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Executive Summary 

This report presents the results of the focused feasibility study (FFS) performed for contaminated 

soil at the West Area Red Water Ponds (WARWP) and the Pentolite Road Red Water Ponds 

(PRRWP), located at h e  former Plum Brook Ordnance Works (PBOW) in Sandusky, Ohio. The 

U.S. Army Corps of Ehgineers (USACE) contracted IT Corporation to conduct this FFS under 

Delivery Order 002 of Contract Number DACA62-00-D-0002. The purpose of this FFS was to 

select, evaluate, compare, and recommend remedial alternatives that address the soil 

contamination at WAIXWP and PRRWP. 

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

2,4,6-trinitrotoluene ('IWT), dinitrotoluene (DNT), and pentolite. Production of explosives at 

PI30 W began on December 16, 194 1 and continued until 1945. It is estimated that more than 1 

billion pounds of nitroaromatic explosives were manufactured during the 4-year operating 

period. 

In June and November 1998, IT Corporation performed a direct-push investigation for soil, 

groundwater, surface water, and sediment at the W A R W  and the PRRWP. Nineteen surface 

soil samples and 37 subsurface soil samples were collected within the WARWP area from 19 

direct-push boring locations. Twenty surface soil samples and 39 subsurface soil samples were 

collected within the PRRWP area fkom 20 direct-push boring locations. Fourteen groundwater 

samples were collected from direct-push borings in the WARWP area. Twenty groundwater 

samples were collected from direct-push borings in the PRRWP area. In November 1998, six 

sedimentlsurface water samples were collected at the WARWP (four from Pipe Creek and two 

from the west pond) and four sedimentlsurface water samples were collected fiom the PRRWP 

(two from the east-west drainage ditch located adjacent to Pentolite Road and two from the ditch 
located on the east-southeast side). Each sediment sample was collected at a depth of 0 to 0.5 

feet below the top of sediment. 

A human health risk assessment was performed to evaluate the potential risk to plausible 

receptors exposed to c:hemicals in soil, sediment, and surface water at the WARWP and PRRWP. 

Human health risks from exposure to groundwater were not evaluated in the risk assessment. 

Groundwater will be addressed in the upcoming groundwater investigations anticipated to be 

completed in 2003. The human health risk assessment concluded that chemical concentrations in 

WARWP soil, sediment and surface water are within the risk management range for cancer risks 
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or noncancer hazards or are de minimis. As a result, no chemicals of concern (COC) for human 
health were identified for these media and the FFS does not identifl or evaluate remedial 

alternatives for the WARWP. For PRRWP, the risk assessment concluded that hazards and risks 

for the construction wforker and future on-site resident associated with exposure to total soils may 

need risk management. Risks associated with exposures to chemical concentrations in surface 

soil, sediment and surface water are de minimis, so no COCs were identified for these media. 

Based on the results of the human health risk assessment, the formulation and evaluation of 

remedial alternatives in the FFS is limited to total soil at the PRRWP only. 

Potential ecological hazards were evaluated for the WARWP and the PRRWP in a screening 

level ecological risk assessment (SLERA) and a baseline ecological risk assessment (BERA) that 

incorporated considerable site-specific information. The BERA concluded that, in light of 

current site activities (burning for habitat management), range of hazard index outcomes 

(reasonable maximum exposure [RME] and central tendency), biological toxicity test results, and 

uncertainty analysis discussions, remedial activity is not required to protect ecological receptors. 

Based on the results of the human health risk assessment, the following remedial action objective 
(RAO) was selected f;x soil at the PRRWP: 

Remedial ;action will be taken at the PRRWP to prevent human exposure via any 
exposure route (ingestion, inhalation, or dermal contact) to total soil containing TNT 
at concenb:ations greater than 13.8 milligrams per kilogram (mglkg). 

In order to achieve the RAO for soil, the following process options and technologies were 

screened based on effectiveness, implementability, and cost: 

Capping 
Excavation 
Off-Site disposal 
Ex Situ ch~:mical stabilization 
In Situ chemical oxidation 
Windrow composting. 

Based on the results of the technology screening, the following three alternatives were developed 
for detailed analysis: 
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Alternative 1 - No Action. 

- Alternative 2 - Excavation, Ex Situ Stabilization, and Off-Site 
Disposal. Excavation of all contaminated soil (148 cubic yards), ex situ 
stabilization of the soil classified as a hazardous waste, followed by disposal of the 
stabilized and untreated soil in a nonhazardous waste landfill. 

- Alternative 3 - Excavation and Off-Site Disposal. Excavation of all 
contaminated soil (148 cubic yards), off-site disposal of nonhazardous soil at a 
Subtitle D industrial waste landfill, and off-site disposal of hazardous soil at a 
Subtitle C hazardous waste treatment, storage, and disposal facility (TSDF). 

Alternatives 2 and 3 both protect human health by removing contaminated soil from the site and 

preventing exposure lo TNT at concentrations exceeding the risk management range. Soil 

removal also reduces the potential for soil contaminants to leach into groundwater. Alternative 1 

does not prevent human exposures to contaminated soil or mitigate in any way the potential 

migration of soil conlaminants to other media. Therefore, it does not protect human health. 

Because the BERA concluded that PRRWP environmental media do not present increased 

potential for adverse ~scological effects, all three alternatives are considered sufficiently 

protective of the environment 

Alternatives 2 and 3 comply with all applicable or relevant and appropriate requirements 

(ARAR) identified in Appendix A. ARARs are not applicable to Alternative 1 because no action 

would be taken. 

Alternatives 2 and 3 are both effective and permanent actions. The residual risk at the site is 

equivalent under both. alternatives. Based on the available analytical data, the noncancer hazard 
and cancer risk from exposure to contaminants remaining in soil at the site would be within the 

risk management range or de minimis. The contaminated soil transported off site would be 

managed at facilities approved for this type of waste. Alternative 2 would reduce off site risk by 

stabilizing hazardous waste on-site prior to off-site disposal, thus reducing the potential for 

contaminants to leach into groundwater at the off-site disposal facility. Alternative 3 reduces off 

site risk by managing hazardous waste in a secure facility designed and permitted to handle this 

type of waste stream. No long-term controls are required under either Alternative 2 or 3. 
Conversely, the existing risk at the site is not reduced under Alternative 1. 

Alternative 2 reduces the mobility of contaminants in soil through chemical stabilization, and 

thereby satisfies the sitatutory preference for treatment. Alternative 2 does not irreversibly 

destroy contaminants, but immobilizes them to prevent leaching to other media. Treatment 
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residuals include 254 tons of nonhazardous, stabilized soil that may be disposed of at a 

Subtitle D industrial waste landfill. No treatment is required under Alternative 3 to meet land 

disposal restrictions (LDR) prior to disposal at a Subtitle C TSDF. No treatment would be 

performed under Alternative 1. 

Under Alternatives 2 and 3, the community and site workers would be protected from potential 

hazards associated with the excavation and handling of contaminated soil through standard 

safeguards to mitigate dust exposures. The design of staging piles for excavated material would 

require safeguards to prevent the migration of contaminants via wind or stormwater runoff. 

Alternatives 2 and 3 could be implemented in 6 to 12 months. There are no short-term risks to 

site workers or the cc~mmunity from Alternative 1. 

Both Alternatives 2 and 3 are easily implementable. A treatability study would be required with 

Alternative 2 to determine the type and amounts of stabilization agents required, and to confirm 

the effectiveness of the process. Alternatives 1 and 3 would not require any treatability studies. 

Disposal facilities used under Alternatives 2 and 3 would require state approval. None of the 

alternatives would preclude additional remedial efforts should they be required in the future. 

The relative costs of .the alternatives are presented in the table below: 

O&M - Operation and ma~ntenance. 

Based on a comparat:ive analysis of the remedial alternatives, Alternative 2: Excavation, Ex-Situ 
Stabilization, and Off-Site Disposal is recommended as the preferred interim alternative for the 

remediation of TNT-lcontaminated soil at PRRWP. It will protect human health and the 
environment, comply with all ARARs, and satisfy the statutory preference for treatment. 
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1.0 lntroductiion 

This report presents the results of the focused feasibility study (FFS) for soils at two Red Water 

Pond Areas (West Area Red Water Ponds [WARWP] and Pentolite Road Red Water Ponds 

[PRRWP]) at the former Plum Brook Ordnance Works (PBOW) in Sandusky, Ohio. The U.S. 

Army Corps of Engin.eers (USACE) is conducting studies under the Defense Environmental 

Restoration Program to determine the environmental impact of suspected hazardous waste sites 

at previously owned 1J.S. Department of Defense properties. PBOW is an Army Defense 

Environmental Restoration Program project currently managed and technically overseen by the 

Huntington, West Virginia, and Nashville, Tennessee, U.S. Army Corps of Engineers District 
Offices, respectively. 

The FFS was completed in a manner consistent with U.S. Environmental Protection Agency 

(EPA) remedial investigationlfeasibility study (FS) guidance, the Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA) Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA (EPA, 1 988) and subsequent guidance 

materials, including Guidance on lmplementation of the Superfind Accelerated Cleanup Model 

under CERCLA and Ihe National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP) (EPA, 1992). The FFS was conducted as required by the statement of work for Delivery 

Order 002 of Contrac t Number DACA62-00-D-002. 

I. 1 Purpose 
The purpose of this FFS is to provide an evaluation of remediation alternatives to address 

contaminated soil at WARWP and PRRWP within the former PBOW. Groundwater at the 
WARWP and PRRWP will be addressed in upcoming studies and is not addressed as part of this 

FFS. 

1.2 Surnmar y of Site Conditions 
The site of the former PBOW is located approximately 4 miles south of Sandusky, Ohio, and 59 

miles west of Cleveland (Figure 1-1). Although primarily in Perkins and Oxford Townships, the 

eastern edge of the site extends into Huron and Milan Townships. PBOW is bounded to the 
north by Bogart Road, to the south by Mason Road, to the west by County Road 43, and to the 

east by U.S. Highway 250. The area surrounding PBOW is mostly agricultural and residential. 

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

toluene (TNT), dinitrotoluene (DNT), and pentolite (PETN) (International Consultants 
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Incorporated [ICI], 1995). Production of explosives at PBOW began on December 16, 1941 and 

continued until 1945. It is estimated that more than 1 billion pounds of nitroaromatic explosives 

were manufactured dilring the 4-year operating period. 

The United States Army began decontamination and decommissioning (D&D) all TNT, DNT, 

and PETN lines in September 1945. Three areas manufactured TNT and DNT (TNT Area A 

[TNTA], TNT Area El [TNTB], and TNT Area C [TNTC]) and one area manufactured PETN 

(Figure 1-2). TNTA consisted of manufacturing lines 1 through 4, TNTB lines 5 through 7, and 

TNTC lines 8 through 12. TNTA is located at the northeast side of PBOW, TNTB at the 

southern central part, and TNTC at the southwestern side of the site. The PRRWPs, located in 

the north-central section of PBOW, received TNT manufacturing wastewater ("red water") fiom 

both TNTA and TNTB and the WARWPs located at the western central part of PBOW, received 

wastewater fkom TNTC. The PETN manufacturing area, located north of Pentolite Road in the 

north-central portion (of PBOW, consisted of 3 production lines. Wastewater fiom PETN 

manufacturing was discharged to 2 lagoons north of Pentolite Road (Figure 1 -2). In 1 956, 

National Aeronautics and Space Administration (NASA) selected the area formerly occupied by 

the PETN lagoons and PETN manufacturing area for the construction of a reactor facility. The 

entire area was graded to meet reactor site specifications and potentially contaminated soil was 

removed to an unknown location or dispersed during construction. (Science Applications 

International Corporation [SAIC], 1995). The locations of the WARWP and the PRRWP within 

PBOW are shown on Figure 1-2. 

Soil remedial activities are currently being conducted for the TNTB manufacturing area and a 

FFS is presently being prepared for TNTA and TNTC. As mentioned above, groundwater 

remedial actions for INTA, TNTB, TNTC, WARWP, and PRRWP will be addressed in 

upcoming studies, once soil remedial actions are complete. 

The former PBOW site is currently owned by the NASA and is operated as the Plum Brook 

Station of the John GI enn Research Center at Lewis Field. Most of the aerospace testing 

facilities built at the site in the 1960s are in standby or inactive status. On April 18, 1978, NASA 

declared approximately 2,152 acres of PBOW as excess property. The Perkins Township Board 

of Education acquired. 46 acres of the excess acreage and uses this area as a bus transportation 

center. The General Services Administration retains the remainder of the 2,152 acres and 

currently has a use ag.reement with the Ohio National Guard for 604 acres of the land. NASA 

presently controls approximately 6,400 acres and is using the site to conduct space research as a 

satellite operation of the John Glenn Research Center at Lewis Field in Cleveland, Ohio. The 
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details of these land transactions are listed in the site management plan (ICI, 1995) and can be 

found at the NASA Plum Brook Station. 

1.3 Summary of Previous Environmental Studies 
In April 1977, Plum Brook Station personnel reported pockets of reddish brown water in the 

small surface ditch east of and adjacent to the PRRWP. The source of the reddish brown water 

was discovered to be a broken drain tile that was formerly used to drain the ponds. As a 

corrective action, retention dikes and sump pits were excavated to prevent further leakage of the 

material to the stream. Approximately 60,000 gallons of the "red" water were removed by a 

private contractor and grading and drainage improvements were made to the area. The action 

also included backfilling of the former ponds and excavation of a new drainage ditch 

approximately 300 fe st east of the ponds to reduce standing surface water (Dames & Moore 

[D&M], 1997a). 

In 1984, Battelle Laboratories collected a surface soil sample from the spoils area at WARWP. 
Concentrations of nitroaromatics were detected in the low-parts per million range (IT 

Corporation FT], 2000). 

In 1989, IT conducted an evaluation to determine whether residual chemical contamination was 

present from former Department of Defense activities at the red water pond areas. Six surface 

soil samples were co1:lected from borings IT-MW02, IT-SB07, IT-SB09, IT-SB 10, IT-SB 1 1, and 

IT-SB 12 at the WAR'W. Overburden monitoring well IT-MW02 was installed in a 

downgradient location of the WARWP. Soil samples fiom the WARWP showed that 

dinitrobenzene (DNB'), trinitrobenzene (TNB), DNT, and TNT were present. Low-level 

nitroaromatics were also detected in the overburden groundwater. Soil samples fiom borings IT- 

SB13 through IT-SB 1 8 were collected at the PRRWP area. Overburden monitoring well IT- 

MW05 was also installed on the northern edge of the PPRWP, in a suspected downgradient 

location. 2,4-DNT and 2,6-DNT were detected in soils at concentrations of at least 0.740 part 

per million and sodium concentrations in samples fiom six of the boring exhibited concentrations 
above the background levels (IT, 2000). 

A site inspection was conducted by Momson Knudsen (MK) from June through July 1993 to 

assess the threat posed to human health and the environment and to determine the need for any 

additional investigaticln at both red water ponds areas. MK analyzed sediment and surface water 

fiom Pipe Creek near the WARWP area for volatile organic compounds (VOC), semivolatile 

organic compounds (EIVOC), and nitroaromatics. The surface water had no detectable 
contaminates, but the sediment had VOCs, and SVOCs in the low part per billion (ppb) range. 

KN2WBOWRedWateAFSU24\TexlRs4\12119/02(5:39 PM) 1-3 



Four monitoring wells (MK-MW09, MK-MW1 0, MK-MW 1 1, and MK-MW12) were installed 

near WARWP. Groundwater was collected fiom the four new wells and IT-MW02. VOCs, 

SVOCs, and nitroaroimatics were not detected in any groundwater samples. At the PPRWP area, 

MK collected and aniilyzed surface and sediment samples fiom a drainage ditch along Pentolite 

Road north of the are'a. Samples were analyzed for VOCs, SVOCs, and nitroaromatics. No 

samples from the ditch showed detectable levels of contaminants (MK, 1994). 

In 1994, D&M condwted a Focused Remedial Investigation to evaluate groundwater occurrence 

and flow conditions in the overburden and bedrock water-bearing zones; assess groundwater 

quality in the overburden water-bearing zone; and investigate the baseline groundwater quality of 

the bedrock water-beiuing zone to evaluate the necessity of additional work at PBOW. Two 

bedrock wells (BED-MW14 and BED-MW19) and two overburden wells (WA-MWOl and WA- 

MW02) were installed in the vicinity of the WARWP area. Hydrogeologic data indicated that 

groundwater flow in ihe overburden exhibited a strong downward vertical component and the 

presence of groundwater was strongly seasonally dependent. The general groundwater flow in 

both water-bearing zclnes was determined to be to the north toward Lake Erie. Groundwater 

samples were analyzeld for VOCs, base neutrayacid extractable compounds (BNA), 
nitroaromatics, and metals. Significant concentrations of nitroaromatics were determined to be 

present adjacent to the ponds in both the overburden and the bedrock aquifers. VOCs and BNAs 

were also present in the bedrock wells. Some metals (antimony, manganese, and nickel) were 

also detected at concelntrations exceeding their maximum contaminant levels (D&M, 1997a). 

As part of the 1994 Focused Remedial Investigation, to identify and evaluate the source, nature, 

and extent of contamination of former Department of Defense activities, surface and subsurface 
soil at the Red Water Ponds was investigated by D&M. A total of 103 soil samples were 
collected from backgr5ound areas, the WARWP, and the PRRWP. Soil samples were analyzed 

for nitroaromatics ancl metals. Nitroaromatics 1,3,5-TNB and 2,4-DNT were most commonly 

detected. 1,3,5-TNB was detected in 43 of the 103 samples and 2,4-DNT was present in 40 of 

the samples. Nitroarclmatics above screening levels were more common at the PRRWP (D&M, 

1997a). 

From May to June of 1994, D&M conducted a groundwater investigation (GWI) to evaluate 

groundwater conditio~s in several areas at PBOW. One scope of work included the assessment 

of groundwater quality in the overburden and bedrock water-bearing zones at the PRRWP area. 

Overburden monitoring wells PR-MW7, PR-MW8, and PR-MW9 and bedrock monitoring wells 

BED-MW 1 5 and BED-MW 16 were installed. The investigation found that the groundwater 

flow in the overburdein exhibited a strong downward vertical component and the presence of 
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groundwater in the overburden was seasonally dependent. Groundwater sample results indicated 

that nitroaromatics w ~ z e  present in the overburden water-bearing zone, while lower levels of 

nitroaromatics were present in the bedrock water-bearing zone @&My 1997b). 

In June and November 1998, IT performed a direct-push investigation for soil, groundwater, 

surface water, and sediment at the WARWP and the PRRWP. The results of these activities 

were published in the Risk Assessment and Direct-Push Investigation of Red Water Ponds Area, 

dated August 2000 (IT, 2000). Nineteen surface soil samples and 37 subsurface soil samples 

were collected within the WARWP area from 19 direct-push boring locations. Twenty surface 

soil samples and 39 subsurface soil samples were collected within the PRRWP area fiom 20 

direct-push boring locations. Fourteen groundwater samples were collected from direct-push 

borings in the WAR'JW area. Twenty groundwater samples were collected from direct-push 

borings in the PRRWP area. Six sediment/surface water samples were collected at the WARWP 

and four sediment/sulface water samples were collected fiom the PRRWP in November 1998. 

At the WARWP, four samples were collected from Pipe Creek and two samples were collected 

from the west pond. .At the PRRWP, two samples were collected from the east-west drainage 

ditch located adjacent to Pentolite Road and two samples were collected fiom the ditch located 

on the east-southeast side of the PRRWP. Each of the sediment samples was collected at depths 

of 0 to 0.5 feet below the top of sediment. A summary of the soil, sediment, and surface water 

results is presented in Section 1.4. The sample locations of the IT and D&M soil samples are 

further described in Chapter 2.0. 

A screening level ecological risk assessment (SLERA) was completed for the WARWP and the 

PRRWP in August 2000 (IT, 2000). A baseline ecological risk assessment (BERA) was 
completed for the WARWP and PRRWP areas in November 2001 (IT, 2001). The results of 

these studies are disciissed in Section 1.6. 

1.4 Nature and Extent of Contamination 
The following sections discuss the findings of the WARWP and PRRW direct-push 

investigation for soil, sediment, and surface water. 

1.4. I West Area R'ed Water Ponds 
Findings of the direct,-push investigation are summarized by medium in the following sections. 

1.4.1.1 Soil 

Surface and subsurfac:e soil samples were analyzed for VOCs, SVOCs, nitroaromatic 

compounds, polychlorinated biphenyls (PCB), metals, and total cyanide. The VOC, SVOC, and 



nitroaromatic results are presented in Appendix B, Table B- 1. The results for metals are 

presented in Table B-2. Three VOCs, 12 polynuclear aromatic hydrocarbons (PAH), four 

nitroaromatic compounds, and 21 metals were detected in soil samples. PCBs and cyanide were 

not detected in any of the soil samples. 

1.4.1.2 Sediment and Surtsce Water 
Sediment samples were analyzed for VOCs, SVOCs, nitroaromatic compounds, PCBs, metals, 

and total organic carbon. Surface water samples were analyzed for VOCs, SVOCs, 
nitroaromatic compounds, PCBs, metals, and hardness. A summary of constituents detected in 

sediment and surface water is presented in Table 4-5 of the direct-push investigation report. Two 

VOCs, seven SVOCs, and 15 metals were detected in sediment samples. Nitroaromatic 

compounds and PCBs were not detected in any of the sediment samples. One VOC, one SVOC, 

and 12 metals were detected in surface water samples. Nitroaromatic compounds and PCBs 

were not detected in any of the surface water samples. 

1.4.2 Pentolite Road Red Water Ponds 
Findings of the direct-push investigation are summarized by medium in the following sections. 

1.4.2.1 Soil 
Surface and subsurface soil samples were analyzed for VOCs, SVOCs, nitroaromatic 

compounds, PCBs, metals, and total cyanide. The VOC, SVOC, and nitroaromatic results are 

presented in Table 4-6 of the direct-push investigation report. The results for metals are 

presented in Table 4-7 of the direct-push investigation report. Three VOCs, 1 SVOC, 6 

nitroaromatic compounds, and 21 metals were detected in soil samples. PCBs and cyanide were 
not detected in any of the soil samples. 

1.4.2.2 Sediment and Surface Water 
Sediment samples were analyzed for VOCs, SVOCs, nitroaromatic compounds, PCBs, metals, 

and total organic carbon. Surface water samples were analyzed for VOCs, SVOCs, 
nitroaromatic compounds, PCBs, metals, and hardness. A summary of constituents detected in 

sediment and surface water is presented in Table 4-10 of the direct-push investigation report. 

Two VOCs, 15 SVOCs, and 14 metals were detected in sediment samples. Nitroaromatic 

compounds and PCBs were not detected in any of the sediment samples. Five VOC, two 

SVOCs, and 12 metals were detected in surface water samples. Nitroaromatic compounds and 

PCBs were not detected in any of the surface water samples. 
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1.5 Summary of Human Health Risks 
A human health risk assessment was performed to evaluate the potential risk to plausible 

receptors exposed to contaminants in various media at the WARWP and PRRWP. The 

following receptors were selected as representative of current and future land-use scenarios: a 

groundskeeper, an indoor worker, a construction worker, and an on-site resident. Environmental 

media evaluated in the risk assessment include surface soil, total soil, surface water, and 

sediment. Human health risks from exposure to contaminated groundwater were not evaluated in 

the risk assessment presented in the direct-push investigation report, as this media will be 

addressed in the upcoming groundwater investigations. 

1.5.1 West Area Red Water Ponds 
Total hazard index (HI) and incremental lifetime cancer risk (ILCR) estimates for each receptor 

and each source medium for the WARWP are summarized in Table 1 - 1. The resulting HI and 

ILCR values were compared to the risk management range agreed upon by Ohio Environmental 

Protection Agency (OEPA) and the USACE (1E-6 I ILCR I 1E-5; HI = 1). The groundskeeper 

and indoor worker are evaluated for exposure to surface soil only. The total ILCR for the 

groundskeeper (7E-6) is within the risk management range. The total HI for the groundskeeper 
(0.01), total ILCR (4E-8) for the indoor worker, and total HI for the indoor worker (0.0003) are 

de minimis. 

The construction worker and on-site resident are evaluated for exposure to total soil, surface 

water, and sediment. Total ILCR and HI values were estimated by summing exposure to all 

media for these receptors. Total HI values for the construction worker (0.4), total ILCR for the 

construction worker (8E-7), and total HI for the resident (0.7) are de minimis. Although the total 
ILCR of 1 S8E-5 for the on-site resident slightly exceeds the risk management range due largely 

to benzo(a)pyrene in total soil, further evaluation of PAHs subsequent to finalizing the human 

health risk assessment indicates that benzo(a)pyrene was detected in one sample (DP13) at the 

WARWP, located within the site "access road." Following consultations among the U.S. Army 

Corps of Engineers and OEPA in 2001, the parties agreed that this detection of benzo(a)pyrene 

was not site-related and that PAHs at the WARWP are not, therefore, considered to be site- 

related chemicals. The total ILCR recalculated without the PAHs is approximately 7E-6, which 

falls within the risk management range. 

Therefore, it is concluded that cancer risk and noncancer hazard associated with exposure to 

contaminants in surface soil, total soil, sediment, and surface water are within the risk 
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management range or are de minimis for all receptors at the WARWP. As a result, no chemicals 

of concern (COC) for human health were identified for the WARWP. 

1.5.2 Pentolite Road Red Water Ponds 
Total HI and ILCR estimates for each receptor and each source medium for the PRRWP are 

summarized in Table 1-2. The groundskeeper and indoor worker were evaluated for exposure to 

surface soil only. Total HI and ILCR estimates for these receptors are de minimis. The 

construction worker and on-site resident were evaluated for exposure to total soil, surface water, 

and sediment. The total ILCR summed across all media for the construction worker (1E-5), 

rounded to one significant figure, did not exceed the risk management range. The total ILCR 

summed across all media for the on-site resident (9E-4) exceeded the risk management range. 

Total HI estimates summed across all media for both the construction worker (104) and on-site 

resident (358) exceeded the risk management range. Exceedance of the risk range is attributed 

solely to total soil exposure for both receptors. There is no site-related noncancer hazard or 

cancer risk estimated for the construction worker or on-site resident from exposure to sediment 

or surface water because no chemicals of potential concern were identified in these media. 

TNT in total soil accounts for almost the entire site-related ILCR and noncancer HI for the 

construction worker and on-site resident; other nitroaromatics contribute slightly to cancer risk 

(2,4- and 2,6-DNT) and noncancer hazard (4-amino-2,6-DNT and 1,3-DNB). 

The remedial goal option (RGO) developed for TNT in total soil at the PRRWP is presented in 

Chapter 2.0. 

1.6 Summary of Ecological Risks 

A SLERA was completed for the WARWP and the PRRWP in August 2000 (IT, 2000). Based 

on the recommendation in the SLERA for further ecological study, a BERA was completed for 

the WARWP and PRRWP areas in November 2001 (IT, 2001). A summary of wildlife HIS from 

the BERA are presented in Tables 1-3 and 1-4 for the WARWP area, and in Table 1-5 for the 

PRRWP area. A wildlife HI equal to or less than 1.0 indicates ecological hazards are not a 

concern, whereas an HI greater than 1.0 suggests additional study may be warranted. The BERA 

report presented the following weight-of-evidence findings: 

Elevated PAH concentrations in WARWP soils were an ecological concern due to: 
(1) measured earthworm toxicity; and (2) predicted reasonable maximum exposure 
(RME) food-chain impacts to the shrew via biological uptake by prey items such as 
earthworms. 

KN2\PBOW\RedWater\FS\R4\TextRev4.doc\l2/l9/02(1: 10 PM) 1-8 



Elevated iron concentrations in WARWP sediments were also an ecological concern 
due to observations that: (1) concentrations were determined to be potentially 
deleterious to herons and raccoons using the RME food chain model; and (2) the iron 
concentration used in the RME food chain model was similar to an iron sediment 
concentration that was associated with reduced survival of sediment amphipods. It 
was also noted that the reduced arnphipod survival that was measured could have 
been due to other sediment factors, as overall iron concentrations were not 
significantly correlated with sediment toxicity. 

It was also noted that the extent of elevated PAH concentrations in WARWP soil, and 
the extent of elevated iron concentrations in WARWP sediments appeared to be very 
localized. In addition, the PAH hot spot location was situated in a grassy area 
commonly used for vehicular access to the WARWP area, and by site visitors and 
drillers, and is not known to be a historical industrial process location. 

PRRWP environmental media does not present increased potential for adverse 
ecological effects. 

The BERA concluded that, in light of current site activities (burning for habitat management), 

range of HI outcomes (RME and central tendency), biological toxicity test results, and 

uncertainty analysis discussions, remedial activity is not recommended. Additionally, PAHs are 

the only chemicals of potential ecological concern identified in the BERA for the WARWP soil. 

As mentioned in Section 1.5, it has been agreed by OEPA and the USACE that PAHs are not 

considered site-related chemicals. Therefore, remedial action objectives (RAO) based on 

ecological risk are not developed in this FFS. 
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2.0 Identification of Remedial Action Objectives at Pentolite 
Road Red Water Ponds 

2.1 Introduction 
This section provides the RAO and other key parameters for PRRWP. The RAO is a cleanup 

objective that is developed during the FFS and Action Memorandum to protect human health and 

the environment. The RAO consists of site-specific, medium-specific, and location-specific 

goals for protecting human health and the environment based upon consideration of risk-based 

remediation criteria (RBRC) and regulatory-based applicable or relevant and appropriate 
requirements (ARAR). The RAO facilitates the consideration of all practicable remedial 

alternatives. The RAO aimed at protecting human health and the environment specifies the 

following: 

COC to be addressed 

Relevant exposure route(s) and receptor(s) 

A chemical concentration limit specific to the COC, environmental media, and 
specific locations at the site, referred to as a RGO. 

The following sections identify and discuss the RGO for the PRRWP and the resultant RAO. 

The RAO provides the basis for the identification, detailed analysis, and selection of remedial 

alternatives. TNT is the only COC for the PRRWP. No COC were identified for WARWP (see 

Sections 1.5.1 and 1.6). 

2.2 Remedial Action Objectives 

The first step in RAO development was to perform a comprehensive search for any chemical- 

specific ARARs for soil that should be considered as part of the RAO. Legally enforceable 

ARARs do not exist for TNT in total soil. As a result, non-statutory, otherwise known as "to be 

considered" criteria, were sought for use in the estimation of the RGO for contaminated soil. 

The RBRCs, developed based on information from the baseline human health risk assessment, 

are neither ARARs nor ."to be considered" criteria. However, RBRCs were included in the FFS 
because they provide important perspective relating contaminant concentrations to specific risk 

levels. The on-site resident, the most conservative exposure scenario, was used to develop 

RBRCs; this approach is required to release the site without land-use restrictions, as desired by 

NASA. Therefore, cleanup of contaminated soil to concentrations not exceeding the RGO based 

on the RBRC is the first step toward restoration of the site to unrestricted use. 
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At PRRWP, total soil. was the only medium contributing to an ILCR (8.50E-4) or a noncancer HI 
(358) that exceeds the risk management range for the on-site resident. TNT contributed 99.06 

percent of the ILCR and 99.72 percent of the HI (Tables 5-52 and 5-53 in the risk assessment). 

Therefore, TNT was selected as the only COC for total soil. 

The highest concentration of TNT (12,000 milligrams per kilogram [mgkg]) occurred at sample 

location PR-S14. The highest concentration of TNT in the remaining database of 0.5 mglkg 

would contribute insignificantly to ILCR or HI. Therefore, it was theorized that remediation of 

the area associated with sample location PR-S14 alone may be sufficient to bring the ILCR and 

HI for residential exposure to total soil into conformity with the risk management range. 

Excluding TNT and summing the ILCR contributions for the other site-related potential 

carcinogens yields an ILCR of 8.41E-6, which is within the risk management range. Excluding 

TNT and summing the HI for the other site-related chemicals of potential concern yields an HI of 

1.05, which is within the risk management range when rounded to one significant figure. These 

calculations confirm that remediating the soil associated with sample location PR-S 14 would 

lower the cancer risk and noncancer hazard so that it would be within the risk management 

range. Therefore, the hot spot remediation of soil associated with sample location PR-S14 is 

proposed as an interim removal action for direct exposure pathways for soil at PRRWP. It is 

understood, however, that additional remedial or removal actions may be required if it is 

determined during thc: upcoming remedial investigation of groundwater that soils are a 

continuing source of groundwater contamination that pose a risk to human health. If after 

completing the removal action, the results are found to have been sufficient to remediate soils at 

this site, then the removal action would become the final remedy. 

Although site risks associated with TNT, apart from the PR-S14 hot spot, would be de minimis, a 

TNT RGO of 1 3.8 mgkg (Table 2- 1) was calculated as a health-protective criterion for 

confirmation sampling. This value, in combination with the potential effects of other 

nitroaromatic compounds present, would result in a cumulative HI of 1 and a cumulative ILCR 

of less than 1E-5. The TNT RGO was calculated using a sum-of-ratios approach as described in 
Appendix C. 

The RAO for the PRF.WP is: 

Remedial action will be taken to prevent human exposure via any exposure route 
(ingestion, inhalation, or dermal contact) to total soil containing TNT above the RGO 
of 13.8 mg/kg. 
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2.3 Area and Volume Estimates of Contaminated Media 
Identifying samples with TNT concentrations above the RGO is the first step in determining area 

and volume estimates of contaminated media. Concentration data for the media of concern at the 

PRRWP are shown in. the analytical data presented on Figure 2-1. TNT concentrations that 

exceed the RGO are shaded on the figure. Figure 2-1 includes all previous soil data collected by 

D&M and IT at the site. The lateral extent of contamination for a sample exceeding the RGO is 

estimated by assurnin,g that contamination extends from the sample to the next nearest sample 

that was below the RGO. If the distance between samples is not close enough to permit a 

reasonable estimate, the lateral extent of contamination was assumed to be approximately 10 feet 

beyond the sample in question. The actual area of contaminated soil to be addressed during the 

remedial action will be based on the results of confirmatory sampling and may differ from the 

assumptions presented in this FFS. The area of TNT contamination exceeding the RGO is 

shown in red on the shadow box figure. 

Once the area of contimination was established, the depth of TNT contamination above the RGO 

within the defined rennediation area was required to estimate the remedial volume. To determine 

depth of contamination for each sample, the top of the deepest sampling interval that has 

contamination below the RGO was used. The maximum depth of contamination used in 

calculating volume estimates was not greater than 10 feet, because this is the maximum depth 

assumed under any of'the exposure scenarios used in the human health risk assessment. 

The estimated area and volume of contaminated soil potentially requiring remediation at the 

PRRWP is shown in 'Table 2-2. The volume of contaminated soil at PRRWP that may require 

remediation is estimated to be approximately 148 cubic yards. Within this area, 2,4-DNT was 
detected in one sample at a concentration that exceeded 20 times the toxicity characteristic 

leaching procedure (TCLP) limit; and therefore, might be classified as a characteristic hazardous 

waste upon excavatio:n. Sections 2.4.1 and 2.4.2 provide a discussion of how the Resource 

Conservation and Recovery Act hazardous waste regulations impact the classification and 

ultimate disposition of excavated soil. 

2.4 Applicable or ,Relevant and Appropriate Requirements 
ARARs are defined in the EPA CERCLA guidance document (EPA, 1988) as follows: 

"App1icab:le requirements" means those cleanup standards, standards of control, and 
other substantive environmental protection requirements, criteria, or limitations 
promulgatled under federal or state law that specifically address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other circumstance at 
a CERCLA site. 
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"Relevant and appropriate requirements" means those cleanup standards, standards of 
control, and other substantive environmental protection requirements, criteria, or 
limitations promulgated under federal or state law 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. 

A requirement may fall1 into one of these categories but not both. 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. 

According to the above definitions, ARARs can be separated into three categories: chemical- 

specific, action-specilic, and location-specific. As discussed in Section 2.2, there is no chemical- 

specific ARAR for TNT. 

No location-specific ARARs were identified that need to be considered during the remediation of 
the soil at the PRRWI'. Table A-1 in Appendix A presents the location-specific ARARs that 

were considered. 

Some action-specific ARARs were identified that must be considered for this site in the case that 

excavation of contaminated soil is part of the remedial alternative. Table A-2 in Appendix A 

presents the action-specific ARARs. 

2.4.1 TCLP Limits 
In the event that contaminated soil or sediment is excavated, classification of the generated waste 

needs to be determined. Samples fiom the excavated material have to be analyzed using the 

TCLP test and the results compared to the TCLP limits to determine whether the generated waste 

exhibits the charactekistic of toxicity and should thus be considered a hazardous waste (40 Code 

of Federal Regulations [CFR] Part 261.24). Of the COC present in soil at the PRRWP, only 2,4- 

DNT is on the TCLP list, at a regulatory level of 0.13 milligrams per liter (mg/L) of extract. 
Assuming that 100 percent of 2,4-DNT will leach during the TCLP, and given that the volume of 

extract is 20 times the: volume of the sample, the 0.13 mg/L concentration in the extract translates 

to 2.6 mg/kg of 2,4-DNT in contaminated soil. Therefore, if the concentration of 2,4-DNT in the 

excavated material exceeds 2.6 mgkg, the TCLP needs to be performed to determine whether 

the waste is hazardous. 
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For the purpose of estimating the volume of soil or sediment that could be classified as 

hazardous waste on Table 2-2, chemical concentrations were compared to TCLP limits using the 

"20 times rule." 

2.4.2 Land Dispo:sal Restrictions 
Land disposal restrictions (LDR) are applicable in the event that the excavated material is a 

hazardous waste (40 CFR 268.49). For hazardous wastes, the concentrations of underlying 

hazardous constituents (UHC) must be characterized to determine if the waste will require 
treatment prior to land disposal. Typically, the concentrations of UHCs in hazardous waste must 

not exceed the universal treatment standards (UTS) for the material to be land disposed without 

treatment. However, contaminated soil is a special case under the LDRs. Alternate treatment 

standards (ATS) have: been created for contaminated soil because EPA has acknowledged that 

soil is a more difficult matrix to treat than the process wastes that the UTSs were created to 

address. The ATSs for contaminated soil allow the concentrations of UHCs to be up to 10 times 

the UTSs before treatment is required prior to land disposal. Non-metal UHCs in contaminated 

soil or sediment that exceed the ATS must be treated to achieve a 90 percent reduction in 

concentration, capped at 10 times the UTS (40 CFR 268.49). For soil contaminated with metals, 

treatment must achieve a 90 percent reduction in constituent concentrations as measured in 

leachate from the treated medium (tested according to the TCLP) or 90 percent reduction in total 

constituent concentrations (when a metal removal treatment technology is used), capped at 10 

times the UTS (40 CFR 268.49). The UTSs are identified in 40 CFR 268.48, Table UTS. 

Table 2-3 compares the MDCs of the potential UHCs at the PRRWP to the ATSs for 

contaminated soil to determine if treatment of some excavated material may be required prior to 

disposal. The MDCs of non-metals are compared directly to the ATSs on the table, and the 

MDCs of metals are c.ompared to 20 times the ATS. As shown in Table 2-3, none of the 

potential UHCs have MDCs greater than the applicable ATSs, indicating that, considering the 

existing data, treatment will not be required to comply with LDRs at PRRWP. 

The LDRs do not apply to excavated soil or sediment that is classified as nonhazardous based on 

TCLP test results. 
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3.0 Screening of Remedial Action Technologies 

3.1 Introduction 
This section discusser; the screening of the technologies and process options used to assemble the 

remedial alternatives for soil at the PRRWP. The steps involved in this screening are defined in 

Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA 
(EPA, 1988) and include: 

Identifying volumes or areas of contaminated media to which remedial actions might 
be applied, taking into account the RAO and the chemical and physical characteristics 
of the site. 

Identifying and screening technology process options to eliminate those that cannot 
be implemented at the site. 

Assembling the representative technology process options into alternatives 
representing a range of treatment and disposal combinations, as appropriate 
(Chapter 4..0). 

3.2 Identification of Soil Areas Requiring Remedial Action 
A detailed discussion of the methodology of estimating the areas and volumes of contaminated 

soil that requires remediation is provided in Section 2.3. The area of soil that requires remedial 

action is presented on Figure 2-1. The estimated area and volume of soil requiring remedial 

action is presented in Table 2-2. 

3.3 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 the RAO, their implementability, and their relative 

cost. In Chapter 4.0 the most feasible technology options will be assembled into remedial 

alternatives. 

3.3.1 Capping 

3.3. f .  I Effectiveness 
Capping was considered for this site because the contaminated medium is exclusively soil. Caps 

are placed over contaminated soils to serve as a barrier to human and ecological receptors that 



may be exposed to the surface and subsurface soils. Also, a cap constructed with 
low-permeability mat.erials would reduce the infiltration of precipitation through contaminated 

soils, thereby limiting the transport of contaminants to groundwater. Caps are effective in 

eliminating exposure to contaminated soil, although capping does not result in the destruction or 

removal of contaminants. 

3.3.1.2 Implementability 
The construction of caps over areas of contaminated soil is technically and administratively 

implementable at this site. However, caps limit future development or use of the land at 

PRRWP, including residential developments. Because the contaminated soil requiring remedial 

action is small in lateiral extent, capping is a less practical remedial option. 

3.3.1.3 Cost 
The costs associated with this option are low and involve site grading and construction of a cap 

at the one identified remedial location on the site. The operation and maintenance (O&M) costs 

are also expected to be low. 

3.3.1.4 Summary 
Capping is effective in achieving the RAO at PRRWP, but for the reasons described in Sections 

3.3.1.1 and 3.3.1.2 it iis not as effective or practical as other potential remedial options described 

later. Therefore, it will not be included in any of the remedial alternatives. 

3.3.2 Excavation 

3.3.2.1 Effectiveness 
This process could achieve the RAOs for soil by excavating the source of contamination. The 
excavation of contaminated materials would eliminate the contamination at the site, but it does 

not address the final dlisposition of the excavated material. Therefore, waste management of 

excavated materials will be required in order to meet the RAOs. 

3.3.2.2 Implementability 
Excavation of contaminated material is administratively and technically implementable at this 

site. This option involves using heavy equipment for effective removal of contaminated material 

from areas defined in Section 2.3. 
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3.3.2.3 Cost 
The overall costs associated with this option would be low to moderate. The capital costs 

associated with this option depend upon the extent of contaminated material present at the site. 

There are no O&M costs associated with this option because it is a one-time event. 

3.3.2.4 Summary 
Excavation can be eflective in achieving the RAO for soil by removing contaminated soil present 

at PRRWP. This option is feasible and will be retained for inclusion in remedial action 

alternatives in Chapter 4.0. 

3.3.3 off-Site Disposal 

3.3.3.1 Eflectivenc?ss 
Off-site disposal would be an effective option for the management of treated and/or untreated 

soil that has been excavated from the site. 

3.3.3.2 lmplementability 
This option is administratively and technically implementable at PRRWP. Nonhazardous and 

hazardous waste disposal facilities have been identified in the area. 

3.3.3.3 Cost 
The cost for off-site disposal of contaminated soil would depend on the amount of soil 

excavated, and on the cost per ton charged by the off-site landfill for disposal of the waste, which 

in turn depends on the characteristics of the waste. The cost would be moderate if the 
contaminated soil is classified as nonhazardous waste and high if the contaminated soil is 

classified as hazardous waste. 

3.3.3.4 Summary 
Off-site disposal of ccmtaminated soil is an effective and implementable process option to 

achieve The RAO for contaminated soil at PRRWP. The process is retained for further 

development of alternatives in Chapter 4.0. 
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3.3.4 Ex Situ Chemical Stabilization 

3.3.4.1 Effectiveness 
Chemical stabi1izatio:n is effective in immobilizing TNT in soil. Contaminated soil is excavated 

and then mixed with stabilizing agents in a pug mill or a mix box. A treatability study would be 

required to determine process parameters and confirm the effectiveness of the process before 

full-scale implementation. It is important to realize that stabilization does not transform or 

remove nitroaromatic compounds from the soil. It only hinders their environmental transport. 

From the perspective of a risk assessment, the exposure parameters do not change. Therefore, 

stabilization should be combined with other options like off-site disposal in a nonhazardous 

waste lanfiill or capping of the stabilized soil. In this case, off-site disposal will be more 

appropriate, because of potential hture residential land uses of the PRRWP. 

3.3.4.2 Implementability 
This process is technically and administratively implementable at this site. Equipment would be 

set up on site to mix the excavated soil with the stabilizing agents. Stabilized soil would then be 

transported off site to a nonhazardous waste landfill. 

3.3.4.3 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. 

3.3.4.4 Summary 
The feasibility of this process option warrants further development in Chapter 4.0. 

3.3.5 In Situ Chemical Oxidation 

3.3.5.1 Effectiventrss 
Chemical oxidation could achieve the RAO for soil by the application of an oxidizing chemical 

such as potassium permanganate to contaminated soil to convert TNT into less toxic reaction 

products. Because chemical oxidation has not been previously applied to the treatment of 
nitroaromatic compounds in soil, treatability tests would be necessary prior to full-scale 

implementation to evaluate the effectiveness of the oxidizing agent in achieving the cleanup 

level for TNT. A very important factor in determining the total amount of chemical oxidant 
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needed is the soil matrix demand. A high soil matrix demand would increase the cost of in situ 

oxidation. 

3.3.5.2 Implementtability 
A full-scale oxidation process could be implemented by constructing a soil berm around each 

contaminated area and applying a 2 percent potassium permanganate solution to the surface of 

the contaminated area. Providing the soil permeability is sufficiently high, the oxidant solution 

would percolate through the soil. An alternate approach would involve injecting the oxidant 

solution into the soil through a number of direct-push injection points. The treatment areas 

would be covered to protect ecological receptors from exposure to the treatment solution and 

prevent chemical washout from the treatment area due to incidental rainfall. A field test would 

be required to determine the practicality of treating soil. After the RGO is attained for TNT in 

soil, chemicals could be applied to the soil to quench the oxidation process. 

The primary barrier to the successful implementation of this in situ approach is the magnitude 

and variability of contaminant concentrations in the subsurface soil. Subsurface soil 

concentrations of TN'T range from 0.3 to 12,000 mglkg. As a result, the mass of oxidant applied 

must be gauged to the maximum concentration of contaminant in an area. For highly 

contaminated soil, numerous applications of relatively dilute oxidant solution (potassium 

permanganate) would be necessary to destroy all of the nitroaromatic contamination, or a more 

concentrated (and more costly) oxidant would be required. Due to the variability of the 

contaminant concentrations within the subsurface, it is difficult to confirm with an in situ 

remedial option that all of the localized areas of highly contaminated soil have been effectively 

treated. Attaining a uniform distribution of the oxidant within an unsaturated soil zone is also 

problematic due to the existence of preferential flow paths within the soil. 

3.3.5.3 Cost 
The cost for treating soil in situ using chemical oxidation would be moderate to high. The cost 

mainly depends on the quantity of chemical oxidant needed. The required quantity of oxidant is 

driven by the concentrations of organic contaminants in soil, cleanup levels that need to be 

achieved, and soil oxidant demand. 

3.3.5.4 Summary 
In situ chemical oxidation at PRRWP is a potentially feasible process option for attaining the 

RGO for TNT in site soil. However, because the variability and magnitude of TNT 

concentrations in subsurface soil, the relatively small volume of contaminated soil requiring 

remedial action, and the uncertainty of its ultimate effectiveness in treating nitroaromatic 
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compounds, other remedial options are more appropriate for implementation at this site. 

Therefore, this option will not be retained for inclusion in remedial action alternatives in 

Chapter 4.0. 

3.3.6 Windrow Co mposting 

3.3.6.1 Effectiveness 
Windrow composting is an effective treatment process to achieve the RAO for TNT in soil at 

PRRWP. Organic co.mpounds are biodegraded or biotransformed into less toxic products. 

Composting of explosives such as TNT and its degradation products in soil has been successfully 

demonstrated. The potential drawbacks to composting include the significant increase in the 

volume of the media treated, the high fixed costs associated with the purchase or lease of a 

temporary treatment building, and the time required to achieve the RGO. A significant 

advantage to this remedial technology is that the treated material may be suitable for placement 

back on site after treatment, which eliminates the need to manage waste materials off site. 

3.3.6.2 Implementability 
This process is technically and administratively implementable at PRRWP. It requires the 

construction of a temporary building or an overhead cover structure to prevent incident rainfall 

from saturating the compost and inhibiting aerobic biodegradation. Although the RAO can 

typically be attained within 10 to 20 days using windrow composting, the time period required 

for remediation of the: full volume of material can be considerably longer if treatment is 

performed in smaller batches. This is often done to minimize the size of the treatment building 

required. 

3.3.6.3 Cost 
The cost for compostj.ng the soil would be high. The main factors contributing to capital costs 

are the construction of a temporary treatment building and mobilization of specialized 

equipment. Unit treatment costs can be competitive for larger quantities of material; however, 

the large capital costs required are not cost effective for a small quantity such as this. 

3.3.6.4 Summary 
Composting of contaminated soil at PRRWP is a potentially feasible process option for attaining 
the RGO for TNT in site soil. However, due to relatively small volume of soil requiring 

treatment at this site, .the high setup costs to implement this remedial technology make it less 

cost-effective. Composting also requires a longer remedial time fkame in comparison to other 
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remedial technologies. Therefore, this option will not be included in any of the remedial 
alternatives in Chapter 4.0. 
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4.0 Development and Detailed Analysis of Remedial 
Alternatives 

4.1 Introduction 
The goal of this section is to introduce, assess, and communicate the relative costs and benefits 

of the remedial alternatives selected for careful consideration. Chapter 5.0 provides the 

comparison and recornmendation of a preferred alternative for PRRWP. 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 National Oil 
and Hazardous Substances Pollution Contingency Plan (NCP), Title 40 CFR, Section 300.430 

(EPA, 1990). The results of this analysis will likely be presented in an action memorandum, or 

other public information documents, following the consideration of state and federal regulatory 

and community input. 

The remedial investigation/FS guidance (EPA, 1988) provides nine evaluation criteria for 

assessing the 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 acce]?tance 
Communily acceptance. 

The first seven criteria will be evaluated in this FFS. The final two criteria will be evaluated 

through working-level discussions with state and federal regulators, as well as through the 
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solicitation of cornmiunity input from public outreach activities (i.e., publication and 

dissemination of an action memorandum or other public communication document). Once all of 

the FFS criteria have been adequately considered and a remedy pathway is selected, a 

remediation alternative will be presented in a decision document. The decision document will 

serve as the basis for implementing the remedial design and action at PRRWP. 

The following three alternatives were selected for evaluation: 

Alternative 1 - No Action 
Alternative 2 - Excavation, Ex situ Stabilization, and Off-Site Disposal 
Alternative 3 - Excavation and Off-Site Disposal. 

4.2 Alternative 1 No Action 

4.2.1 Description 
A no-action alternative is required by the NCP to be carried fonvard as a baseline for detailed 

comparison. Under this alternative, no remedial action or monitoring would be conducted for 

contaminated soil at  he site. Thus, this alternative fails to meet the RAO for soil at PRRWP. 

4.2.2 Overall Protection of Human Health and the Environment 
This alternative would not protect human health or the environment because no action would be 

taken to reduce the concentration of TNT in soil to levels within or less than the risk 

management range or to prevent current or future receptors from exposure to elevated 

concentrations of TNT. 

4.2.3 Compliance with A RA Rs 
No location-, chemical-, or action-specific ARARs were identified that need to be 
considered for this remedial alternative. 

4.2.4 Long- Term Effectiveness 
This alternative would not result in any permanent reduction of risk to human receptors at the 

site. 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 tlhe toxicity, mobility, or volume of contaminants in soil. 
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4.2.6 Short-Term Effecfiveness 
Short-term effectiveness is not an issue with this alternative because no remedial action 

would take place. 

4.2.7 Implementalbility 
There are no technical implementation issues associated with this alternative. 

4.2.8 Cost 
There is no cost impact associated with this alternative. 

4.3 Alternative 2 -- Excavation, Ex Situ Stabilization, and Off-Site Disposal 

4.3.1 Description 
Alternative 2 combines excavation, ex situ stabilization, and off-site disposal in order to achieve 

the RAO for soil at PIRRWP. The proposed approach is to excavate the hot spot area at sample 

location PR-S 14, where the concentration of TNT in soil exceeds the RGO defined in Chapter 

2.0. The total estimated volume of contaminated soil fiom PRRWP hot spot areas is 148 cubic 

yards. Once this soil is excavated, the total volume of unconsolidated material is estimated to be 

192 cubic yards (30 percent swell). The actual volume of contaminated soil to be removed will 

be based on the analytical results from confirmatory soil samples collected at the bottom and 

sides of the excavation. 

Following the excavation of the contaminated soil, representative soil samples will be analyzed 

using the TCLP test. The results of the TCLP test will determine the volume of soil that will be 
classified and managed as a characteristic hazardous waste. It has previously been determined 

that the soil does not meet any of the criteria for classification as a listed hazardous waste. To 

date, 2,4-DNT is the only chemical detected in soil at the PRRWP that is on the TCLP list. 

Excavated soil with a 2,4-DNT concentration in the TCLP extract above the regulatory level 

(0.13 mgL) would be classified as a DO30 hazardous waste. 

Section 2.4.1 summarizes the applicable regulations used to determine if the excavated soil is a 

hazardous waste. Soi.1 that passes the TCLP tests may be disposed in a nonhazardous waste 

landfill. Under this alternative, any soil classified as hazardous waste would be stabilized on site 

to achieve nonhazardous waste classification prior to land disposal in a Subtitle D industrial 

waste landfill. For cost-estimating purposes, it is assumed that the entire 148 cubic yards of 

excavated soil will require stabilization to pass the TCLP test. Previous analytical data indicates 
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that a portion of this soil may be non-hazardous because the concentration of 2,4-DNT may be 

below the TCLP limit. As a result, the actual volume of soil stabilized under this alternative may 

be different than the estimates presented in this report. 

Chemical stabilization would be used to treat the excavated soil classified as a hazardous waste. 

A stabilization treatability study would be completed after the alternative is selected in a decision 

document. The purpose of the study would be to identifjr the most cost-effective stabilization 

agents and specify the stabilization mix recipe (mass ratio of reagents to soil) for the range of 

contaminant concentrations that are anticipated based on the soil data. For cost-estimating 

purposes in this FFS, it is assumed that activated carbon and Portland cement would be used to 

stabilize the contaminated soil. The assumed mass ratios of carbon to soil and cement to soil in 

the stabilization mix we 0.02 (2 pounds carbon per 100 pounds soil) and 0.08 (8 pounds cement 

per 100 pounds soil), respectively. 

During full-scale remediation, the stabilization reagents would be mixed with the soil ex situ to 

stabilize the nitroaronnatic contaminants in soil, thereby decreasing their mobility in the 

stabilized waste matrix. An excavator would be used to mix the stabilization agents with the 

contaminated soil in a mix box. A representative sample of the stabilized soil would be collected 

for every 150 cubic yards of treated material. The samples would be tested for hazardous 

characteristics using the TCLP test. If the soil passes the TCLP test, it would be disposed of as a 

nonhazardous solid waste in an OEPA-approved, Subtitle D industrial waste landfill. If the soil 

fails the TCLP test, the soil would be reprocessed. 

It is important to realize that stabilization does not reduce the concentration, nor transform TNT 

in the soil, it only alters the physical availability of contaminants. Therefore, it is not 
recommended that stabilized soil be used as fill material. Instead, the stabilized soil should be 

disposed in a nonhazardous waste landfill. 

Excavated areas would be backfilled and compacted to grade using clean soil. The area would 

be revegetated using EL ground cover appropriate for the area. Stakeholders on the Restoration 

Advisory Board (RAE9 will be consulted prior to the selection of a ground cover for the 
impacted areas. 

4.3.2 Overall Protection of Human Health and the Environment 
Excavation of contaminated soil followed by treatment/disposal would permanently remove 

contaminated soil, thereby reducing human health risks to levels within or less than the risk 
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management range. Stabilization of the waste would reduce the potential of the contaminants to 
leach to groundwater. 

4.3.3 Compliance with ARARs 
The ARARs that need to be considered for Alternative 2 are presented in Appendix A. No 

location-specific AR4Rs (Table A-1) have been identified that need to be considered for this 

alternative. The remedial alternative would comply with all the action-specific ARARs (Table 

A-2), specifically the regulations that deal with the TCLP test and the storageldisposal of 

hazardous waste. 

4.3.4 Long- Term Effectiveness 
This alternative would result in the permanent removal of TNT in soil that currently exceeds the 

RGO. Human health risks caused by current (or future) human exposure to contaminated soil at 

the site would be reduced to within the risk management range or de minimis levels. 

4.3.5 Reduction of Toxicity, Mobility, or Volume 
Alternative 2 would permanently reduce the mobility of contaminants in soil by stabilizing TNT 
in excavated site soil. The removal of the contaminated media from an uncontrolled release area 

to a secure facility designed and constructed to manage waste materials would significantly 

reduce the potential fix the contamination to spread. Although the mass and volume of 

contaminated media remaining at the site would be reduced at the site, no net reductions in 

contaminant volume would be achieved, because the contaminants are transferred to another 
location. 

4.3.6 Shod- Term iEffectiveness 
This alternative would not pose any risk to the community or the environment during 

implementation. Measures would be taken to prevent excessive dust formation during 

excavation and stabilization activities. Remediation workers would be equipped with protective 

gear to prevent exposure. 

The estimated time to complete this alternative is 6 to 12 months. This includes writing and 

review of work plans, health and safety plans, a treatability study, mobilization, excavation of 

contaminated soil, ex situ stabilization of excavated soil classified as hazardous waste, 

confirmatory sampling, disposal of treated and nonhazardous soil, backfill, and demobilization. 
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4.3.7 lmplementarbility 
This alternative is technically and administratively implementable. No engineering or regulatory 

restrictions stand in the way of implementation. The stabilizing agents and equipment needed 

for the remedial alternative are readily available. 

4.3.8 Cost 
The detailed cost evaluations associated with the implementation of Alternative 2 at PRRWP are 

presented in Table 4-1. The estimated capital cost for Alternative 2 is $121,000. The 

contingency capital cost allowance for Alternative 2 is 10 percent as shown at the bottom of 

Table 4- 1. This contingency accounts for the uncertainty in the estimated volume of soil 

requiring remediation and an allowance for unidentified cost elements not incorporated in the 

estimate. There are no long-term O&M costs associated with this alternative. Therefore, the 

present value of this alternative is the same as its capital cost. 

4.4 Alternative 3 -- Excavation and Off-Site Treatment Disposal 

4.4.1 Description 
Alternative 3 combines excavation and off-site disposal in order to achieve the RAO for TNT in 

soil at PRRWP. Alternative 3 is similar to Alternative 2, with the exception that no on-site 

treatment will be perfbrmed. The proposed approach is to excavate the hot spot area at sample 

location PR-S14, where the concentration of TNT in soil exceeds the RGO defined in Chapter 

2.0. The total estimated volume of contaminated soil from the PRRWP is 148 cubic yards. Once 

this soil is excavated, the total volume of unconsolidated material is estimated to be 192 cubic 

yards (30 percent swell). The actual volume of contaminated soil to be removed will be based on 
the analytical results fiom confirmatory soil samples collected at the bottom and sides of the 
excavation. 

Following the excavation of the contaminated soil, representative soil samples will be analyzed 

using the TCLP test. The results of the TCLP test will determine the volume of soil that will be 

classified and manage:d as a characteristic hazardous waste. It has previously been determined 

that the soil does not meet any of the criteria for classification as a listed hazardous waste. To 
date, 2,4-DNT is the only chemical detected in soil at the PRRWP that is on the TCLP list. 

Excavated soil with a 2,4-DNT concentration in the TCLP extract above the regulatory level 
(0.13 mgk) would be classified as a DO30 hazardous waste. 
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Section 2.4.1 summarizes the applicable regulations used to determine if the excavated soil is a 

hazardous waste. So:il that passes the TCLP tests can be disposed of as a nonhazardous waste in 

a Subtitle D landfill. For cost-estimating purposes, it is assumed that the entire 148 cubic yards 

of excavated soil will be classified as a DO30 hazardous waste and sent to a Subtitle C treatment, 

storage, and disposal facility (TSDF) for treatment and disposal. Previous analytical data 

indicates that a porticm of this soil may be non-hazardous because the concentration of 2,4-DNT 

may be below the TCLP limit. As a result, the actual volume of soil managed as a hazardous 

waste under this alternative may be different than the estimates presented in this report. 

Excavated areas would be backfilled and compacted to grade using clean soil. The area would 

be revegetated using ,a ground cover appropriate for the area. Stakeholders on the RAB will be 

consulted prior to the selection of a ground cover for the impacted areas. 

4.4.2 Overall Protection of Human Health and the Environment 
Excavation of contaminated soil followed by off-site disposal would permanently remove 

contaminated soil, thcreby reducing hurnan health risks to within the risk management range or 

de minimis levels. 

4.4.3 Compliance with A RA Rs 
The ARARs that need to be considered for Alternative 3 are presented in Appendix A. No 

location-specific AFURs (Table A-1) have been identified that need to be considered for this 

alternative. The remedial alternative would comply with all the action-specific ARARs (Table 

A-2), specifically the regulations that deal with the TCLP test and the storageldisposal of 

hazardous waste. 

4.4.4 Long-Term Effectiveness 
This alternative would result in the permanent removal of TNT contamination above the RGO. 

Human health risks cimsed by current (or future) hurnan exposure to contaminated soil at the site 

would be reduced to levels within the risk management range. 

4.4.5 Reduction of Toxicity, Mobility, or Volume 
Alternative 3 would permanently reduce the mobility of TNT contamination in soil through its 

management at a Subtitle C TSDF. Moving the 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 einvironment would reduce the mobility of TNT. 
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4.4.6 Short-Term Effectiveness 
This alternative would not pose any significant risk to the community or the environment during 

implementation. Rernediation workers would be equipped with protective gear to prevent 

exposure. 

The estimated time to complete the alternative is 6 to 12 months. This includes writing and 

review of work plans, health and safety plans, mobilization, excavation and disposal of 

contaminated soil, confirmatory sampling, backfill, and demobilization. 

4.4.7 Implementaibility 
This alternative is technically and administratively implementable. No engineering or 

regulatory restrictions stand in the way of implementation. 

4.4.8 Cost 
The detailed cost evduations associated with the implementation of Alternative 3 are presented 

in Table 4-2. The estimated capital cost for Alternative 3 is $105,000. The contingency capital 

cost allowance for Alternative 3 is 10 percent as shown at the bottom of Table 4-2. This 

contingency accounts for the uncertainty in the estimated volume of soil requiring remediation 

and an allowance for unidentified cost elements not incorporated in the estimate. There are no 

long-term O&M costs associated with this alternative. Therefore, the present value of this 
alternative is the same as its capital cost. 
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5.0 Comparative Analysis of Remedial Alternatives 

This chapter provides a comparative analysis of all three alternatives developed in Chapter 4.0. 

The comparison will be based on the evaluation criteria and the overall feasibility of the 

alternatives in achieving the RAO for contaminated soil at PRRWP. A summary of this 

comparative analysis is presented in Table 5- 1. 

Alternatives 2 and 3 both protect human health and the environment by removing contaminated 

soil from the site. The removal of contaminated soil prevents exposures to TNT at 

concentrations above the risk management criteria. Soil removal also reduces the potential for 

soil contaminants to leach into groundwater. Alternative 1 does not prevent human exposures to 

contaminated soil or mitigate in any way the potential migration of soil contaminants to other 

media. Therefore, it does not protect human health and the environment. 

Alternatives 2 and 3 c.omply with all ARARs identified in Appendix A. ARARs are not 

applicable to Alternative 1 because no action would be taken. 

Alternatives 2 and 3 axe both effective and permanent actions. The residual risk at the site is 

equivalent under both altematives. Based on the available analytical data, the noncancer hazard 

and cancer risk from t:xposure to contaminants remaining in soil at the site would be within the 

risk management range or de minimis levels. The contaminated soil transported off site would be 

managed at facilities approved for this type of waste. Alternative 2 would reduce off site risk by 

stabilizing hazardous waste onsite prior to off-site disposal, thus reducing the potential for 

contaminants to leach into groundwater at the off-site disposal facility. Alternative 3 reduces off 

site risk by managing hazardous waste in a secure facility designed and permitted to handle this 

type of waste stream. No long-term controls are required under either Alternative 2 or 3. 

Conversely, the existing risk at the site is not reduced under Alternative 1. 

Alternative 2 reduces the mobility of contaminants in soil through chemical stabilization, and 
thereby satisfies the slatutory preference for treatment. Alternative 2 does not irreversibly 

destroy contaminants, but immobilizes them to prevent leaching to other media. Treatment 

residuals include 254 .tons of nonhazardous, stabilized soil that may be disposed of at a Subtitle 

D industrial waste landfill. No treatment is required under Alternative 3 to meet LDRs prior to 

disposal at a Subtitle (2 TSDF. No treatment would be performed under Alternative 1. 
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Under Alternatives 2 and 3, the community and site workers would be protected fiom potential 

hazards associated with the excavation and handling of contaminated soil through standard 

safeguards to mitigate dust exposures. The design of staging piles for excavated material would 

require safeguards to prevent the migration of contaminants via wind or stormwater runoff. 

Alternatives 2 and 3 c:ould be implemented in 6 to 12 months. There are no short-term risks to 

site workers or the community fiom Alternative 1. 

Both Alternatives 2 and 3 are easily implementable. A treatability study would be required with 

Alternative 2 to determine the type and amounts of stabilization agents required, and confirm the 

effectiveness of the process. Alternatives 1 and 3 would not require any treatability studies. 

Disposal facilities used under Alternatives 2 and 3 would require state approval. None of the 

alternatives would preclude additional remedial efforts should they be required in the future. 

The relative costs of the alternatives are presented in the table below: 

The principal uncertainty in the cost estimates involves the volume of soil contaminated above 

cleanup levels. The estimated area and volume of contaminated soil requiring treatment are 

based on the available: analytical data. In preparing the cost estimates, a number of assumptions 

were made about how far contamination extends laterally and vertically fiom points where 

contaminant concentr,3tions are known. These assumptions may result in either overestimating 
or underestimating the actual volume of soil requiring remediation. 

Based on the comparaiive analysis presented in Table 5-1, Alternative 2: Excavation, Ex Situ 

Stabilization, and Off-Site Disposal is recommended as the preferred interim alternative for the 

remediation of contaminated soil at PRRWP. It will protect human health and the environment, 

comply with all ARAIRs, and satisfl the statutory preference for treatment. 

Alternative 3: Excavation 
and Off-site Disoosal 

Alternative 1 : 
No Action 
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Table 1-1 

Summary of Total Hazard Index and Total Cancer Risk from Site-Related Chemicals of Potential Concern 
West Area Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

Groundskeeper Indoor Worker Construction Worker On-Site Resident 
Total Total Total Total Total Total Total Total 

Contaminant source iii ILCR HI ILCR HI ILCR HI ILCR 
Surface Soil 1.29E-02 7.09E-06 2.83E-04 3.85E-08 N A N A NA NA 

Total Soil N A NA NA NA 2.1 9E-01 5 .WE-07 6.1 5E-01 1.51 E-05 
Surface Water N A NA NA NA 8.92E-02 2.28E-08 4.41 E-02 4.36E-07 
Sediment N A NA NA NA 6.65E-02 2.1 4E-07 5.41 E-03 3.05E-07 

Total across all media 1.29E-02 7.09E-06 2.83E-04 3.85E-08 3.74E-01 8.21E-07 6.65E-01 1 S8E-05 

HI = Hazard index. 
ILCR = Incremental lifetime cancer risk. 
NA = Not applicable. 

KNP\PBOMRED WATER\FS\R4 FINAL\Table I-I(I).XLS(Tbl 1-1)\12/19/02(9:34 AM) 



Table 1-2 

Summary of Total Hazard Index and Total Cancer Risk from Site-Related Chemicals of Potential Concern 
Pentolite Road Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

Groundskeeper Indoor Worker Construction Worker - - - 
On-Site Resident - 

io ia i  Toiai Toiai Toiai I otai I otai I otai I otai 
Contaminant Source HI ILCR HI l LCR HI lLCR HI ILCR 
Surface Soil 6.33E-02 6.21 E-07 2.73E-02 2.82E-07 N A NA NA NA 
Total Soil NA N A N A NA 1.04E+02 1.12E-05 3.58E+02 8.50E-04 

Surface Water NA NA NA N A NA NA NA N A 
Sediment NA NA NA NA N A NA NA N A 

Total across all media 6.33E-02 6.21 E-07 2.73E-02 2.82E-07 1.04E+02 1.12E-05 3.58E+02 8.50E-04 

HI = Hazard index. 
ILCR = Incremental lifetime cancer risk. 
NA = Not applicable. 
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Table 1-3 

Terrestrial Receptors Hazard Index Summary for West Areaa 
Central Tendency and Reasonable Maximum Exposure 

Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

I I ( (invertebrate I I I 

'Details presented in ecological risk assessment spreadsheets in Appendix H of IT Corporation, 2001. Only risk drivers considered. 
bAll receptors exposed to surface soil, except burrowing shrew exposed to surface and subsurface soil via ingestion of soil and ingestion of terrestrial invertebrates, and deer 
exposed to surface and subsurface soil via ingestion of plants (e.g., tree leaves) that have translocated COPEC(s) via deep feeder roots. 

'No hazard estimated. COPEC(s) screened out due to background or low frequency of detection, or COPEC(s) toxicity values not available. 

Surface Water HI 
Risk Drivers 
Total Rece~tor HI 

(1) Central tendency and reasonable maximum exposure approach assumptions include differences in exposure point concentrations; toxicity values; interclass toxicity 
uncertainty factor; and method of calculation of site-specific soil-to-invertebrate biological accumulation factor (see IT Corporation, 2001, for details). 

(2) Red-tailed hawk not presented as screening level ecological risk assessment hazards were acceptable. 
(3) Risk drivers percentage is based on intake pathway indicated. 

COPEC - Constituent of potential concern. 
HI - Hazard index. 
PAH - Polynuclear aromatic hydrocarbon. 

0.003 - 0.3 
- 

0.009 - 0.8 

0.003 - 0.15 
- 

0.005 - 0.3 

intake) 
0.002 - 0.2 
- 

0.03 - 2.7 

0.01 - 1.0 
- 

0.01 - 1.0 

0.008 - 0.6 
- 

0.01 - 1.2 

0.003 - 0.3 
- 

0.004 - 0.3 

9 



Table 1-4 

Aquatic Receptor Hazard Index Summary for West Area a 

Central Tendency and Reasonable Maximum Exposure 
Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

7 I Aauatic Rece~tor 11 
Great Blue Heron I Raccoon 

Sediment HI 0.4 - 26 0.37 - 20 
I - - 

I 
- - - -  

I Risk Drivers 100% Iron I 100% Iron I 

a Details presented in ecological risk assessment spreadsheets in Appendix H of IT Corporation, 2001; only 
risk drivers considered. 

(Sediment intake, for RME) 
0.002 - 0.2 
- 

0.4 - 26 

(1) Central tendency (CT) and reasonable maximum exposure (RME) approach assumptions include 
differences in exposure point concentrations; toxicity values; interclass toxicity uncertainty factors; and 
method of calculation of site-specific surface water-to-fish and sediment-to-invertebrate biological 
accumulation factors (see IT Corporation, 2001, for details). 

(2) Risk driver percentage is based on intake pathway indicated. 
HI - Hazard index. 

(Sediment intake, for RME) 
0.004 - 0.3 
- 

0.4 - 21 
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Table 1-5 

Terrestrial Receptors Hazard Index Summary for Pentolite Road Areaa 
Central Tendency and Reasonable Maximum Exposure 

Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

Media 

RME) I - -  RME) 

a Details presented in ecological risk assessment spreadsheets in Appendix H of IT Corporation, 2001. Only risk drivers considered. 
All receptors exposed to surface soil, except burrowing shrew exposed to surface and subsurface soil via ingestion of soil and ingestion of terrestrial 
invertebrates, and deer exposed to surface and subsurface soil via ingestion of plants (e.g., tree leaves) that have translocated COPEC(s) via deep 
feeder roots. 
No hazard estimate due to COPEC(s) screened out due to background or low frequency of detection, or COPEC(s) toxicity values not available. 

Terrestrial Receptor 

I RME) 

Risk Drivers: 
Total Receptor HI 

Notes : 

Deer Mouse 

0.06 - 2.7 
94% 1,3-DNB 

(plant intake for 

(1) Central tendency and reasonable maximum exposure (RME) approach assumptions include differences in exposure point concentrations; toxicity 
values; interclass toxicity uncertainty factor; and method of calculation of site-specific soil- to-invertebrate biological accumulation factor (see IT 
Corporation, 2001, for details). 

(2) Red-tailed hawk note presented as screening-level ecological risk assessment hazards were acceptable. 
(3) Risk driver percentage based on intake pathway indicated. 

Surface Water HI 1 C - - - - - I - I I 
- 

0.06 - 2.7 

COPEC - Constituent of potential concern. 
DNB - Dinitrobenzene. 
HI - Hazard index. 

Cottontail 

0.07 - 3.2 
94% 1,3-DNB 

(plant intake for 

I 
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- 
0.07 - 3.2 

Shrew 
0.01 - 0.3 
- 

0.01 - 0.3 

Raccoon 

n.ng - 2.2 
94% 1,3-DNB 

(plant intake for 

Marsh Wren 

n .n~  - 0.5 
- 

Deer 

0.002 - 0.03 
- 

- 
0.01 - 0.5 

- 
0.05 - 2.2 

- 
0.002 - 0.03 



Table 2-1 

Remedial Goal Options for Total Soil 
Pentolite Road Red Water Ponds Area 

Plum Brook Ordnance Works, Sandusky, Ohio 

Notes: 
1) Receptor assumptions for exposure to contaminated media at PRRWP are presented in the 

human health risk assessment (IT Corporation, Risk Assessment and Direct-Push Investigation of 
Red Water Pond Areas, Volume 1, Report of Findings, August, 2000). 

2) No chemical-specific ARARs were identified that need to be considered in the remediation of 
contaminated soil at Red Water Ponds. 

Chemical 

Nitroaromatics 
2,4,6-Trinitrotoluene 

ARAR - Applicable or Relevant and Appropriate Requirement. 
mglkg - Milligrams per kilogram. 
NA - Not Applicable 
RGO - Remedial Goal Option 
RBRC - Risk-Based Remedial Criteria 
PRRWP - Pentolite Road Red Water Ponds. 
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Chemical 
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Maximum 
Detected 

CQRC. 

12000 

. A P A R  .. - .. . 
NA 

Roc! 

13.8 



Table 2-2 

Estimated Area and Volume of Soil Removal 
Interim Removal Action 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

Notes: 
Volume of soil classified as hazardous is soil with 2,4-dinitrotoluene 
concentration > 2.6 milligrams per kilogram (20 X rule). 
ft - Feet. 
ft2 - Square feet. 
ft3 - Cubic feet. 
yd3 - Cubic yard. 

Sample Area 
(n') 
400 

400 
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Volume of 
Hazardous Waste 

( ~ $ 1  
148 

148 

Depth 

(fi) 
10 

Volume 

(yd3) 
148 

148 



Table 2-3 

Comparison of Alternate Treatment Standards for Soil to Maximum Detected Concentrations 
Pentolite Road Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

Notes: 
a Chemicals selected for screening are the nitroaromatic compounds identified in the BHHRA as contributing significantly to 

risk (i.e., an HQ 10.1 or an ILCR LIE-6). - 
The universal treatment standards are defined in 40 CFR 268.48 Table UTS. 
The maximum detected concentration is the greater of the highest detected concentration for surface 
and subsurface soil values shown on Tables 5-10 and 5-1 1 of BHHRA. 

d if the MDC in contaminated soil (classified as a hazardous waste) exceeds the UTS, a 90% reduction in 
total concentration capped by 10 x UTS is required to prior to land disposal (40 CFR 268.48). 

ATS -Alternate Treatment Standard for contaminated soil = 10 times the UTS. 
BHHRA - Baseline human health risk assessment. 
CFR - Code of Federal Regulations. 
COC - Chemicals of concern. 
HQ - Hazard quotient. 
ILCR - Incremental lifetime cancer risk. 
MDC - Maximum detected concentration. 
mglkg - Milligrams per kilogram. 
NA - Not applicable (No UTS established). 
UTS - Universal Treatment Standard. 

man- c I 1 - d  
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Table 4-1 
Alternative 2 - Excavation, Ex-Situ Stabilization, and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 1 of 7) 

Scope: 
1. Perform bench-sale treatability study to test the effectiveness of stabilizing nitroaromatic 
compounds 

2. Generate stabilization work plan (design report), H&S plan, materials list, and procurement 
3. Mobilize equipment and personnel 
4. Excavate contaminated soil and perform confirmatory sampling 
5. Stabilize contaminated soil 
6. Dispose of treated non-hazardous soil 
7. Backfill excavated areas 
8. Demobilize equipment and personnel 

Includes: 
1. Perform bench-s1:ale treatability study to test the effectiveness of stabilizing the 
nitroaromatics and n determine stabilization amendments. Results will be used to generate the 
design work plan. 
2. Labor to generate work plan, engineering specifications, and Health and Safety Plan 
3. Procure equipment and materials 

SewicelMaterials 
Bench-Scale Study 

Contractor Labor: 
Senior Engineer (E-12) 

Task Manager (E-8) 
GE ologist (E-8) 

Project Engineer (E-6) 
Health and Safety (E-8) 

Procurement Spxialist (E-6) 
Elrafting (E-6) 

Document Repro (Draft and Final) 

Unit 
1 

40 
30 
30 
120 
40 
30 
40 
2 

Unit Cost Mark-up 
$12,000.00 lea 

$97.00 Ihr. 
$62.00 lhr. 
$62.00 Ihr. 
$50.00 Ihr. 
$62.00 Ihr. 
$56.00 Ihr. 
$50.00 Ihr. 

$1,000.00 lea 

Subtotal 
$12.000.00 

$3,880.00 
$1,860.00 
$1,860.00 
$6,000.00 
$2,480.00 
$1,680.00 
$2,000.00 
$2,000.00 

Subtotal 833.760.00 
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Table 4-1 
Alternative 2 - Excavation, Ex-Situ Stabilization, and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 2 of 7) 

Includes: 
1. Mobilize equipment and personnel 
2. Field crew consists of site superintendent, project engineer, and three technicians 

&?~ice/Mater iak Unit Unit Cost Mark-up Subtotal 
Contractor Labor: 

Senior Engineer (E-12) 8 $97.00 Ihr $776.00 
Site Superintendent (E-8) 8 $60.00 Ihr $480.00 

Field Technician (H-4) 8 $35.00 Ihr $280.00 
Field Technician (H-4) 8 $35.00 Ihr $280.00 
Field Technician (H-4) 8 $35.00 Ihr $280.00 

Equipment: 
Excavator 1 $500.00 /day 

Fronl End Loader 1 $500.00 /day 
Vihating Roller 1 $500.00 /day 

Dump Truck 3 $200.00 /day 
Water Truck 1 $200.00 /day 

Travel for contractor crew: 
Perdiem 5 $38.00 /day 
Lodging 5 $80.00 /day 

Rental Car 2 $40.00 /day 
Airfare 5 $600.00 lea 

Subtotal $8,066.00 
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Table 4-1 
Alternative 2 - Excavation, ExSitu Stabilization, and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 3 of 7) 

Includes: 
1. Excavation of soil with contaminants exceeding RGOs 
2. Collect confirmalory sampling to determine extent of excavation 
3. Staging and characterizing waste stream 
Assumptions and Calculations: 
1. Cubic yards of consolidated soil excavated = 148 
2. Swell of soil upon excavation = 1.3 
3. Cubic yards of u~iconsolidated soil = 192 
4. Excavator: hydraulic backhoe, 1 cy bucket ($/day) = 602 
5. Excavator outpui (cylday) = 600 
6. Days to excavate soil = 1 
7. Dump truck capacity (cy) = 12 
8. Dump truck haul distance (mi.) = 0.5 
9. Dump truck outp ~t (cylday) = 250 
10. No. of required dump trucks per day = 3 
11. Dump truck cost ($/day) = 486 
12. Soil sample collected for waste characterization I cy = 150 
13. No. of soil samples collected = 2 
14. Number of cont-actor field crew = 2 
15. Airfare included under mobilization 
16. Collect confirmz~tory samples from excavated area = 5 
17. Number of hot s,poi excavations = 

ServicelMaterials 
Contractor Labor: 

Site Superintendent (E-8) 
Field Technician (H-4) 

Subcontractor Labor: 
Excavator Operator 

Front End Loader Operator 
Oiler 

Dump l'ruck Drivers 
Water Truck Driver 

Equipment: 
Excavator 

Front End Loader 
Dump Truck 
Nater Truck 

Analytical: 
Excavated Soil Chaacterization 

TCLP Extraction 
TCLP - NACS (8330) 
TCLP - RCRA Metals 

TCLP - SVCCS (8270C) 
Conformatory Sampling 

NACs (8330) 
Shipping 

Travel for contractor's crew: 
Perdiem 
Lodging 

Rental Car 

Unit 

10 
10 

1 
1 
1 
3 
1 

1 
1 
3 
1 

2 
2 
2 
2 

5 
1 

2 
2 
2 

Unit Cost Mark-up 

$60.00 Ihr 
$35.00 Ihr 

$46.00 lea 
$158.00 lea 
$105.00 lea 
$240.00 lea 

$158.00 lea 
$40.00 lea 

includes FOGM 

includes FOGM 

Subtotal 

$600.00 
$350.00 

$357.00 
$346.00 
$293.00 
$813.00 
$271 .OO 

$602.00 
$270.00 

$1,458.00 
$400.00 

$92.00 
$316.00 
$21 0.00 
$480.00 

$790.00 
$29.33 

$76.00 
$160.00 
$80.00 

Subtotal $7,993.33 
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Table 4-1 
Alternative 2 ,. Excavation, Ex-Situ Stabilization, and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 4 of 7) 

1. Stabilization of hazardous soil using cement and activated carbon 
Assumptions and ~Calculations: 
1. Cubic yards of hazardous soil (consolidated) = 148 
2. Swell of soil upon excavation = 1.3 
3. Volume of unconsolidated soil requiring stabilization = 192 
4. Density of soil (tonlcy) = 1.2 
5. Tons of hazardous soil that needs to be stabilized = 231 
6. Mix ratio of carbon to soil = 0.02 
7. Mix ratio of portland cement to soil = 0.08 
8. Carbon cost ($/ton)= 2000 
9. Cement cost ($/tcin)= 120 
10. Carbon required for stabilization (tons) = 5 
11. Cement required for stabilization (tons) = 18 
12. No. of contractor field crew = 5 
13. Stabilization capacity (tonslday) = 1000 
14. Field days requisd to stabilize soil = 1 
15. Swell upon stab lization = 1.1 
16. Soil sample coll~~cted for waste characterization I cv = 150 
17. No. of soil sam~ies collected = 
18. Tons of stabilizkd soil = 

SewicelMatc!rials 
Contractor Labor: 

Site Superintendent (E-8) 
Senior Engineer (E-12) 
Field TecP nician (H-4) 
Field Technician (H-4) 
Field Technician (H-4) 

Subcontractor Labor: 
Excavator Operator 

Front End Loader Operator 
Oiler 

Water Truck Driver 

Equipment: 
Excavator 

Front End Loader 
\Mater Truck 

Mix Box 

Materials: 
Carbon 
Cement 

Analytical: 
TCLIJ Extraction 

TCLP - NACS (8330) 
TCLP - RCRA Metals 

TCLP - SVOCS (8270C) 
Shipping 

Travel for contractor's crew: 
Lodging 
Perdiem 

Rental Car 

Unit 

10 
10 
10 
10 
10 

1 
1 
1 
1 

1 
1 
1 
1 

5 
18 

2 
2 
2 
2 
1 

5 
5 
30 

Unit Cost Mark-up 

$60.00 Ihr 
$97.00 Ihr 
$35.00 Ihr 
$35.00 Ihr 
$35.00 Ihr 

$357.00 lday 
$346.00 /day 
$293.00 /day 
$271.00 /day 

$602.00 lday 
$270.00 lday 
$400.00 lday 

$5,000.00 RS 

$46.00 lea 
$158.00 lea 
$105.00 lea 
$240.00 lea 
$40.00 lea 

$80.00 lday 
$38.00 lday 
$40.00 /day 

Subtotal 

$400.00 
$190.00 

$1,200.00 
Subtotal $25,247.00 
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Table 4-1 
Alternative 2 - Excavation, Ex-Situ Stabilization, and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 5 of 7) 

Includes: 

1. Dispose of stabillzed soil at a nonhazardous waste landfill 
Assumptions and Calculations: 
1. Tons of stabilized soil = 
2. Tons of soil for nlm-haz waste landfill disposal = 
3. Non-haz waste transportation cost ($/ton) = 
4. Non-haz waste disposal costs ($/ton) = 
5. Haz waste transportation cost ($/ton) = 
6. Haz waste disposal cost ($/ton) = 
7. No. of contractor field crew = 
8. Output of front-end loader (cylday) = 
9. No. of field days = 

ServicelMaterials 
Contractor Labor: 

Site Superintendent (E-8) 
Field Technician (H-4) 

Subcontractor Latlor: 
Front End Loader Operator 

Oiler 

Equipment: 
Front End Loader 

Disposal Costs: 
Transportation (Non-Haz Waste) 
Disposal Cost (Non-Haz waste) 

Travel for contractor's crew: 
Lodging 
Perdiem 

Rental Car 

Unit 

10 
10 

1 
1 

1 

254 
254 

2 
2 
2 

Unit Cost Mark-up 

$60.00 Ihr 
$35.00 Ihr 

Subtotal 

$160.00 
$76.00 
$80.00 

Subtotal $10.111.50 
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Table 4-1 
Alternative 2 - Excavation, Ex-Situ Stabilization, and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 6 of 7) 

Includes: 
I. Backfill excavated areas with clean backfill (confirm soil is clean by sampling) 
Assumptions and Calculations: 
1. Volume of soil required for backfill (cy) = 192 
2. Cost of clean backfill soil delivered to site ($Icy) = 6 
3. Output of vibrato~y roller (cylday) = 3000 
4. Field days required to backfill soil = 1 
5. No. of contractor field crew = 2 
6. No. of confirmatory samples from backfill = 2 

ServiceIMat erials 
Contractor Labor: 

Site Superintendent (E-8) 
Field Technician (H-4) 

Subcontractor Labor: 
Front End Loader Operator 

Vibrating Roller Operator 
Oiler 

Equipment: 
Front End Loader 

Vibrating Roller 

Material: 
Backfill 

Analytical: 
RCRA Metals 

s v o c s  
Shipping 

Travel for contractor's crew: 
Lodging 
Perdiem 

Rental Car 

Unit 

10 
10 

1 
1 
1 

1 
1 

192 

2 
2 
1 

2 
2 
2 

Unit Cost Mark-up 

$60.00 Ihr 
$35.00 Ihr 

$6.00 Icy 

$105.00 lea 
$230.00 lea 
$40.00 lea 

Subtotal 

$160.00 
$76.00 
$80.00 

Subtotal $4.772.40 
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Table 4-1 
Alternative 2 - Excavation, Ex-Situ Stabilization, and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 7 of 7) 

Includes: 
1. Demobilizing equipment and field crew 
2. Airfare included under mobilization (based on round trip) 

ServicelMaterials 
Contractor's Labor: 

Senior Engineer (E-12) 
Site Superiniendent (E-8) 

Field Tecqnician (H-4) 
Field Tecinician (H-4) 
Field Tecinician (H-4) 

Equipment: 
Excavator 

Fron: End Loader 
Vibrating Roller 

Dump Truck 
Water Truck 

Travel for contraci:or's crew: 
Lodging 
Perdiem 

Rental Car 

Unit 

8 
8 
8 
8 
8 

1 
1 
1 
3 
1 

5 
5 
2 

Unit Cost Mark-up 

$97.00 Ihr 
$60.00 Ihr 
$35.00 Ihr 
$35.00 Ihr 
$35.00 Ihr 

$80.00 lday 
$38.00 /day 
$40.00 /day 

Subtotal 

$400.00 
$1 90.00 
$80.00 

Subtotal 55.066.00 

Contingency (10%) $9,502.00 
PM Multiplier (7.5%) $7,126.00 

Feelprofit (I 0%) $9,502.00 

Total Cost $1 21.000.00 
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Table 4-2 
Alternative 3 - Excavation and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 1 of 5) 

Scope: 
1. Generate excava:ion and disposal work plan (design report), H&S plan, materials list, and 
procurement 
2. Mobilize equipment and personnel 
3. Excavate contaminated soil and perform confirmatory sampling 
4. Stockpile excavaled soil and perform waste characterization sampling 
5. Dispose of nonhazardous soil at nonhazardous waste landfill 
6. Dispose of hazardous soil at hazardous waste landfill 
7. Backfill excavated areas 
8. Demobilize equipnent and personnel 

Includes: 
1. Labor to generate work plan, engineering specifications, and.Health and Safety Plan 
2. Procure equipment and materials 

SewicelMatc!rials 
Contractor Labor: 

Senior Engineer (E-12) 
Task Manager (E-8) 

Project Engineer (E-6) 
Health and Safety (E-8) 

Procurement Specialist (E-6) 
Drafting (E-6) 

Document Repro (DraR and Final) 

Unit 

30 
30 
100 
40 
30 
40 
2 

Unit Cost Mark-up 

$97.00 Ihr. 
$62.00 Ihr. 
$50.00 Ihr. 
$62.00 Ihr. 
$56.00 Ihr. 
$50.00 Ihr. 

$1,000.00 lea 

Subtotal 

$2,910.00 
$1,860.00 
$5,000.00 
$2,480.00 
$1,680.00 
$2,000.00 
$2,000.00 

Includes: 
1. Mobilize equipment and personnel 
2. Contractor field crew consists of site superintendent and 1 field technician 

Service/Mat~!rials Unit Unit Cost Mark-up 
Contractor Laboc 

Site Superintendent (E-8) 8 $60.00 Ihr 
Field Technician (H-4) 8 $35.00 Ihr 

Equipment: 
Excavator 1 $500.00 /day 

Front End Loader 1 $500.00 /day 
Vibrating Roller 1 $500.00 /day 

Oump Truck 3 $200.00 /day 
\Vater Truck 1 $200.00 /day 

Travel for contractor's crew: 
Perdiem 2 $38.00 /day 
Lodging 2 $80.00 /day 

Rental Car 2 $40.00 /day 
Airfare 2 $600.00 lea 

Subtotal 

$76.00 
$160.00 
$80.00 

$1,200.00 
Subtotal $4.576.00 
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Table 4-2 
Alternative 3 - Excavation and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 2 of 5) 

1. Excavation of soil with contaminants exceeding RGOs 
2. Collect confirmatory samples to determine extent of excavation 
3. Staging and cha~acterizing waste stream 
Assumptions and Calculations: 
1. Cubic yards of consolidated soil excavated = 148 
2. Swell of soil upon excavation = 1.3 
3. Cubic yards of unconsolidated soil = 192 
4. Excavator: hydraulic backhoe, 1 cy bucket ($/day) = 602 
5. Excavator outpui (cylday) = 600 
6. Days to excavate! soil = 1 
7. Dump truck capscity (cy) = 12 
8. Dump truck haul distance (mi.) = 0.5 
9. Dump truck outp ~t (cylday) = 250 
10. No. of required dump trucks per day = 3 
11. Dump truck cost ($/day) = 486 
12. Soil sample collected for waste characterization I c y  = 150 
13. No. of soil samples collected = 2 
14. Number of contractor field crew = 2 
15. Airfare included under mobilization 
16. Collect confirmatory samples from excavated area = 5 
17. Number of hot spot excavations = 

SewicelMaterials 
Contractor Labor: 

Site Superintendent (E-8) 
Field Tecinician (H-4) 

Subcontractor Labor: 
Excavator Operator 

Front End Loader Operator 
Oiler 

Dump Truck Drivers 
Water Truck Driver 

Equipment: 
Excavator 

Fronl End Loader 
Dump Truck 
Water Truck 

Analytical: 
Excavated Soil Characterhtion 

TCLP Extraction 
TCLP - NACS (8330) 
TCLP - RCRA Metals 

TCLP - SVOCs (8270C) 
Conformatory Sanipling 

NACs (8330) 
Shipping 

Travel for contractor's crew: 
Perdiem 
Lodging 

Rental Car 

Unit 

10 
10 

1 
1 
I 
3 
1 

1 
1 
3 
1 

Unit Cost Mark-up 

$60.00 Ihr 
$35.00 Ihr 

$357.00 /day 
$346.00 /day 
$293.00 lday 
$271.00 /day 
$271.00 /day 

$46.00 lea 
$158.00 lea 
$105.00 lea 
$240.00 lea 

$158.00 lea 
$40.00 lea 

includes FOGM 

includes FOGM 

Subtotal 

$600.00 
$350.00 

$357.00 
$346.00 
$293.00 
$813.00 
$271 .OO 

$602.00 
$270.00 

$1,458.00 
$400.00 

$92.00 
$316.00 
$210.00 
$480.00 

$790.00 
$29.33 

$76.00 
$160.00 
$80.00 

Subtotal $7,993.33 
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Table 4-2 
Alternative 3 - Excavation and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 3 of 5) 

Includes: 
1. Dispose of non-hazardous soil at a nonhazardous waste landfill 
2. Dispose of hazardous soil at a hazardous landfill 
Assumptions and Calculations: 
1. Density of soil (tclnlcy) = 1.2 
2. Cubic yards of ccmsolidated hazardous soil = 148 
3. Cubic yards of urlconsolidated hazardous soil = 192 
4. Tons of hazardous soil = 231 
5. Non-haz waste transportation cost ($/ton) = 6.25 
6. Non-haz waste disposal costs ($/ton) = 25 
7. Haz waste transportation cost ($/ton) = 30 
8. Haz waste disposal cost ($/ton) = 150 
9. No. of contractor field crew = 2 
10. Output of front-end loader (cvlday) = 550 . - 
11. No. of field days = 

ServicelMaterials 
Contractor Labor: 

Site Superintsndent (E-8) 
Field Technician (H-4) 

Subcontractor Lahor: 
Front End Loader Operator 

Oiler 

Equipment: 
Front End Loader 

Disposal Costs: 
Transportation (:Ha2 Waste) 
Disposal Cost (Haz waste) 

Travel for contractor's crew: 
Lodging 
Perdiem 

Rental Car 

Unit 

10 
10 

1 
1 

1 

231 
231 

2 
2 
2 

Unit Cost Mark-up Subtotal 

$600.00 
$350.00 

$346.00 
$293.00 

$270.00 

$6,926.40 
$34,632.00 

$160.00 
$76.00 
$80.00 

Subtotal $43,733.40 
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Table 4-2 
Al1:ernative 3 - Excavation and OffSite Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 4 of 5) 

Includes: 
1. Backfill excavated areas with clean backfill (confirm soil is clean by sampling) 
Assumptions and Calculations: 
1. Volume of soil required for backfill (cy) = 192 
2. Cost of clean backfill soil delivered to site ($Icy) = 6 
3. Output of vibratory roller (cylday) = 3000 
4. Field days required to backfill soil = 1 
5. No. of contractor field crew = 2 
6. No. of confirmatory samples from backfill = 2 

ServicelMatcrrials 
Contractor Labor: 

Site Superintendent (E-8) 
Field Technician (H4) 

Subcontractor Labor: 
Front End Loader Operator 

Vibrating Roller Operator 
Oiler 

Equipment: 
Front End Loader 

Vibrating Roller 

Material: 
Backfill 

Analytical: 
RCRA Metals 

s v o c s  
Shipping 

Travel for contractor crew: 
Lodging 
Perdiem 

Rental Car 

Unit 

10 
10 

1 
1 
1 

1 
1 

192 

2 
2 
1 

2 
2 
2 

Unit Cost Mark-up 

$6.00 Icy 

$105.00 lea 
$230.00 lea 
$40.00 lea 

Subtotal 

$160.00 
$76.00 
$80.00 

Subtotal $4.772.40 
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Table 4-2 
Alternative 3 - Excavation and Off-Site Disposal Cost Estimate 

Pentolite Road Red Water Ponds 
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 5 of 5) 

Includes: 
1. Demobilizing equipment and contractor field crew 
2. Airfare included under mobilization (based on round trip) 

SenricelMatorials 
Contractor Labor: 

Site Superintcsndent (E-8) 
Field Technician (H-4) 

Equipment: 
Excavator 

Front End Loader 
Vibrating Roller 

IDump Truck 
Water Truck 

Travel for contract'or crew: 
Lodging 
Perdiem 

Rental Car 

Unit 

8 
8 

1 
1 
1 
3 
1 

2 
2 
2 

Unit Cost Mark-up 

$60.00 Ihr 
$35.00 Ihr 

$500.00 /day 
$500.00 /day 
$500.00 lday 
$200.00 /day 
$200.00 /day 

$80.00 lday 
$38.00 /day 
$40.00 /day 

Subtotal 

$160.00 
$76.00 
$80.00 

Subtotal 53.376.00 - -... - ~ -. 

Total Capital Cost $82,381 . I3 

Contingency (10%) $8,238.00 
PM Multiplier (7.5%) $6,179.00 

Feelprofit (1 0%) $8,238.00 

Total Cost $1 05,000.00 
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Table 5-1 

Comparative Analysis of Remedial Alternatives 
Pentolite Road Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 1 of 3) 

Alternative 1 : 

11 Environmental Protection I No reduction in risk. 1 Protects the environment. I Protects the environment. 
Compliance with ARARs 

I Other Criteria and Guidance Permits exposures to soil Prevents exposures to soil ,exceeding Prevents exposures to soil exceeding 
exceeding RBRC. 1 RBRC. I RBRC. 

Chemical-Specific ARARs 
Location-Specific ARARs 
Action-Specific ARARs 

Treatment Process Used 

No action-specific ARARs. 

1 Long-Term Effectiveness and Permanence 

No chemical-specific ARARs. 
No location-specific ARARs. 

No chemical-specific ARARs. 
No location-specific ARARs. 

No chemical-specific ARARs. 
No location-specific ARARs. 

Complies with all action-specific ARARs 
identified in Table A-2. 

Risk from exposure to TNT minimized 
through excavation and off-site 
disposal. 
No long-term controls required at site. 

Magnitude of Residual Risk 

Adequacy and Reliability of Controls 

Ex-situ stabilization of TNT-contaminated 
soil with granular activated carbon and 
cement. 
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Complies with all action-specific ARARs 
identified in Table A-2. 

Reduction of Toxicity, Mobility, or Volume through Treatment 
No treatment required. 

Amount Destroyed or Treated 

Existing risk will remain. 

No controls over remaining 
contamination. No reliability. 

Risk from exposure to TNT minimized 
through excavation, stabilization, and off- 
site disposal. 
No long-term controls required at site. 

None 148 cubic yards of TNT-contaminated soil 
treated on-site. 

No treatment required. 



Table 5-1 

Comparative Analysis of Remedial Alternatives 
Pentolite Road Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 2 of 3) 

Criteria 

KN2VBOWRed WhZFS\R4\Table 5-1 rev 4.doc\12~19/02\9:45 AM 

Ease of Doing More Action if Needed 

Alternative 1 : 
No Action 

Irreversible Treatment 

Type and Quantity of Residuals 
Remaining after Treatment 

Does not inhibit future actions. 

Alternative 2: 
Excavation, Ex-Situ Stabilization, and Off- 

Site Disposal 
Alternative 3: 

Excavation and Off-Site Disposal 
None. 

Contaminated soil remains. 

Excavated soil could be sent offsite to a 
RCRA hazardous waste TSDF if 
stabilization fails. Alternative does not 
preclude additional action. 

Short-Term Effectiveness 

Alternative does not preclude additional 
action. 

Stabilization is not an irreversible 
process, but placement of stabilized 
waste in an engineered disposal cell 
minimizes the possibility that conditions 
conducive to leaching will be created. 
254 tons of stabilized soil for offsite 
disposal 

Community Protection 

Worker Protection 

Environmental Impacts 

Time Until Action is Complete 

No treatment required. 

No treatment required. 

May present future risk to 
community. 

No risk to workers 

Continued impact from existing 
conditions. 

Not applicable 
Implementability 

Normal safeguards would be required 
during transportation of waste materials 
offsite. 
Dust released during excavation and 
stabilization would require controls. 
Design of staging piles would require 
safeguards to prevent migration of 
contaminants. 
6 to 12 months 

Ability to Construct and Operate 

Normal safeguards would be required 
during transportation of waste materials 
offsite. 
Dust released during excavation would 
require controls. 
Design of staging piles would require 
safeguards to prevent migration of 
contaminants. 
6 to 12 months 

No construction or operation. Implementation of full-scale process 
contingent on results of stabilization lab 
treatability study. 

No significant issues. 



Criteria 
Ability to Monitor Effectiveness 

Ability to Obtain Approvals and 
Coordinate with Other Agencies 

Availability of Equipment, Specialists, 
and Materials 
Availability of Technologies 

Table 5-1 

Comparative Analysis of Remedial Alternatives 
Pentolite Road Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 3 of 3) 

Alternative 1 : 
No Action 

No monitoring required. 

None required 

NO& required 

None required 

~Gipment, technical specialists, and Equipment, technical specialists, and 
materials readily available materials readily available 

Alternative 2: 
Excavation, Ex-Situ Stabilization, and Off- 

Site Disposal 
Effectiveness of stabilization process 
evaluated through leaching tests. 
Confirmatory soil sampling and analysis 
would be required to verify that TNT 
contamination above RGO has been 
excavated. 
Regulatory approval of stabilized material 
acceptance testing would be required. 
OEPA approval of disposal facility would 
be required. 

Available I Available 

Alternative 3: 
Excavation and Off-Site Disposal 

Confirmatory soil sampling and analysis 
would be required to verify that TNT 
contamination above RGO has been 
excavated. 

OEPA approval of disposal facility 
would be required. 

Cost 

I I 

Present Worth Cost I None 1 $121,000 I $105,000 
State Acceptance Not acceptable To be determined To be determined 
Community Acceptance Not acceptable To be determined To be determined 

$105,000 
None 

Capital Cost 
Annual O&M Cost 

ARAR - Applicable or relevant and appropriate requirement. 
O&M - Operation and maintenance. 
OEPA - Ohio Environmental Protection Agency. 
RAO - Remedial action objective. 
RBRC - Risk-based remediation criteria. 

RCRA - Resource Conservation and Recovery Act. 
RGO - Remedial goal option. 
TNT - Trinitrotoluene. 
TSDF - Treatment, storage, and disposal facility. 

None 
None 
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$121,000 ' 

None 
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Table A-I 

Location-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds Area 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 2 of 3) 

Location 
Characteristics 

No discharge of dredged or fill material shall be 
permitted unless appropriate and practicable steps 
per 40 CFR 230.70 et seq. Have been taken which 
will minimize potential adverse impacts of the 
discharge on the aquatic ecosystem. 

Aquatic Resources (cont.) 

Cultural Resources 
Presence of 

Requirement(s) 

Location encompassing 
aquatic ecosystem as 
defined in 40 CFR 
230.3(c) 

archaeological resources 

Except as provided under Section 404(b)2 of the 
Clean Water Act, no discharge of dredged or fill 
material into an aquatic ecosystem is permitted if 
there is a practicable alternatives that would have 
less adverse impact. 

May not excavate, remove, damage, or otherwise 
alter or deface such resources unless by permit or 
exception 

Must protect any such archaeological resources if 
discovered. 

Ohio Alternatives 
Citation Applicable Comments Prerequisite(s) 

Must stop activities in the area of discovery and make 
a reasonable effort to secure and protect the objects 
discovered. 

Federal Citation 

Must consul with Indian tribe likely to be affiliated 
with the objects to determine further disposition per 
40 CFR 10.5(b) > 

Action that involves 
the discharge of 
dredged or fill 
material into waters 
of the US. including 
jurisdictional 
wetlands - 
Applicable 

40 CFR 23O.IO(a) 

40 CFR 23O.IO(d) 

Action that would 
impact - 

archaeological 
resources on public 
land - ~pplic-able 
Excavation activities 
that inadvertently 
discover 
archaeological 
resources - 
Applicable 
Excavation activities 
that inadvertently 
discover such 
resources on federal 
lands or under 
federal control - 
Applicable 
Same as above - 
Applicable 

43 CFR 7.4(a) 

40 CFR 7.5(b)(l) 

43 CFR 10.4 (9 

43 CFR 10.4(d) 

Cultural resources have not 
been discovered within PBOW. 

Cultural resources have not 
been discovered within PBOW. 

Cultural resources have not 
been discovered within PBOW. 

Cultural resources have not 
been discovered within PBOW. 
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Table A-I 

Location-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds Area 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 3 of 3) 

Location 
Characteristics 

Endangered, Threatened or Rare Species 
Areas harboring I Current conditions and potential remedial activities at 

I Cultural Resources (cont.) 

Requirement@) 

Wihin area where action 
may cause irreparable 
harm, loss, or destruction 
of significant artifacts. 

I 
Endangered spkcies 

Upon good cause shown and where necessary to 
protect human health or safety, endangered or 
threatened species may be removed, captured, or 
destroyed. 

CFR - Code of Federal Regulations. 
N A - Not applicable. 
PBOW - Plum Brook Ordnance Works. 
PRRWP - Pentolite Road Red Water Ponds. 
TNT - 2,4,6-Trinitrotoluene. 
USC - United States Code. 

Prerequisite(s) 

Must take action to recover and preserve artifacts. 

PBOW must not destroy or adversely critical habitat 

I 

Threatened and 
endangered species 
were identified at 
PBOW, but not at 
TNT Area A 

May not knowingly destroy the habitat of such wildlife 
species. 

Same as above - 
Relevant and 

Federal Citation 

Alteration of terrain 
that threatens 
significant scientific, 
prehistoric, or 
archaeological data. 

Appropriate 
Same as above - 
Relevant and 
Appropriate 

Ohio Alternatives 
Citation Applicable 

National Archaeological 
and Historical 

Presetvation Act (16 
USC Section 469); 35 

CFR Part 65 

CFR 17.21, 17.31, 
17.61, 17.71, 17.94, 50 

CFR 402. 

Comments 

2,3 No endangered wildlife species 
identified at PRRWPs. 

NA 

Remediation area will be 
revegetated with ground cover 
appropriate for the area. 

N A No endangered wildlife species 
identified at PRRWPs. 

N A 
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Cultural resources have not 
been discovered wlhin PBOW. 



Table A-2 

Action-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds ARea 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 1 of 10) 

ActionlRequirement Requirement@) Comments 

I waste (e.g., contami- 
nated PPE, equipment, 

I wastewater) 

hazardous waste 

lement 
Must determine if the waste is hazardous or if waste is 
excluded under 40 CFR 261.4; and 

Must determine if waste is listed under 40 CFR Part 
261; or 

Must characterize waste by using prescribed testing 
methods or applying generator knowledge based on 
information regarding material or processes used. If 
waste is determined to be hazardous, it must be 
managed in accordance with pertinent provisions of 
40 CFR 261 through 268. 
Must obtain a detailed chemical and physical analysis 
of a representative sample of the waste@) which at a 
minimum contains all of the information which must be 
known to treat, store. or dispose of the waste in 
accordance with 40 CFR 264 and 268. 
Must determine if the waste is restricted from land 
disposal under 40 CFR 268 et seq. by testing in 
accordance with prescribed methods or use of 
generator knowledge of waste. 
Must determine alternative land disposal restrictions 
under 40 CFR 268.49 by treating soil to 10 x UTS 
levels prior to land disposal. 

Generation of solid waste 40 CFR 3745-52-1 1 (a) 
as defined in 40 CFR 261.2 262.1 1 (a) 

40 CFR 3745-52-1 1 (c) 

Generation of RCRA 40 CFR 3745-59-07 
hazardous waste for 264.1 3(a)(1) 
storage, treatment or 
disposal - Applicable 

40 CFR 268.7 3745-59-07 

Generation of RCRA 40 CFR 268.49 
hazardous waste for 
storage, treatment or 
diS~0Sal - A ~ ~ l i c a b l e  

Remedial activities might 
generate hazardous 
waste. 

Excavated contaminated 
soil is not classified as a 
listed hazardous waste 
because there is not 
definite documentation 
regarding the dates of 

I disposal. 
2, 3 I Remedial activities might 

generate hazardous 
waste. 

Remedial activities might 
generate hazardous 
waste. 

Remedial activities might 
generate hazardous 
waste. 

generate hazardous 
waste. 
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Table A-2 

Action-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds ARea 

Plum. Brook Ordnance Works, Sandusky, Ohio 

(Page 2 of 10) 

11 Storage 
Accumulation of 
hazardous waste in 
containers (e.g. PPE, 
rags, etc.) 

A generator may accumulate hazardous waste at the 
facility provided that: 

Waste is placed in containers that comply with 
40 CFR 265.171 through 173 (Subpart 1); and 
container is marked with the words [hazardous 

waste] or; 
container may be marked with other words that 

identify the contents. 

Accumulation of RCRA 
hazardous waste on site as 
defined in 40 CFR 260.10 - 
Applicable 

Accumulation of 55 gallons 
or less of RCRA hazardous 
waste at or near any point 
of generation -Applicable 

40 CFR 
262.34(a) 

40 CFR 
262.34(~)(1) 

This applies to 
accumulation in 55-gallon 
drums at or near the point 
of generation, before the 
drum is filled. Upon filling 
the drum, it must be 
moved within 3 days to a 
designated container 
storage area. Upon a 
drum placement in the 
container storage area, if 
a temporary storage area, 
it must be disposed within 
allowed time frame. 
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ActionlRequirement 
Temporary storage of 
hazardous waste in 
containers 

Table A-2 

Action-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study . . 

Pentolite Road Red water Ponds ~ ~ e a  
Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 3 of 10) 

Requirement@) 
Except noted below, a generator may 
accumulate(store) hazardous waste on-site for 90 
days or less without a permit or without having interim 
status: 

A generator who generates greater than 100 kg 
but less than 1000 kg of hazardous waste in a 
calendar month may accumulate hazardous waste 
on-site for 180 days or less without need to meet 
long-term storage requirements (40 CFR 
262.34(d)). 
A generator who generates greater than 100 kg 

but less than 1000 kg of hazardous waste in a 
calendar month and who must transport his waste, 
or offer his waste for transportation, over a 
distance of 200 miles or more for off-site 
treatment, storage or disposal may accumulate 
hazardous waste on-site for 270 davs without 
need to meet long-term storage reqhrements (40 
CFR 262.34(d)) 
A generator who generates greater than 100 kg 
but less than 1000 kg of hazardous waste in a 
calendar month and who accumulates hazardous 
waste in quant i  less than 6000 kg or for fewer 
than 180 days (or for less than 270 days if he 
must transport his waste, or offer his waste for 
transportation, over a distance of 200 miles or 
more), is not required to meet long-term storage 
requirements (40 CFR 262.34(f)).- 

Prerequisite(s) 
A generator providing 
temporary storage pending 
off-site treatment, storage, 
and disposal. 

Federal 
Citation 

40 CFR 262.34 

Ohio 
Citation - 

3745-52-34 
Applicable Comments 

Remedial activities might 
generate hazardous 
waste. On-site storage 
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Table A-2 

Action-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds ARea 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 4 of 10) 

ActionlRequirement I Requirement@) I Prerequisite@) I Citation I Citation I Applicable 
Requirements for I Except as noted above, a generator may accumulate I Temporary storage of 40 CFR 1 374552- 1 2,3 

I I Federal 

temporary storage of 
hazardous waste in 
containers 

Ohio I Alternative 

Use and management 
3f hazardous waste in 
2ontainers 

hazardous waste on-site f i r  90 days or kss without 
the need to meet requirements for long-term storage, 
provided than: 
The waste is placed in containers and the generator 
complies with Subpart I of 40 CFR Part 265. 

I I I I 

R C ~ A  hazardous waste 
pending off-site treatment, 
storage, and disposal. 

each container. 
While being accumulated on-site, each container and 
tank is labeled or marked clearly wlh the words. 

2, 3 

[hazardous waste] and 
The generator complies with the requirements for 
owners and operators in Subpart C (Emergency 
Preparedness), and Subpart D (Contingency Plan), 
and with 268.7(a)(4) [testing and documentation for 

262,34(a)(l)(l) 

40 CFR 
262.34(a)(2) 

3745-52- 
34(a)(2) 

The date upon which each period of accumulation 
begins is clearly marked and visible for inspection on 

40 CFR 
262.34(a)(3) 

disposal] 
If container is not in good condition (e.g., severe 
rusting, structural defects) or if it begins to leak, must 

I with waste to be stored so that the abilitv of the I I I I 

40 CFR 
262.34(a)(2) 

. .. . 

40 CFR 
262.34(a)(4) 

transfer waste into container in good condition. ( containers - Applicable I 

34(a)(l)(a) 

3745-52- 
34(a)(l)(a) 

3745-52- 
34(a)(3) 

Storage of RCRA 
hazardous waste in 

I 

2,3 

2, 3 
. .  . 

3745-52- 
34(a)(4) 

Use container made or line with materials com~atible I I 40 CFR 264.172 1 3745-55-72 1 2. 3 

container is not impaired. 
Keep containers closed during storage, except to 
addlrernove waste. 

Comments 
Remedial activities might 
generate hazardous 
waste. 

2, 3 

40 CFR 264.171 

Open handle and store containers in a manner that 
will not cause containers to rupture or leak. 

Remedial activities might 
generate hazardous 

40 CFR 
264.173(a) 

waste. 
Remedial activities might 

3745-55-71 

40 CFR 
264.173(b) 

- 
generate hazardous 
waste. 
Remedial activities might 
generate hazardous 
waste. 
Remedial activities might 
generate hazardous 
waste. 

2,3 

3745-55-73(a) 

Remedial activities might 
generate hazardous 

2, 3 

3745-55-73(b) 

waste. 
Remedial activities might 

2,3 

- 
generate hazardous 
waste. 
Remedial activities might - 
generate hazardous 
waste. 
Remedial activities might 
generate hazardous 
waste. 
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Table A-2 

Design and operation of 
a RCRA container 
storage area (no free 
liquids). 

ActionSpecific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds ARea 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 5 of 10) 

Requirement&) 
Area must be sloped or otherwise designed and 
operated to drainliquid from or 
containers must be elevated or otherwise protected 
from contact with an accumulated liquid. 

Area must have a containment system designed and 
operated as follows: 

A base must underlie the containers that is free 
of cracks or gaps and is sufficiently impervious to 
contahleaks, spills and accumulated 
precipitation until the collected material is 
detected and removed. 
Base must be sloped or the containment system 
must be otherwise designed and operated to 
drain and remove liquids resulting from the leaks 
spills or precipitation, unless the containers are 
elevated or are otherwise protected from contact 
with accumulated liquids. 
Must have sufficient capacity to contain 10% of 
the volume of containers or the volume of the 
largest container, whichever is greater. 
Runoff into the system must be prevented unless 
the collection system has sufficient capacity to 
contain along with volume required for 
containers. 

L 

Prerequisite(s) 
Long-term storage of RCRA 
hazardous waste in 
containers that do not 
contain free liquids - 
Applicable 
Long-term storage of RCRA 
hazardous waste with free 
liquids -Applicable 

Federal 
Citation 
40 CFR 

40 CFR 
264.175(a) 

Ohio I Alternative I 
Citation I Applicable I Comments 

3745-55-750 1 2,3 I Remedial activities might 
generate hazardous 
waste. 
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Waste in Staging Piles 

RCRA hazardous waste 
in a NPDES treatment 
system 

Classification of local 
water bodies for 
discharge of treated 
waters. I 

Table A-2 

Action-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds ARea 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 6 of 10) 

Requirement(s) 
A staging pile must comply with the following design 
criteria: 

The staging pile must facilitate a reliable, 
effective, and protective remedy. 
The staging pile must be designed so as to 
prevent or minimize releases of hazardous 
wastes and hazardous constituents into the 
environment, and minimize or adequately control 
cross-media transfer, as necessary to protect 
human health and the environment (for example, 
through the use of liners, covers, run-offlrun-on 
controls, as appropriate). 
The staging pile must not operate for more than 
two years, except when the EPA grants an 
operating term extension under 40 CFR. 

WWUs, as defined in 260.1 0. are exempt from the 
requirements for permitting and interim status 
treatment, storage, and disposal facilities, which are 
codified in 40 CFR Parts 264 and 265. 

All applicable hazardous waste management 
standards apply to the waste prior to treatment in the 
WWTU and to any residue generated by the treatment 
of the waste. In other words, solid waste resulting 
from the treatment of a listed waste, and solid waste 
resulting from the treatment of a characteristi 
hazardous waste in an exempt wastewater treatment 
unit will remain hazardous as long as the solid waste 
continues to exhibit a characteristic as defined in 

Prerequisite(s) 
Storage of RCRA 
hazardous remediation 
waste - Relevant and 
Appropriate 

Treatment of RCRA 
hazardous wastewater. 

261.3 (3) and (d). 
Discharge quality of treated waters from the site must I Point source discharae of 

I attain the citeria for which the segment of the water treated wastewater. - 
body is classified. 

Federal 
Citation 

40 CFR 

40 CFR 
264.1 (9)(6), 

251 .l (c)(lO), 
and 

270.1 (c)(2)(v) 

Ohio 
Citation 

N A 

3745-54(g)(5) 
and 3745- 
65(c)(8) 

Alternative 
Applicable 

2.3 
Comments 

b- 

Remedial activities might 
generate hazardous 
waste. 

Contact water from 
stabilization treatment 
area may require 
treatment prior to disposal. 
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Table A-2 

Action-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds ARea 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 7 of 10) 

pollutants identified by 
the State of Ohio 
pursuant to Section 
307(a)(l) of the Federal 

II Water Pollution Control 

ActionlRequirement Prerequisite(@ 
Discharge of Toxic Concentrations of identified toxic oollutants in Ohio Point source discharae of 

restrictions (LDRs) for 
contaminated soil. 

Federal 
Citation 

N A 
waters shall not exceed the criteria indicated in this 
regulation. 

Characterization and 
cleanup of solid waste 
contaminated with 
PCBs 

treated wastewater. " 

rs (LDRs) 
Must comply with LDRs prior to placing soil that 

Ohio 
Citation 

3745-1 -07 

I 

exhibits a characteristic of hazardous waste, or 
exhibited a characteristic of hazardous waste at the 
time it was generated, into a land disposal unit. 

Prior to land disposal, contaminated soil must be 
treated accordina to the aoolicable treatment 

Alternative 
Applicable ---- 

2 

standards specikd accorbing to the Universal 
Treatment Standards specified in 40CFR268.48 
applicable to the contaminating listed hazardous 
waste andlor the applicable characteristic of 
hazardous waste if the soil is characteristic. 

Comments 

Hazardous waste - 40 CFR 
268.49 - Applicable 

Treatment standards for contaminated soils. Prior to 
land disposal, contaminated soil must be treated 
according to all standards specified in the Universal 
Treatment Standards specified in 40CFR268.48. 

40 CFR 
268.49(a) 

40 CFR 
268.49(b) 

40 CFR 
268.49(c) 

Remedial activities might 
generate soil 
contaminated by a RCRA 
hazardous waste. 
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Table A-2 

Action-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds ARea 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 8 of 10) 

ActionlRequirement Requirement(s) Prerequisite(s) Comments 

General Facility Requin 
Emissions of hazardous 
air pollutants from 
remedial operations 

Security system 

jeneral Inspections 

Jetsorial Training 

ients 
The steps necessary to indicate that the remediation Emissions of potentially Clean Air Act 
systems are in compliance with the Ohio toxic air contaminants Amendments 
Environmental Protection Agency requirements are as of 1990, 
follows: Appendix G 

Model each new or modified source of an air 
toxic using the SCREEN 3 model. 
Compare predicted I-hour concentrations 
against 1/40 of the Threshold Limit Value (TLV). 
The guidance specifically calls for evaluation 
against the time-weighted average (TWA). TLVs 
published by the American Conference of 
Governmental Industrial Hygienist (ACGIH) and 
Biological Exposure Indices; Threshold Limit 
Values and Biological Exposure Indices, ACGIH, 
1998. 
If this comparison shows that the predicted 1- 
hour concentration is greater than 1/40 of the 
TLV, further assessment is required. 
Applies to controlled or uncontrolled sources 

Must prevent the unknowing entry and minimize the I Operation of long-term 1 40 CFR 264.14 
possibility for unauthorized entry of persons or I (;go) container storage - 
livestock onto active portion of the facilitv or com~lv Relevant and A~DroDriate I . . .. . 
with provisions of 40 CFR 264.14(b) a n i  (c) I 
Must inspect facility for malfunctions and deterioration, I Operation of long-term (>90 1 40 CFR 
o~erator errors, and discharaes. often enouah to I dav) container storaae - 1 264.15la) - . , 
identify and correct any profiems. 1 ~ i e v a n t  and ~ ~ ~ G ~ r i a t e  I 
Must ensure personnel adequately trained in I Operation of long-term (>90 1 40 CFR264.16 
hazardous waste, emergency response, monitoring day) container storage - 
equipment maintenance, alarm system procedures, Relevant and Appropriate 
etc. 

3745-1 5 et. 
Seq. 

Remedial activities are not 
expected to result in the 
emission of hazardous air 
pollutants. 
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Table A-2 

Action-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds ARea 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 9 of 10) 

Preparedness and 
Prevention 

1 ActionlRequirement 1 Requirement(s) Prerequisite(s) I Citation I Citation I Applicable I Comments 

accordance with 40 CFR 264.52 
Must be at least one erneraencv coordinator on facilitv 

- 
-have a contingency plan, designed to minimize I Operation of long-term p90 1 40 CFR264.51 I 3745-51 I 2, 3 I Requirement for both 

hazards to human health and the environment from 
fires, explosions, or other unplanned sudden releases 
of hazardous waste to air, soil. or surface water in 

premises responsible for &rd';nating emergency 
- 

response measures in accordance with 40 CFR 
264.30 et seq. 
Facilities must be designed, constructed, maintained. 
and operated to prevent any unplanned release of 
hazardous waste of hazardous waste constituents into 
the environment and minimize the possibility of fire 
explosion. All facilities must be equipped with 
communication and fire suppression equipment and 
undertake additional measures as specified in 40 CFR 
264.30 et sea. 

day) container storage - 
Relevant and Appropriate 

Operation of long-term (>90 
day) container storage - 
Relevant and Appropriate 

Operation of long-term (>90 
day) container storage - 
Relevant and Appropriate 

temporary and long-term 
storage 

3745-54-30 
through 37 

Contingency plan can 
refer to PBOW site wide, 
not PRRWPs area alone 

2, 3 Requirement for both 
temporary and long-term 
storage of hazardous 
waste 

Closure of RCRA Contain 
Clean closure of RCRA 
container storage area 7 er Storage 

Must close the facilly in a manner that: 

Minimize the need for further maintenance 
Controls, minimizes or eliminates potential 
hazards to human health and the environment, 
post-closure escape of hazardous waste, 
hazardous constituents, contaminated runoff or 
hazardous waste decomposition products to 
ground or surface waters or to the atmosphere; 
and 
Complies with closure requirements of 40 CFR 
264.178 

Management of RCRA 
hazardous waste in long- 
term storage (>90 days) 
facility - Relevant and 
Appropriate 

hazardous waste (~90 
days) not anticipated 
during remedial 
operations. 

Monitoring and Extraction Wells 
Monitoring/Extraction Monitoring and extraction wells shall be constructed in Installation of EPA Region V N A No additional monitoring 
well construction accordance with EPA Region V Standard Operating groundwater monitoring SOPS wells or extraction wells 

Procedures or extraction wells 
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Table A-2 

Action-Specific Applicable or Relevant and Appropriate Requirements Feasibility Study 
Pentolite Road Red Water Ponds ARea 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 10 of 10) 

I I I Federal I Ohio I Alternative 1 
I I 

~ .~ - 

ActionlRequirement I Requirement(s) Prerequisite(s) Citation I Citation I Applicable 1 Comments 
MonitorinaIExtraction I Monitorina and extraction wells shall be abandoned in I Closure or abandonment I EPA Reaion V I I 2, 3 1 
Well ~baidonment accordan& with requirements specified in EPA 

Region V Standard Operating Procedures. 

f ransportation of Hazardous Materials and Wastes 
Transportation of I Must comply with the aenerator requirements of 40 1 Off-site transportation of 

of groundwater 
monitoring or extraction 
wells 

hazardous waste off- 
site 

SO& 

Transportation of 
hazardous waste off- 
site (continued) 

Transportation of 
hazardous material 

CFR 262.20-23 for manifesting. section 262.30 for 
packaging, Section 262.31 for labeling, Section 
262.32 for marking, Section 262.33 for placarding, 
and Section 262.40,262.41 (a) for record keeping 
requirements and Section 262.12 to obtain EPA ID 

RCRA hazarbous waste- 
Applicable 

number I 
Must comph with the reauirements of 40 CFR 263.1 1- 1 Transportation of 

A transporter who meets all applicable requirements 
of 49 CFR 171-179 and the requirements of 40 CFR 
263.1 1 and 263.31 will be deemed in compliance with 

I hazardous waste within 
United States requiring a 
manifest - ~ ~ ~ l i c a b l e  
Transportation of 
hazardous waste within 
United States requiring a 
manifest - Applicable 
Any person, who under 
contract with a department 
or agency of the federal 
government, transport [in 
commercial] or causes to 
be transported or shipped, 
a hazardous material - 

CFR - Code of Federal Regulations. 
EPA - US. Environmental Protection Agency. 
NA - Not applicable. 
NPDES - National Pollutant Discharge Elimination System. 
PBOW - Plum Brook Ordnance Works. 
PPE - Personal protective equipment. 

40 CFR 
262.1 0(h) 

40 CFR 
263.1 0(a) 

40 CFR 
263.1 0(a) 

49 CFR171.1 (c) 

PRRWP - Pentolite Road Red Water Ponds. 
SOP - Standard operating procedure. 
TNT - 2,4,6-Trinitrotoluene. 
USC - United States Code. 
M U  - Wastewater treatment unit. 

hazardous waste may be 
part of remedial 
alternative. 

3 Off-site disposal of 
hazardous waste might be 
part of remedial 

I alternative. 
3 I Off-site disposal of 

I hazardous waste might be 
part of remedial 

( alternative. 
3 I Transportation of 

hazardous waste might be 
part of remedial 
alternative. 
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Table B-I 

Volatile Organic, Semivolatile Organic, and Nitroaromatic Analytical Results in Soils 
West Area Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 3 of 3) 

KN2\PBOW\RED WATER\FS\R4 FINAL\Table B-l(l).xls(Sheetl)\12/19/02(9:52 AM) 

Sample Location: 
Sample No: 

Sample Date: 
Depth (ft): 

Parameter IUnits 
Volatile Organic Compounds 
Acetone I I I 

WARWP-DP18 
8800 

25-Jun-98 
8-1 0 

Result I VQ 

WARWP-DP20 
8870 

24-Jun-98 
4-6 

Result I VQ 











Table 8-2 

Summary of Detected Inorganic Compounds and Soil Moisture Content 
West Area Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 5 of 10) 

r Mdsturxontent 
% moisture 1 % 1 27.81 1 16.41 1 21.71 1 14.21 1 16.71 I I 
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Table 8-2 

Summary of Detected Inorganic Compounds and Soil Moisture Content 
West Area Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 7 of 10) 
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Table B-2 

Summary of Detected Inorganic Compounds and Soil Moisture Content 
West Area Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 

(Page 8 of 10) 
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Summary of Detected Inorganic Compounds and Soil Moisture Content 
West Area Red Water Ponds 

Plum Brook Ordnance Works, Sandusky, Ohio 
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APPENDIX C 

SUM-OF-RATIOS METHOD FOR CALCULATING A REMEDIAL GOAL 
OPTION FOR TNT 
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Appendix C 

Sum-of-Ratios Method for Calculating a 
Remedial Goal Option for TNT 

Pentolite Road Red Water Ponds 

TNT was detected at concentrations up to 12,000 mgkg in the area immediately 

surrounding sampling location PR-S 14 at the Pentolite Road Red Water Pond (PRRWP). 

Section 2.2 of the Focused Feasibility Study (FFS) proposes remediating this area as a 

"hot spot". This remediation wc~uld be conducted so that residual risks associated with 

exposure to soils are within the risk management range (incremental lifetime cancer risk 

[ILCR] of 1E-6 to 1E-5; hazard index [HI]=l), based on residential land use. The 

maximum detected concentration (MDC) of TNT at PRRWP outside of the PR-S 14 

sampling location is 0.5 mglkg. Based on residential land use, the site-specific ILCR for 

TNT at 0.5 mgkg in soil is 4E-8, and the hazard quotient (HQ) associated with a TNT 
concentration of 0.5 mg/kg in soil is 0.01; these values represent de minimis levels (i.e., 

ILCRdE-6; HI or HQ-4). 

Although residual risks associated with exposure to TNT outside of the PR-S14 hot spot 

are de minimis, a risk-based remedial goal option (RGO) for TNT was calculated for use 

during confirmation sampling. ,A TNT RGO of 13.8 mglkg, based on residential land 

use, was calculated using a sum-of-ratios approach as requested by the USACE HTRW 

Center of Expertise risk assessor (see attached FFS Responses to Comments, A. Meyer 

Comment No. 4). The derivation of this RGO is explained below. 

Methodology 
A sum-of-ratios approach to calculating RGOs addresses the relative contributions to risk 
of the various site-related chemicals. This method is typically applied where the risks 

associated with site-related chemicals exceed the risk management range. For example, 

if COPCs have a combined HI of 5.0 in a single medium, a noncancer RGO for each 

chemical may be calculated by the following equation: 

RGO, = C:, x (Target HIMI,) Eq. C-1 

where: 

RGO, = Site-specific remedial goal option for chemical "a" 
(mglkg for soil) 
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Ca = Concentration of chemical "a" in site medium (mgkg 
for soil) 

Target HI = The HI value targeted for overall risks (usually 1, as 
in the case of Plum Brook) 

HI, = The HI calculated for the medium based on site- 
specific risks (in this example = 5.0) 

The resulting RGO in this case would be the original concentration of chemical "a" 

multiplied by 0.2 (i.e., 115.0). The resultant values can be adjusted for chemicals that 

exhibit both cancer and noncancer health effects, chemicals that contribute only 
minimally to risk, or other pertinent concerns as deemed necessary by the project team. 

A similar equation can be used for calculating RGOs for carcinogens: 

RGOa = (2, x (Target ILCR/ILCRm) Eq. C-2 

where: 

RGO, = Site-specific remedial goal option for chemical "a" 
(mglkg for soil) 

c, = Concentration of chemical "a" in site medium (mglkg 
for soil) 

Target ILCR = The ILCR value targeted for overall risks (1E-5 for 
Plum Brook) 

ILCR, = The ILCR calculated for the medium based on site- 
specific risks 

Application of Sum-of-Ratios Method to PRRWP 
As mentioned, an RGO for TNT is being derived for confirmation sampling to help 

determine when remediation has sufficiently reduced the risks at the PR-S14 hot spot. 

Because TNT exhibits both noncancer and cancer effects, both noncancer and cancer 

RGOs were derived for TNT. The typical use of Equations C-1 and C-2 (described 

above) do not directly apply at PRRWP because it is already known that once the PR-S 14 

hot spot is suEciently remediated, the residual site risks will not exceed the risk 
management ranges. The application of the sum-of-ratios approach to TNT in RPRWP 

total soil is described in the following subsections. 

Noncancer RGO. Because other nitroaromatic chemicals of potential concern for 

(COPC), whose noncancer effects are additive with those of TNT, are present in the 

PRRWP total soil, the first step in calculating a noncancer RGO for TNT is to determine 

the HI for the other nitroaromatics in total soil. Then, this HI is subtracted from a target 
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HI of 1 to determine the portion. of hazard that TNT in total soil can contribute without 

the HI exceeding a value of 1 as depicted in the equation below: 

where: 

HQRJT-~GO = Potential HQ for TNT RGO 
Target HI = HI value targeted for overall risks (equals 1) 
HIother nims = HI calculated for other nitroaromatic COPCs. 

As can be calculated from Table 5-53 of the Red Water Ponds baseline human health risk 

assessment (BHHRA) (IT, 2000), the HI for the other nitroaromatic COPCs is 1.05. This 

value exceeds 1, so the resultant HITNT-RGO would be negative, or 0, if the HI for other 

nitroaromatics fiom the B H H M  is rounded to one significant figure. Therefore, based 

on the BHHRA HI results and a target HI of 1, no RGO can be calculated for TNT. (It is 

noted that an HI value is typically rounded to one figure. This means that, theoretically, a 

target HI of up to 1.49 could be used in the above equation without exceeding the risk 

management HI criterion of 1 [resulting in an HITNT-RGO of 0.441. However, this alternate 

target HI value [e.g., 1.491 was not used to calculate an RGO for TNT in PRRWP total 

soil.) 

The BHHRA was performed on the full set of analytical results for samples collected 

fiom the PRRWP, including the PR-S 14 hot spot area. Because this area is to be 

remediated, it is more appropriate to recalculate the HI values for the nitroaromatics 

excluding the PR-S 14 hot spot samples. Although this hot spot area has particularly high 
TNT concentrations, it also has relatively high concentrations of other nitroaromatics, 
including the MDC of 4-amino-%,6-dinitrotoluene (4-ADNT) in PRRWP soil. 

The HQ of a COPC in soil is linearly related to soil concentration. Therefore, a revised 

HQ (i.e., minus the hot spot contribution) for a given COPC can be calculated by first 

dividing the revised exposure point concentration (EPC) by the EPC used in the BHHRA, 

and then multiplying this quotient by the BHHRA HQ value for that COPC as shown in 

the equation below: 
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where: 

HQm = Revised HQ based on PR-S 14 hot spot removal 
EPCEV = Revised EPC based on PR-S 14 hot spot removal 
EPCBHHRA = Original EPC from the BHHRA (includes PR-S 14 hot 

spot) 
HQB- = Original HQ from the BHHRA (includes PR-S 14 hot 

spot). 

The revised HQ values and the summed HI are provided in the following table. These 

are calculated using the above equation and EPC and HQ values from the BHHRA. The 

revised EPC values (i.e., excluding all analytical results fiom the PR-S14 hot spot) were 

calculated using the approach described in the BHHRA. 

1 Based on Residential Ex~osure to Chemicals in Total Soil 
r ~bnds,  Pentolite Road 

Original HQ I Revised EPC 1 Revised HQ 
from BHHRA (excludes Hot (excludes Hot 
(includes Hot Spot) spot) 

Spot) (mg/kg) 

a The value of 2.7 mgkg is the only detection of 4ADNT in 50 surface soil used in the BHHRA; 4ADNT was not 
detected in any of the other 49 PRRWP surface soil samples (at a reporting limit of 0.25 mglkg). Therefore, it was 
judged that the revised subsurface soil EPC is a more appropriate value to use as a basis for RGO calculations. 

The potential HI for the RGO calculation can now be calculated for TNT by applying the 

revised HI of 0.59 (fiom the above table) into equation C-3 as shown below: 

The noncancer RGO for TNT can now be calculated using the HQTNT-R~O of 0.41 and 

Equation C-5 below, which is an, adaptation of Equation C-1 specific to TNT as a single 

COC and a defined HQ of 0.4 1 : 
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where: 

R G O T ~ ~  = RGO for TNT (mgkg) 
CTNT-BHHRA = Concentration of TNT used in the BHHRA (12,000 

m g k )  
HQTNT-RG~ = Potential HQ for TNT RGO (0.41) 
H Q T N T - ~ ~  = HQ of TNT in the BHHRA (357) 

therefore: 

The calculated RGO of 13.8 mgkg is protective of human health at PRRWP based on a 

cumulative HI of 1 for all nitroaromatic COPC. 

Cancer RGO. In addition to 1NT, two other total soil nitroaromatic COPCs, 2,4- and 

2,6-dinitrotoluene (DNT), are carcinogenic. The cancer effects of 2,4-DNT and 2,6-DNT 

are regarded as additive with those of TNT. The first step in calculating a cancer RGO 

for TNT is to determine the ILCR for the other nitroaromatics in total soil. Then, this 

ILCR is subtracted from a targel; ILCR of 1 E-5 to determine the portion of cancer risk 

that TNT in total soil can contribute without the ILCR exceeding a value of 1E-5 as 

depicted in the equation below: 

where: 

= Potential ILCR for TNT RGO 
Target ILCR = ILCR targeted for overall cancer risks (equals 1 E-5) 
ILC&&, ,iuo, = ILCR value calculated for other nitroaromatic COPCs 

(summed risks of 2,4- and 2,6-DNT). 

As can be calculated from Table 5-52 of the BHHRA, the summed ILCR value for 2,4- 

and 2,6-DNT is 8.41E-6. This can be inserted into Equation C-6 to derive a potential 

ILCR for the TNT cancer RGO of 1.59E-6 (i.e., 1E-5 - 8.41E-6). 

The cancer RGO for TNT can now be calculated using the ILCRmT-RGO of 1.59E-6 and 

Equation C-7 below, which is an adaptation of Equation C-2 specific to TNT as a single 

COC and a defined ILCR of 1.59E-6: 
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where: 

RGOTN~ := RGO for TNT (mgkg) 
CTNT-BHHRA := Concentration of TNT used in the BHHRA (12,000 

m g w  
ILCRTNT-R~~ := Potential ILCR for TNT RGO (1 S9E-6) 
I L C R T N T - ~ ~ H ~ A  := ILCR of TNT in the BHHRA (8.42E-4) 

therefore: 

The calculated RGO of 22.7 mgkg is protective of human health at PRRWP based on a 

cumulative ILCR of 1E-5 for all site-related carcinogenic COPCs. It is noted that the 

ILCR for other nitros (ILCkh,, nimJ used in Equation C-6 is based on the complete data 

set for 2,4-DNT and 2,6-DNT, including the PR-S 14 hot spot area. If soil samples from 

the hot spot area were removed and the ILCR values for 2,4-DNT and 2,6-DNT were 

recalculated, the summed DNT ILCR would be lower, resulting in a higher potential 

ILCR for the TNT RGO ( I L C R ~ N T - ~ ~ ~ )  and a correspondingly higher RGO. These 

recalculations were not performed because both the value calculated based on the 

complete data set and the revised cancer RGO that would be calculated based on the data 
excluding the hot spot area would be greater than the noncancer RGO of 13.8 mg/kg. 

Conclusion 
Cancer and noncancer RGO values were calculated for TNT at the PRRWP based on site- 

specific conditions and assumed residential land use. The noncancer RGO of 13.8 is 

lower than the cancer RGO (22.7 mglkg), and is thus protective for both cancer and 
noncancer effects. Therefore, the noncancer RGO of 13.8 mg/kg is selected as the RGO 
to guide remediation and the interpretation of confirmation sampling results. 
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Response To Comments 
U.S. Army Corps Of Engineers (HTRW-CTX) 

Draft-Final Red Water Pond Areas 
Focused Feasibility Study For Soil 

Former Plum Brook Ordnance Works, Sandusky, Ohio 
December 2002 

Reference: Comment receivedfiom Charles G. Coyle, USACE HTR W Center of Expertise 

Comment 1: p. 1-1,1.2 The text states that the PBOW site was built in '41 as a 
manufacturing plant for TNT, DNT, and pentolite. As the document stands, 
there could be a perception that the potential for pentaerythritol tetranitrate 
( P E W  contamination is being ignored. Per my discussion with Doug 
Mullendore, production and handling of pentolite occurred near the area of 
the NASA research reactor, and apparently not in the Red Water Ponds 
Area. Recommend that the report be revised to speci@ the location(s) where 
production and handling of pentolite occurred, and to explain why no further 
assessment of PETN (as a contaminant) was performed for the Red Water 
Ponds Area. 

Response 1: An additional paragraph will be added to section 1.2 related to PETN production 
and decontamination and decommissioning activities. 

Reference: CommentsJLom Sam Bass, USACE HTR W Center of Expertise 

Comment 1: Page 4-4, Section 4.3.1, first complete paragraph on page. This alternative 
assumes a successful treatability study. It is unclear when the treatability 
study would be performed; whether it would be before or after selection of 
the alternative and preparation of a ROD. This opens the question as to what 
happens if the treatability study is unsuccessful for whatever reason (poor 
distribution of stabilizing agents due to high-clay-content soils, etc.). The text 
should clarify when the treatability study will be performed, and what 
approach will be taken if the study shows stabilization to be unsuccessful or 
more involved that assumed when choosing the remedial alternative (which 
may result in cost overruns that make Alternative 3 more attractive). 

Response 1: The treatability study would be performed after the technology is selected in a 
decision document, such as an action memorandum. It is expected that chemical 
stabilization will be an effective remedial approach for contaminated soil based on 
past experience with the technology. This technology is in the process of being 
implemented as the selected removal action for nitroaromatic-contaminated soil at 
TNT Manufacturing Area B at PBOW. The first firll paragraph on page 4-1 will 
be replaced with the following text: 

"Chemical stabilization would be used to treat the excavated soil classified as 
a hazardous waste. A stabilization treatability study would be completed after 



the alternative is selected in a decision document. The purpose of the study 
would be to identz3 the most cost-efective stabilization agents and specz5 the 
stabilization mix recipe (mass ratio of reagents to soil) for the range of 
contaminant concentrations that are anticipated based on the soil data. For 
cost-estimatingpurposes in this FFS, it is assumed that activated carbon and 
Portland cement would be used to stabilize the contaminated soil. The 
assumed mass ratios of carbon to soil and cement to soil in the stabilization 
mix are 0.02 (2 pounds carbon per 100 pounds soil) and 0.08 (8 pounds 
cement per 100 pounds soil), respectively. 

DuringJirll-scale remediation, the stabilization reagents would be mixed with 
the soil ex situ to stabilize the nitroaromatic contaminants in soil, thereby 
decreasing their mobility in the stabilized waste matrix. An excavator would 
be used to mix the stabilization agents with the contaminated soil in a mix 
box. A representative sample of the stabilized soil would be collected for 
every 150 cubic yards of treated material. The samples would be tested for 
hazardous characteristics using the TCLP test. I f  the soil tests nonhazardous, 
it would be disposed of as a nonhazardous waste in an OEPA-approved, 
Subtitle D industrial waste landfill. Ifthe soil fails the TCLP test, the soil 
would be reprocessed. " 

Comment 2: Table 4-2. Verify that a water truck is not needed in this alternative. I'm 
assuming the water truck shown in Table 4-1 is also used for dust control 
measures in addition to any makeup water for stabilization. Dust control 
would also be required for Alternative 3, thus a water truck is probably 
appropriate in the cost estimate. 

Response 2: A cost element for the water truck will be added to Alternative 3 in Table 4-2. 

Comment 3: Table 5-1, Alternative 2, Amount Destroyed or Treated Criteria. I don't 
recall seeing any discussion about lead-contaminated soil at this site. Please 
delete reference to lead. 

Response 3: The reference to lead will be deleted h m  the table. 



Internal Comments and Responses 
Preliminary Final Focused Feasibility Study for Soil 

Red Water Pond Areas 
Former Plum Brook Ordnance Works, Sandusky, Ohio 

December 2002 

Comments *om Tom Siard, Shaw Environmental and Infi.astructure (Shaw E&I): 

Comment 1: 

Response 1: 

Comment 2: 

Response 2: 

Executive Summary, Page ES-3, first paragraph. I suggest that the 3rd 
paragraph be replaced with the following text: 

"Alternatives 2 and 3 both protect human health by removing 
contaminated soil from the site and preventing exposures to TNT at 
concentrations exceeding the risk management range. Soil removal also 
reduces the potential for soil contaminants to leach into groundwater. 
Alternative 1 does not prevent human exposures to contaminated soil or 
mitigate in any way the potential migration of soil contaminants to other 
media. Therefore, it does not protect human health. Because the BERA 
concluded that PRRWP environmental media do not present increased 
potential for adverse ecological effects, all three alternatives are considered 
sufficiently protective of the environment." 

The paragraph was reworded as suggested. 

Table 5-1. Under "Overall Protectiveness", please replace the text with the 
following: 

Human Health Protection, Alternative 1 - "Does not meet the RAO; does 
not protect human health." 
Human Health Protection, Alternatives 2 and 3 - "Meets the RAO; 
protects human health". 
Environmental Protection, Alternative l,2,and 3 - bbNo RAO necessary; 
protects the environment." 

The table entries were replaced with the suggested text. 

Comments @om Mike Gunderson, MacTech: 

Comment 1: Figure 1-2. In the information inserted into Section 1.2 to address a 
reviewer's comment, you discuss the TNT Areas and the PETN area. I 
would suggest that Figure 1-2 be revised to show all the areas that are 
discussed in this new insert. Since the TNT areas and PETN area are not 
the focus of this investigation, I would recommend using a gray scale so not 
to make the figure too busy. 

Response 1: The figure was modified as suggested. 



CommentsJFom David Kessler, Shaw E&k 

Comment 1: Make sure editing performs global search adding hyphen between words 
off and site, where necessary. 

Response 1: The text has been edited as suggested. 

Comment 2: Executive Summary, page ES-1,3rd paragraph, 6th sentence. Combine 
information for sample locations of surface waterlsediment of WARWP 
and PRRWP in 6th sentence. Locations of surface water and sediment for 
each area should be in parentheses behind the AOC. 

Response 2: The text was modified as suggested. 

Commentsfrom Mark Weisberg, Shaw E&I: 

Comment 1: When the report says an Alternative would be protective of human health 
and the environment, it is a little misleading, as we say ecological risks are 
acceptable and no eco RGOs are developed. 

Response 1: Please see response to Comment 1 from Tom Siard. 

CommentsJi.om Steve Downey, Shaw E&I: 

No comments. 

Comments@om Tarek Ladaa, Shaw E&I: 

No comments. 

CommentsJFom Mary Hall, Shaw E&I: 

Comment 1: See suggested editorial changes in redlinelstrikeout text. 

Response 1: Suggested changes have been incorporated. 
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