is $181,000.  
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A contingency of 30 percent has been added to the cost estimate to account for uncertainty in the 

estimated volume of soil requiring remediation and to provide an allowance for cost elements 

that are not identifiable at the present time. Due to the relatively short time frame over which the 

remedial alternative would be completed, all costs associated with its implementation are 

classified as capital costs. Accordingly, there are no O&M costs for this alternative, and the 

present value cost is equivalent to the capital cost.  

 

4.4.9  State Acceptance 

This criterion will be evaluated in more detail in the decision document for the remedial action 

after a public meeting has been conducted and the public comment period has concluded. The 

state has accepted this technology for four other PBOW sites. 

 

4.4.10  Community Acceptance 

This criterion will be evaluated in more detail in the decision document for the remedial action 

after a public meeting has been conducted and the public comment period has concluded. The 

public has accepted this technology for four other PBOW sites. 

 

4.5  Alternative 4 – Excavation, Alkaline Hydrolysis, and On-Site Disposal 

 

4.5.1  Description 

Alternative 4 includes the following components: 

 
 Excavation of contaminated soil within the proposed remediation area 
 Alkaline hydrolysis of excavated soil 
 On-site disposal of treated soil. 

 
Approximately 11 BCY (in-place volume) of soil would be excavated and treated using alkaline 

hydrolysis. Figure 2-1 defines the remedial area. 

 

The conceptual design of the alkaline hydrolysis technology was based on the implementation of 

the technology for soil at TNTA (TMG Services, Inc., 2012). The treatment area previously 

prepared for windrow composting of contaminated soil would be used for alkaline hydrolysis 

operations. The treatment area is 800 feet long by 260 feet wide and surrounded by an earthen 

berm to contain storm water runoff. Treatment operations would be conducted in the open. The 

treatment area is graded and compacted to a 2 percent slope to control storm water. The 

treatment area is not covered with an artificial surface such as asphalt or concrete. The treatment 

cells would be constructed within the treatment area, and stockpiles of treated and untreated soil 
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would be staged in the area. Storm water would be pumped from sumps on the lower end of the 

treatment area to a 260-foot-long by 30-foot-wide by 3-foot-deep contact water retention basin 

that is lined with 60-mil plastic. Water in the basin would be applied to the soil as needed to 

maintain the moisture content during treatment. Excess water would be transported off site to an 

industrial wastewater treatment facility. No on-site treatment of contact water would be required.  

USACE could opt to treat the soil in place at the site because the contamination is limited to 

surface soil over a small area.  

 

Alkaline hydrolysis would be implemented by adding caustic soda to the excavated soil. TNT-

contaminated soil would be treated in one batch. Treatment chemicals would be mixed into the 

soil using a windrow turner or excavator. Caustic soda pellets would be added to the soil at a rate 

of 2 percent on a weight basis to raise the soil pH to 12.5 to 13. Water would be applied to the 

soil to promote dissolution of the caustic soda. A treatment period of 3 weeks is assumed in the 

FS. This is consistent with full-scale operational results from VAAP (Britto et al., 2010).  

 

Alkaline hydrolysis of soil at TNTA has shown that addition of chemicals to neutralize the soil is 

unnecessary. The soil pH will decline naturally if the treated soil is stockpiled on site for a period 

of time before it is backfilled on site.  

 

Nitrite is a major reaction product of alkaline hydrolysis with NACs (Britto et al., 2010). Citric 

acid was used at VAAP to facilitate microbial denitrification and neutralization of the alkaline 

hydrolysis-treated soil (Britto et al., 2010). At VAAP, approximately 20 percent of the treated 

soil required denitrification to comply with the site-specific RG for nitrite (Britto et al., 2010). 

The potential need for denitrification of alkaline hydrolysis-treated soil at the TNTA/WWTP1 

Sewer Lines can be evaluated by calculating the maximum theoretical nitrite concentration that 

would be produced based on the analytical data available for the site. The highest total TNT 

concentration (1,200 mg/kg) was detected in surface soil sample SL0237 from soil boring SB-12. 

An alkaline hydrolysis laboratory treatability study on VAAP soil contaminated with NACs 

demonstrated that 90 percent of the nitrogen in the NACs was converted into nitrite (Britto et al., 

2010). Using this conversion factor, the worst-case nitrite concentration in alkaline hydrolysis-

treated soil at the TNTA-WWTP1 Sewer Line would be 708 mg/kg. The EPA regional screening 

level for nitrite in residential soil is 7,800 mg/kg. Therefore, denitrification of alkaline 

hydrolysis-treated soil would not be required to comply with the residential regional screening 

level for placement of soil back on site.  
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Precompliance (in-process) testing of the alkaline hydrolysis-treated soil involves collecting 

samples for field pH measurements to determine if treatment is uniform throughout the batch.  

 

Compliance testing for the alkaline hydrolysis technology will be performed at the end of the 

treatment cycle and after the soil pH has decreased to less than or equal to 10 or the background 

soil pH, whichever is greater. A composite sample would be collected from the batch and 

analyzed for pH, total NACs, and nitrate/nitrite. USACE has found that analytical results for 

NACs using EPA Method 8330 may be biased low if the pH of the soil samples are elevated 

(Larson et al., 2012). The pH of the alkaline hydrolysis-treated soil may be lowered through 

chemical treatment or allowed to decrease naturally with time. Soil pH often decreases over time 

without chemical neutralization due to absorption of carbon dioxide from the air, buffering by 

soil minerals, reactions with naturally occurring humic or organic acids in the soil, and gradual 

leaching of the caustic material from the soil (Brooks et al., 2003; Larson et al., 2007). 

 

If the precompliance results indicated that the TNT RG had been achieved, compliance samples 

would be collected to confirm the results of the definitive analyses used for precompliance 

testing. For cost estimating purposes in this FS, it assumed that one composite compliance 

sample would be collected per treatment cell. The actual sampling and analytical strategy 

employed during remediation would be a Project Delivery Team decision. 

 

4.5.2  Overall Protection of Human Health and the Environment 

Alternative 4 would protect human health by excavating and treating contaminated soil with 

concentrations of TNT above the RG. The site contamination would not adversely affect 

ecological receptor populations because of limited areal extent, even if no action were to be 

taken. 

 

4.5.3  Compliance with ARARs 

There are no chemical-specific or location-specific ARARs. Alternative 4 would comply with 

the action-specific ARAR listed in Table 2-2. 

 

4.5.4  Long-Term Effectiveness 

The long-term effectiveness of Alternative 4 is achieved through the excavation and treatment of 

soil contaminated with TNT at concentrations above the RG. The residual risk from treated soil 

placed back on site would be acceptable for unrestricted use. The alternative would not require 

the maintenance of any long-term controls at the site to manage residual risk from direct 

exposure to soil. 
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4.5.5  Reduction of Toxicity, Mobility, or Volume 

Alternative 4 would comply with the statutory preference for selecting remedial actions that 

employ treatment technologies that permanently and significantly reduce the toxicity, mobility, 

or volume of hazardous substances as their principal element. The treatment of contaminated soil 

by alkaline hydrolysis would reduce the toxicity and mobility of TNT in soil. Treated soil would 

be placed back on site. 

 

4.5.6  Short-Term Effectiveness 

The implementation of Alternative 4 would not present any significant health threats to the 

community. The excavation and treatment of contaminated soil would be performed within the 

confines of PBOW at a sufficient distance from the property boundaries that the nearby 

community would not be affected. The alkaline hydrolysis process would be managed to 

minimize the generation of dust during remediation. Proper decontamination and waste 

transportation practices would be followed to prevent the spread of contamination when 

equipment leaves the site. 

 

Alternative 4 involves the storage and handling of very corrosive materials, such as caustic soda. 

The material handling processes should be carefully designed to minimize worker contact with 

corrosive materials. A hazard evaluation would be performed prior to the commencement of the 

removal action, and a health and safety plan would be followed during site activities to ensure 

that risks to workers were minimized. Remediation workers would be provided with the 

appropriate PPE in accordance with the health and safety plan.  

 

Environmental impacts during remediation would be mitigated primarily through measures 

designed to ensure that contamination was not spread during remedial activities. This includes 

measures such as dust controls during excavation and treatment, decontamination procedures for 

equipment and personnel, and storm water runoff and run-on controls. Incompatible hazardous 

chemicals used in the treatment process would be segregated during storage, and best 

management practices would be followed to prevent the uncontrolled release of chemicals to the 

environment.  

 

It is estimated that 10 months would be required to complete remedial activities under 

Alternative 4, from the initiation of work plans to backfilling of excavated areas. Table 4-3 

provides additional detail on the individual work elements involved in the execution of this 

alternative. 
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4.5.7  Implementability 

Alkaline hydrolysis is a relatively new technology applied to NAC-contaminated soil, 

particularly using caustic soda, but it was successfully implemented at full scale at VAAP, 

treating 86,000 cubic meters of soil ex situ and 11,500 cubic meters of soil in situ (TTI, 2010c). 

Equipment and personnel are available locally. The technology was also used to treat NAC-

contaminated soil from site TNTC at PBOW. 

 

Compliance sampling of the sidewall and bottom areas of the excavation and analysis of the soil 

samples for NACs would be used to monitor the effectiveness of excavation in removing soil 

contaminated with TNT at concentrations above the RG. The effectiveness of the alkaline 

hydrolysis process is easily monitored in process by taking soil pH measurements using a field 

pH instrument. Sampling and analysis of the treated soil would determine final compliance of the 

treated soil.  

 

The alternative does not preclude additional remedial action for soil if needed. 

 

Alternative 4 does not present any unusual regulatory requirements that would compromise the 

administrative feasibility of the remedial approach.  

 

4.5.8  Cost 

The detailed cost evaluation for the implementation of Alternative 4 is presented in Table 4-3. 

The estimated capital cost for Alternative 4 is $157,000.  

 

A contingency of 30 percent has been added to the cost estimate to account for uncertainty in the 

estimated volume of soil requiring remediation and to provide an allowance for cost elements 

that are not identifiable at the present time. Due to the relatively short time frame over which the 

remedial alternative would be completed, all costs associated with its implementation are 

classified as capital costs. Accordingly, there are no O&M costs for this alternative, and the 

present value cost is equivalent to the capital cost.  

 

4.5.9  State Acceptance 

This criterion will be evaluated in more detail in the decision document for the remedial action, 

after a public meeting has been conducted and the public comment period has concluded. The 

state has accepted this technology for other PBOW sites. 
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4.5.10 Community Acceptance 

This criterion will be evaluated in more detail in the decision document for the remedial action 

after a public meeting has been conducted and the public comment period has concluded. The 

public has accepted this technology for other PBOW sites. 
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5.0 Comparative Analysis of Remedial Alternatives 
 

This chapter provides a comparative analysis of the four alternatives developed in Chapter 4.0. 

The comparison is based on the evaluation criteria and the overall feasibility of the alternatives 

in achieving RAOs for contaminated soil at the TNTA/WWTP1 Sewer Lines. A summary of this 

comparative analysis is presented in Table 5-1.  

 

5.1  Protection of Human Health and the Environment 

All of the alternatives, with the exception of Alternative 1, would permanently treat/remove 

contaminated soil, thereby reducing TNT concentrations to levels which the human population 

may be exposed without adverse effects, incorporating an adequate margin of safety, and the 

residual cancer risks would meet the PBOW cancer risk goal of 1E-5. Alternative 1 does not 

employ removal, containment, or treatment response actions that would reduce the potential 

human health to an acceptable level.  

 

The potential for adverse ecological effects at the site is low, and the affected area is too small to 

adversely affect ecological populations. Therefore, all of the remedial alternatives are adequately 

protective of the environment. 

 

5.2  Compliance with ARARs 

There are no chemical-, or location-specific ARARs for any of the remedial alternatives. 

Alternatives 2 through 4 would comply with the action-specific ARAR listed in Table 2-2.  

 

5.3  Long-Term Effectiveness and Permanence  

All of the alternatives, with the exception of Alternative 1, would reduce the magnitude of 

residual risk to levels which the human population may be exposed without adverse effects, 

incorporating an adequate margin of safety, and the residual cancer risks would meet the PBOW 

cancer risk goal of 1E-5. No long-term controls would be required at the site for Alternatives 2 

through 4. 

 

Alternative 1 is not effective because the existing level of unacceptable risk would remain.  

 

5.4  Reduction of the Toxicity, Mobility, or Volume of Contamination 

Alternatives 3 and 4 would satisfy the statutory preference for selecting remedial actions that 

employ treatment technologies that permanently and significantly reduce the toxicity, mobility, 
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or volume of hazardous substances as their principal element. Alternatives 3 and 4 would treat 

100 percent of the contaminated soil excavated from the site.  

 

The composting component of Alternative 3 provides essentially irreversible treatment by 

coupling biodegradation and transformation processes to reduce the toxicity and mobility of 

NACs in soil. The alkaline hydrolysis component of Alternative 4 provides irreversible treatment 

by chemically transforming NACs to less toxic compounds.  

 

Although Alternative 2 would remove contamination from the site, it would not result in any on-

site reduction of contaminant mass. The disposal of excavated soil in an appropriate 

transportation, storage, and disposal facility would minimize the potential for contaminants to 

leach into the environment.  

 

Alternative 1 would have no effect on the toxicity, volume, or mobility of soil contamination. 

 

5.5  Short-Term Effectiveness 

Alternatives 2 through 4 would all provide adequate safeguards for site workers and the 

community during remediation. No threatened or endangered animal or plant species would be 

significantly affected or destroyed by remedial actions under Alternatives 2 through 4. Some of 

the treatment chemicals used in Alternative 4 are hazardous materials. Material handling systems 

would be designed to protect remediation workers from exposure to corrosive chemicals, and 

best management practices would be used to prevent the release of hazardous materials to the 

environment. 

 

No action would be taken under Alternative 1 and, therefore, there would be no adverse impact 

to workers, the community, or the environment. 

 

Remedial durations for the alternatives are presented in Table 5-1. There is not a significant 

difference in the time to achieve the RG between Alternatives 2, 3, and 4. Alternative 2 would be 

completed within the shortest period of time, 9 months, while Alternatives 3 and 4 would require 

approximately 11 and 10 months, respectively.  

 

5.6  Implementability 

All of the technologies in these alternatives are reasonably well developed and have been 

implemented on a full-scale basis. Alkaline hydrolysis using caustic soda is a relatively new 

technology, but it has been successfully implemented at full scale to treat a large volume of 

NAC-contaminated soil. Equipment, technical specialists, and materials are available for all the 
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alternatives. The effectiveness of the alternatives can be monitored by sampling and analysis. 

Alternative 2 would use a landfill approved for CERCLA waste for off-site disposal of soil. 

None of the alternatives would preclude additional actions if the technologies were not 

completely effective. 

 

5.7  Cost 

There is no cost associated with Alternative 1. Alternative 2 has the lowest cost of all the 

alternatives that meet the threshold criteria of protection of human health and the environment 

and compliance with ARARs. The remaining alternatives are ranked from lowest to highest cost:  

Alternative 4 then Alternative 3.  

 

Remedial costs are presented in Table 5-1.  

 

5.8  State Acceptance 

This criterion will be evaluated in a decision document after receiving regulatory review 

comments on this FS. 

 

5.9  Community Acceptance 

This criterion will be evaluated in a decision document after a public meeting is held. 
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Table 1-1 
 

Nitroaromatic Explosive Compounds that Exceed Risk-Based Screening Concentrations 
TNTA/WWTP 1 Sewer Lines 

Former Plum Brook Ordnance Works, Sandusky, Ohio 
 

Test Pit Boring/Sample 
Sampling 

Depth (ft bgs)
Sampling 

Date 
2A-4,6DNT 

(mg/kg) 
4A-2,6DNT 

(mg/kg) 
2,4-DNT 
(mg/kg) 

2,6-DNT 
(mg/kg) 

TNT    
(mg/kg) 

RBSC 15 15 0.71 0.71 3.6 
TP-27 SL0033 3.0-3.5 12/4/2008   3.25   

SB05/SL0071 0.0-1.0 1/9/2009 16.4 18.5 4.42 2.18 138 
SB05R/SL0233 0.0-1.0 8/23/2011 15.6 15.9   287 
SB12/SL0237 0.0-1.0 8/23/2011 50.1 31.3   1,200 
SB14/SL0239 0.0-1.0 8/23/2011     18 

TP-30 SL0038 5.0-5.5 12/4/2008   0.896  77.8 
TP-33 SL0041 5.0-5.5 12/4/2008   1.76  1,380 
Notes: 

2A-4,6DNT – 2-Amino-4,6-dinitrotoluene. 
4A-2,6DNT – 4-Amino-2,6-dinitrotoluene. 
2,4-DNT – 2,4-Dinitrotoluene. 
2,6-DNT – 2,6-Dinitrotoluene. 
TNT – 2,4,6-Trinitrotoluene. 
RBSC – Risk-based screening concentration. 
mg/kg – Milligrams per kilogram. 



Table 1-2

Summary of Risk for All Receptors
Waste Water Treatment Plant No. 1

Former Plum Brook Ordnance Works, Sandusky, Ohio

Total Total Total Total Total Total Total Total Total Total Total Total Total
ILCR HI ILCR HI ILCR HI ILCR Adult - HI Child - HI ILCR HI ILCR HI

Surface Soil 1.74E-06 0.07 NE NE 5.08E-07 0.029 NE NE NE 1.17E-07 0.004 2.02E-11 0.000006
Total Soil 2.50E-06 0.08 1.28E-07 0.20 NE NE 8.12E-06 0.09 0.8 NE NE NE NE
Groundwater 7.64E-04 6.0 NE NE 7.64E-04 6.0 4.22E-03 32 73.5 NE NE NE NE
Sediment NE NE NA 0.002 NE NE NA 0.00009 0.0009 NE NE NE NE
Surface Water NE NE NA NA NE NE NA NA NA NE NE NE NE

Total ILCR or HI 8.E-04 6 1.E-07 0.2 8.E-04 6 4.E-03 32 74 1.E-07 0.004 2.E-11 0.000006

Surface Soil 1.74E-06 0.07 NE NE 5.08E-07 0.029 NE NE NE 1.17E-07 0.004 2.02E-11 0.000006
Total Soil 2.50E-06 0.08 1.28E-07 0.2 NE NE 8.12E-06 0.09 0.8 NE NE NE NE
Groundwater 4.17E-05 0.37 NE NE 4.17E-05 0.4 1.81E-04 1.0 2.4 NE NE NE NE
Sediment NE NE NA 0.002 NE NE NA 0.00009 0.0009 NE NE NE NE
Surface Water NE NE NA NA NE NE NA NA NA NE NE NE NE

Total ILCR or HI 4.E-05 0.4 1.E-07 0.2 4.E-05 0.4 2.E-04 1 3 1.E-07 0.004 2.E-11 0.000006

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - No chemicals of potential concern available for exposure evaluation.
NE - Pathway not evaluated for this receptor.

Note:
a Total ILCR and total HI values for the groundskeeper reflect the respective totals for the future groundskeeper assumed to use either bedrock or overburden groundwater. The total ILCR and HI values for the 
  current groundskeeper are simply those shown for soil.  The rounded current groundskeeper ILCR is 2E-6 and the rounded HI is 0.07

All Pathways Assuming Bedrock Groundwater Use
Exposure Media

All Pathways Assuming Overburden Groundwater Use
Exposure Media

Hunter's ChildGroundskeeper a Construction Worker Indoor Worker Resident Hunter
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Table 1-3

Summary of Risk for Receptorsa Excluding Exposure to Groundwaterb 

Waste Water Treatment Plant No. 1
Former Plum Brook Ordnance Works, Sandusky, Ohio

Total Total Total Total Total Total Total
ILCR HI ILCR HI ILCR Adult - HI Child - HI

Surface Soil NE NE 5.08E-07 0.03 NE NE NE
Total Soil 2.50E-06 0.08 NE NE 8.12E-06 0.09 0.8
Sediment NE NE NE NE NA 0.00009 0.0009
Surface Water NE NE NE NE NA NA NA

Total ILCR or HI 3.E-06 0.08 5.E-07 0.03 8.E-06 0.09 0.8

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - No chemicals of potential concern available for exposure evaluation.
NE - Pathway not evaluated for this receptor.

Notes:   
a The above receptors are those which were evaluated for groundwater exposure as shown in Table 5-1.
b Groundwater use is not regarded as plausible because of low yield in the overburden and bedrock units and naturally poor 
    quality in the bedrock unit.

Exposure Media

Future Groundskeeper Indoor Worker Resident
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Table 1-4

Summary of Risk for All Receptors
TNT Area A/Waste Water Treatment Plant No. 1 Sewer Lines

Former Plum Brook Ordnance Works, Sandusky, Ohio

Total Total Total Total Total Total Total Total Total Total Total Total Total
ILCR HI ILCR HI ILCR HI ILCR Adult - HI Child - HI ILCR HI ILCR HI

Surface Soil 1.36E-05 0.78 NE NE 4.28E-06 0.32 NE NE NE 9.11E-07 0.044 2.28E-12 0.00001
Total Soil 6.51E-06 0.41 3.45E-07 1.2 NE NE 2.17E-05 0.48 4.3 NE NE NE NE
Groundwater 4.03E-04 4.0 NE NE 4.03E-04 4.0 1.73E-03 12 27 NE NE NE NE
Sediment NE NE 1.11E-08 0.04 NE NE 5.64E-08 0.001 0.01 NE NE NE NE
Surface Water NE NE NA NA NE NE NA NA NA NE NE NE NE

Total ILCR or HI 4.E-04 4 4.E-07 1 4.E-04 4 2.E-03 12 32 9.E-07 0.04 2.E-12 0.00001

Surface Soil 1.36E-05 0.78 NE NE 4.28E-06 0.320 NE NE NE 9.11E-07 0.044 2.28E-12 0.00001
Total Soil 6.51E-06 0.4 3.45E-07 1.2 NE NE 2.17E-05 0.48 4.3 NE NE NE NE
Groundwater NA 4.6 NE NE NA 4.6 NA 12.7 29.7 NE NE NE NE
Sediment NE NE 1.11E-08 0.04 NE NE 5.64E-08 0.001 0.01 NE NE NE NE
Surface Water NE NE NA NA NE NE NA NA NA NE NE NE NE

Total ILCR or HI 7.E-06 5 4.E-07 1 4.E-06 5 2.E-05 13 34 9.E-07 0.04 2.E-12 0.00001

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - No chemicals of potential concern available for exposure evaluation; risk/hazard is regarded as negligible.
NE - Pathway not evaluated for this receptor.

Note:
a Total ILCR and total HI values for the groundskeeper reflect the respective totals for the future groundskeeper assumed to use either bedrock or overburden groundwater. The total ILCR and HI values for the 
  current groundskeeper are simply those shown for surface soil.  The current groundskeeper rounded ILCR is 1E-5 and the rounded HI is 0.8

Resident Hunter Hunter's Child

Bedrock Groundwater Use
Exposure Media

Overburden Groundwater Use
Exposure Media

Groundskeeper a Construction Worker Indoor Worker
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Table 1-5

Summary of Risk for Receptors Excluding Exposure to Groundwater 
TNT Area A/Waste Water Treatment Plant No. 1 Sewer Lines

Former Plum Brook Ordnance Works, Sandusky, Ohio

Total Total Total Total Total Total Total
ILCR HI ILCR HI ILCR Adult - HI Child - HI

Surface Soil 1.36E-05 0.78 4.28E-06 0.32 NE NE NE
Total Soil 6.51E-06 0.41 NE NE 2.17E-05 0.48 4.34
Sediment NE NE NE NE 2.15E-06 0.004 0.04
Surface Water NE NE NE NE NA NA NA

Total ILCR or HI 7.E-06 0.4 4.E-06 0.3 2.E-05 0.5 4

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - No chemicals of potential concern available for exposure evaluation.
NE - Pathway not evaluated for this receptor.

Note:   
The above receptors are those which were evaluated for groundwater exposure as shown in Table 1-2. Groundwater use is regarded as 
 implausible because of insufficiently low yield and naturally poor quality.

Source: Baseline Human Health Risk Assessment (Shaw, 2012)

Future Groundskeeper Indoor Worker Resident

Exposure Media
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Table 1-6

Summary of Risk for All Receptors Minus Potential Hot Spots a

TNT Area A/Waste Water Treatment Plant No. 1 Sewer Lines
Former Plum Brook Ordnance Works, Sandusky, Ohio

Total Total Total Total Total Total Total Total Total Total Total Total Total
ILCR HI ILCR HI ILCR HI ILCR Adult - HI Child - HI ILCR HI ILCR HI

Surface Soil 1.97E-07 NA NE NE 5.27E-08 NA NE NE NE 1.32E-08 NA NA NA

Total Soil 4.75E-07 0.03 2.53E-08 0.08 NE NE 1.60E-06 0.03 0.3 NE NE NE NE

Sediment NE NE 1.11E-08 0.04 NE NE 5.64E-08 0.001 0.01 NE NE NE NE

Surface Water NE NE NA NA NE NE NA NA NA NE NE NE NE

Total ILCR or HI 5E-07 0.03 4E-08 0.1 5E-08 NA 2E-06 0.03 0.3 1E-08 NA NA NA

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - No chemicals of potential concern available for exposure evaluation; risk/hazard is regarded as negligible.
NE - Pathway not evaluated for this receptor.

a Includes all samples evaluated in Section 5.3 of the Baseline Human Health Risk Assessment (Shaw, 2012) except the soil samples associated with test pit locations TP-27 and TP-33. 
  Sediment values are the same as those presented in Table 1-2.
b Total ILCR and total HI values for the groundskeeper shown on this line are for the future groundskeeper. The total ILCR and HI values for the current groundskeeper are simply those
  shown for surface soil. The current groundskeeper rounded ILCR is 2E-6 and the HI is regarded as negligible.

Hunter's ChildGroundskeeper b Construction Worker Indoor Worker Resident Hunter
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Table 1-7

Summary of Risk for All Receptors
TNT Area B/Waste Water Treatment Plant No. 1 Sewer Lines

Former Plum Brook Ordnance Works, Sandusky, Ohio

Total Total Total Total Total Total Total Total Total Total Total Total Total
ILCR HI ILCR HI ILCR HI ILCR Adult - HI Child - HI ILCR HI ILCR HI

Surface Soil 6.28E-06 NA NE NE 1.68E-06 NA NE NE NE 4.20E-07 NA NA NA
Total Soil 1.62E-06 0.001 8.03E-08 0.002 NE NE 5.49E-06 0.001 0.01 NE NE NE NE
Groundwater NA 0.04 NE NE NA 0.04 NA 0.1 0.2 NE NE NE NE

Total ILCR or HI 2.E-06 0.04 8.E-08 0.002 2.E-06 0.04 5.E-06 0.1 0.2 4.E-07 NA NA NA

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - No chemicals of potential concern available for exposure evaluation
NE - Pathway not evaluated for this receptor.

Note:
aTotal ILCR and total HI values for the groundskeeper reflect the respective totals for the future groundskeeper assumed to use overburden groundwater. The total ILCR and HI values for the 
  current groundskeeper are simply those shown for surface soil.  The rounded current groundskeeper ILCR is 6E-6 and no HI could be calculated (NA)

Overburden Groundwater Use
Exposure Media

Hunter's ChildGroundskeeper a Construction Worker Indoor Worker Resident Hunter
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Table 1-8

Summary of Risk for All Receptors
Waste Water Treatment Plant No. 3

Former Plum Brook Ordnance Works
Sandusky, Ohio

ILCR HI ILCR HI ILCR HI ILCR Adult - HI Child - HI ILCR HI ILCR HI

Surface Soil 4.94E-05 0.07 NE NE 1.32E-05 0.02 NE NE NE 3.30E-06 0.004 1.59E-10 0.00004
Total Soil 1.48E-05 0.05 7.31E-07 0.1 NE NE 4.64E-05 0.05 0.4 NE NE NE NE
Groundwater 4.06E-04 3.5 NE NE 4.06E-04 3.5 1.76E-03 10 24.0 NE NE NE NE
Sediment NE NE 3.04E-07 0.6 NE NE 1.88E-06 0.025 0.24 NE NE NE NE
Surface Water NE NE 9.96E-09 0.1 NE NE 2.32E-07 0.05 0.09 NE NE NE NE

Total ILCR or HI 4.E-04 4 1.E-06 0.9 4.E-04 3 2.E-03 10 25 3.E-06 0.004 2.E-10 0.00004

Surface Soil 4.94E-05 0.07 NE NE 1.32E-05 0.019 NE NE NE 3.30E-06 0.004 1.59E-10 0.00004
Total Soil 1.48E-05 0.05 7.31E-07 0.1 NE NE 4.64E-05 0.05 0.4 NE NE NE NE
Groundwater 7.05E-05 1.0 NE NE 7.05E-05 1.0 3.00E-04 2.8 6.6 NE NE NE NE
Sediment NE NE 3.04E-07 0.6 NE NE 1.88E-06 0.025 0.24 NE NE NE NE
Surface Water NE NE 9.96E-09 0.1 NE NE 2.32E-07 0.05 0.09 NE NE NE NE

Total ILCR or HI 9.E-05 1 1.E-06 0.9 8.E-05 1 3.E-04 3 7 3.E-06 0.004 2.E-10 0.00004

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - No chemicals of potential concern available for exposure evaluation.
NE - Pathway not evaluated for this receptor.

Note:
a Total ILCR and total HI values for the groundskeeper reflect the respective totals for the future groundskeeper assumed to use either bedrock or overburden groundwater. The total ILCR 
  and HI values for the current groundskeeper are simply those shown for soil.  The rounded current groundskeeper ILCR is 5E-5 and the rounded HI is 0.07.

Bedrock Groundwater Use
Exposure Media

Overburden Groundwater Use
Exposure Media

Hunter's ChildGroundskeeper a Construction Worker Indoor Worker Resident Hunter
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Table 1-9

Summary of Risk for Receptorsa Excluding Exposure to  Groundwaterb 

Waste Water Treatment Plant No. 3
Former Plum Brook Ordnance Works

Sandusky, Ohio

ILCR HI ILCR HI ILCR Adult - HI Child - HI

Surface Soil NE NE 1.32E-05 0.02 NE NE NE
Total Soil 1.48E-05 0.05 NE NE 4.64E-05 0.05 0.41
Sediment NE NE NE NE 1.88E-06 0.025 0.24
Surface Water NE NE NE NE 2.32E-07 0.05 0.09

Total ILCR or HI 1.E-05 0.05 1.E-05 0.02 5.E-05 0.1 0.7

HI - Hazard index.
ILCR - Incremental lifetime cancer risk.
NA - No chemicals of potential concern available for exposure evaluation.
NE - Pathway not evaluated for this receptor.

Notes:   
a The above receptors are those which were evaluated for groundwater exposure as shown in Table 5-1.
b Groundwater use is not regarded as plausible because of low yield and naturally poor quality in the in the overburden and bedrock units.
    

Exposure Media

Future Groundskeeper Indoor Worker Resident
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Table 1-10

Cancer Risks for Current Groundskeeper and Future Resident Based on Re-Evaluation of Soila,b 

Waste Water Treatment Plant No. 3
Former Plum Brook Ordnance Works

Sandusky, Ohio

Current Groundskeeper         
ILCR

Future Resident                 
ILCR

Exposure Media
Surface Soil 6.79E-06 NE
Total Soil NE 1.05E-05
Sediment NE 1.88E-06
Surface Water NE 2.32E-07

Total ILCR 7.E-06 1.E-05

ILCR - Incremental lifetime cancer risk.
NASA - National Aeronautics and Space Administration.
NE - Pathway not evaluated for this receptor.
PAH - Polycyclic aromatic hydrocarbon.

Notes:   
a The above two receptors are those which have ILCR values exceeding the Plum Brook Ordnance Works cancer risk 
   goal of 1E-5 based on soil exposure using the full data set. Note that no groundwater exposure is assumed based 
   on low water yield in the overburden and bedrock units and naturally poor water quality in the bedrock unit.
b The soil samples with the three highest PAH concentrations are excluded. The two surface soil samples
   (SB-01 and SB-02) located immediately beside the NASA K-Site control building are excluded because they 
   are within the area where NASA has demolished the building and removed associated PAH-contaminated soil. 
   A third high-PAH soil sample (SSW-303) was collected immediately east of the access road and was
   excluded from this evaluation because it is interpreted to represent anthropogenic background sources
   (i.e., petroleum constituents of the asphalt and vehicle emissions).
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Table 1-11

Wildlife Hazard Quotients for All Assessment Receptors
Waste Water Treatment Plant No. 1

Former Plum Brook Ordnance Works, Sandusky, Ohio

Deer Mouse Short-tailed Shrew Cottontail Rabbit Marsh Wren White-tailed Deer Red-tailed Hawk
COPEC NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL

Metals

Barium 1.10E-03 2.85E-04 1.14E-03 2.94E-04 7.22E-04 1.86E-04 4.92E-04 2.45E-04 7.61E-07 1.96E-07 1.04E-07 5.21E-08

Manganese 9.02E-04 2.80E-04 9.30E-04 2.88E-04 5.90E-04 1.83E-04 1.48E-04 1.48E-05 6.22E-07 1.93E-07 3.13E-08 3.13E-09

Mercury 5.75E-03 5.66E-04 7.18E-03 7.07E-04 1.32E-03 1.30E-04 4.61E-01 2.30E-01 5.94E-07 5.85E-08 7.53E-06 3.76E-06

Selenium 2.82E-03 1.71E-03 2.91E-03 1.77E-03 1.85E-03 1.12E-03 2.05E-03 1.03E-03 1.95E-06 1.18E-06 4.95E-07 1.45E-07
Nitroaromatics

1,3,5-Trinitrobenzene 6.10E-02 1.22E-02 9.42E-02 1.88E-02 1.81E-02 3.62E-03 4.59E+00 9.18E-01 1.40E-05 2.79E-06 7.68E-05 1.54E-05

1,3-Dinitrobenzene 0.00E+00 0.00E+00 1.10E+01 4.73E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.53E-03 6.56E-04 0.00E+00 0.00E+00

2,4,6-Trinitrotoluene 9.32E-01 1.86E-01 1.47E+00 2.93E-01 2.44E-01 4.87E-02 8.44E+00 1.69E+00 1.77E-04 3.54E-05 1.17E-04 2.34E-05

2,4-Dinitrotoluene 5.49E-02 7.32E-03 2.26E-01 3.01E-02 3.78E-02 5.04E-03 6.28E-04 1.26E-04 1.79E-04 2.39E-05 2.07E-08 4.14E-09

2,6-Dinitrotoluene 0.00E+00 0.00E+00 2.27E-01 3.03E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.53E-04 2.04E-05 0.00E+00 0.00E+00

2-Amino-4,6-dinitrotoluene 6.11E-02 1.15E-02 6.36E-03 1.19E-03 4.45E-02 8.34E-03 4.94E-03 9.89E-04 3.66E-05 6.87E-06 1.63E-07 3.25E-08

4-Amino-2,6-dinitrotoluene 6.91E-02 1.30E-02 4.30E-03 8.05E-04 5.03E-02 9.43E-03 5.59E-03 1.12E-03 2.48E-05 4.64E-06 1.84E-07 3.68E-08

All Nitrotoluenes (summed) 1.30E+00 2.43E-01 1.93E+00 3.56E-01 3.76E-01 7.15E-02 8.45E+00 1.69E+00 5.71E-04 9.13E-05 1.17E-04 2.34E-05

Tetryl 4.35E+00 8.69E-01 2.40E+00 4.79E-01 1.10E+00 2.19E-01 NA NA 2.74E-04 5.48E-05 NA NA
Semivolatile Organics

Fluoranthene 2.59E-03 5.19E-04 1.22E-03 2.45E-04 1.61E-03 3.22E-04 7.11E-04 7.11E-05 7.08E-07 1.42E-07 1.22E-08 1.22E-09

COPEC - Chemical of potential ecological concern.
LOAEL - Lowest-observed-adverse-effect level.
NA - No toxicity data available; hazard quotients not calculated.
NOAEL - No-observed-adverse-effect level.

Shaded cells indicate a hazard quotient greater than 1, when rounded.
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Table 1-12

Wildlife Hazard Quotients for all Assessment Receptors
TNT Area A/Waste Water Treatment Plant 1 Sewer Lines
Former Plum Brook Ordnance Works, Sandusky, Ohio

Deer Mouse Short-tailed Shrew Cottontail Rabbit Marsh Wren White-tailed Deer Raccoon Red-Tailed Hawk Muskrat
COPEC NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL

Metals
Cadmium 2.94E-01 2.94E-02 4.70E-01 4.70E-02 3.06E-02 3.06E-03 6.87E-01 4.98E-02 2.52E-05 2.52E-06 4.47E-04 4.47E-05 1.04E-05 NA1 0.00E+00 0.00E+00

Mercury 5.90E-03 5.90E-04 7.00E-03 7.00E-04 1.38E-03 1.38E-04 4.77E-01 2.39E-01 8.64E-07 8.64E-08 1.11E-04 2.22E-05 1.25E-05 NA1 0.00E+00 0.00E+00

Polychlorinated biphenyls (PCB)
Aroclor 1016 6.88E-01 2.75E-01 4.84E-01 1.93E-01 4.18E-03 1.67E-03 2.05E+01 2.05E+00 6.46E-07 2.58E-07 1.12E-03 4.46E-04 8.28E-06 NA1 0.00E+00 0.00E+00

Aroclor 1254 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.29E-05 4.65E-06 0.00E+00 NA1 1.45E-03 2.94E-04

All PCBs (summed) 6.88E-01 2.75E-01 4.84E-01 1.93E-01 4.18E-03 1.67E-03 2.05E+01 2.05E+00 6.46E-07 2.58E-07 1.14E-03 4.51E-04 8.28E-06 NA 1 1.45E-03 2.94E-04

Nitroaromatics
1,3,5-Trinitrobenzene 2.38E-02 4.76E-03 1.27E-01 2.55E-02 7.05E-03 1.41E-03 1.79E+00 3.58E-01 2.82E-05 5.65E-06 3.05E-05 6.10E-06 4.49E-05 NA1 0.00E+00 0.00E+00

2,4,6-Trinitrotoluene a 4.48E+00 8.96E-01 1.85E-01 3.69E-02 3.27E+00 6.53E-01 1.11E+00 2.22E-01 2.02E-03 4.03E-04 3.44E-03 6.88E-04 5.49E-05 NA 1 0.00E+00 0.00E+00

2,4-Dinitrotoluene 6.02E-01 8.02E-02 1.28E-01 1.71E-02 4.15E-01 5.53E-02 6.89E-03 1.38E-03 1.53E-04 2.04E-05 6.52E-04 8.70E-05 3.40E-07 NA1 0.00E+00 0.00E+00

2,6-Dinitrotoluene 4.01E-01 5.34E-02 8.27E-02 1.10E-02 2.73E-01 3.65E-02 5.26E-03 1.05E-03 8.38E-05 1.12E-05 4.56E-04 6.08E-05 2.60E-07 NA1 0.00E+00 0.00E+00

2-Amino-4,6-dinitrotoluene 9.57E-01 1.79E-01 1.53E-02 2.87E-03 6.96E-01 1.31E-01 7.74E-02 1.55E-02 1.32E-04 2.48E-05 7.46E-04 1.40E-04 3.82E-06 NA1 0.00E+00 0.00E+00

4-Amino-2,6-dinitrotoluene 4.86E-01 9.11E-02 1.05E-02 1.98E-03 3.54E-01 6.63E-02 3.93E-02 7.86E-03 9.11E-05 1.71E-05 3.79E-04 7.10E-05 1.94E-06 NA1 0.00E+00 0.00E+00

All Nitrotoluenes (summed) 6.95E+00 1.30E+00 5.49E-01 9.54E-02 5.01E+00 9.43E-01 3.03E+00 6.06E-01 2.50E-03 4.82E-04 5.70E-03 1.05E-03 1.06E-04 0.00E+00 0.00E+00 0.00E+00

Semivolatile Organics
Benzo(a)anthracene 3.69E-01 7.38E-02 3.89E-01 7.79E-02 7.31E-02 1.46E-02 2.90E-01 5.80E-02 2.95E-05 5.90E-06 6.38E-04 1.28E-04 2.86E-06 NA1 0.00E+00 0.00E+00

Benzo(a)pyrene 5.27E-02 5.27E-03 4.76E-02 4.76E-03 1.62E-02 1.62E-03 1.40E-01 2.80E-02 6.60E-06 6.60E-07 8.46E-05 8.46E-06 1.73E-06 NA1 0.00E+00 0.00E+00

Benzo(b)fluoranthene 2.09E-02 4.18E-03 9.95E-03 1.99E-03 1.20E-02 2.40E-03 7.23E-01 1.45E-01 5.48E-06 1.10E-06 2.64E-05 5.28E-06 1.86E-05 NA1 0.00E+00 0.00E+00

Benzoic Acid 1.99E-01 1.99E-02 2.78E-01 2.78E-02 4.03E-02 4.03E-03 NA NA 3.46E-05 3.46E-06 2.78E-04 2.78E-05 NA NA1 0.00E+00 0.00E+00

Chrysene 4.09E-01 8.19E-02 3.36E-01 6.73E-02 8.27E-02 1.65E-02 2.25E-01 4.50E-02 2.75E-05 5.51E-06 7.13E-04 1.43E-04 2.34E-06 NA1 0.00E+00 0.00E+00

Fluoranthene 7.38E-03 1.48E-03 2.35E-03 4.69E-04 4.58E-03 9.15E-04 2.02E-03 2.02E-04 2.04E-06 4.07E-07 8.19E-06 1.64E-06 5.21E-08 NA1 0.00E+00 0.00E+00

Pyrene 2.69E-02 5.39E-03 1.04E-02 2.07E-03 1.49E-02 2.98E-03 5.81E-03 5.81E-04 7.25E-06 1.45E-06 2.97E-05 5.94E-06 7.32E-08 NA1 0.00E+00 0.00E+00

COPEC - Chemical of potential ecological concern.
LOAEL - Lowest-observed-adverse-effect level.
NA - No toxicity data available; hazard quotients not calculated.
NA1 - Because the red-tailed hawk represents the northern harrier, a Threatened and Endangered Species observed at the site, only hazard quotients based on the NOAEL are calculated.
NOAEL - No-observed-adverse-effect level.

a Hazard quotients calculated using a soil-to-terrestrial invertebrates uptake factor of 0.1.

Shaded cells indicate a hazard quotient greater than 1, when rounded.

KN14\PBOW\WWTP1_3\FS\TNTA WWTP1 SL\Final\Tables\1-12.xlsx\4/4/201411:45 AM



Table 1-13

Wildlife Hazard Quotients for All Assessment Receptors
TNT Area B/Waste Water Treatment Plant 1 Sewer Lines
Former Plum Brook Ordnance Works, Sandusky, Ohio

Deer Mouse Short-tailed Shrew Cottontail Rabbit Marsh Wren White-tailed Deer Red-tailed Hawk
COPEC NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL

Explosives

2,4,6-Trinitrotoluene 2.08E-02 4.16E-03 2.11E-02 4.21E-03 5.43E-03 1.09E-03 1.88E-01 NA1 3.18E-06 6.35E-07 7.61E-08 1.52E-08

2,6-Dinitrotoluene 0.00E+00 0.00E+00 7.18E-03 9.57E-04 0.00E+00 0.00E+00 0.00E+00 NA1 6.06E-06 8.07E-07 0.00E+00 0.00E+00

2-Amino-4,6-dinitrotoluene 1.14E-02 2.14E-03 8.38E-04 1.57E-04 8.32E-03 1.56E-03 9.24E-04 NA1 6.04E-06 1.13E-06 3.80E-08 7.61E-09

4-Amino-2,6-dinitrotoluene 9.18E-03 1.72E-03 8.31E-04 1.56E-04 6.68E-03 1.25E-03 7.42E-04 NA1 5.99E-06 1.12E-06 3.05E-08 6.11E-09

All nitrotoluenes (sum) 4.14E-02 8.02E-03 2.99E-02 5.48E-03 2.04E-02 3.90E-03 1.90E-01 NA1 2.13E-05 3.70E-06 1.45E-07 2.89E-08

Semivolatile Organics

Benzo(a)anthracene 3.56E-01 7.12E-02 4.31E-01 8.63E-02 7.09E-02 1.42E-02 2.79E-01 NA1 2.64E-05 5.27E-06 2.29E-06 4.59E-07

Benzo(a)pyrene 5.01E-02 5.01E-03 5.17E-02 5.17E-03 1.54E-02 1.54E-03 1.33E-01 NA1 5.95E-06 5.95E-07 1.37E-06 2.73E-07

Benzo(b)fluoranthene 1.65E-02 3.31E-03 9.01E-03 1.80E-03 9.50E-03 1.90E-03 5.72E-01 NA1 4.14E-06 8.27E-07 1.23E-05 2.46E-06

Carbazole 1.38E+03 1.38E+02 1.21E+03 1.21E+02 4.44E+02 4.44E+01 NA NA1 2.16E-01 2.16E-02 NA NA

Chrysene 2.84E-01 5.69E-02 3.40E-01 6.79E-02 6.08E-02 1.22E-02 1.53E-01 NA1 2.31E-05 4.62E-06 1.32E-06 2.65E-07

Dibenzofuran NA NA NA NA NA NA NA NA1 NA NA NA NA

Fluoranthene 1.50E-02 2.99E-03 5.75E-03 1.15E-03 9.27E-03 1.85E-03 4.10E-03 NA1 4.16E-06 8.31E-07 8.80E-08 8.80E-09

Pyrene 2.79E-02 5.59E-03 1.22E-02 2.45E-03 1.54E-02 3.09E-03 6.02E-03 NA1 7.14E-06 1.43E-06 6.33E-08 6.33E-09

COPEC - Chemical of potential ecological concern.
LOAEL - Lowest-observed-adverse-effect level.
NA - No toxicity data available; hazard quotients not calculated.
NA1 - Because the marsh wren represents a Threatened and Endangered Species observed at the site (golden-winged warbler), only hazard quotients based on the NOAEL are calculated.
NOAEL - No-observed-adverse-effect level.

Shaded cells indicate a hazard quotient greater than 1, when rounded.
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Table 1-14

Wildlife Hazard Quotients for All Assessment Receptors
Waste Water Treatment Plant 3

Former Plum Brook Ordnance Works, Sandusky, Ohio

Deer Mouse Short-tailed Shrew Cottontail Rabbit Marsh Wren White-tailed Deer Raccoon Red-Tailed Hawk Muskrat
COPEC NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL

Metals
Aluminum 2.77E-01 2.77E-02 2.85E-01 2.85E-02 7.08E-02 7.08E-03 8.81E-03 8.81E-04 2.86E-04 2.86E-05 1.27E-02 1.27E-03 2.80E-06 2.80E-07 1.74E-01 1.74E-02

Arsenic 8.49E-03 8.49E-04 8.76E-03 8.76E-04 2.17E-03 2.17E-04 3.78E-04 1.51E-04 8.78E-06 8.78E-07 1.17E-04 1.17E-05 1.20E-07 4.82E-08 5.35E-03 5.35E-04

Barium 3.06E-03 7.88E-04 3.16E-03 8.13E-04 7.84E-04 2.02E-04 1.36E-03 6.80E-04 3.16E-06 8.15E-07 3.74E-05 9.64E-06 4.34E-07 2.16E-07 1.93E-03 4.97E-04

Cadmium 2.80E-01 2.80E-02 5.49E-01 5.49E-02 1.15E-02 1.15E-03 6.54E-01 4.74E-02 2.81E-05 2.81E-06 4.25E-04 4.25E-05 1.01E-05 7.29E-07 0.00E+00 0.00E+00

Copper 1.07E-04 8.25E-05 1.10E-04 8.51E-05 2.73E-05 2.11E-05 4.83E-05 3.68E-05 1.10E-07 8.53E-08 7.38E-06 5.70E-06 1.54E-08 1.17E-08 6.73E-05 5.20E-05

Lead 2.93E-01 2.93E-02 4.98E-01 4.98E-02 2.92E-02 2.92E-03 6.49E+00 6.49E-01 3.59E-05 3.59E-06 5.60E-04 5.60E-05 1.85E-04 1.85E-05 8.43E-05 8.43E-06

Manganese 3.34E-03 1.04E-03 3.45E-03 1.07E-03 8.56E-04 2.65E-04 5.47E-04 5.47E-05 3.46E-06 1.07E-06 5.89E-05 1.83E-05 1.74E-07 1.74E-08 2.11E-03 6.53E-04

Mercury 5.40E-03 5.40E-04 7.18E-03 7.18E-04 4.75E-04 4.75E-05 4.43E-01 2.21E-01 8.98E-07 8.98E-08 1.01E-04 2.03E-05 1.00E-05 5.02E-06 0.00E+00 0.00E+00

Selenium 3.42E-03 2.07E-03 3.53E-03 2.14E-03 8.75E-04 5.30E-04 2.48E-03 1.24E-03 3.53E-06 2.14E-06 7.35E-03 4.45E-03 8.98E-07 2.63E-07 2.38E+00 1.44E+00

PCBs
Aroclor 1016 6.45E-01 2.58E-01 5.40E-01 2.16E-01 1.54E-03 6.14E-04 1.92E+01 1.92E+00 7.20E-07 2.88E-07 1.05E-03 4.19E-04 7.77E-06 7.77E-07 0.00E+00 0.00E+00

Aroclor 1254 9.41E+00 9.41E-01 1.42E+01 1.42E+00 1.77E-02 1.77E-03 1.39E+01 1.39E+00 1.11E-05 1.11E-06 7.43E-03 1.51E-03 5.49E-06 5.49E-07 0.00E+00 0.00E+00

All PCBs (summed) 1.01E+01 1.20E+00 1.48E+01 1.64E+00 1.92E-02 2.38E-03 3.32E+01 3.32E+00 1.18E-05 1.40E-06 8.48E-03 1.93E-03 1.33E-05 1.33E-06 0.00E+00 0.00E+00

Nitroaromatics
2,4,6-Trinitrotoluene 1.07E-02 2.17E-03 1.19E-02 2.40E-03 1.10E-03 2.22E-04 9.81E-02 1.96E-02 2.16E-06 4.35E-07 1.41E-05 2.84E-06 4.76E-08 9.52E-09 0.00E+00 0.00E+00

2-Amino-4,6-dinitrotoluene 6.71E-03 1.26E-03 4.99E-04 9.35E-05 1.91E-03 3.59E-04 5.43E-04 1.09E-04 4.31E-06 8.08E-07 5.23E-06 9.81E-07 2.68E-08 5.36E-09 0.00E+00 0.00E+00

4-Amino-2,6-dinitrotoluene 6.97E-03 1.31E-03 5.12E-04 9.60E-05 1.99E-03 3.73E-04 5.64E-04 1.13E-04 4.43E-06 8.30E-07 5.44E-06 1.02E-06 2.78E-08 5.57E-09 0.00E+00 0.00E+00

All Nitrotoluenes (summed) 2.44E-02 4.73E-03 1.29E-02 2.59E-03 5.00E-03 9.53E-04 9.92E-02 1.98E-02 1.09E-05 2.07E-06 2.48E-05 4.84E-06 1.02E-07 2.04E-08 0.00E+00 0.00E+00

Semivolatile Organics
Benzo(a)anthracene 2.40E+00 4.81E-01 1.67E+00 3.33E-01 1.46E-01 2.93E-02 2.04E+00 4.08E-01 8.14E-05 1.63E-05 4.35E-03 8.70E-04 2.01E-05 4.03E-06 0.00E+00 0.00E+00

Benzo(a)pyrene 3.60E-01 3.60E-02 2.21E-01 2.21E-02 4.26E-02 4.26E-03 9.69E-01 1.94E-01 2.96E-05 2.96E-06 5.82E-04 5.82E-05 1.20E-05 2.39E-06 0.00E+00 0.00E+00

Benzo(b)fluoranthene 1.29E-01 2.57E-02 3.78E-02 7.57E-03 2.90E-02 5.79E-03 4.46E+00 8.91E-01 2.08E-05 4.17E-06 1.63E-04 3.25E-05 1.15E-04 2.30E-05 0.00E+00 0.00E+00

Benzo(ghi)perylene 3.20E-02 3.20E-03 1.80E-02 1.80E-03 5.94E-03 5.94E-04 3.69E-01 7.37E-02 6.89E-06 6.89E-07 3.97E-05 3.97E-06 4.20E-06 8.40E-07 0.00E+00 0.00E+00

Benzo(k)fluoranthene 1.55E-02 1.55E-03 1.66E-02 1.66E-03 1.69E-03 1.69E-04 3.14E-01 6.28E-02 1.97E-06 1.97E-07 2.55E-05 2.55E-06 3.79E-06 7.59E-07 0.00E+00 0.00E+00

Carbazole 5.67E+03 5.67E+02 2.87E+03 2.87E+02 7.14E+02 7.14E+01 NA NA 6.16E-01 6.16E-02 7.64E+00 7.64E-01 NA NA 0.00E+00 0.00E+00

Chrysene 2.01E+00 4.03E-01 1.45E+00 2.91E-01 1.30E-01 2.60E-02 1.18E+00 2.37E-01 7.62E-05 1.52E-05 3.65E-03 7.30E-04 1.23E-05 2.46E-06 0.00E+00 0.00E+00

Dibenz(a,h)anthracene 7.93E-02 7.93E-03 1.08E-01 1.08E-02 4.12E-03 4.12E-04 3.57E-01 7.13E-02 5.55E-06 5.55E-07 1.28E-04 1.28E-05 1.47E-06 2.93E-07 0.00E+00 0.00E+00

Dibenzofuran NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Fluoranthene 1.04E-01 2.09E-02 2.12E-02 4.25E-03 2.54E-02 5.07E-03 2.86E-02 2.86E-03 1.84E-05 3.68E-06 1.16E-04 2.32E-05 7.38E-07 7.38E-08 0.00E+00 0.00E+00

Fluorene 1.59E-03 3.18E-04 2.47E-03 4.94E-04 1.86E-05 3.72E-06 7.70E-01 1.54E-01 1.28E-08 2.55E-09 2.67E-06 5.34E-07 1.81E-06 3.62E-07 0.00E+00 0.00E+00

Indeno(1,2,3-cd)pyrene 4.17E-02 8.34E-03 2.62E-02 5.24E-03 4.43E-03 8.86E-04 8.53E-01 1.71E-01 2.91E-06 5.81E-07 6.83E-05 1.37E-05 9.53E-06 1.91E-06 0.00E+00 0.00E+00

Pyrene 2.04E-01 4.08E-02 4.78E-02 9.57E-03 4.41E-02 8.83E-03 4.39E-02 4.39E-03 3.35E-05 6.69E-06 2.25E-04 4.49E-05 5.54E-07 5.54E-08 0.00E+00 0.00E+00

COPEC - Chemical of potential ecological concern.
LOAEL - Lowest-observed-adverse-effect level.
NA - No toxicity data available; hazard quotients not calculated.
NOAEL - No-observed-adverse-effect level.

Shaded cells indicate a hazard quotient greater than 1, when rounded.
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Table 2-1

Remedial Goal for Soil
TNTA/WWTP1 Sewer Lines

Former Plum Brook Ordnance Works, Sandusky, Ohio

RG
(mg/kg) Basis of RG HQ of RG ILCR of RG

2,4,6-Trinitotoluene 39 Noncancer RBRCa 1 2.E-6
mg/kg - milligram(s) per kilogram; RG - Remedial goal; RBRC - risk-based remediation concentration; HQ - hazard quotient; 
ILCR - incremental lifetime cancer risk.
aThe RBRC is based on residential exposure as described in the baseline human health risk assessment (Shaw, 2012a). 

Chemical of Concern (COC) 
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Table 2-2 
 

Applicable or Relevant or Appropriate Requirements for Remedial Action 
TNT Area A/Waste Water Treatment Plant No. 1 Sewer Lines 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 
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Authority Medium Requirement Status Synopsis of Requirement 
Action to be Taken to Attain 

Requirement 
U.S. Environmental 
Protection Agency 

Soil Federal Land Disposal 
Restriction Alternative 
Treatment Standards 
for Contaminated Soil 
(40 CFR 268.49) 

Applicable Rules specify treatment 
standards for contaminated soil 
that contains a hazardous 
waste. 

Remedial alternatives will comply 
with the treatment standards for 
contaminated soil that is placed 
back on site if the soil is 
managed outside the contiguous 
area of contamination. 

 
CFR – Code of Federal Regulations. 
 
 



Table 3-1

Comparison of Contaminant Concentrations in Composted Soil from
TNTB to RGs for TNTA/WWTP1 Sewer Lines 

Former Plum Brook Ordnance Works
Sandusky, Ohio

Windrow 1
(mg/kg) 

Windrow 2
(mg/kg) 

Windrow 3
(mg/kg) 

Windrow 4
(mg/kg) 

2,4,6-Trinitrotoluene 39 16.7 10.2 7.85 7.41
Dinitrotoluenes, total — 37.77 13.17 7.70 <1.417
Aminodinitrotoluenes, total — 16.8 10.2 6.76 <3.705
1,3-Dinitrobenzene — <0.490 <0.476 <0.493 <0.485
1,3,5-Trinitrotoluene — <0.490 <0.476 <0.493 <0.485

Notes:
mg/kg - Milligrams per kilogram.
TNTA/WWTP1 - TNT Area A to Waste Water Treatment Plant 1.
RG - Remedial goal.
TNTB - TNT Area B.
— - No remedial goal for this chemical because it is not a chemical of concern for soil at
        TNTA/WWTP1 Sewer Lines .
Composted soil concentrations that exceed a remedial goal are highlighted.

Chemical of Concern

TNTA/WWTP1 
Sewer Lines 

RG
(mg/kg)

TNTB Soil Conc. After 6 Weeks of Composting

KN14\PBOW\WWTP1_3\FS\TNTA WWTP1 SL\Final\Tables\3-1.xlsx\4/4/201411:47 AM



Table 3-2

Effectiveness of Lime Treatment on Soil Contaminated with Nitroaromatic Explosive Compounds
TNTA/WWTP1 Sewer Lines

Former Plum Brook Ordnance Works
Sandusky, Ohio

Treated3 Treated3 Treated3 Treated3

Untreated  @ pH 11 Removal @ pH 12 Removal Untreated  @ pH 11 Removal @ pH 12 Removal
Chemical (mg/kg) (mg/kg) (%) (mg/kg) (%) (mg/kg) (mg/kg) (%) (mg/kg) (%)

TNT 16109.8 1054.4 93 834.6 95 115.7 2.2 98 2.4 98
2,4-DNT 289.2 208.6 28 98.6 66 142.7 98.5 31 56.2 61
2,6-DNT 70.5 41.7 41 31.0 56 58.0 43.5 25 34.4 41

Total DNTs 359.7 250.3 30 129.6 64 200.7 142 29 90.6 55
2ADNT 66.7 27.3 59 14.3 79 0.7 1.0 -43 4.4 -529
4ADNT 80.3 41.2 49 22.4 72 0.5 2.0 -300 15.1 -2920

Total ADNTs 147.0 68.5 53 36.7 75 1.2 3.0 -150 19.5 -1525
TNB 24.2 65.9 -172 15.2 37 1.1 5.2 -373 nd 100

Notes:
1 HTNT2 - Soil from former ammunition plant, Hallschlag, Germany.
2 ELBP2 - Soil from burning grounds at former ammunition plant, Torgau/Elsnig, Germany.
3 Treated by addition of lime - Ca(OH)2.

2ADNT - 2-Amino-4,6-Dinitrotoluene.
4ADNT - 4-Amino-2,6-Dinitrotoluene.
DNT - Dinitrotoluene.
TNB - 1,3,5-Trinitrobenzene.
TNT - 2,4,6-Trinitrotoluene.

Reference: Modified from Emmrich, M., 2001, "Kinetics of the Alkaline Hydrolysis of Important Nitroaromatic
Co-contaminants of 2,4,6-Trinitrotoluene in Highly Contaminated Soils," Environmental Science and
Technology , 35(5), 874-877.

HTNT21 ELBP22
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Table 3-3 
 

Laboratory Treatment Results for Alkaline Hydrolysis of Nitroaromatic Compounds in  
Reservoir No. 2 Burning Grounds Soil Using Hydrated Lime 

TNTA/WWTP1 Sewer Lines 
Former Plum Brook Ordnance Works, Sandusky, Ohio 

 

Chemical Soil 

TNTA/WWTP1 
RG  

(mg/kg) 

TNTA/WWTP1 
TP-27 Max Conc. 

(mg/kg) 
R2BG Initial Conc. 

(mg/kg) 
R2BG Treated 
Conc. (mg/kg) 

Percent 
Destruction 

TNT 
Burn Layer 1 

39 1,200 
1,547 ± 104 67.3 ± 62.8 95.6% 

West Surface 
Soil 2 14.85 ± 1.59 0.918 ± 0.54 93.8% 

DNTs 
Burn Layer 1 

None 6.6 
243.3 ± 23.9 25.30 ± 9.15 89.6% 

West Surface 
Soil 2 1.728 ± 0.481 0.944 ± 0.472 45.4% 

Notes: 

Lime dosing - 1.5 weight % (lime/soil). 
TNTA/WWTP1 - TNT Area A to Waste Water Treatment Plant No. 1 Sewer Lines. 
R2BG - Reservoir No. 2 Burning Grounds. 
TNT - 2,4,6-trinitrotoluene. 
DNTs - 2,4-dinitrotoluene + 2,6-dinitrotoluene. 
RG - Remedial goal. 
mg/kg - Milligram per kilogram. 
 
Source:  USACE, 2007. 



Table 3-4

Comparison of TNTA/WWTP1 Sewer Lines Soil Data to VAAP Alkaline Hydrolysis Pilot Test Results
Former Plum Brook Ordnance Works, Sandusky, Ohio

TNTA/WWTP1 TNTA/WWTP1
Maximum Soil Initial Final Initial Final Initial Final

Chemical Units Conc. RG Conc. Conc. Conc. Conc. Conc. Conc.
2,4,6-Trinitrotoluene mg/kg 1,200 39 8000 D  0.05 U 8000 D 0.05 8000 D 3.9
2,4-Dinitrotoluene mg/kg 4.42 - - 2900 D 0.52 P 2900 D 1.2 2900 D 0.63
2,6-Dinitrotoluene mg/kg 2.18 - - 1800 D 6.5 P 1800 D 3.2 1800 D 1.7
Total Dinitrotoluenes mg/kg 6.6 - - 4700 D 7 4700 D 4.4 4700 D 2.4
2-Amino-4,6-Dinitrotoluened mg/kg 50.1 - - 50 UD 0.05 U 50 UD 0.05 U 50 UD 0.05 U
4-Amino-2,6-Dinitrotoluened mg/kg 31.3 - - 50 UD 0.05 U 50 UD 0.05 U 50 UD 0.05 U
Nitrated mg/kg - - - - 8.4 63 U 8.4 63 U 8.4 69 U
Nitrited mg/kg - - - - 17.5 604 17.5 1110 17.5 1390
pH mg/kg - - - - 7.5 13.4 7.5 13.1 7.5 13.2

Notes: 
a BS6 - 16 oz NaOH per 10 pounds of soil
b BS7 - 10 oz NaOH + 200 mL FeCl3 per 10 pounds of soil
c BS8 - 10 oz NaOH + 100 mL FeCl3 per 10 pounds of soil
d This constituent was not identified as a chemical of concern for the R2BG.
ATS - Alternative treatment standard.
MDC - Maximum detected concentration in soil.
mg/kg - Milligrams per kilogram.
PRRWP - Pentolite Road Red Water Pond.
RG - Remedial goal.
TCLP - Toxic characteristic leaching procedure.
VAAP - Volunteer Army Ammunition Plant.

U - Not detected.
P - Confirmation column comparison is outside of quality control limits.
D - Result is from a diluted aliquot.

Source: Summary of Bench Scale and Field Treatability Tests, Chemical Treatment of TNT- and DNT-Contaminted Soil,
             TNT Manufacturing Valley, Volunteer Army Ammunition Plant, Chattanooga, Tennessee ; prepared for the 
             U.S. Army Corps of Engineers, Mobile District; prepared by Tetra Tech, Inc., Oak Ridge, Tennessee.

VAAP Sample BS6a VAAP Sample BS7b VAAP Sample BS8c
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Table 3-5

Summary of PBOW TNTC Alkaline Hydrolysis Treatability Study Results
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 2)

Treatment TNT 2,6-DNT 2,4-DNT 4A-2,6-DNT  2A-4,6-DNT
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Max TNTC Conc. 12000 10274 8912 933 45.4
% Trt Conc > Limits
TNTA RG 8 1.5 6.0 1.7 1.3
20X TCLP - - 2.6 - -
Min ATS - 280 1400 - -

pH

Controla 7.80 2575a 11441b 10733b 11 4
Na2CO3 10.60 287 6916 6193 16 10
Na2CO3/Fe 10.60 305 8715 7834 8J 3J
Portland cement 11.55 21 11703 8867 8J 2J
Portland cement/Fe 11.48 67 10889 9025 7J 4J
NaOH 12.66 5 10055 344 10U 10U
NaOH/Fe 12.62 4 7783 282 4J 10U
CaO 12.02 1843 9809 7512 10 10U
CaO/Fe 12.02 3 9427 8002 7J 10U
Kiln. Dust 10.91 62 10415 7860 7J 3J
Kiln. Dust/Fe 10.96 89 9601 8711 7J 3J
Bed ash 12.00 92 10652 7911 7J 10U
Bed ash/Fe 12.00 23 9927 7710 7J 10U

Portland cement NA 789 8446 7508 12.2 1.5J
Portland cement/Fe NA 48 9877 7615 13.4 2.1J
NaOH NA 1.8J 11182 127 6.9J 10U
NaOH/Fe NA 1.9J 9256 67 6.9J 10U
CaO NA 11 9948 8194 10.5 3.3J
CaO/Fe NA 2.3J 9253 7486 9.8J 2.2J
Bed ash NA 72 10290 7926 11 1.4J
Bed ash/Fe NA 2.5 11149 7935 10.9 2J

Control 8.36 2191 9386 9560 8.6J 4.9J
Portland cement 11.27 103 9033 7020 8.5J 5 U
Portland cement/Fe 11.50 1 8392 6718 8.8J 5 U
NaOH 11.76 3 8452 35 6.4J 5 U
NaOH/Fe 11.89 0.8J 10667 17 4.5J 5 U
CaO/Fe 12.01 2.5 U 9691 6702 9.2J 5 U
Bed ash 11.84 4802 10085 6831 11.6 5 U
Bed ash/Fe 11.90 108 9850 6780 7J 5 U

Na2CO3 10.75 659 10005 9067 5 4
Na2CO3/Fe 10.77 408 9438 8113 6 5
Portland cement NA 16 6826 5537 7 4 U
Portland cement/Fe NA 2 9670 6414 9 4 U
NaOH 11.44 2 U 9744 35 5 4 U
NaOH/Fe 11.60 2 U 8931 12 3 4 U
CaO/Fe NA 11 9378 6667 10 4 U
Bed ash NA 27 10429 6390 8 4 U
Bed ash/Fe NA 2 U 9851 6681 10 4 U

After 14-day treatment

After 28-day treatment

After 40-day treatment

After 7-day treatment
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Table 3-5

Summary of PBOW TNTC Alkaline Hydrolysis Treatability Study Results
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 2)

Notes: 

4A-2,6-DNT - 4-Amino-2,6-dinitrotoluene.
2A-4,6-DNT - 2-Amino-4,6-dinitrotoluene.
ATS - Alternative land disposal restriction treatment standard for contaminated soil.
CaO - Calcium oxide.
2,4-DNT - 2,4-Dinitrotoluene.
2,6-DNT - 2,6-Dinitrotoluene.
Fe - Iron.
Na2CO3 - Sodium carbonate.
NaOH - Sodium hydroxide.
PBOW - Plum Brook Ordnance Works.
RG - Remedial goal.
TCLP - Toxicity characteristic leaching procedure.
TNT - 2,4,6-Trinitrotoluene.
TNTC - TNT Area C
a Concentration in untreated soil sample.
b Spiked concentration in untreated soil sample.
U - Not detected.
J - Estimated value below laboratory reporting limit.
D - Result is from a diluted aliquot.
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Table 4-1

Alternative 2 Cost Estimate
(Excavation and Off-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 6)

Alternative 2 Site: TNTA to WWTP1 Sewer Lines
Excavation/Off-Site Disposal Plum Brook Ordnance Works
Cost Estimate Date: 3/14/2014

Scope:

2. Mobilize/demobilize equipment and personnel.
3. Prepare site for remedial activity.
4. Excavate contaminated soil, perform confirmation sampling & characterize waste.
5. Off-site disposal.
6. Site restoration.
7. Demobilize equipment and personnel.

1.0 Work Plans and Procurement

Includes:

2. Procure equipment and materials.

Service Unit Unit Cost Subtotal
Work Plans and Final Report 1 $35,000.00 /ls $35,000.00

Procurement 1 $5,000.00 /ea $5,000.00

Subtotal $40,000.00
2.0 Mobilization/Demobilization of Equipment and Personnel

Includes:
1. Mobilization and demobilization of local equipment and personnel.
2. Set-up/tear down office trailer.

Assumptions:
1. Labor and equipment are available locally.
2. Pressure washer to be purchased for use during project.

Service/Materials Unit Unit Cost Subtotal

Labor/Equipment:
Mobe/Demobe 1 $5,000.00 /ls $5,000.00

Office Trailer (set up/tear down) 0 $500.00 /ls $0.00

Subtotal $5,000.00

1. Prepare work plan, H&S plan, materials list, and procurement along with the final report

1. Labor to generate work plans, including engineering specifications and Health and Safety Plan, along with
   the Final Report.
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Table 4-1

Alternative 2 Cost Estimate
(Excavation and Off-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 6)
3.0 Site Preparation

Includes:
1. Survey and mark proposed remediation area 
2. Construction and maintenance of Erosion and Sediment Controls
3. Clearing (medium brush without grubbing) will be performed in 100% of excavation area.
4. Assumed vegetative debris to be placed adjacent to site to decompose.

Assumptions and Calculations: 
1. Area to be cleared (acres) = 0.50
2. Daily ouput clearing crew (acres/day) = 1
3. Days clearing contractor in field = 1
4. Silt Fence to be installed (lf) = 500
5. Daily ouput silt fencing crew (LF/day) = 500
6. Days silt fence crew in field = 1
7. Prepare stockpile area (days) = 1
8. Work hours/day = 8

Contractor:
Site PM 24 $60.00 /hr $1,440.00

Site Superintendent 24 $49.00 /hr $1,176.00
QA (Sampling) Coordinator 24 $36.00 /hr $864.00

Equipment Operator 3 $406.00 /day $1,218.00
Truck Driver 3 $341.60 /day $1,024.80

Laborer 3 $293.00 /day $879.00
H&S Coordinator 24 $49.00 /hr $1,176.00

Equipment:
Excavator 1 $775.00 /day $775.00

Dump Truck 1 $895.00 /day $895.00
P/U Truck 1 $160.00 /day $160.00

Subcontractor:
Surveying Crew 1 $2,000.00 /day $2,000.00

Bushhog 0.5 $500.00 /acre $250.00

Materials:
Field Instruments 2 $46.00 /day $92.00

Silt Fencing 500 $1.60 /ft $800.00

Subtotal $12,750.00
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Table 4-1

Alternative 2 Cost Estimate
(Excavation and Off-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 3 of 6)
4.0 Excavation of Contaminated Soil

Includes:
1. Excavation of soil with contaminants exceeding RGs.
2. Collect confirmatory samples to verify extent of excavation.

Assumptions and Calculations: 
1. Bank cubic yards (BCY) of soil excavated = 11
2. Swell factor for soil upon excavation = 1.3
3. Loose cubic yards (LCY) of soil excavated = 14
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 16
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic
8. Excavator bucket heaped capacity (LCY) = 1
9. Excavator cycle time (sec) = 18
10. Excavator cycles/min = 3.3
11. Excavator load factor = 0.75
12. Excavator bucket fill factor = 0.6 excavation in lifts
13. Excavator work minutes/hour = 50
14. Excavator output (BCY/day) = 594
15. Days to excavate soil = 1
15b. Time on site (days) = 1
16. Dump truck capacity (cy) = 12
17. Dump truck haul distance (mi.) = 0.5
18. Dump truck output (cy/day) = 250
19. Number of dump trucks per day = 1
20. Number of  excavation subcontractor crew = 3
21. Lineal foot of excavation per confirmation sample = 20
22. Resampling factor for confirmation sampling = 2
23. Number of confirmatory samples from excavated area = 7
24. Excavation area (SF) = 150
25. Fraction of excavation work performed in Level C PPE = 0.00
26. Labor productivity factor for Level C work = 0.67
27. Days excavation crew in Level C = 0
28. Perimeter of excavation area (ft) = 62
29. Hours/workday = 8

Service/Materials Unit Unit Cost Subtotal
Labor:

Site PM 8 $60.00 /hr $480.00
Site Superintendent 8 $49.00 /hr $392.00

QA (Sampling) Coordinator 8 $36.00 /hr $288.00
H&S Coordinator 8 $49.00 /hr $392.00

Equipment Operator 1 $406.00 /day $406.00
Laborers 1 $293.00 /day $293.00

Truck Drivers 1 $341.60 /day $341.60
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Table 4-1

Alternative 2 Cost Estimate
(Excavation and Off-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 4 of 6)
4.0 Excavation of Contaminated Soil (continued)

Equipment:
Excavator 1 $775.00 /day $775.00

Dump Truck 1 $895.00 /day $895.00
P/U Truck 1 $160.00 /day $160.00

Analytical:
SVOCs (8270C) 0 $175.00 /ea $0.00

NACs (8330) 7 $105.00 /ea $735.00
NAC field analyses 7 $40.00 /ea $280.00

Shipping 1 $40.00 /ea $40.00

Materials & Services:
Level D PPE 3 $10.00 /day $30.00

PID rental 1 $33.00 /day $33.00
CGI rental 1 $13.00 /day $13.00

Subtotal $5,554.00
5.0 Off-Site Disposal

Includes:

3. Analysis for off-site waste disposal.
4. Percent of excavated soil assumed to be hazardous. 0 percent
5. Waste characterization and disposal sampling:  1 sample per 300 CY
6. Time onsite waiting for waste characterization analysis

Assumptions and Calculations:
1. Volume of excavated soil (BCY) = 11
2. Volume of excavated soil (LCY) = 14.3
3. Tons of total soil for disposal = 16
4. Volume of nonhazardous soil for disposal (LCY) = 14.3
5. Quantity of D030 soil for haz disposal = 0
6. Total volume of unconsolidated hazardous soil (LCY) = 0
7. Non-haz waste transportation cost ($/hr) = 72
8. Non-haz waste disposal costs ($/ton) = 52 Erie County Landfill
9. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
10. Haz waste transportation cost ($/ton) = 35
11. D030 Haz waste disposal cost ($/ton) = 150 EO Environmental
12. Haz waste regulatory fees ($/ton) = 10
13. Number of crew = 3
14. Dump truck capacity (CY) =. 12
15. Travel duration (round trip) to non-haz landfill (hrs) = 2
16. Loads of non-haz waste or trips (hrs) =  2
17. Output of front-end loader (cy/day) = 889 1.25 CY loader
18. No. of wheel loaders = 0 Loaded in Section 4.0
19a. Time to load and haul soil (days) = 1
19a. Analytical TAT (days) = 3
19b. Number of field days = 4
20. Volume of stormwater requiring off-site disposal (gal) = 0
21. Stormwater shall be analyzed for TCLP semivolatiles prior to transport.
22. At one sample per truckload, number of samples (ea) = 1

1. Dispose of composted soil at a non-hazardous waste landfill.
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Table 4-1

Alternative 2 Cost Estimate
(Excavation and Off-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 5 of 6)
5.0 Off-Site Disposal (Continued)

Service/Materials Unit Unit Cost Subtotal

Labor:
Site PM 32 $60.00 /hr $1,920.00

Site Superintendent 32 $49.00 /hr $1,568.00
QA (Sampling) Coordinator 32 $36.00 /hr $1,152.00

H&S Coordinator 32 $49.00 /hr $1,568.00
Equipment Operator 4 $406.00 /day $1,624.00

Laborers 4 $293.00 /day $1,172.00
Truck Drivers 4 $341.60 /day $1,366.40 incl in disposal cost

Equipment:
Excavator 4 $775.00 /day $3,100.00

Dump Truck 4 $895.00 /day $3,580.00
P/U Truck 4 $160.00 /day $640.00

Analytical:
Waste Characterization Sampling (Soil):

TCLP NAC 1 $135.00 /ea $135.00

Stormwater Sampling:
TCLP 2,4-DNT 0 $135.00 /ea $0.00

Off-Site Disposal Costs:
Transportation (Non-Haz Waste) 4 $72.00 /hr $288.00 truck & driver

Disposal Cost (Non-Haz waste) 16 $52.00 /ton $832.00 Erie County Landfill
Transportation (Haz Waste) 0 $35.00 /ton $0.00

Disposal Cost (D030 haz waste) 0 $160.00 /ton $0.00
Stormwater Disposal 0 $0.25 /gal $0.00 Enviro-Tank Clean

Subtotal $18,945.00
6.0 Site Restoration

Includes:
1. Backfill excavated areas with clean backfill.
2. Re-seed site.
3. Confirmation sampling of soil staging areas.
4. General area cleanup

Assumptions and Calculations:
1. Field days for seeding and cleanup = 1
2. Number of field crew = 2
3. Work hours/day = 8
4. Restoration area (acre) = 0.50
5. Backfill compaction factor = 1.15

Service/Materials Unit Unit Cost Subtotal

Labor:  
Site PM 8 $60.00 /hr $480.00

Site Superintendent 8 $49.00 /hr $392.00
QA (Sampling) Coordinator 8 $36.00 /hr $288.00

H&S Coordinator 8 $49.00 /hr $392.00
Equipment Operator 1 $406.00 /day $406.00

Laborers 1 $293.00 /day $293.00
Truck Drivers 1 $341.60 /day $341.60
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Table 4-1

Alternative 2 Cost Estimate
(Excavation and Off-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 6 of 6)
6.0 Site Restoration (Continued)

Equipment:
Excavator 1 $775.00 /day $775.00

Dump Truck 1 $895.00 /day $895.00
P/U Truck 1 $160.00 /day $160.00

Material:
Backfill 13 $12.00 /cy $151.80 delivered to site

Field Instruments 1 $46.00 /day $46.00
Level D PPE 2 $10.00 /day $20.00

Analytical:
SVOCs 4 $175.00 /ea $700.00

NACs (8330) 4 $105.00 /ea $420.00
Shipping 1 $40.00 /ea $40.00

Subtotal $5,800.00
7.0 Overall Cost

Total Capital Cost $88,000.00

Contingency (30%) $26,400.00
Contractor Oversight (5%) $4,400.00

Total Cost $119,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
  project cost.
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Table 4-2

Alternative 3 Cost Estimate
(Excavation, Composting, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 8)

Alternative 3 Site: TNTA to WWTP1 Sewer Lines
Excavation/Composting/On-Site Disposal Plum Brook Ordnance Works
Cost Estimate Date: 3/14/2014

Scope:

2. Mobilize equipment and personnel.
3. Prepare site for remedial activity.
4. Excavate contaminated soil, perform confirmation sampling & characterize waste.
5. Treatment of soil contaminated with nitroaromatic compounds via windrow composting.
6. On-site disposal.
7. Site restoration.
8. Demobilize equipment and personnel.

1.0 Work Plans and Procurement

Includes:

2. Procure equipment and materials.

Service Unit Unit Cost  Subtotal
Work Plans and Final Report 1 $35,000.00 /ls $35,000.00

Procurement 1 $10,000.00 /ea $10,000.00

Subtotal $45,000.00
2.0 Mobilization/Demobilization of Equipment and Personnel

Includes:
1. Mobilization and demobilization of local equipment and personnel.
2. Set-up/tear down office trailer.

Assumptions:
1. Labor and equipment are available locally.
2. Pressure washer to be purchased for use during project.

Service/Materials Unit Unit Cost  Subtotal

Labor/Equipment:
Mobe/Demobe 1 $5,000.00 /ls $5,000.00

Office Trailer (set up/tear down) 1 $500.00 /ls $500.00

Subtotal $5,500.00

1. Prepare composting work plan, H&S plan, materials list, and procurement along with the
    final report

1. Labor to generate work plans, including engineering specifications and Health and Safety Plan, along with
   the Final Report.
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Table 4-2

Alternative 3 Cost Estimate
(Excavation, Composting, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 8)

3.0 Site Preparation

Includes:
1. Survey and mark proposed remediation area 
2. Construction and maintenance of Erosion and Sediment Controls
3. Install/improve access road for transport of equipment
4. Clearing (medium brush without grubbing) will be performed in 100% of excavation area.
5. Assumed vegetative debris to be placed adjacent to site to decompose.

Assumptions and Calculations: 
1. Area to be cleared (acres) = 0.5
2. Daily ouput clearing crew (acres/day) = 1
3. Days clearing contractor in field = 1
4. Silt Fence to be installed (lf) = 500
5. Daily ouput silt fencing crew (LF/day) = 500
6. Days silt fence crew in field = 1
7. Prepare stockpile area (days) = 1
8. Work hours/day = 8

Contractor:
Site PM 24 $60.00 /hr $1,440.00

Site Superintendent 24 $49.00 /hr $1,176.00
QA (Sampling) Coordinator 24 $36.00 /hr $864.00

Equipment Operator 3 $406.00 /day $1,218.00
Truck Driver 3 $341.60 /day $1,024.80

Laborer 3 $293.00 /day $879.00
H&S Coordinator 24 $49.00 /hr $1,176.00

Equipment:
Excavator 1 $775.00 /day $775.00

Dump Truck 1 $895.00 /day $895.00
P/U Truck 1 $160.00 /day $160.00

Subcontractor:
Surveying Crew 1 $2,000.00 /day $2,000.00

Bushhog 0.5 $500.00 /acre $250.00

Materials:
Field Instruments 2 $46.00 /day $92.00

Silt Fencing 500 $1.60 /day $800.00

Subtotal $12,750.00
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Table 4-2

Alternative 3 Cost Estimate
(Excavation, Composting, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 3 of 8)

4.0 Excavation of Contaminated Soil

Includes:
1. Excavation of soil to a depth of 8 feet bgs with contaminants exceeding RGOs.
2. Collect confirmatory samples to verify extent of excavation.

Assumptions and Calculations: 
1. Bank cubic yards (BCY) of soil excavated = 11
2. Swell factor for soil upon excavation = 1.3
3. Loose cubic yards (LCY) of soil excavated = 14.3
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 15.7
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic
8. Excavator bucket heaped capacity (LCY) = 1
9. Excavator cycle time (sec) = 18
10. Excavator cycles/min = 3.3
11. Excavator load factor = 0.75
12. Excavator bucket fill factor = 0.6 excavation in lifts
13. Excavator work minutes/hour = 50
14. Excavator output (BCY/day) = 594
15. Days to excavate soil = 1
16. Dump truck capacity (cy) = 12
17. Dump truck haul distance (mi.) = 0.5
18. Dump truck output (cy/day) = 250
19. Number of dump trucks per day = 1
20. Number of  excavation subcontractor crew = 3
21. Lineal foot of excavation per confirmation sample = 20
22. Resampling factor for confirmation sampling = 2
23. Number of confirmatory samples from excavated area = 7
24. Excavation area (SF) = 150
25. Fraction of excavation work performed in Level C PPE = 0.00
26. Labor productivity factor for Level C work = 0.67
27. Days excavation crew in Level C = 0
28. Perimeter of excavation area (ft) = 62
29. Hours/workday = 8

Service/Materials Unit Unit Cost  Subtotal
Labor:

Site PM 8 $60.00 /hr $480.00
Site Superintendent 8 $49.00 /hr $392.00

QA (Sampling) Coordinator 8 $36.00 /hr $288.00
H&S Coordinator 8 $49.00 /hr $392.00

Equipment Operator 1 $406.00 /day $406.00
Laborers 1 $293.00 /day $293.00

Truck Drivers 1 $341.60 /day $341.60
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Table 4-2

Alternative 3 Cost Estimate
(Excavation, Composting, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 4 of 8)

4.0 Excavation of Contaminated Soil (continued)

Equipment:
Excavator 1 $775.00 /day $775.00

Dump Truck 1 $895.00 /day $895.00
P/U Truck 1 $160.00 /day $160.00

Analytical:
SVOCs (8270C) 0 $175.00 /ea $0.00

NACs (8330) 7 $105.00 /ea $735.00
NAC field analyses 7 $40.00 /ea $280.00

Shipping 1 $40.00 /ea $40.00

Materials & Services:
Level D PPE 3 $10.00 /day $30.00

PID rental 1 $33.00 /day $33.00
CGI rental 1 $13.00 /day $13.00

Subtotal $5,554.00
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Table 4-2

Alternative 3 Cost Estimate
(Excavation, Composting, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 5 of 8)

5.0 Windrow Composting of Contaminated of Soil

Includes:
1. Rental of composting equipment.
2. Procurement & stockpiling of composting amendments.
3. Mix and compost soil and amendments.
4. Pre-compliance testing: after compost formation & at end of treatment.
5. Pre-compliance testing using definitive field analysis for NAC.
6. Percent of excavated material treated via composting: 100%
7. Turnaround time of 3 days for rush analytical for waste characterization

Assumptions:
1. Laydown area is 180' feet wide x 270 feet long.
2. In place volume of soil to be treated (BCY) = 11
3. Swell factor for soil upon excavation = 1.3
4. Volume of excavated soil to be treated (LCY) = 14.3
5. Density of unconsolidated soil (tons/CY) = 1.1
6. Mass of unconsolidated soil (tons) = 15.7
7. Weight/volume percent of soil in compost = 74.7% 25%
8. Weight/volume percent of manure in compost = 5.7% 3%
9. Weight/volume percent of straw in compost = 19.6% 72%
10. Mass of soil in compost (lbs) = 31460
11. Mass of manure in compost (lbs) = 2401
12. Mass of straw in compost (lbs) = 8255
13. Mass of compost (lbs) = 42115
14. Volume of manure (CY) = 2.8 864 lb/cy
15. Volume of straw (CY) = 36.4 227 lb/cy
16. Total volume of compost materials (CY) = 53.4
17. Number of treatment batches = 1
18. Treatment duration per batch (weeks) = 6
19. Work days per week = 7
20. Number of batches during one treatment cycle = 1
21. Number of treatment cycles = 1
22. Duration of field work (days) = 42
23. Work weeks = 6
24. Work days - windrow prep = 2
25. Work days - normal operation = 40 2 Equip operators only on site

8
4

21. Crew size - chemical addition 6
22. Crew size - normal operation 2
19. Volume inflation factor for compost (CY compost/CY soil) = 1.82
20. Volume of compost at end of treatment (CY) = 26.00
21. Bulk density of compost at the end of treatment (tons/CY) = 0.810
22. Number of field crew = 3

6
19
6

1
25. Days per work week = 5
26. Work hours/day = 4

       - Total NACs.  Number of samples =

23. Pre-compliance testing shall weekly per windrow and consist of:
       - EnSys TNT 20, one per batch.  Number of samples =
       - EnSys TNT 20, no. of samples per kit =
       - Total NAC, one per batch.  Number of samples =
24. Compliance testing shall  be performed per windrow at the end of treatment period. Sampling shall consist of:

Crane - Jerger & Woodhull (2000)
75% vol increase at Umatilla

26. Work hours per day - windrow prep =
27. Work hours per day normal operation = 
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Table 4-2

Alternative 3 Cost Estimate
(Excavation, Composting, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 6 of 8)

5.0 Windrow Composting of Contaminated of Soil (continued)
Service/Materials Unit Unit Cost  Subtotal

Labor:
Site PM 16 $60.00 /hr $960.00

Site Superintendent 16 $49.00 /hr $784.00
QA/Sampling Coordinator 24 $36.00 /hr $864.00

H&S Coordinator 16 $49.00 /hr $784.00
Equipment Operator 22 $406.00 /day $8,932.00
Equipment Operator 22 $406.00 /day $8,932.00

Laborer 2 $341.60 /day $683.20

Equipment:
Excavator 1.4 $6,150.00 /mo $8,610.00
Backhoe 1.4 $2,000.00 /mo

Tractor 2 $230.00 /day $460.00
Straw Blower 2 $320.00 /day $640.00

500 gal Water Trailer 1.4 $735.00 /mo $1,029.00
21,000 gal Frac Tank 1.4 $1,400.00 /mo $1,960.00

Trash Pump 1.4 $435.00 /mo $609.00
Air Monitoring 1 $750.00 /ls $750.00
Office Trailer 1.4 $500.00 /mo $700.00

Generator 1.4 $595.00 /mo $833.00
P/U Truck 1.4 $1,050.00 /mo $1,470.00

Spectrophotometer 0 $3,012.00 /ls $0.00 Previously purchased

Materials:
Straw 36.4 $11.25 /cy $409.11

Manure 2.8 $25.00 /cy $69.47
Water 1.1 $9.40 /kgal $10.26

Level D PPE 90 $10.00 /day $900.00

Analytical:
Pre-Compliance Sampling: 

EnSys Kit (TNT 20) 
  - 19 samples per kit

1 $572.00 /ea $572.00 

Total NACs 6 $105.00 /ea $630.00 

Compliance Sampling: 
Total NACs 1 $105.00 /ea $105.00

Subtotal $40,736.00
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Table 4-2

Alternative 3 Cost Estimate
(Excavation, Composting, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 7 of 8)

6.0 On-Site Disposal

Includes:
1. Percent of treated compost that can be disposed on-site = 100%
2. Volume of treated compost, on-site disposal/surface cover (cy) = 26
3. Analytical results from compliance testing following composting will be used for disposal.
4. Time onsite waiting for waste characterization analysis

Assumptions and Calculations:
1. Volume of compost used as backfill material (LCY) = 26
2. Loader output (CY/day) = 889 1.25CY loader
3a. TAT on analytical (days) = 3
3b. Days to load compost = 1
3c. Number of field days = 4
4. Dump truck capacity (CY) = 12
5. Dump truck haul distance (mi.) = 0.5
6. Dump truck output (CY/day) = 300
7. No. of dump trucks per day = 1

Service/Materials Unit Unit Cost  Subtotal
Labor:     

Site PM 32 $60.00 /hr $1,920.00
Site Superintendent 32 $49.00 /hr $1,568.00

QA/Sampling Coordinator 32 $36.00 /hr $1,152.00
H&S Coordinator 32 $49.00 /hr $1,568.00

Equipment Operator 4 $406.00 /day $1,624.00
Laborer 4 $293.00 /day $1,172.00

 Truck Drivers 4 $341.60 /day $1,366.40
Equipment:

Wheel Loader 4 $720.00 /day $2,880.00 load compost
 Dump Truck 4 $895.00 /day $3,580.00 haul compost
65-hp Dozer 4 $350.00 /day $1,400.00 spread compost

P/U Truck 4 $160.00 /day $640.00

Material:
Field Instruments 4 $46.00 /day $184.00

Level D PPE 8 $10.00 /day $80.00

Subtotal $19,134.00

8. The compost shall be stockpiled prior to use as backfill material as part of site restoration.
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Table 4-2

Alternative 3 Cost Estimate
(Excavation, Composting, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 8 of 8)

8.0 Site Restoration

Includes:
2. Re-seed site.
3. Confirmation sampling of soil staging areas.
4. General area cleanup

Assumptions and Calculations:
1. Field days for seeding and cleanup = 1
2. Number of field crew = 2
3. Work hours/day = 8
4. Restoration area (acre) = 0.50

Service/Materials Unit Unit Cost  Subtotal

Labor:     
Site PM 8 $60.00 /hr $480.00

Site Superintendent 8 $49.00 /hr $392.00
QA (Sampling) Coordinator 8 $36.00 /hr $288.00

H&S Coordinator 8 $49.00 /hr $392.00
Equipment Operator 1 $406.00 /day $406.00

Laborers 1 $293.00 /day $293.00
Truck Drivers 1 $341.60 /day $341.60

Equipment:
Excavator 1 $775.00 /day $775.00

Dump Truck 1 $895.00 /day $895.00
P/U Truck 1 $160.00 /day $160.00

Material:
Field Instruments 1 $46.00 /day $46.00

Level D PPE 2 $10.00 /day $20.00

Analytical:
SVOCs 4 $175.00 /ea $700.00

NACs (8330) 4 $105.00 /ea $420.00
Shipping 1 $40.00 /ea $40.00

Subtotal $5,649.00
9.0 Overall Cost

Total Capital Cost $134,300.00

Contingency (30%) $40,290.00
Contractor Oversight (5%) $6,715.00

Total Cost $181,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
  project cost.
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Table 4-3

Alternative 4 Cost Estimate
(Excavation, Alkaline Hydrolysis, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 1 of 8)

Alternative 4 Site: TNTA to WWTP1 Sewer Lines
Excavation/Alkaline Hydrolysis/On-Site Disposal Plum Brook Ordnance Works
Cost Estimate Date: 3/14/2014

Scope:

2. Mobilize/demobilize equipment and personnel.
3. Prepare site for remedial activity.
4. Excavate contaminated soil, perform confirmation sampling & characterize waste.
5. Alkaline hydrolysis and neutralization of soil that contains 2,4-DNT above remedial goals.
6. On site disposal of soil treated via alkaline hydrolysis.
7. Site restoration.

1.0  Treatability Study, Work Plans, Reports and Procurement

Includes:

2. Procure equipment and materials.

Service Unit Unit Cost  Subtotal
Work Plans and Final Report 1 $35,000.00 /ls $35,000.00

Procurement 1 $10,000.00 /ls $10,000.00

Subtotal $45,000.00
2.0 Mobilization/Demobilization of Equipment and Personnel

Includes:
1. Mobilization and demobilization of local equipment and personnel.
2. Set-up/tear down office trailer.

Assumptions:
1. Labor and equipment are available locally.
2. Pressure washer to be purchased for use during project.

Service/Materials Unit Unit Cost  Subtotal

Labor/Equipment:
Mobe/Demobe 1 $5,000.00 /ls $5,000.00

Office Trailer (set up/tear down) 1 $500.00 /ls $500.00

Subtotal $5,500.00

1. Prepare work plans and closeout report, and complete procurement.

1. Labor to generate work plans, including engineering specifications and Health and Safety Plan, along with
   the Final Report.
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Table 4-3

Alternative 4 Cost Estimate
(Excavation, Alkaline Hydrolysis, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 2 of 8)

3.0 Site Preparation

Includes:
1. Survey and mark proposed remediation area 
2. Construction and maintenance of Erosion and Sediment Controls
3. Install/improve access road for transport of equipment
4. Clearing (medium brush without grubbing) will be performed in 100% of excavation area.
5. Assumed vegetative debris to be placed adjacent to site to decompose.

Assumptions and Calculations: 
1. Area to be cleared (acres) = 0.5
2. Daily ouput clearing crew (acres/day) = 1
3. Days clearing contractor in field = 1
4. Silt Fence to be installed (lf) = 500
5. Daily ouput silt fencing crew (LF/day) = 500
6. Days silt fence crew in field = 1
7. Prepare stockpile area (days) = 1
8. Work hours/day = 8

Contractor:
Site PM 24 $60.00 /hr $1,440.00

Site Superintendent 24 $49.00 /hr $1,176.00
QA (Sampling) Coordinator 24 $36.00 /hr $864.00

Equipment Operator 3 $406.00 /day $1,218.00
Truck Driver 3 $341.60 /day $1,024.80

Laborer 3 $293.00 /day $879.00
H&S Coordinator 24 $49.00 /hr $1,176.00

Equipment:
Excavator 1 $775.00 /day $775.00

Dump Truck 1 $895.00 /day $895.00
P/U Truck 1 $160.00 /day $160.00

Subcontractor:
Surveying Crew 1 $2,000.00 /day $2,000.00

Bushhog 0.5 $500.00 /acre $250.00

Materials:
Field Instruments 2 $46.00 /day $92.00

Silt Fencing 500 $1.60 /day $800.00

Subtotal $12,750.00
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Table 4-3

Alternative 4 Cost Estimate
(Excavation, Alkaline Hydrolysis, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 3 of 8)

4.0 Excavation of Contaminated Soil

Includes:
1. Excavation of soil to a depth of 8 feet bgs with contaminants exceeding RGOs.
2. Collect confirmatory samples to verify extent of excavation.

Assumptions and Calculations: 
1. Bank cubic yards (BCY) of soil excavated = 11
2. Swell factor for soil upon excavation = 1.3
3. Loose cubic yards (LCY) of soil excavated = 14
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 15.7
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic
8. Excavator bucket heaped capacity (LCY) = 1
9. Excavator cycle time (sec) = 18
10. Excavator cycles/min = 3.3
11. Excavator load factor = 0.75
12. Excavator bucket fill factor = 0.6 excavation in lifts
13. Excavator work minutes/hour = 50
14. Excavator output (BCY/day) = 594
15. Days to excavate soil = 1
16. Dump truck capacity (cy) = 12
17. Dump truck haul distance (mi.) = 0.5
18. Dump truck output (cy/day) = 250
19. Number of dump trucks per day = 1
20. Number of  excavation subcontractor crew = 3
21. Lineal foot of excavation per confirmation sample = 20
22. Resampling factor for confirmation sampling = 2
23. Number of confirmatory samples from excavated area = 7
24. Excavation area (SF) = 150
25. Fraction of excavation work performed in Level C PPE = 0.00
26. Labor productivity factor for Level C work = 0.67
27. Days excavation crew in Level C = 0
28. Perimeter of excavation area (ft) = 62
29. Hours/workday = 8

Service/Materials Unit Unit Cost  Subtotal
Labor:

Site PM 8 $60.00 /hr $480.00
Site Superintendent 8 $49.00 /hr $392.00

QA (Sampling) Coordinator 8 $36.00 /hr $288.00
H&S Coordinator 8 $49.00 /hr $392.00

Equipment Operator 1 $406.00 /day $406.00
Laborers 1 $293.00 /day $293.00

Truck Drivers 1 $341.60 /day $341.60
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Table 4-3

Alternative 4 Cost Estimate
(Excavation, Alkaline Hydrolysis, and On-Site Disposal)
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4.0 Excavation of Contaminated Soil (continued)

Equipment:
Excavator 1 $775.00 /day $775.00

Dump Truck 1 $895.00 /day $895.00
P/U Truck 1 $160.00 /day $160.00

Analytical:
SVOCs (8270C) 0 $175.00 /ea $0.00

NACs (8330) 7 $105.00 /ea $735.00
NAC field analyses 7 $40.00 /ea $280.00

Shipping 1 $40.00 /ea $40.00

Materials & Services:
Level D PPE 3 $10.00 /day $30.00

PID rental 1 $33.00 /day $33.00
CGI rental 1 $13.00 /day $13.00

Subtotal $5,554.00
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Alternative 4 Cost Estimate
(Excavation, Alkaline Hydrolysis, and On-Site Disposal)

TNTA/WWTP1 Sewer Lines
Former Plum Brook Ordnance Works

Sandusky, Ohio

(Page 5 of 8)

5.0 Alkaline Hydrolysis

Includes:
1. Treat the 2,4-DNT contaminated soil with caustic soda pellets and 50% ferric sulfate solution.
2. Alkaline hydrolysis treated soil will neutralize over time naturally.
3. Temporary storage for the caustic soda pellets and 50% ferric sulfate.
4. Turnaround time of 3 days for rush analytical for waste characterization

Assumptions and Calculations: 
1. Volume of consolidated soil to be treated (cy) = 11
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil (LCY) = 14.3
4. Treatment batch size (cy) = 250
5. Caustic soda, NaOH pellets = 61 lb/cy soil
6. Water, used to saturate soil with water = 37 gal/cy soil
7. Ferric sulfate 50% solution = 2.2 gal/cy soil
8. NaOH mol wt = 40 lb/lb mol
9. Treatment duration per batch (weeks) = 3
10. Work days per week = 5
11. Treatment duration per batch (days) = 15
12. Number of batches = 1
13. Number of batches during one treatment cycle = 1
14. Number of treatment cycles = 1
15. Duration of field work (days) = 15
16. Work weeks = 3
17. Work days - chemical addition = 2
18. Work days - normal operation = 13 2 Equip operators only on site

8
4

21. Crew size - chemical addition 6
22. Crew size - normal operation 2
23. Mass of caustic soda (lb) = 872
24. Volume of ferric sulfate 50% solution (gal) = 31
25. Density of 50% ferric sulfate solution (lb/gal) = 11.97
26. Volume of water (gal) = 529

1
48

1
61

1,920
1
137. Number of Land-Sea Cargo Trailers for 50% ferric sulfate solution (ea) = 

36. Number of Land-Sea Cargo Trailers for caustic soda pellets (ea) 

31. 50% ferric sulfate solution available in 330 gallon totes, 46.5-inches by 46.5-inches by 48-inches high.  

28. Caustic soda pellets available in 2000 pound super sacks, 4-feet by 4-feet by 3-feet high.  

33. Required storage capacity for 50% ferric acid solution (cf) = 
34. Temporary chemical storage provided in a 48-foot swing open-door land-sea cargo trailer.  The trailer is 
       45.42-feet long by 8.25 -feet wide by 9-feet high. 40 super sacks per trailer.  The monthly rental is $100/mo.
35. Available capacity in the Land-Sea Cargo Trailer (cf) = 

32. Number of 50% ferric sulfate solution totes (ea) = 

29. Number of caustic soda super sacks (ea) = 
30. Required storage capacity for caustic soda pellets (cf) = 

19. Work hours per day - chemical addition =

27. Compliance sampling for alkaline hydrolysis prior to neutralization shall consist of nitroaromatics, nitrate
       and nitrite, and pH, one sequence per batch.

20. Work hours per day normal operation = 

Small volume treatment operation
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5.0 Alkaline Hydrolysis with Neutralization (continued)
Service/Materials Unit Unit Cost  Subtotal

Labor:
Site PM 16 $60.00 /hr $960.00

Site Superintendent 16 $49.00 /hr $784.00
QA/Sampling Coordinator 12 $36.00 /hr $432.00

H&S Coordinator 16 $49.00 /hr $784.00
Equipment Operator 9 $406.00 /day $3,451.00
Equipment Operator 9 $406.00 /day $3,451.00

Laborer 2 $341.60 /day $683.20

Equipment:
Excavator 0.75 $6,150.00 /mo $4,612.50
Backhoe 0.75 $2,000.00 /mo $1,500.00
Fork Lift 2 $175.00 /day $350.00

500 gal Water Trailer 0.75 $735.00 /mo $551.25
21,000 gal Frac Tank 0.75 $1,400.00 /mo $1,050.00

Trash Pump 0.75 $435.00 /mo $326.25
Air Monitoring 1 $750.00 /ls $750.00
Office Trailer 0.75 $500.00 /mo $375.00

Generator 0.75 $595.00 /mo $446.25
P/U Truck 0.75 $1,050.00 /mo $787.50

Materials:
Caustic Soda 872 $0.55 /lb $479.60 Brenntag - Pgh

Ferric Sulfate 50% Solution 372 $0.40 /lb $148.80
Water 1 $9.40 /1000 gal $9.40

Level C PPE 12 $35.00 /day $420.00
Storage - NaOH pellets 1 $100.00 /mo. $100.00

Storage - 50% Ferric Sulfate 1 $100.00 /mo. $100.00

Analytical:
Pre-Compliance Sampling: 

pH meter 0 $1,800.00 /ea $0.00 Previously purchased

Compliance Sampling for Alkaline Hydrolysis: 
NACs (8330) 1 $105.00 /ea $105.00

E300 - Nitrite and Nitrate 1 $25.00 /ea $25.00

Compliance Sampling after Staging for pH Reduction: 
pH 1 $10.00 /ea $10.00

E300 - Nitrite and Nitrate 1 $25.00 /ea $25.00

Subtotal $22,717.00
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6.0 On-Site Disposal

Includes:

2. Assume all excavated soil treated and used on-site for backfill.
3. Analytical results from compliance testing following alkaline hydrolysis and neutralization will be used for disposal.
4. Time onsite waiting for waste characterization analysis

Assumptions and Calculations:
1. Volume of AH treated soil used as backfill material (LCY) = 14
2. Loader output (cy/day) = 889 1.25CY loader
3a. TAT on analytical (days) = 3
3b. Days to load alkaline hydrolysis treated soil = 1
3c. Days to load alkaline hydrolysis treated soil = 4
4. Dump truck capacity (cy) = 12
5. Dump truck haul distance (mi.) = 0.5
6. Dump truck output (cy/day) = 300
7. No. of dump trucks per day = 1
10. The duration to load & haul treated soil (days) = 4

Service/Materials Unit Unit Cost  Subtotal
Labor:     

Site PM 32 $60.00 /hr $1,920.00
Site Superintendent 32 $49.00 /hr $1,568.00

QA/Sampling Coordinator 32 $36.00 /hr $1,152.00
H&S Coordinator 32 $49.00 /hr $1,568.00

Equipment Operator 4 $406.00 /day $1,624.00
Laborer 4 $293.00 /day $1,172.00

 Truck Drivers 4 $341.60 /day $1,366.40
Equipment:

Wheel Loader 4 $720.00 /day $2,880.00
 Dump Truck 4 $895.00 /day $3,580.00
65-hp Dozer 4 $350.00 /day $1,400.00

P/U Truck 4 $160.00 /day $640.00

Material:
Field Instruments 4 $46.00 /day $184.00

Level D PPE 8 $10.00 /day $80.00

Subtotal $19,134.00

1. Load alkaline hydrolysis treated soil and stockpile for use as backfill material.  The cost to backfill treated soil
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8.0 Site Restoration

Includes:
2. Re-seed site.
3. Confirmation sampling of soil staging areas.
4. General area cleanup

Assumptions and Calculations:
1. Field days for seeding and cleanup = 1
2. Number of field crew = 2
3. Work hours/day = 8
4. Restoration area (acre) = 0.50

Service/Materials Unit Unit Cost  Subtotal

Labor:     
Site PM 8 $60.00 /hr $480.00

Site Superintendent 8 $49.00 /hr $392.00
QA/Sampling Coordinator 8 $36.00 /hr $288.00

H&S Coordinator 8 $49.00 /hr $392.00
Equipment Operator 1 $406.00 /day $406.00

Laborer 1 $293.00 /day $293.00
 Truck Drivers 1 $341.60 /day $341.60

Equipment:
Excavator 1 $775.00 /day $775.00

Dump Truck 1 $895.00 /day $895.00
P/U Truck 1 $160.00 /day $160.00

Material:
Field Instruments 1 $46.00 /day $46.00

Level D PPE 2 $10.00 /day $20.00

Analytical:
SVOCs 4 $175.00 /ea $700.00

NACs (8330) 4 $105.00 /ea $420.00
Shipping 1 $40.00 /ea $40.00

Subtotal $5,649.00
9.0 Overall Cost

Total Capital Cost $116,300.00

Contingency (30%) $34,900.00
Contractor Oversight (5%) $5,800.00

Total Cost $157,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
  project cost.
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Criteria 
Alternative 1: 

No Action 

Alternative 2: 
Excavation and Off-Site 

Disposal 

Alternative 3: 
Excavation, Windrow 

Composting, and On-Site 
Disposal 

Alternative 4: 
Excavation, Alkaline 

Hydrolysis and On-Site 
Disposal 

Overall Protectiveness 
Human Health Protection No reduction in risk. Does 

not meet the threshold 
criteria for protectiveness. 

RGs will be met in the 
resulting soil, consistent with 
safe residential use. 

RGs will be met in the 
resulting soil, consistent with 
safe residential use. 

RGs will be met in the 
resulting soil, consistent with 
safe residential use. 

Environmental Protection The potential for adverse 
ecological risk at the site is 
low and the affected area is 
too small to adversely affect 
ecological populations. 

The potential for adverse 
ecological risk at the site is 
low and the affected area is 
too small to adversely affect 
ecological populations. 

The potential for adverse 
ecological risk at the site is 
low and the affected area is 
too small to adversely affect 
ecological populations. 

The potential for adverse 
ecological risk at the site is 
low and the affected area is 
too small to adversely affect 
ecological populations. 

Compliance with ARARs 
Chemical-Specific ARARs No chemical-specific 

ARARs. 
No chemical-specific 
ARARs.  

No chemical-specific 
ARARs. 

No chemical-specific ARARs. 

Location-Specific ARARs No location-specific ARARs. No location-specific ARARs. No location-specific ARARs. No location-specific ARARs. 
Action-Specific ARARs No action-specific ARARs. Complies will all action-

specific ARARs. 
Complies will all action-
specific ARARs. 

Complies will all action-
specific ARARs. 

Other Criteria and Guidance Permits exposures to 
concentrations of COCs 
above risk-based RGs that 
are derived from EPA toxicity 
data.  

Prevents exposures to 
concentrations of COCs 
above risk-based RGs that 
are derived from EPA toxicity 
data.  

Prevents exposures to 
concentrations of COCs 
above risk-based RGs that 
are derived from EPA toxicity 
data.  

Prevents exposures to 
concentrations of COCs 
above risk-based RGs that 
are derived from EPA toxicity 
data.  
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Criteria 
Alternative 1: 

No Action 

Alternative 2: 
Excavation and Off-Site 

Disposal 

Alternative 3: 
Excavation, Windrow 

Composting, and On-Site 
Disposal 

Alternative 4: 
Excavation, Alkaline 

Hydrolysis and On-Site 
Disposal 

Long-Term Effectiveness and Permanence 
Magnitude of Residual Risk Existing unacceptable risk 

will remain. 
Residual risk will be within 
the risk management range. 

Residual risk will be within 
the risk management range. 

Residual risk will be within the 
risk management range. 

Adequacy and Reliability of 
Controls 

No controls over remaining 
contamination. No reliability. 

No long-term controls 
required at site. 

No long-term controls 
required at site. 

No long-term controls 
required at site. 

Reduction of Toxicity, Mobility, or Volume through Treatment 
Treatment Process Used None None Biological treatment of 

nitroaromatic compounds 
and using windrow 
composting.     

Chemical treatment of 
nitroaromatic compounds 
using alkaline hydrolysis.   

Amount Destroyed or 
Treated 

None None 100 percent of excavated 
soil will be treated onsite. 

100 percent of excavated soil 
will be treated onsite.  

Irreversible Treatment None  None Composting research has 
demonstrated that a high 
percentage (>80%) of TNT-
carbon is irreversibly bound 
to the soil through covalent 
binding with humic 
substances.   

Alkaline hydrolysis 
irreversibly transforms NACs 
in soil to less toxic end 
products.   

Type and Quantity of 
Residuals Remaining after 
Treatment (all volumes are 
based on in-place, 
consolidated soil) 

An estimated 11 BCY (in 
place volume) of 
contaminated soil remains 
onsite.  No treatment 
residuals. 

An estimated 11 BCY (in 
place volume) of 
contaminated soil for off-site 
disposal as a non-hazardous 
solid waste.  

An estimated 11 BCY (in 
place volume) of 
contaminated soil treated via 
composting for placement 
back on site. 

An estimated 11 BCY (in 
place volume) of 
contaminated soil treated via 
alkaline hydrolysis for 
placement back on site.     
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Criteria 
Alternative 1: 

No Action 

Alternative 2: 
Excavation and Off-Site 

Disposal 

Alternative 3: 
Excavation, Windrow 

Composting, and On-Site 
Disposal 

Alternative 4: 
Excavation, Alkaline 

Hydrolysis and On-Site 
Disposal 

Short-Term Effectiveness 
Community Protection No risk to community. Normal safeguards would be 

required during 
transportation of waste 
materials off site. 

Normal safeguards would be 
required during 
transportation of waste 
materials off site. 

Normal safeguards would be 
required during transportation 
of waste materials off site. 

Worker Protection No risk to workers Dust released during 
excavation and screening 
may require controls. 

Safeguards would be 
required to protect workers 
from chemical exposures 
during windrow turning 
operations.  Dust released 
during excavation, 
screening, amendment 
mixing, and windrow turning 
may require controls. 

Chemicals used in the 
treatment process are 
corrosive.  Material handling 
processes would be designed 
to protect workers from 
chemical exposures.  
Safeguards would be 
required to protect workers 
from chemical exposures 
during windrow turning 
operations.  Dust released 
during excavation, screening, 
amendment mixing, and 
windrow turning may require 
controls. 
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Criteria 
Alternative 1: 

No Action 

Alternative 2: 
Excavation and Off-Site 

Disposal 

Alternative 3: 
Excavation, Windrow 

Composting, and On-Site 
Disposal 

Alternative 4: 
Excavation, Alkaline 

Hydrolysis and On-Site 
Disposal 

Environmental Impacts No impact to ecological 
receptors or other 
environmental media. 

No impact to ecological 
receptors or other 
environmental media. 

Design of staging piles would 
require safeguards to 
prevent migration of 
contaminants. Treatment 
area would be bermed and a 
contact water retention 
system provided to control 
stormwater run-on and run-
off.   

Design of staging piles would 
require safeguards to prevent 
migration of contaminants.  
Treatment area would be 
bermed and a contact water 
retention system provided to 
control stormwater run-on 
and run-off. Hazardous 
chemicals would be managed 
to segregate incompatible 
chemicals and prevent 
uncontrolled releases to the 
environment. 

Time Until Action is 
Complete 

Not applicable 9 months 11 months 10 months 

Implementability 
Ability to Construct and 
Operate 

No construction or operation. No significant issues. Technologies well developed 
and implemented on a full-
scale basis at numerous 
sites.  Composting 
previously implemented at 
TNTB and PRRWP.  

Alkaline hydrolysis using 
caustic soda to treat NACs in 
soil is a relatively new 
process, but has been 
successfully implemented at 
full scale. It has been 
implemented at TNTA and 
TNTC.  

Ease of Doing More Action if 
Needed 

Does not preclude additional 
remedial action for soil. 

Does not preclude additional 
remedial action for soil. 

Does not preclude additional 
remedial action for soil. 

Does not preclude additional 
remedial action for soil. 
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Criteria 
Alternative 1: 

No Action 

Alternative 2: 
Excavation and Off-Site 

Disposal 

Alternative 3: 
Excavation, Windrow 

Composting, and On-Site 
Disposal 

Alternative 4: 
Excavation, Alkaline 

Hydrolysis and On-Site 
Disposal 

Ability to Monitor 
Effectiveness 

No monitoring performed. Effectiveness of excavation 
is evaluated by confirmatory 
soil sampling and analysis.   

Effectiveness of excavation 
is evaluated by confirmatory 
soil sampling and analysis.  
Effectiveness of composting 
is evaluated by post-
treatment sampling and 
analysis of treated soil.   

Effectiveness of excavation is 
evaluated by confirmatory soil 
sampling and analysis.  
Effectiveness of alkaline 
hydrolysis is evaluated by 
post-treatment sampling and 
analysis of treated soil.  

Ability to Obtain Approvals 
and Coordinate with Other 
Agencies 

None required Off-site disposal of 
contaminated soil at 
municipal solid waste landfill 
approved to accept that 
waste. 

No significant obstacles. No significant obstacles. 

Availability of Equipment, 
Specialists, and Materials 

None required Equipment, technical 
specialists, and materials 
readily available. 

Equipment, technical 
specialists, and materials 
readily available. 

Equipment, technical 
specialists, and materials 
readily available. 

Availability of Technologies None required Available Available Available 
Cost 
Capital Cost None $119,000 $181,000 $157,000 
Annual O&M Cost None None None None 
Present Worth Cost None $119,000 $181,000 $157,000 
State Acceptance To be determined To be determined To be determined To be determined 
Community Acceptance To be determined To be determined To be determined To be determined 



Table 5-1 
 

Comparative Analysis of Remedial Alternatives 
TNTA/WWTP1 Sewer Lines 

Former Plum Brook Ordnance Works 
Sandusky, Ohio 

 
(Page 6 of 6) 

 

KN14\PBOW\WWTP1_3\FS\TNTA WWTP1 SL\Final\Tables \5-1.docx/4/4/2014 11:52 AM 

ARAR - Applicable or relevant and appropriate requirement. 
COC - Contaminant of concern. 
CY - Cubic yard. 
mg/kg - Milligrams per kilogram. 
O&M - Operation and maintenance. 
OEPA - Ohio Environmental Protection Agency. 
. 

RCRA - Resource Conservation and Recovery Act. 
RG - Remedial goal. 
ROD - Record of decision. 
TNT - Trinitrotoluene. 
TSDF - Treatment, storage, and disposal facility. 
USEPA - U.S. Environmental Protection Agency. 
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OF EFFECT IN A LOWER CONCENTRATION

AND NONCANCER EFFECTS, WHICHEVER TYPE

FOR CHEMICALS THAT EXHIBIT BOTH CANCER

NONCANCER HAZARD QUOTIENT (HQ) OF 0.1.
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IDENTIFIED; THE REPORTED VALUE IS AN
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AND NONCANCER EFFECTS, WHICHEVER TYPE
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IDENTIFIED; THE REPORTED VALUE IS AN

THE COMPOUND/ANALYTE WAS POSITIVELY
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RBSC VALUES REFLECT AN INCREMENTAL
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FIGURE 1-20
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BSC IS BACKGROUND SCREENING
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AND NONCANCER EFFECTS, WHICHEVER TYPE
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LIFETIME CANCER RISK (ILCR) OF 1E-6 OR A
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ESTIMATED CONCENTRATION.

IDENTIFIED; THE REPORTED VALUE IS AN

THE COMPOUND/ANALYTE WAS POSITIVELY

IN THE ASSOCIATED METHOD BLANK.

SIGNIFICANTLY ABOVE THE LEVELS FOUND

THE ANALYTE WAS NOT DETECTED
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VALIDATION QUALIFIERS (VQ):

 

DATA NOT INCLUDED).

FOR THE INVESTIGATION AREA ("B" QUALIFIED

MDC IS MAXIMUM DETECTED CONCENTRATION

CONCENTRATION.

BSC IS BACKGROUND SCREENING

 

RBSC.

THAT CONCENTRATION IS SELECTED AS THE

(USING AN ILCR OF 1E-6 AND AN  HQ OF 0.1),

OF EFFECT IN A LOWER CONCENTRATION

AND NONCANCER EFFECTS, WHICHEVER TYPE

FOR CHEMICALS THAT EXHIBIT BOTH CANCER

NONCANCER HAZARD QUOTIENT (HQ) OF 0.1.

LIFETIME CANCER RISK (ILCR) OF 1E-6 OR A

RBSC VALUES REFLECT AN INCREMENTAL

THE BSC.

BOLD TEXT INDICATES VALUE IS GREATER THAN
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THAN THE RISK-BASED SCREENING

SHADED CELL INDICATES VALUE IS GREATER

NOT DETECTED
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NOT ESTABLISHED (RBSCs), NOT 

 

MILLIGRAM PER KILOGRAM
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FIGURE 1-29
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FEASIBILITY STUDY - WASTE WATER

SANDUSKY, OHIO

NASA PLUM BROOK STATION

FORMER PLUM BROOK ORDNANCE WORKS

c
b
e
n
t
le

y
S

E
I_

T
E

X
T

S
U

B
_

O
N

L
Y
.T

B
L

p
d
f
_

w
it
h
_
le

v
e
ls
.p
lt

w
w
t
p
1
_
s
ls

_
w

w
t
p
3

_
f
s
_

0
3

0
.d

g
n

1
:0

3
:3

9
 

P
M

3
/
3
/
2
0
1
4

CB&I Federal Services LLC



TANK

P
I
P

E
L
I
N

E

PIPELINE

P
IP

E
L
IN

E

P
I
P

E
L
I
N

E

P
IP

E
L
IN

E

PIPELINE

PIPELINE

P
I
P

E
L
I
N

E

P
IP

E
L
IN

E

PI
PELI

NE

P
IP

E
L
IN

E

P
IP

E
L
IN

E

P
IP

E
L
IN

E

P
IP

E
L
IN

E

PIPELINE

P
IP

E
L
IN

E

P
I
P

E
L
I
N

E

P
I
P

E
L
I
N

E

PI
PE

L
IN

E

SUBSTATION

0 FEET

SCALE:

200 400

FOX  ROAD

NORTH MAGAZINE   ROAD

S
N

A
K

E
 

R
O

A
D

T
A

Y
L

O
R
 

R
O

A
D

C
O

L
U

M
B

U
S
 
 

A
V

E
.

T
A

Y
L
O

R
 
R

O
A

D

TP-02

TP-01

TP-03

TP-07

TP-06

TP-05

TP-11

TP-10

TP-09

TP-08

TP-14

TP-13

TP-12

TP-17

TP-16

TP-15

TP-04

S
H

O
R
T
 
C

U
T
 
R

O
A
D

TP-02

TP-01

TP-03

TP-07

TP-06

TP-05

TP-11

TP-10

TP-09

TP-08

TP-14

TP-13

TP-12

TP-17

TP-16

TP-15

TP-04

LEGEND:

mg/kg

NE

-

NOTES:

6.

5.

4.

3.

2.

1.
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ESTIMATED CONCENTRATION.

IDENTIFIED; THE REPORTED VALUE IS AN

THE COMPOUND/ANALYTE WAS POSITIVELY

MAINTENANCE ROADMAINTENANCE ROAD

TP-19

TP-20

TP-19

TP-20

1. TEST PIT SYMBOLS NOT TO SCALE.

NOTES:

VALIDATION QUALIFIERS (VQ):

 

DATA NOT INCLUDED).

FOR THE INVESTIGATION AREA ("B" QUALIFIED

MDC IS MAXIMUM DETECTED CONCENTRATION

CONCENTRATION.

BSC IS BACKGROUND SCREENING

 

RBSC.

THAT CONCENTRATION IS SELECTED AS THE

(USING AN ILCR OF 1E-6 AND AN  HQ OF 0.1),

OF EFFECT IN A LOWER CONCENTRATION

AND NONCANCER EFFECTS, WHICHEVER TYPE

FOR CHEMICALS THAT EXHIBIT BOTH CANCER

NONCANCER HAZARD QUOTIENT (HQ) OF 0.1.

LIFETIME CANCER RISK (ILCR) OF 1E-6 OR A

RBSC VALUES REFLECT AN INCREMENTAL

THE BSC.

BOLD TEXT INDICATES VALUE IS GREATER THAN

 

CONCENTRATION (RBSC).

THAN THE RISK-BASED SCREENING

SHADED CELL INDICATES VALUE IS GREATER

NOT DETECTED

 

EVALUATED (BSCs)

NOT ESTABLISHED (RBSCs), NOT 

 

MILLIGRAM PER KILOGRAM

TEST PIT LOCATION

STRUCTURES

APPROXIMATE LOCATION OF FORMER

ROAD

RAILROAD

CREEK, DITCH, CONVEYANCE

POND

SEWER LINES

APPROXIMATE LOCATION OF TNTB/WWTP1

TP-18TP-18

(JULY 2009)

RBSCs AND/OR BSCs

TEST PIT SOIL SAMPLES ABOVE

TNTB/WWTP1  SEWER LINES IN

DETECTED CONSTITUENTS AT

FIGURE 1-30

WATER TREATMENT PLANT No. 3

TREATMENT PLANT No. 1  AND WASTE

FEASIBILITY STUDY - WASTE WATER

SANDUSKY, OHIO

NASA PLUM BROOK STATION

FORMER PLUM BROOK ORDNANCE WORKS

c
b
e
n
t
le

y
S

E
I_

T
E

X
T

S
U

B
_

O
N

L
Y
.T

B
L

p
d
f
_

w
it
h
_
le

v
e
ls
.p
lt

w
w
t
p
1
_
s
ls

_
w

w
t
p
3

_
f
s
_

0
2

9
.d

g
n

1
:0

4
:4

0
 

P
M

3
/
3
/
2

0
1
4

CB&I Federal Services LLC



S
H

O
R
T
 
C

U
T
 
R

O
A
D

NOTES:

PZ-06

PZ-04

PZ-01

PZ-02

PZ-03
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ESTIMATED CONCENTRATION.

IDENTIFIED; THE REPORTED VALUE IS AN

THE COMPOUND/ANALYTE WAS POSITIVELY

MAINTENANCE ROADMAINTENANCE ROAD

FOX  ROAD
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SCALE:
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VALIDATION QUALIFIERS (VQ):

PRIOR TO GROUNDWATER SAMPLE COLLECTION.

WATER QUALITY METER FIELD MEASUREMENT

OXIDATION REDUCTION POTENTIAL - FINAL YSI

TEST KIT.

FERROUS IRON MEASURED IN FIELD USING HACH

DATA NOT INCLUDED).

FOR THE INVESTIGATION AREA ("B" QUALIFIED

MDC IS MAXIMUM DETECTED CONCENTRATION

RBSC.

THAT CONCENTRATION IS SELECTED AS THE

(USING AN ILCR OF 1E-6 AND AN  HQ OF 0.1),

OF EFFECT IN A LOWER CONCENTRATION

AND NONCANCER EFFECTS, WHICHEVER TYPE

FOR CHEMICALS THAT EXHIBIT BOTH CANCER

NONCANCER HAZARD QUOTIENT (HQ) OF 0.1.

LIFETIME CANCER RISK (ILCR) OF 1E-6 OR A

RBSC VALUES REFLECT AN INCREMENTAL

(BSC).

THE BACKGROUND SCREENING CONCENTRATION

BOLD TEXT INDICATES VALUE IS GREATER THAN

 

CONCENTRATION (RBSC).

THAN THE RISK-BASED SCREENING

SHADED CELL INDICATES VALUE IS GREATER

7.
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1.

NOT DETECTED

 

EVALUATED (BSCs)

NOT ESTABLISHED (RBSCs), NOT 

 

MICROGRAM PER LITER

PIEZOMETER

STRUCTURES

APPROXIMATE LOCATION OF FORMER

SEWER LINES

APPROXIMATE LOCATION OF TNTB/WWTP1

(AUGUST 2009)

RBSCs AND/OR BSCs

GROUNDWATER SAMPLES ABOVE

TEMPORARY PIEZOMETER

TNTB/WWTP1  SEWER LINES IN

DETECTED CONSTITUENTS AT

FIGURE 1-31

WATER TREATMENT PLANT No. 3

TREATMENT PLANT No. 1  AND WASTE

FEASIBILITY STUDY - WASTE WATER

SANDUSKY, OHIO
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ESTIMATED CONCENTRATION.

IDENTIFIED; THE REPORTED VALUE IS AN

THE COMPOUND/ANALYTE WAS POSITIVELY

IN THE ASSOCIATED METHOD BLANK.

SIGNIFICANTLY ABOVE THE LEVELS FOUND

THE ANALYTE WAS NOT DETECTED

J -

B -

1SLB-MW01

1SLB-MW02

NOT DETECTED

 

EVALUATED (BSCs)

NOT ESTABLISHED (RBSCs), NOT 

 

MICROGRAM PER LITER

OVERBURDEN MONITORING WELL

STRUCTURES

APPROXIMATE LOCATION OF FORMER

ROAD

RAILROAD

CREEK, DITCH, CONVEYANCE

POND

SEWER LINES

APPROXIMATE LOCATION OF TNTB/WWTP1

VALIDATION QUALIFIERS (VQ):

PRIOR TO GROUNDWATER SAMPLE COLLECTION.

WATER QUALITY METER FIELD MEASUREMENT

OXIDATION REDUCTION POTENTIAL - FINAL YSI

TEST KIT.

FERROUS IRON MEASURED IN FIELD USING HACH

DATA NOT INCLUDED).

FOR THE INVESTIGATION AREA ("B" QUALIFIED

MDC IS MAXIMUM DETECTED CONCENTRATION

 

RBSC.

THAT CONCENTRATION IS SELECTED AS THE

(USING AN ILCR OF 1E-6 AND AN  HQ OF 0.1),

OF EFFECT IN A LOWER CONCENTRATION

AND NONCANCER EFFECTS, WHICHEVER TYPE

FOR CHEMICALS THAT EXHIBIT BOTH CANCER

NONCANCER HAZARD QUOTIENT (HQ) OF 0.1.

LIFETIME CANCER RISK (ILCR) OF 1E-6 OR A

RBSC VALUES REFLECT AN INCREMENTAL

(BSC).

THE BACKGROUND SCREENING CONCENTRATION

BOLD TEXT INDICATES VALUE IS GREATER THAN

 

CONCENTRATION (RBSC).

THAN THE RISK-BASED SCREENING

SHADED CELL INDICATES VALUE IS GREATER

7.
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1.

(NOVEMBER 2009 AND MAY 2010) 

RBSCs AND/OR BSCs

GROUNDWATER SAMPLES ABOVE

OVERBURDEN/SHALE

TNTB/WWTP1  SEWER LINES IN

DETECTED CONSTITUENTS AT

FIGURE 1-32

WATER TREATMENT PLANT No. 3

TREATMENT PLANT No. 1  AND WASTE

FEASIBILITY STUDY - WASTE WATER
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NOTES:

LEGEND:

ESTIMATED CONCENTRATION.

IDENTIFIED; THE REPORTED VALUE IS AN

THE COMPOUND/ANALYTE WAS POSITIVELY

IN THE ASSOCIATED METHOD BLANK.

SIGNIFICANTLY ABOVE THE LEVELS FOUND

THE ANALYTE WAS NOT DETECTED

J -

B -

(DECEMBER 2008)

ABOVE RBSCs AND/OR BSCs

SUBSURFACE SOIL SAMPLES

WWTP3 IN SURFACE AND

DETECTED CONSTITUENTS AT

FIGURE 1-33

WATER TREATMENT PLANT No. 3

TREATMENT PLANT No. 1  AND WASTE

FEASIBILITY STUDY - WASTE WATER

BOUNDARY OF BUILDING REMOVAL AREA
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EVALUATED (BSCs)

NOT ESTABLISHED (RBSCs), NOT 
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WWTP3 STRUCTURES
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WERE REMOVED IN OCTOBER 2012.

BUILDING. THE BUILDING AND CONTAMINATED SOIL

A BERM WHICH PARTIALLY SURROUNDED THE

AREA. THIS AREA EXTENDED TO THE CREST OF

AND THE CONTAMINATED SOIL IN THE ASSOCIATED

REMOVAL OF THE K-SITE CONTROL BUILDING

NASA ACCEPTED RESPONSIBILITY FOR THE

VALIDATION QUALIFIERS (VQ):

 

DATA NOT INCLUDED).

FOR THE INVESTIGATION AREA ("B" QUALIFIED

MDC IS MAXIMUM DETECTED CONCENTRATION

CONCENTRATION.

BSC IS BACKGROUND SCREENING

 

RBSC.

THAT CONCENTRATION IS SELECTED AS THE

(USING AN ILCR OF 1E-6 AND AN  HQ OF 0.1),

OF EFFECT IN A LOWER CONCENTRATION

AND NONCANCER EFFECTS, WHICHEVER TYPE

FOR CHEMICALS THAT EXHIBIT BOTH CANCER

NONCANCER HAZARD QUOTIENT (HQ) OF 0.1.

LIFETIME CANCER RISK (ILCR) OF 1E-6 OR A

RBSC VALUES REFLECT AN INCREMENTAL

THE BSC.

BOLD TEXT INDICATES VALUE IS GREATER THAN

 

CONCENTRATION (RBSC).

THAN THE RISK-BASED SCREENING

SHADED CELL INDICATES VALUE IS GREATER
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ESTIMATED CONCENTRATION.

IDENTIFIED; THE REPORTED VALUE IS AN

THE COMPOUND/ANALYTE WAS POSITIVELY

IN THE ASSOCIATED METHOD BLANK.

SIGNIFICANTLY ABOVE THE LEVELS FOUND

THE ANALYTE WAS NOT DETECTED

VALIDATION QUALIFIERS (VQ):

 

DATA NOT INCLUDED).

FOR THE INVESTIGATION AREA ("B" QUALIFIED

MDC IS MAXIMUM DETECTED CONCENTRATION

CONCENTRATION.

BSC IS BACKGROUND SCREENING

 

RBSC.

THAT CONCENTRATION IS SELECTED AS THE

(USING AN ILCR OF 1E-6 AND AN  HQ OF 0.1),

OF EFFECT IN A LOWER CONCENTRATION

AND NONCANCER EFFECTS, WHICHEVER TYPE

FOR CHEMICALS THAT EXHIBIT BOTH CANCER

NONCANCER HAZARD QUOTIENT (HQ) OF 0.1.

LIFETIME CANCER RISK (ILCR) OF 1E-6 OR A

RBSC VALUES REFLECT AN INCREMENTAL

THE BSC.

BOLD TEXT INDICATES VALUE IS GREATER THAN

 

CONCENTRATION (RBSC).

THAN THE RISK-BASED SCREENING

SHADED CELL INDICATES VALUE IS GREATER

(MAY AND NOVEMBER 2009)

RBSCs AND/OR BSCs

GROUNDWATER SAMPLES ABOVE

WWTP3 IN OVERBURDEN/SHALE

DETECTED CONSTITUENTS AT

FIGURE 1-34

WATER TREATMENT PLANT No. 3

TREATMENT PLANT No. 1  AND WASTE

FEASIBILITY STUDY - WASTE WATER
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EVALUATED (BSCs)

NOT ESTABLISHED (RBSCs), NOT 

MICROGRAM PER LITER

OVERBURDEN MONITORING WELL

WWTP3 STRUCTURES
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J -

ESTIMATED CONCENTRATION.

IDENTIFIED; THE REPORTED VALUE IS AN

THE COMPOUND/ANALYTE WAS POSITIVELY

VALIDATION QUALIFIERS (VQ):

 

DATA NOT INCLUDED).

FOR THE INVESTIGATION AREA ("B" QUALIFIED

MDC IS MAXIMUM DETECTED CONCENTRATION

CONCENTRATION.

BSC IS BACKGROUND SCREENING

 

RBSC.

THAT CONCENTRATION IS SELECTED AS THE

(USING AN ILCR OF 1E-6 AND AN  HQ OF 0.1),

OF EFFECT IN A LOWER CONCENTRATION

AND NONCANCER EFFECTS, WHICHEVER TYPE

FOR CHEMICALS THAT EXHIBIT BOTH CANCER

NONCANCER HAZARD QUOTIENT (HQ) OF 0.1.

LIFETIME CANCER RISK (ILCR) OF 1E-6 OR A

RBSC VALUES REFLECT AN INCREMENTAL

THE BSC.

BOLD TEXT INDICATES VALUE IS GREATER THAN

 

CONCENTRATION (RBSC).

THAN THE RISK-BASED SCREENING

SHADED CELL INDICATES VALUE IS GREATER

NOT DETECTED

 

EVALUATED (BSCs)

NOT ESTABLISHED (RBSCs), NOT 

MICROGRAM PER LITER

SOIL BORING / PIEZOMETER

PIEZOMETER

WWTP3 STRUCTURES

APPROXIMATE LOCATION OF FORMER

ROAD

FORMER RAILROAD

CREEK, DITCH, CONVEYANCE

POND

BSCs (DECEMBER 2008)

SAMPLES ABOVE RBSCs AND/OR

PIEZOMETER GROUNDWATER

WWTP3 IN TEMPORARY

DETECTED CONSTITUENTS AT

FIGURE 1-35
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FEASIBILITY STUDY - WASTE WATER
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Figure 3-1

Cometabolic Reduction of 
2 4 6 TNT During Fermentation of Glucose
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Figure 3-3 

 

Aquatic Toxicity of Untreated and Alkaline Hydrolysis Treated 
Solutions of TNT in Water 

 

  

 

Source: Hansen et al., 2001 
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Response to Comments 
Draft Feasibility Study, Waste Water Treatment Plant (WWTP) No. 1 & No. 3 
(Including TNTA to WWTP1 Sewer Lines & TNTB to WWTP1 Sewer Lines) 

FUDS Project No. G05OH001817 
Former Plum Brook Ordnance Works 

Sandusky, Erie County, OH 
Dated December 19, 2013 

 
 
Comment by Paul Jayko, Ohio Environmental Protection Agency, received February 13, 2014. 
 
Comment 1: Ohio EPA has completed its review of the Draft Feasibility Study for Waste 

Water Treatment Plant No. 1 and Waste Water Treatment Plant No. 3, 
Plum Brook Ordnance Works, dated December 2013.  
 
Ohio EPA has no substantive comments on this document. 

 
Response 1: No revision required. 
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