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H.1 .O INTRODUCTION 

The Comprehensive Response Action Risk Evaluation (CRARE) estimates the human-health risks 
associated with the Fernald Environmental Management Project (FEMP) site after all remedial actions 
have been completed. The CRARE calculates the site-related risk to individuals from the combined 
sources of the FEMP's five operable units. 

As defined in the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), the Superfund program was designed to protect human health and the environment from 
current and potential threats posed by uncontrolled hazardous substance releases. CERCLA requires 
that the actions selected to remedy hazardous waste sites meet these criteria. Further, when a 
remedial action results in residual contamination at a site, reviews must be planned and conducted to 
assure that human health and environment continue to be protected in the future. These objectives are 
defined in the U.S. Environmental Protection Agency's (EPA) Risk Assessment Guidance for 
Superfund (RAGS, EPA 19898). 

Specific guidance on implementation is provided in the National Oil and Hazardous Pollutants 
Contingency Plan (NCP), which sets the cleanup criteria for Superfund response actions. That is, the 
risk to a receptor who is subject to the "reasonable maximum exposure" (RME) generally must not 
exceed an incremental lifetime cancer risk (ILCR) of lo6 to 10-4 or a hazard index (HI) of 1. This 
CRARE was designed specifically to address these requirements. 

In accordance with the 1991 Amended Consent Agreement between the U.S. Department of Energy 
(DOE) and the EPA, a CRARE will be submitted with the feasibility study (FS) report for each 
operable unit. This appendix is the CRARE for the Operable Unit 5 FS report. 

The objective of the C U R E  process is to provide a framework for developing the risk information 
necessary to assist decision-making at remedial sites. Specific objectives of the process are to: 

Provide a basis for determining residual concentrations of contaminants that can remain on 
site and whether these levels adequately protect public health 

Provide a consistent process for evaluating and documenting potential public health threats 
associated with the site 
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To achieve these objectives, the CRARE process was established to provide risk-related information 
from a site-wide perspective to decision makers and stakeholders who review the effectiveness of 
individual operable unit proposed remedial actions. 

i 
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This CRARE first assessed the risks that could reasonably be attributed to the remediated FEMP site 
by examining a range of hypothetical on-property and off-property receptors. This was done 
following the EPA risk assessment guidance and methodology in RAGS (EPA 1989g) and using site- 
specific data to predict contaminant concentrations in site media following remedial action. The 
predicted risk levels for these receptors were further analyzed in light of FEMP operational history as 
well as the natural occurrence of the constituents of concern in the environment (Le., background 
levels). The analysis provides three to account for background concentrations 
of contaminants and their resultant risks. Coupled with an extensive uncertainty analysis, these 
comparisons provide valuable data to regulatory agencies and the public in the assessment of potential 
site-related health risks. 
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H. 1.1 OVERVIEW OF CRARE PROCESS 
The primary objective of the CRARE is to estimate, from a site-wide perspective, the risk posed by 
the FEMP site after all operable unit remedial activities have been completed. The CRARE assesses 
predicted FEMP site conditions up to lo00 years after remediation. Risks were assessed assuming 
implementation of the remedial alternatives proposed for each operable unit. This CRARE uses the 
preferred remedial alternatives (PRAs) for Operable Units 1, 2 and 4, and the representative remedial 
alternative for Operable Unit 5, which were selected as a result of the comparative analysis of 
alternatives in their respective FS reports. For Operable Unit 3, whose FS is not yet complete, the 
leading remedial alternative (LRA) from the Site-Wide Characterization Report (SWCR, DOE 19930 
was used. When the Operable Unit 3 FS is complete, the original LRA will be updated as necessary 
for consistency with proposed plans. As noted in the SWCR, "the LRA does not represent the 
pre-selection of the remedy and will be used solely for the purpose of estimating and evaluating the 
risks presented by the entire site." 

Section 4.0 of this FS report presents the initial screening of remedial alternatives evaluated for 
Operable Unit 5. Seven alternatives were retained after the initial screening (Section 4.5) and were 
further analyzed against the nine criteria outlined in the NCP (Section 5.2). This CRARE focuses on 
postremedial site conditions as determined by the Operable Unit 5 representative remedial alternative 
(defined in Section 5.0 of this FS report) in conjunction with the adopted site-wide remedy (see 
Section H.2.0 of this appendix). 

The representative remedial alternative for Operable Unit 5 is Alternative 3A, Case 7, which defines 
the postremedial FEMP land use as an undeveloped park. Target receptors were selected which 
represent the RME individuals for this scenario. These receptors include the on-property 
undeveloped-park user, the off-property resident farm adult, and the off-property resident farm child. 
In addition, eight reference receptors were chosen as points of comparison under a hypothetical loss 
of institutional controls. 

Based on the results of the Operable Unit 5 RI baseline risk assessment (DOE 1995d), preliminary 
remedial goals (PRGs) were developed for each of these target receptors. Appendix C of this FS 
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report provides a detailed discussion of the PRG development process. These PRGs were further 
evaluated considering appropriate, relevant, and applicable requirements (ARARs) and cross-media 
impacts. Preliminary remediation levels (PRLs) were developed based on the modified PRGs and 
with consideration of media-specific background concentrations and analytical detection limits. These 
PRLs serve as the starting point for the CRARE risk projections. 

EPA’s comments on previous versions of the CRARE have been addressed in this submission. EPA 
comments were received on the following dates for the indicated operable unit draft CRAREs: 

0 Operable Unit 4, December 1993 
0 Operable Unit 4, February 1994 
0 Operable Unit 1 and 2, June 1994 
0 Operable Unit 2, October 1994 

H. 1.2 
This CRARE is organized as follows for the step-wise progression of detailed information: 

ORGANIZATION OF THE OPERABLE UNIT 5 CRARE 

H. 1 .O Introduction: 

This section describes the CRARE and the CRARE process. 

H.2.0 Adopted Site-Wide Remedy and Postremedial Site Conditions: 

This section describes the adopted site-wide remedy and site conditions after all five 
operable unit remedial actions have been implemented. These conditions are the basis for 
this CRARE. Additionally, assumptions used to estimate site-wide risk based on the future 
postremedial conditions are presented. 

0 H.3.0 CRARE Fate and Transport Modeling: 

This section summarizes the methodology used to quantitatively predict estimates of 
contaminant concentrations due to migration of contaminants in the media at the FEMP. It 
includes discussions of: 1) the fate and transport models used, 2) the technical approach 
that determines the appropriate model for each potential exposure assessment, and 3) 
modeling results. 

0 H.4.0 Risk Characterization: 

Risk characterization is the final step in determining risk and involves combining the 
information developed in the toxicity and exposure assessments. This information is integrated 
and presented as qualitative and quantitative estimates of incremental human- health risk. 

H.5.0 Uncertainty Analysis: 

This section presents the analysis of the methods used in the CRARE to determine if risks have 
been under- or overestimated. 
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H.6.0  Summary and Analysis of Findings: 

A summary of the incremental risk to each receptor is presented for the site-wide postremedial 
conditions. The risk results for the three target receptors are compared to the results for eight 
reference receptors postulated under a hypothetical loss of institutional controls. 

H.7.0  References: 

Literature references cited are identified in this section. 

* Attachments: 

Attachments H.1 and H.11 present the approach, assumptions, and methods used in predicting 
the migration and concentrations of residual contaminants in water and air, respectively. 

Attachment H.111 details the calculations of exposure and intake of constituents of concern by 
receptor and by pathway. 

138 
140 

In Attachment H.IV, three sets of risk calculations are presented to provide decision-makers 
with necessary information in making sound decisions on true site-induced health risks. Each 
set of calculations represents a different assumption regarding background contamination. The 
attachment describes the principles and methods employed in the CRARE risk calculations. 
Complete calculation worksheets for each receptor are provided. 

149 Attachment H.V.  estimates the risk impact of taking radioactive decay into account, using the 
radioactive contaminants found at the site. 
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H.2.0 ADOF'TED SITEWIDE REMEDY AND POSTREMEDIAL SITE CONDITIONS 

This section provides a general description of the site-wide conditions that are assumed to exist after 
completion of the preferred, leading or representative remedial alternative for each operable unit. 
These final site-wide conditions provide the basis for development of source terms used in the 
modeling of exposure-point contaminant concentrations for this CRARE. Because Operable Unit 5 is 
the last operable unit to implement its remedial actions, the Operable Unit 5 PRLs will dictate tinal 
site-wide conditions. A site-wide remedy was therefore adopted to address the residual soils and 
waste considered in the Operable Unit 5 representative remedial alternative as well as the waste to be 
placed in the on-site disposal facility from other operable units. This CRARE evaluates the risks to 
hypothetical receptors associated with the implementation of the adopted site-wide remedy. This 
section is intended to give a general overview of tinal site-wide conditions. For detailed information. 
refer to the individual RI or FS reports referenced in this section. 

H.2.1 DESCRIPTION OF OPERABLE UNIT REMEDIAL ALTERNATIVES 
Table H.2-1 and the following paragraphs describe the remedial actions proposed for each operable 
unit. The PRAs for Operable Units 1, 2, and 4 are summarized from their respective proposed plans. 
The LRA for Operable Unit 3 is summarized from the SWCR. The representative remedial 
alternative for Operable Unit 5 is summarized from Section 5.0 of this FS. 

H.2.1.1 Operable Unit 1 Preferred Remedial Alternative 
The PRA for Operable Unit 1 includes the removal, pretreatment (crushing/shredding), and drying of 
waste; off-property disposal of waste pit materials, covers. liners. and excavated soils: and 
decommissioning and removal of the drying treatment unit and associated facilities. The contaminated 
debris will be disposed with Operable Unit 3 debris. The excavated areas will be backtilled with 
clean soil. The excavated volumes for disposition off site are presented in Table H.2-2. 

Additional components of the PRA include construction of waste processing and loading facilities and 
equipment, and removal of water from open waste pits for treatment at the Operable Unit 5 Advanced 
Waste Water Treatment (AWWT) facility. The remedial actions for Operable Unit I are presented in 
the Proposed Plan for Remedial Actions (DOE 19941). 

H.2.1 .2  Operable Unit 2 Preferred Remedial Alternative 
The PRA for Operable Unit 2 as presented in the Operable Unit 2 Proposed Plan for Remedial 
Actions (DOE 1994j) includes excavation of all soils with constituent of concern (COCs) above the 
PRLs developed in the Operable Unit 2 FS, material processing for size reduction and moisture 
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Operable Unit 

I-Waste Pits 

2-Other Waste Units 

~~~ 

3-Production Ficilities and 
Inventories 

4-Silos 1-4 

5-Environmental Media 

All Operable Units 

TABLE H.2-1 

OPERABLE UNIT REMEDIAL ACTIONS 

Key Activities 

Excavation of pit contents, caps, berms, and lining sustem 
Excavation of heavily contaminated soil underlying pits 
Drying of excavated soil and. waste, as required 
Shipment of excavated material by rail to off-site disposal facility 

Excavation of waste materials and ad.jacent contaminated soil 
Shipment to off-site disposal facility of material not meeting WAC of on-site 
disposal facility 
Placement of excavated material meeting WAC in central, on-site disposal 
facility 

Off-site shipment of remaining waste and production inventories (including 
thorium) and decontamination residues 
Decontamination and demolition of all structures and facilities 
Recyclinglreuse of generated debris and equipment to iiiaximuiii extent practical 
Off-site disposal of rubble and debris not ineeting WAS o f  on-site diqxwil 
facility 
Disposal in on-site facility of rubble and debris meeting WAC 

~ ~~ ~ 

Removal and verification of waste inventories 
Off-site disposal of vitrified waste 
Excavation of contaminated soil and placement of soil attaining the WAC on-site 
disposal facility 
Decontamination and demolition of silo structures and support facilities 
Placement of rubble and debris in on-site disposal facility 

Excavation of soils, sediment, and perched groundwater zones 
On-site disposal of soil, sediment, and waste sludge meeting WAC 
Off-site disposal of waste exceeding WAC 
Treatment of GMA/perched groundwater and process wastewater at AWWT 

Long-term environmental monitoring program for FEMP 
Continued maintenance and surveillance of on-site disposal facility 
Performance reviews of site conditions by EPA every 5 years 
Continued federal ownership of on-site disposal facility 
Restrictions placed in FEMP property deed pertaining to hture uses of site 

Sources: 
Proposed Plans for OUI (DOE 1994i), OU2 (DOE 1994.j), and OU4 (DOE 1994t). 
SWCR (DOE 1993b) for OU3. 
Section 5.0 of this FS report for OU5. 

. ' . . . .  
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TABLE H.2-2 

OPERABLE UNITS 1 THROUGH 5 MATERlAL DlSPOSITlON 
FOR THE ADOPTED SITE-WIDE REMEDY 

Operable Unit Excavated Volumes 
(cu Yd) 

Disposition 

I 

2 

3 

4 

Sb 

6.28 x Id 
3.60 x lo' 
3.45 x Id 
5.54 x I@ 
2.98 x Id 

1.40 x le 
3.00 x 103 

2.50 x lo4 
1.75 x lo6 

Off-site disposal 

Off-site disposal 
On-site disposal facility 

Off-site disposal 
On-site disposal facility 

Off-site disposal 
On-site disposal facility 

Off-site disposal 
On-site disposal facility 

Adopted Site-Wide Remedy 6.76 x Id Ott-site disposal 
2.39 x lo6' On-site disposal taci11ty 

Remedial actions for Operable Units I ,  2, 4, and 5 are from their dratt or dratt final FS report\ o r  
0 3 

for Operable Unit 5 account tor residual soils and waste remaining d t e r  
Operable Uruts 1 through 4 have been remediated. It does not include the wastes designated by 
other operable units for on-site disposal. 
Summation of volumes identified for on-site disposal trom Operable Units 1 through 5. 

control (if required), on-site disposal in an engineered disposal facility. and off-site disposal of a small 
fraction of the excavated material that exceeds the waste acceptance criteria (WAC) of the on-site 
disposal facility. Free-standing water in the Lime Sludge Ponds will be removed and treated at the 
FEMP AWWT prior to its discharge to the Great Miami River. In the South Field area. excavation 
of contaminated material above the Operable Unit 2 PRLs will prevent signiticant amounts of 
contaminants from the source material from entering the Great Miami Aquifer via the sand lenses in 
the glacial till. 

Non-soil material (concrete, drums, steel, pallets, etc.) from all subunits will be segregated, hauled to 
the staging and material preparation area, processed for size reduction. and placed in  the on-site 
disposal facility. The contaminated material from the subunits will be excavated. transported. and 
placed in the on-site disposal facility in a manner that provides a single, stable source term. To 
improve the handling and compaction characteristics of the waste material, lime sludge will be mixed 

I 

3 

1 

c 

1 9  

7 

X 

J 

IO 

1 1  

12 

13 

FER\CRU5lAPXSlAPP-H\H-2\Mnrch21. 1995 9:Wrun - H-2-3 
~ . ,  ~00018 - : . . . * e .  ,,,. 
. : ,:. I.z!.:c,.Q 



. -  
. -  . 
- t  . 

DOE 

FEMP-05FS-5 DRAFT FINAL 
March 22. 1995 

with other waste material as necessary. The volumes estimated for on-site and off-site disposal are 
presented in Table H.2-2. 

After excavation of apparent waste materials by Operable Unit 2, residual contaminated soil and waste 
materials will be evaluated using the area- and COC-specific PRLs developed for the Operable Unit 5 
representative remedial alternative. If soils and waste are found to be present above PRLs, additional 
excavations would be completed to attain Operable Unit 5 PRLs in the Operable Unit 2 area. After 
additional excavation, the areas will be regraded, backtilled with soil as necessary. and vegetated. 

H.2.1.3 Onerable Unit 3 Leading Remedial Alternative 

H.2.1.4 Onerable Unit 4 Preferred Remedial Alternative 
The PRA for Operable Unit 4 includes removing the waste stored in Silos 1 .  2, and 3, stabilizing it 

by vitrification, and transporting it to an off-site disposal facility. Silos I, 2. 3, and 4 will be 
decontaminated to the extent practical and demolished. Contaminated construction material from the 
silos and decant tank will be removed and temporarily stored on site for eventual treatment and 
disposal with Operable Unit 3 debris. Residual soils from Operable Unit  4 will he re-evaluated as 
part of the Operable Unit 5 representative remedial alternative to determine whether they are above or 
below the PRLs established for Operable Unit 5. Residual soils above the PRLs will be included in 
the Operable Unit 5 source term and volume estimations. The excavated volumes for on-site and 
off-site disposal are presented in Table H.2-2. These actions are presented in detail in the Proposed 
Plan for Remedial Actions at Operable Unit 4 (DOE 1994t). 
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H.2.1 .5  Overable Unit 5 Representative Remedial Alternative 
Operable Unit 5 consists of the environmental media (soil. sediment, and water) that remain on site 
after completion of the remedial alternatives for Operable Units 1 through 4. For Operable Unit 5. 
target receptor PRLs and disposal facility WAC were developed for each COC to comply with 

appropriate risk or environmental criteria. For the purposes of this CRARE. all soil not meeting the 
WAC is assumed to be sent off site for disposal. 

The representative remedial alternative for Operable Unit 5 includes excavation and on-site disposal of 
soils, sediment, and perched groundwater zones which have contaminant levels exceeding the target 
receptor PRLs under the undeveloped park land use scenario. All soils and sediment placed in the 
disposal facility must meet the WAC; any that exceed the WAC will be shipped off site. 
Groundwater from the Great Miami Aquifer, recovered perched groundwater. and process wastewater 
will be treated at the AWWT and discharged to the Great Miami River. Waste sludge generated by 

the water treatment will be dried. stabilized. and placed in the disposal facility or shipped off site. 
Table H.2-2 presents the volumes generated for on-site and off-site disposal as ;I result of the 
Operable Unit 5 representative remedial alternative. 

H.2 .2  ADOPTED SITE-WIDE REMEDY AND POSTREMEDIAL SITE CONDITIONS 
Since the implementation of remedial actions for Operable Unit  5 is assumed to occur after remedial 
actions for Operable Units 1 through 4, the PRLs and WAC for Operable Uni t  5 will determine tinal 
site-wide conditions. The representative remedial alternative for Operable U n i t  5 was developed 
based on a proposed land use as an undeveloped park. The PRLs for Operable U n i t  5 were 
developed to protect target receptors relevant to an undeveloped park: the undeveloped-park user and 
off-property resident farmers. These PRLs were used to determine excavation areas and volumes for 
Operable Unit 5. The WAC are used to determine the type and volume of waste to be placed in the 
on-site disposal facility. 

For this CRARE, the site-wide remedy was adopted to evaluate the consolidation of waste in an 
engineered on-site disposal facility. The volume estimated for on-site disposal under this adopted 
site-wide remedy is 2.39 x l@ cubic yards (see Table H.2-2). 

The postremedial site will include a single on-site disposal facility which contains consolidated 
contaminated soil, sediment, and debris designated for on-site disposal by Operable Units 1 through 
5. Figure H.2-I shows the postremedial site. Ownership of the disposal facility area, with restricted 
access, will be maintained by the federal government. The remaining area of the FEMP released for 
undeveloped park use will contain institutional controls (e.g., deed restrictions) to preclude 
development of the property. 
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H.2.3 DETERMINATION OF CONSTITUENTS OF CONCERN 
141 

and for Operable Units I, 2, 
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141 
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c constituent (pCi/g for radionuclides and rnk/kg for 

m tbe Operable Unit 5 RI report 

sk quotients calculated from Equation H.2-I were surnined to yield a total risk 
ace so e total risk quotient was calculated using Equarion H 

Q, + RQ, + RQ; ... (H ,2-2) 
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67, 141 

TABLE H.2-3 
OPERABLE UNIT 5 CONSTITUENTS 

POSING 1 %  OR MORE OF TOTAL HI OR ILCR 

Compound 
Cheinical 
Antimony 4-M~thyll1Iienol 
Aroclor- 17-54 Molybdenum 
Aroclor- 1160 Nickel 
Arsenic 
Barium 
Benzene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluorantliene 
Benzo( k) lluo rantheiie 
Beryllium 
Bis(2-c1iloroisopropyl)ether 
Bis(2-etliylliexyl)plitlialate 
Cadmium 
Chloroform 
Chromium VI 
Copper 
Cyanide 
Dichloroethane, 1.1- 
Dichloroethene, I, I -  
Fluoride 
Indeno(l,1,3-cd)pyrene 
Manganese 
Mercury 

Nitrate 
Trichloroethcnc 
Uranium - total 
Selenium 
Silver 
Tetraclili)ri,etliciic 
Thallium 
Zinc 
Kadioniiclide 
CS-137 
Np-237 
Ra-226 
Rn-7-22' 
Sr-90 
Tc-99 
Th-118 
Th-230 
Th-7-33- 
u-7-34 
U-7-3517-36 
U -13 8 

"Radon was the only COC detected in on-site air samples. However, a11 surface soil 
COC exposures through particulate inhalation are evaluated quantitatively in the 
CRARE. 
Source: Derived from the Operable Unit 5 RI report (DOE 1994%). 
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TABLE H.2-4 

CROSS-MEDIA MODELING FOR CONSTITUENTS OF CONCERN 
IDENTIFIED FOR OPERABLE UNITS 1 THROUGH 4" 

Compound o u 1  ou2 OU3 OU4 
Chemical 
Acenaphthalene 
Acetone 
Anthracene 
Aroclor-1221 
Aroclor-1248 
Benzoic acid 
Benzo(g,h.i)perylene 
Beta-BHC 
Butylbeiuyl phlhiilatr 
Carbon tetmchloridr 
4-Chloro-3-niethylphenol 
Chlorohenzene 
Chloroethane 
Cohalt 
DDE.4.4- 
Dichloroethylene, I .  I -  
Dichloroethylene.l.2- 
Diethyl phthalate 
Di-n-octyl phthalate 
Endrin 
Ethylbenzene 
Ethylether 
Fluonnthene 
Fluorene 
Hexanone.2- 
Methanol 
Methylnaphthalene.2- 
Methyl-2-pentanone.4- 
Naphthalene 
N-Nitroso-di-n-propylaiiiine 
Phenanthrene 
Phenol 
Pyrene 
Styrene 
Tetrachloroethane. I .  I.2.2- 
Tetmchlorodibenzo-p-dioxin 
Tetrachlorodibenzofunn 
Tetrachloroethane 
Toluene 
Tributyl phosphate 
Xylenes (Total) 
Radiouuclide 
Pa-23 1 

X 

x 
x 

x 

x 

x 

X x x 
X x 

X X 
x 
X 
x x 
x x 
x 
S 
x 
x 
S 
x 
x 

x 
x 
x 
x 

x 
x 
x 
x 

x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

x 
X 
x 
x 

x 

x x 

x 
X 

x 

x 

'Potential COCs for Operable Unit 3 are froin the SWCR. Final COCs for Operable Units 1. 2. and 4 are from their 
respective FS reports. 
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67, 141 TABLE H.2-5 

CONSTITUENTS OF CONCERN 
FOR OPERABLE UNIT 5 CRARE 

Radionuclides 
CS-137 + Id 
Ra-226 + 4d 
Rn-222 
Sr-90 + Id 
Tc-99 

. .  
Th-228 + 7d 
Th-232 + 10d 
U-234 
U-2351236 + d 
U-238 + 2d 

Inorganics 
Antimony 
Arsenic 
Beryllium 
Cadmium 
Copper 
Manganese 
Mercury 
Molybdenum 
Silver 
U ranium-total 
Zinc 

Orrunics 
Aroclor- 1254 
Aroclor- 1260 
Benzo(a)pyreneb 
Dichloroethane. 1.2- 
Cyanide 

"This table includes those COCs which contribute 95 percent o r  inore of the total ILCR and HI. 
bConcentrations of these compounds were determined from RPF analysis of other carcinogenic PAHs. 
dioxins, and furans identitied on site. 
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H.2 .4  ASSUMPTIONS USED IN THE CRARE I 

The intent of the CRARE is to estimate, from a site-wide perspective, the risk associated with the 

predict future conditions, assumptions were necessary to estimate hture site-wide risks. The 
predicted outstanding features of the postremedial FEMP form the basis for these assumptions. 

FEMP site up to 1000 years after all remediation efforts are complete. Because it is clifticult to 3 

J 

5 

Postremedial site conditions will include an on-site disposal facility and residual soils within the (9 

excavated area. The disposal facility is assumed to be located in the northeast portion of the site. 
The contaminated materials slated for on-property disposal from all operable units (as described in 
Section H.2.3) are assumed to be placed in this disposal facility. Contaminated materials which 
exceed the Operable Unit 5 WAC for the on-site disposal facility will be sent off-site for disposal. 
Residual soils within the excavation area are also associated with all operable units. 

Sources of residual contamination used for the CRARE approximate contaminants remaining after all 
five operable units have been remediated. Sources evaluated for groundwater contamination include 
the disposal facility, residual soil, and contaminants that will remain in the groundwater system after 
groundwater and perched groundwater remediation are complete. Remediation efforts within the 
remedial footprint are assumed adequate to prevent hrther groundwater contamination. Air  modeling 
and direct contact pathways for surfdce soil assume that the residual soil is at current contaminant 
levels and that soil within the remediation footprint is at background levels. Direct radiation sources 
evaluated include the disposal facility and the residual soil. These sources are described in detail in 
Section H.3.0.  

141 21 

-1 This list is used to establish a "risk range" that even in the worst case _ _  
demonstrates compliance. Further quantitative analysis of the residual concentrations indicates a risk 22 

level within acceptable limits of the established target risk goal for the remedy. 2.1 
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H.3.0 CRARE FATE AND TRANSPORT MODELING 

Fate and transport modeling was used to predict the movement of COCs through various 
environmental media to receptor locations. This section presents the approach, procedures, and 
results of the modeling for the adopted site-wide remedy. Appendix F presents the approach and 
results of the contaminant fate and transport modeling performed to support the evaluation of 
Operable Unit 5 remedial alternatives. 

H .3.1 OBJECTIVES 
The purpose of contaminant fate and transport modeling is to predict future exposures, under given 
remedial scenarios, to future on- and off-property receptors. During the CRARE process, fate and 
transport models are applied to predict COC migration from residual source areas to potential human 
receptors through environmental media over a 1000-year period after the adopted site-wide remedy is 
implemented. 

This CRARE evaluates all of the environmental media (Le., soil, sediment, air, surface water, and 
groundwater) and residual COC sources associated with postremedial site conditions for each of the 
five operable units at the FEMP. To develop a conceptual model of future COC migration, the 
general future conditions of the FEMP property and its environmental media must be established. 
The predicted conditions of the property are based on the anticipated remedial actions of the five 
operable units and include the following general assumptions: 

Air in the vicinity of the FEMP comprise the air media. 

Surface soil and the underlying glacial deposits comprise the soil media. 

The Great Miami River, Paddys Run, and the Storm Sewer Outfall Ditch (SSOD) comprise 
the surface water media. 

Sediments within the surface water bodies comprise the sediment media, which also include 
materials carried in storm water runoff or plant effluent discharge to surface waters or 
drainage ditches. 

The Great Miami Aquifer and perched groundwater zone in the glacial overburden are both 
part of the groundwater media. 

Fate and transport models were selected based on their appropriateness for a specific application in 
the CRARE process and availability of required input information, as described in Section 6.1 of the 
RAWPA (DOE 1992). 
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The results from the fate and transport modeling provide predicted exposure-point concentrations of 
each COC over a future time period, at specified time intervals, at selected receptor locations. These 
exposure-point concentrations are then used as the basis for characterizing risk (see Section H.4.0). 
Figure H.3-1 presents the fate and transport modeling process used in this CRARE. 

H.3.2 GENERAL TECHNICAL APPROACH OF CRARE MODELING 
This section describes the technical approach for determining the impacts to hypothetical receptors 
from residual COCs migrating through FEMP air, soil, surface water, and groundwater. Also 
presented are the effects of the remedial actions for each operable unit on the future site conditions, 
COC sources, and COC migration pathways. More information is provided in Attachments H.1 and 
H.11. 

H.3.2.1 Future Site Conditions 
CRARE fate and transport modeling begins when all remedial actions for the five operable units have 
been completed, currently estimated to be about 30 years from now, and lasts for 1000 years. The 
general surface and subsurface conditions at the FEMP and surrounding area, projected to exist after 
the remedial actions have been completed, are described below. These site conditions will directly 
affect residual contaminant migration. The changes from the current conditions are reflected in the 
fate and transport models. 

Surface Conditions 
Future surface conditions, including vegetative coverage, dust emission, and runoff control, are 
important factors in determining the potential for residual contaminant migration in both the air and 
surface water pathways. The surface conditions also affect the infiltration rate of precipitation to the 
Great Miami Aquifer, which determines the rate of contaminant migration through the overburden. 

For modeling purposes, the future ground cover at the FEMP is assumed to be similar to a meadow 
covered with "good" grass. A meadow is described as continuous grass protected from grazing and 
generally mowed for hay (USDA 1986). The grass cover of a meadow would be similar to a park. 
The undeveloped park and the disposal facility would likely be covered with combinations of woods, 
grass, and brush. The woods and brush are hydrologically similar to a meadow covered with grass. 
An 85 percent vegetative cover was assumed to be present at the site to support the undeveloped-park 
scenario. A ground cover is considered in "good" condition if it contains more than 75 percent 
vegetative cover (USDA 1986). 

The ground is assumed to be regraded after completion of the remedial actions so that all surface 
runoff originating from the site flows toward Paddys Run. However, no other storm water runoff . 
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control, such as a retention basin, would be in operation. The only structure remaining at the F E W  
after completion of the remedial actions will be the disposal facility. 

Subsurface Conditions 
Future subsurface conditions will not vary significantly from current conditions except in areas where 
deep excavations (i.e., more than 10 feet) in the overburden are required as part of soil or perched 
groundwater remedial actions. Backfilled soil is assumed to have a lower permeability than existing 
natural overburden soil. Due to excavation and backfill, the existing major, high-yielding, perched- 
groundwater zone (Le., capable of sustaining 1 gpm of pumping) under the former production area 
will no longer be able to sustain a high yield. Areas where the gray clay layer has been disturbed or 
removed during past constructions (e.g., storm water retention basins and Plant 6 basement) are 
assumed to be backfilled with additional clay materials to inhibit the leakage of residual contamination 
into the Great Miami Aquifer. However, to be conservative, the current definition of the general 
infiltration zones and infiltration rates through the overburden (see Appendix F, Section F.2.2) were 
not revised for the purposes of fate and transport modeling for the site-wide remedy. 

Groundwater flow conditions in the Great Miami Aquifer would also be affected during the 
groundwater remediation period. However, the postremedial hydraulic conditions are not expected to 
change significantly in the Great Miami Aquifer from the preremedial conditions. The only major 
pumping operation in the Great Miami Aquifer is assumed to be the Southwest Ohio Water Company 
(SOWC) production wells, which were simulated using a higher projected pumping rate (i.e., 
25 mgd) as used in the Operable Unit 5 RI report (DOE 1995d). 

H.3.2.2 COC Mimation Pathwavs 
Residual COCs can migrate through multiple media pathways and impact potential receptors as shown 
in Figure H.3-2. These pathways have been the subject of Operable Unit 5 RI studies (DOE 1995d) 
under the no-action scenario. Understanding the physical and chemical processes which control COC 
migration in these pathways is the basis for determining acceptable remedial alternatives in the FS. 
The Operable Unit 5 FS focuses on the effects that remedial actions will have on contaminant 
migration in each of the pathways, and factors pathway-specific protective requirements into the 
remedial components. The CRAW modeling incorporates the effects of the adopted site-wide 
remedy on the residual contamination and migration pathways. 

To simulate contaminant migration in the postremedial environmental media, changes to 
hydrogeological and geochemical conditions caused by remedial actions and the effectiveness of the 
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engineered on-site disposal facility are all evaluated through modeling. The disposal facility and 
environmental media are sources of future residual contamination. The sources evaluated by the 
CRARE include: 

Air within and in the immediate vicinity of the FEMP 
The Great Miami Aquifer underlying and downgradient of the FEMP 
Surface water, sediment, and soil within and in the immediate vicinity of the FEMP 
Subsurface soil and perched groundwater in the FEMP 
The on-site disposal facility. 

After remedial actions, contaminants from these sources may be transported through the following 
pathways: 

Air emission: 

- Wind erosion of contaminated surface particulate matter, .and the direct release of 
radon gas 

Surface water runoff: 

- Erosion of contaminated surface soil which is not excavated or covered into 
Paddys Run and the SSOD 

- Flow of contaminated surface runoff and sediment into the SSOD, Paddys Run, 
and the Great Miami River 

Groundwater transport: 

Leaching of contaminants from the on-site disposal facility, residual contaminated 
soil, and perched groundwater through the overburden to the underlying Great 
Miami Aquifer 

Infiltration of contaminated surface water from Paddys Run and the SSOD to the 
Great Miami Aquifer 

Natural flow of groundwater in the Great Miami Aquifer which can carry 
dissolved residual contaminants and, potentially, contaminants adsorbed to 
colloidal particles of up to 2 microns in diameter. 

DOE As described in the following sections, the CRARE fate and transport modeling encompasses these 
environmental media and pathways over an area large enough to cover all potentially major 
contaminant receptor locations. Future conditions at discrete receptor locations were predicted by fate 
and transport modeling to support the CRARE residual risk assessment and to quantify the effects of 
remedial actions in the adopted site-wide remedy. 

1 

2 

3 

4 

5 

6 

' 7  

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

18 

19 

22 
?3 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

a Jri 

000033 



FEMP-OSFS-5 DRAFT FINAL 
March22, 1995 

H.3.2.3 Selection of COC SDecies for Modeling 
All the COCs identified in Appendix F (Section F.2.2), which have relatively high mobility and are 
still present at significant residual concentrations after remedial actions, were evaluated in the CRARE 
fate and transport modeling. The criteria for defining high mobility and significant concentrations are 
pathway-specific. For air and surface water pathways, the protective requirements developed in 
Appendix F (Section F.4.0) were used to screen the COCs. Those COCs with concentrations present 
above the protective requirement for air and surface water were evaluated for the respective 
pathways. The 19 constituents identified in the Operable Unit 5 RI (Le., 18 COCs in Table 5-22 plus 
trichloroethene), which have the potential to migrate through the overburden within a 1000-year time 
frame or which have been detected in the Great Miami Aquifer at concentrations higher than drinking 
water criteria, were evaluated in the groundwater pathway. 

H.3.2.4 Estimation of Residual Source Terms 
For CRARE modeling purposes, residual contaminant sources are categorized into four major types: 
1) residual contaminated soil, 2) perched groundwater, 3) Great Miami Aquifer groundwater, and 4) 
the on-site disposal facility. Representative COC concentrations and total masses were estimated for 
each type of residual source, based on the following type-specific approaches. 

Residual Contaminated Soil 
The contaminant source areas defined in the Operable Unit 5 RI were used as the basis for defining 
the residual soil contamination. In general, the original source concentrations used in the RI remain 
the same except for areas that will be excavated under the adopted site-wide remedy. In the CRARE, 
COC-specific background concentrations were assigned to the excavated source areas for inorganics. 
For special cases in which only portions of an original source area are excavated, representative 
contaminant concentrations for the remaining unexcavated portion were recalculated. 

The initial excavation limits in the adopted site-wide remedy (as shown in Figure H.3-3) were 
compared to the contaminant source areas shown in Figure H.3-4 to determine which source areas 
would be excavated, partially excavated, or left unexcavated. Figure H.3-4 also includes additional 
source areas identified during the refinement process for the adopted site-wide remedy (see Section 
H.3.2.5) that would be excavated. Table H.3-1 lists the COC source areas which would be 
completely excavated and backfilled with clean soil. Four areas (NEb, 570a, 581a, and 582a) are 
assumed to be partially excavated. (Note: these additional excavations have been considered in the 
determination of footprints and volumes per media discussed in Section 2.0 of the FS report). 

The representative concentrations for these areas are based on an area-weighted average of the 
background concentration (for the excavated portion) and the representative source concentration used a 
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in the Operable Unit 5 RI (for the unexcavated portion). When the excavation covered a significant 
portion of the source or sampled area, the highest concentration of the soil samples in the unexcavated 
portion was used as the representative concentration for the source area. This yields a conservative 
(high) representative source concentration for the unexcavated areas. For the source areas in which 
no excavation is needed, the representative source concentrations from the Operable Unit 5 RI report 
were used in the modeling directly. 

For the major COCs, block-by-block (i.e., every 125-foot by 125-foot area) residual source 
concentrations were statistically calculated. For the modeling, these concentrations were used to 
determine the level of conservatism of the original area-wide representative source concentrations as 
defined in the Operable Unit 5 RI report. In general, because of the small amount of sample data 
available in each area, the RI area-specific representative source concentrations (Le., the UCL of the 
sample data) for most of the COCs were dominated by a few higher hits in each area. The actual 
areal extent of the contaminated area with these higher concentrations may be only a small portion 
within each source area. Therefore, using these RI representative concentrations directly is very 
conservative. 

The residual soil contamination source terms used in the CRARE modeling for radionuclides in the 
surface and groundwater pathways do not include the background amount of contamination; that is, 
the background concentrations were subtracted from the subbasin average source terms. This was 
done because the protective requirements for radionuclides are for the incremental concentrations 
above the background. Also, the background contaminant mass does not readily leach and create 
significant cross-media impacts. Background concentrations for inorganics, however, are included in 
the modeling. 

TABLE H.3-1 
CONTAMINANT SOURCE AREAS EXCAVATED UNDER 
THE REPRESENTATIVE REMEDIAL ALTERNATIVE 
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Perched Groundwater 
Perched groundwater contamination within the Zone V area (see Appendix F, Section F.2.2), which 
will not be excavated, was incorporated as residual contaminant sources in the groundwater pathway. 
The extent of the excavation in the perched groundwater zone is defined in Appendix F (Section F.6) 
and Section 2.0 of this FS report. Both the liquid- and solid-phase contaminant masses of residual 
perched groundwater contamination are accounted for in the C U R E  modeling. 

Great Miami Aauifer Groundwater 
Those COC concentrations remaining in the Great Miami Aquifer after pump and treat operations 
were included in the initial conditions of the groundwater model to predict impacts due to future 
migration of these contaminants. Among the eight COCs modeled in the Great Miami Aquifer to 
develop the recovery well systems (Le., Np-237, Ra-226, Tc-99, uranium, antimony, arsenic, 
manganese, and total VOC), only arsenic, manganese, and Ra-226 are expected to have groundwater 
concentrations higher than cleanup criteria in relatively small areas in the aquifer after contaminations 
of the other more mobile COCs are remediated. However, the impact of these residual COCs is 
relatively small and is not expected to migrate significantly. 
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DisDosal Facility 
COC-specific total masses and average concentrations in the on-site disposal facility were estimated 
and used in the groundwater modeling. The three-dimensional solid block modeling results were used 
to determine the volume-weighted uranium concentration in the disposal facility. All the model 
blocks that have uranium concentrations higher than soil PRLs, but lower than the WAC, were 
included in the calculation. Solid block modeling was not conducted for any other COC due to 
limitations in the available data. 

Representative source concentrations in the disposal facility for other COCs (except Tc-99) were 
determined by calculating the volume-weighted RI representative source concentrations of excavated 
Operable Unit 5 source areas with higher contamination levels. Thirteen source areas (560c, 570a, 
570b, 57Od, 581d, PAa, PAb, PAC, PAd, PAe, PAf, PAg, and PAh) were included in these 
calculations. Excavated soil from these areas will primarily be disposed in the disposal facility 
unless contaminant concentrations exceed the WAC. The area- and COC-specific representative 
concentrations of these areas are presented in the Operable Unit 5 RI report (Appendix F). 
Additional statistical analyses using the original sampling data were also performed to verify that 
these calculated representative concentrations are conservative. In general, the COC-specific, 
volume-weighted concentrations using the RI area-specific source terms are slightly higher than the 
statistically calculated representative concentrations with all the sampling data in the excavated volume 
combined together. 
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Because of the high mobility of Tc-99 in the media, all soil with significant Tc-99 concentrations 
(Le., 30 pCi/g or higher) that dominate the values of most area-specific RI source terms need to be 
disposed off-site under the limiting WAC. Therefore, the area-wide RI source terms cannot be used 
directly to determine the concentrations for Tc-99 contaminated soil to be left on site. Statistically 
calculated representative concentrations, with all the sampling data in the excavated volume that have 
concentrations less than 30 pCi/g, were used as the representative Tc-99 source concentration in the 
disposal.facility. This approach provides a more realistic estimate of the Tc-99 concentration of 
materials actually left in the disposal facility. 

DOE The volumes of contaminated soil and material from other operable units were added to the total 
volume in the disposal facility. About 345,000, 2@@@, . . . . , . . . . . . . . . . . . . . and 3000 cubic yards of contaminated 
material directly from Operable Units 2, 3, and 4, respectively, were assumed to be placed in the on- 
site disposal facility. As mentioned in Section H.2.1.3, the Operable Unit 3 volume for on-site 
disposal has not been screened based on the WAC and should be considered a conservative upper- 
bound estimate. The estimated additional amounts of residual soil that Operable Unit 5 will excavate 
from Operable Units 1, 2, and 4 to satisfy the final PRLs are about 81,816, @~@M, . . . . . . . . . . . . . . . . and 29,630 cubic 
yards, respectively. COC-specific average concentrations of these materials were compared to the 
representative concentrations calculated using the Operable Unit 5 contaminated soil. However, the 
representative concentrations in the disposal facility were not recalculated if the concentrations from 
Operable Units 1 through 4 were lower than those calculated for Operable Unit 5 contaminated soil. 
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H.3.2.5 Summarv of Refinements to Operable Unit 5 Source Term Estimations and the AdoDted Site- 
Wide Remedv 
Based on the initial estimates of residual contaminant source concentrations (Section H.3.2.4) ,  
postremedial COCs and their impacts through each migration pathway were identified by screening 
level modeling. In screening level modeling, the COCs were evaluated in each of the migration 
pathways. The concentrations estimated in the pathways were compared to protective requirement 
concentrations. Those COCs exceeding the specified requirements were then further evaluated for the 
specific pathway. This information was used to refine the adopted site-wide remedy. The 
refinements were taken into consideration with the volume and footprint estimates presented in Section 
2.0 of this FS for each land-use objective at each risk range case. 

When unacceptable residual impacts were identified in the screening process, additional soil 
excavations and/or source characterizations were incorporated into the original Operable Unit 5 
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remedial alternative, and the affected residual source tenns were then updated. The final residual fate 
and transport modeling were conducted using the refined residual contaminant sources. Attachment 
H.1 lists the adjustments made during this refinement process. 

H.3.2.6 Modeline Tools 
Contaminant fate and transport models for air, surface water, and groundwater pathways were used to 
predict future contaminant concentrations at receptor locations. Details of the development of these 
models are documented in the following technical reports and the Operable Unit 5 RI report: 

Groundwater Modeling Report - Summary of Model Development (DOE 1993d) 

Groundwater Model Evaluation Report and Improvement Plan (DOE 1993c) 

Development and Application of the ECTran Model to Support the RI/FS at the FEMP (DOE 
1993b) 

Surface Water Flow and Infiltration Model Summary Report (DOE 19938) 

SWIFT Great Miami Aquifer Model - Summary of Improvement Report (DOE 1994j). 

Figure H.3-5 shows the categories of residual source terms and linkages to various fate and transport 
models for the site-wide residual risk analysis conducted in the CRARE. Application of these models 
has also been demonstrated in the Operable Unit 5 RI report and Appendix F of this FS report. 

Air TransDort Models 
All the air transport analyses were conducted in accordance with EPA guidance (EPA 1989b). Two 
emission models and an air dispersion model were used to estimate air emissions from each source 
and to calculate annual average concentrations and deposition rates at various receptor locations. One 
emission model predicts the quantity of exposed soil that would be resuspended by the wind 
(EPA 1985a), and the Radon Attenuation and Cover Optimization with Moisture Effects (RAECOM) 
model (NRC 1984) estimates the flux of Rn-222 gas from soil containing Ra-226. Particulate-phase 
contaminants examined in the first emission model include radionuclide, inorganic, and semivolatile 
organic contaminants. Air dispersion, modeling conducted for CRAW exposure calculations used the 
Industrial Source Complex, Long Term-2 (ISCLT-2) model @PA 1992a). A description of these 
models is included in Attachment H.11. 

Surface Water TransDort Model 
Fate and transport modeling of surface water was conducted using the Surface Water Flow and 
Infiltration Model (SWF&IM, DOE 19938) developed for the F E W .  The SWF&IM combines a 
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FEMP-specific hydrological conditions and several hydraulic and transport models used to simulate 
the various physical and chemical processes involved in the transport of contaminants from surface 
soil into surface water and infiltration through streambeds into the Great Miami Aquifer. The models 
which comprise the SWF&IM and their connections are described in detail in the documents 
referenced above. A summary of these models is presented in Attachment H.I. 

Groundwater TransDort Models 
Groundwater models were used to predict flow and transport of constituents through the groundwater 
pathways. These models were the main tools used to develop cross-media PRGs, WAC, and remedial 
alternatives for the Great Miami Aquifer. They were also applied to support the CRARE residual 
risk assessment. A summary of these models used is presented in Attachment H.I. Revisions of the 
modeling approaches described in Appendix F (Section F. 1 S.4) were also used in the CRARE 
groundwater modeling. 

The groundwater transport models were classified as screening models or primary models. The 
primary models (SWIFT and ODAST/SWIFTLOAD) which cover the FEMP and its vicinity account 
for cumulative impacts from all the residual contaminant sources and predict future conditions to all 
the receptors in one simulation run. Primary models require very long computer run times and are 
not efficient for COC screening. Therefore, a screening model, ECTran, (DOE 1993b) was used to 
conduct the postremedial COC screening and preliminary evaluation of the disposal facility 
performance during the refinement of the representative alternative for Operable Unit 5. In general, 
the primary models were used to predict the cumulative residual impacts in the Great Miami Aquifer 
under the adopted site-wide remedy. 

0 

H.3.3 AIR PATHWAY MODELING APPROACH 
The objective of the air quality impact analysis was to determine the maximum on- and off-property 
annual average ground-level air contaminant concentrations released from the remediated FEMP site. 
The ground-level air COC concentrations were then used in the exposure analysis to estimate risk to 
hypothetical receptors. A detailed discussion of the technical approach and results is presented in 
Attachment H.11. The general modeling approach is summarized below. 

141 H.3.3.1 Constituents of Concern for Air Modeling 
As described in Appendix F, (Section F.4), all the COCs in the surface soil pass the protective 
requirements set for the air pathway. However, the residual surface soil contamination of each COC 
listed in Appendix F (Section F.2), which accounted for 99 percent of the total risk associated with 
the site before remedial actions, were evaluated in the air pathway for the CRAW to determined the 
residual risk. 
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H.3.3.2 Air Modeling Procedures 
Air Emission and DisDersion Modeling 
An EPA air quality dispersion model (EPA 1992a) was used to predict the airborne concentrations 
and deposition rates of contaminants emitted from the FEMP site. The results of the modeling were 
used in this CRARE to calculate risks to potential receptors. Rn-222 emission rates were estimated 
using the RAECOM model (NRC 1984). Airborne particulate emission rates were estimated using 
EPA methods (EPA 1985a). The residual COC soil concentrations were multiplied by the particulate 
matter emission rate to determine COC-specific emission rates for radionuclides, inorganics, and 
semivolatile organics. 

Sources 
The air emissions from FEMP surface soils were modeled as square-area sources for risk assessment 
calculations. In this CRARE, the minimum length of a side for a given area source in this analysis 
was set at 50 feet. The largest area sources in this analysis were 400 feet on a side. A total of 1306 
sources were combined into 37 source groups. The air dispersion model assumes uniform 
contamination within a source group. Since the source of contamination in both the air pathway and 
surface water pathway is assumed to be the surface soil, the surface water source groups developed 
for the Operable Unit 5 RI report were adopted for this air pathway analysis. 

The Waste Pit area has 57 sources; the South Field and Flyash Piles have 278 sources; the Solid 
Waste Landfill has 4 sources; the Lime Sludge Ponds have 4 sources; the silo area has 10 
sources; the former production area has 183 sources; and the remainder of the FEMP has 770 
sources. Some modifications were applied to the source groups used in the Operable Unit 5 RI report 
(Appendix F). These modifications for the air pathway analysis include: 

Source group 570a was split into north and south areas (two groups instead of one). 
Source group NEb was split into north and east areas (two groups instead of one). 

As indicated above, models and methods were used to estimate air contaminant emission rates. 
Radon emissions were calculated using the RAECOM model. The contaminant concentrations in 
surface soil were used to develop suspended contaminant emission rates from the total suspended 
particulate emission rate. Contaminants in wind-blown soil include radionuclides, inorganic 
compounds, and organic compounds. 

Contaminant concentrations in residual soil were estimated from soil PRLs and sampling results 
contained in the RI/FS database. The PRLs were used to set an upper limit on residual soil 
concentrations since soil with contaminant levels greater than the PRLs will be excavated. The RI/FS 
data were used to estimate surface soil concentrations for areas in which contaminant levels did not 
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exceed PRLs. The RI/FS data used for air pathway modeling are the same as that used for surface 
water modeling. The excavated and backfilled areas were assigned with background concentrations as 
contaminant source terms for modeling. 

Meteorological Data 
Five years of meteorological data from the FEMP, in stability array (STAR) format, were used to 
model air quality impacts (1987, 1988, 1989, 1991, and 1992). The data collection efficiency for 
1990 was below 90 percent and therefore that year was not used. The requirement of 90 percent 
efficiency for valid wind and stability data is defined in the U.S. EPA Quality Assurance Handbook 
for Air Pollution Measurements Systems (EPA 19890. Based on this guidance and the professional 
judgement that missing 10 percent of the meteorological data could significantly impact the results, 
therefore, the 1990 data set was not used. 

ReceDtors 
Air contaminant concentrations were modeled using a receptor grid and a system of fenceline 
receptors. The receptor grid consists of 985 receptor points covering the site and extending 
approximately lo00 feet beyond the FEMP fenceline in each direction. The grid was used to develop 
airborne concentration isopleths for the FEMP and surrounding area. The maximum on-property 
contaminant concentrations were determined from modeled results at these receptor grid points. 

The fenceline receptor system (a subset of the grid system) consists of 36 receptor points located 
around the FEMP along the fenceline. The maximum off-property impact location was determined 
from modeled results at these receptor points. The off-property residential exposure was developed 
from this maximum impact location (the nearest off-property resident was assumed to be at the 
maximum off-property impact location). 

H.3.4 SURFACE WATER PATHWAY MODELING APPROACH 
The objective of the CRARE surface water modeling was to determine the concentrations and 
movement of COCs from the remediated FEMP site through surface water. The following is a 
summary of the modeling procedures used. Additional information is presented in Attachment H.I. 

H.3.4.1 Constituents of Concern for Surface Water Modeling 
The COCs which failed either the surface water or sediment screening (see Appendix F, Section F.2) 
and which account for 95 percent of the total risk associated with the site were evaluated using the 
surface water protective requirements as discussed in Appendix F (Section F.4.0). The surface water 
protective requirements were screened against the subbasin average concentration after remediation. 
If the subbasin average COC concentration was higher than the surface water protective requirement 0 
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for any subbasin, then the COC was modeled for the CRARE. Only manganese failed the screening 
and required complete surface water modeling for the CRARE after refining the original footprint for 
the adopted site-wide remedy (see Section H.3.2.5). These screening results are presented in 
Appendix F, Section F.4). Uranium was also modeled, even though it passed the protective 
requirement screening because it is the most prominent contaminant at the site before the proposed 
remedial actions. 

The surface water contaminant loading terms to the Great Miami Aquifer for all of the 17 COCs 
identified in Appendix F (Section F.2) that also failed either the surface water or sediment screening 
were estimated. The surface water mass loadings for all of these COCs were calculated because most 
of them were also required in the CRARE groundwater modeling. Surface water represents a portion 
of the groundwater pathway since COCs in surface water are assumed to infiltrate to groundwater and 
then may be transported in the groundwater to potential receptors. 

H.3.4.2 Surface Water Modeling Procedures 
As stated above, the surface water modeling for the CRARE used the SWF&IM. The surface water 
modeling for the CRARE assumed that all remedial actions at the site have been completed and that 
the surface water controls at the site are no longer functioning. The site was assumed to be covered 
with good grass as discussed in the assumptions for the development of the protective requirements in 
Appendix F (Section F.4). The surface cover of good grass is consistent with the assumed land use 
as an undeveloped park. The final cover condition was assumed to contain an 85 percent cover for 
purposes of fate and transport modeling. The remediation of the site under the adopted site-wide 
remedy will require excavation of significant areas of the surface soils. The excavated areas will be 
backfilled with clean soil which contains background levels of contamination. 

142 The surface water modeling input parameters are the same as those used in the development of the 
surface water protective requirements as described in Appendix F (Section F.4). For uranium, a K, 
of 325 L/kg was used for all areas since the areas of higher uranium solubility (K, of 15 L/kg) will all 
be excavated and backfilled with clean soil under the adopted site-wide remedy ( S e ~ ~ ~ ~ ~ ) .  . . . . . . . . . . . . . . . . . . . . . . . . . . . 

H.3.5 GROUNDWATER PATHWAY MODELING APPROACH 
The purpose of the CRARE groundwater modeling was to predict the concentrations and movement of 
COCs in groundwater from source areas (e.g., soil, perched water, and disposal facility) to receptors. 
A summary of the modeling procedures is presented below. Additional information is presented in 
Attachment H.I. 
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H.3.5.1 Constituents of Concern for Groundwater Modeling 
The 19 constituents identified in the Operable Unit 5 RI report that have the potential to migrate 
through the overburden within a 1O0O-year time frame or have been detected in the Great Miami 
Aquifer at concentrations higher than drinking water criteria were evaluated in the groundwater 
pathway. However, only 14 of these COCs were found to have the potential to migrate through the 
overburden under the natural conditions as indicated in Appendix F (Section F.2). 

Unlike the air and surface water pathways, which use background surface soil conditions, Source 
Areas 560b, 581a, and 581c will still have about 0.5-foot of subsurface residual contamination in the 
groundwater modeling. This remaining subsurface soil contamination is assumed because subsurface 
contaminated soil may not be completely excavated in these three areas as part of the adopted site- 
wide remedy. All the area-specific residual COC concentrations, surface water mass loadings, and 
source terms for the on-site disposal facility used in the CRARE groundwater modeling are presented 
in Attachment H.I. For modeling purposes, COC source terms in the disposal facility, other than the 
14 COCs that have the potential to migrate through the overburden (Appendix F, Section F.2) were 
not calculated and are specified as zero in Attachment H.I. 

H.3.5.2 Groundwater Modeling Procedures 
The groundwater fate and transport modeling conducted for this CRARE required the use of several 
modeling components to determine the vertical transport of COCs in the soil and perched water to the 
Great Miami Aquifer, to simulate future COC loading from the on-site disposal facility, and to define 
future COC concentrations at receptor locations defined in the Operable Unit 5 RI report. Below is a 
discussion of the procedures used to meet these objectives. 

As part of the refinement process, the ODAST/SWIFTLOAD modeling used the residual COC mass 
from the Operable Unit 1 FS to determine the vertical migration of residual COCs in the Waste Pit 
Area to the groundwater. However, because the Operable Unit 5 representative alternative does not 
include capping for these areas, the natural infiltration rates without capping were used for this 
modeling. The results of this modeling effort were used to determine additional area and volume of 
soil to be excavated by Operable Unit 5. 

The ECTran model was used to simulate future COC loadings from the on-site disposal facility. The 
results of this modeling effort were used to identify any COCs that may not be acceptable in the 
facility. Attachment H.1 presents the results of the screening and the COC-specific source terms for 
the disposal facility. The ECTran model was also used to conduct a conceptual long-term 
performance evaluation of the on-site disposal facility. Detailed procedures and results of this 
evaluation are presented in Appendix F (Section F.5.5.6). 
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The residual contamination of the 19 COCs in soil, perched water, and the Great Miami Aquifer, and 
mass loadings from surface water and the disposal facility were incorporated into the 
ODAST/SWIFl"LOAD model. The mass loading rate and leachate concentrations reaching the Great 
Miami Aquifer groundwater table were determined from the model simulations. Any COCs that were 
found to have leachate concentrations at least twice the drinking water criteria were considered 
postremedial COCs for modeling purposes. 

The COCs that failed the ODAST/SWIFTLOAD screening, or would be present at unacceptable 
initial conditions in the Great Miami Aquifer after 30 years of groundwater remedial action, were 
further evaluated using the SWIFT Great Miami Aquifer model. The SWIFT Great Miami Aquifer 
model was run for a 1OOO-year time period after remediation to define future COC concentrations at 
all selected receptor locations defined in the Operable Unit 5 RI report. 

H.3.6 SUMMARY OF MODELING RESULTS 
The results of the CRARE fate and transport modeling are presented in this section. The exposure- 
point concentrations determined from the modeling were used to estimate risk to potential receptors 
(see Section H.4.0). 
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H.3.6.1 Air Results 
The modeled maximum annual average COC air concentrations are presented in Tables H.3-2 through 
H.3-4. The values presented in Table H.3-3 are the maximum on-property COC concentrations, and 
the values presented in Table H.3-3 are the fenceline COC concentrations. The modeled off-property 
air concentrations due to off-property soil contamination are presented in Table H.3-4. Total and 
background air concentrations are included on each table. Based on the results presented in the 
Operable Unit 4 CRARE (DOE 1994d), the maximum off-property concentrations were used to 
represent average on-property concentrations for receptors that were assumed to roam or wander 
about the property. 

Modeled concentrations of U-238 represented typical particulate-phase, radionuclide activity. The 
maximum total on-property and fenceline concentrations of U-238 were modeled at 3.87 x 10-6 and 
3.56 x 106 pCi/m3, respectively. Residual concentrations in air, above background, are 3.18 x 10-6 
and 2.96 x 106 pCi/m3, respectively, for maximum on-property and fenceline impacts. 

Modeled air concentrations of gaseous Rn-222 on property and at the fenceline were 2.2 x 10' and 
1.13 x 10' pCi/m3, respectively, based on total residual Ra-226 soil concentrations. After correcting 
for background Ra-226 soil concentrations, the on-property and fenceline Rn-222 concentrations were 
modeled at 1.07 x 10' and 1.84 x 100 pCi/m3, respectively. 
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67,127,141 TABLE H.3-2 
PROJECTED MAXIMUM ON-PROPERTY RESIDUAL COC CONCENTRATIONS IN AIR 

DUE TO RESIDUAL ON-PROPERTY SOIL CONTAMINATION 

Concentrations in Air 

COC Total Background 

Inorganics (zcg/m3) 

Antimony 2.79 x lod 2.33 x lo4 

Arsenic 3.86 x lo4 3.55 x 104 

Beryllium 4.56 x lo7 3.83 10-7 

Copper 1.10 10-5 5.49 x 10-6 

Cyanide 1.68 x 10-7 9.57 x 1 0 8  

Manganese 5.21 x lo4 5.19 x 104 

Molybdenum 2.79 x lo4 7.65 10-7 

Cadmium 3.91 x lo7 3.32 x lo7 

Mercury 1.71 x l W 7  1.91 x lo7 

Silver 1.32 x lo4 1.40 x 10" 

Uranium - Total 1.16 x 10" 2.09 x 

zinc 

Organics (rcg/m') 

Aroclor-1254 

Aroclor-1260 

Be=o(a)py=ne 0 
1 ,2-Dichloroethane 

Radionuclides (pCilm') 

CS-137 

Ra-226 

Rn-222 

Si-90 

Tc-99 

Th-228 

Th-232 

U-234 

U-2351236 

U-238 

3.23 x 10-5 2.84 x los 

5.27 x 

ND 

1.23 x 

ND 

0' 

0 7  

4.07 10-7 

1.57 x lo4 

2.20 x 101 

2.38 x lo7 

1.59 x lo7 

1.71 x lo4 

6.97 x 10-7 

6.46 x lo4 

5.27 x 10' 

3.87 x lo6 

NA 

NA 

NA 

NA 

2.81 x lo7 

7.78 x lo7 

1.13 x 10' 

1.59 x lo7  

0.00 
7.14 x lo7 

6.89 x l o7  

6.63 x lo7  

5.74 x 10-8 

6.89 x lo7 

ND - Not detected in surface soil 
NA - Not applicable 
RPF - Relative Potency Factor method 
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67,127,14 1 TABLE H.3-3 
PROJECTED MAXIMUM FENCELINE RESIDUAL COCs CONCENTRATIONS IN AIR 

DUE TO RESIDUAL ON-PROPERTY SOIL CONTAMINATION 

Concentrations in Air 

COC Total Background 

Inorganics (pg/m') 

Antimony 

Arsenic 
Beryllium 

Cadmium 

Copper 
Cyanide 

Manganese 

Mercury 

Molybdenum 

Silver 

Uranium - Total 
zinc 

Organics (pg/m3) 

Arwlor- 1254 

Aroclor-1260 

Benzo(a)pyrene (RPF) 
1 ,2-Dichloroethane 

Radionuclides (pCi/m3) 

(3-137 

Ra-226 

Rn-222 

Sr-90 

Tc-99 

Th-228 

Th-232 

U-234 

U-235/236 

U-23 8 

ND - Not detected in surface soil 
NA - Not applicable 

- RPF - Relative Potency Factor method 

2.02 x 106 

3.16 x 106 

3.46 x 107 

3.03 x lU7 

5.69 x 106 

1.42 x l W 7  

4.46 x 10-4 

1.48 x lo7 
1.96 x 10-6 

1.13 x 106 

1.07 x l o5  

2.58 x 10' 

1.58 x 108 

ND 
4.42 x 10* 

ND 

2.69 x lo7 
8.16 x lo7 
1.13 x 10' 

1.86 x lU7 

1.38 x 10' 

6.94 x lo7 
6.01 x lQ7 

5.95 x 106 

4.65 x 108 

3.56 x 106. 

H-3-24 

2.02x 10-6 

3.07 x 106 

3.32 x l o 7  

2.87 x l o 7  

4.75 x 10-6 

8.29 x 10-8 

4.50 x 1o-Q 

1.66 x l o 7  

6.63 x l o 7  

1.22 x 10-6 
1.81 x 106 
2.46 x 105 

NA 

NA 

NA 

NA 

2.43 x lo7 
6.74 x lo7 
9.46 x loo 

1.38 x lo7 
NA 

6.19 x lo7 
5.97 x 107 

5.75 x 107 

5.97 x 107 

4.97 x 108 
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a 67,127,141 TABLE H.34 
PROJECTED MAXIMUM OFF-PROPERTY RESIDUAL COC CONCENTRATIONS IN AIR 

DUE TO RESIDUAL OFF-PROPERTY SOIL CONTAMINATION 

Concentrations in Air 

COC Total Background 

Inorganics (pg/m') 

Antimony 

A f s e n i C  

Beryllium 

Cadmium 

Copper 
Cyanide 

Manganese 

Mercury 

Molybdenum 

Silver 

Uranium - Total 

zinc 

Organics (pg/m3) 

Aroclor-1254 

Aroclor-1260 

Benzo(a)pyrene 

1,2-Dichloroethane 

Radionuclides (pCi/m3) 

CS-137 

Ra-226 

Rn-222 

Sr-90 

Tc-99 

Th-228 

Th-232 

U-234 

U-2351236 

U-23 8 

ND - Not detected in surface soil 
NA - Not applicable 
RPF - Relative Potency Factor method a 

2.94 x lo7 
8.55 x lo7 
1.01 x 107 

1.11 x 107 

2.72 x lob 

4.06 x 108 

1.46x 1@ 

1.24 x 108 

1.08 x lob 
1.08 x lo7 
1.62 x lob 

i .oox  105 

4.97 x 109 

ND 

1.96 x 108 

ND 

9.03 x 108 

2.03 x lo7 
2.63 x 100 

5.98 x 108 

2.74 x lQ7 

2.44x 107 

2.00x 10-7 

9.05 x l a 7  

2.53 x 108 

5.42 x l o 7  

* H-3-25 

8.24 x lo7 
1.26 x lob 
1.35 x lo7 
1.17 x lo7 
1.94 x lob 

3.39 x 10-8 

1 . 8 4 ~  104 

6.77 x 108 

2.71 x l o 7  

4.97 x 107 

1.01 x 10-5 

7.38 x 107 

NA 

NA 

NA 

NA 

9.93 x 108 

2.75 x 10' 

1.36 x 10' 

5.64 x 108 

NA 

2.53 x l o 7  

2.44 x 10-7 

2.35 x lo7 
2.03 x 10' 

2.44x 107 
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The maximum annual fenceline concentrations of several radionuclides measured during 1991 and 
1992 @OE 1993e) are presented in Table H.3-5. A comparison of modeled future fenceline 
concentrations with currently measured values indicates that site remediation would result in reducing 
off-property air impacts by 1 to 2 orders of magnitude. 
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141 TABLE H.3-5 
ANTICIPATED AIR COC CONCENTRATION REDUCTIONS AT FENCELINE 

AFTER C0l"LE"ION OF REMEDIAL ACTIVITIES 

Monitored Conc. (pCi/m3) 

Modeled Conc. Anticipated 
Radionuclide @Ci/m3) 1991 1992 Reduction (%) 

Ra-226 8.16 x 10-7 < 5.9 x 1 0 5  1.0 x 104 98-99 

Ra-222 1.13 x 10' 3.1 x 102 1.7 x l@ 93-96 

Sr-90 1.86 x l o 7  < 7.8 105 No Data 99 

Tc-99 1.38 x 10-7 1.5 x 1 0 5  1.1 1 0 3  99 

Th-232 6.01 x 10-7 1.3 x 1 0 5  < 4.0 x 105 95-98 

U-2351236 4.65 x lo-* 7.4 x 106 5.4 x lod 99 

U-238 3.56 x lo4 1.2 x 10-4 9.8 105 96-97 

Source: WMCO 1992 

H.3.6.2 Surface Water Results 
DOE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

The results from the surface water modeling indicate concentrations for manganese in the groundwater 
(via the surface water infiltration) and sediment fail the PRG (0.2 HQ) for the on-property resident 
farmer (groundwater) and the undeveloped park user (sediments). Attachment H.1 presents the future 
surface water and sediment concentrations for all modeled surface water COCs. The subbasin 
average surface soil concentrations for manganese for each subbasin are close to the background soil 
concentrations (within the range of the background surface soil data). If the background 
concentration were input into the surface water model for manganese for all of the source areas, 

. $ . *  
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manganese would still not meet the PRG in the groundwater and sediments. The origin of the 
widespread manganese concentrations in soil is unclear and not supported by FEMP processing 
history. The uranium concentrations are all below PRL (lxl(r5 ILCR) for the same risk scenarios. 

Table H.3-6 presents the surface water COC loading to the Great Miami Aquifer of all of the COCs 
which account for 95 percent of the total risk and/or failed either the surface water or sediment 
screening as presented in Appendix F (Section F.2). The loadings from all of these COCs are 
calculated because they are required for the CRARE groundwater modeling. 

H .3.6.3 Groundwater Results 

e 
times of occurrence at each receptor location are listed in Tables H.3-7 and H.3-8 for on-property and 
off-property receptors, respectively. To estimate the cumulative impact due to multiple COG,  COC- 
specific concentrations at the time of the uranium maximum at each receptor location were also 
determined. These results are listed in Table H.3-9. 

Contour maps were developed to show the COC-specific maximum concentrations identified for on- 
and off-property receptor locations (see Attachment H.1, Figures H.1-1 through H.1-14). The 
following observations were made based on these contour maps: 

The disposal facility will not have any significant impacts to the Great Miami Aquifer in 
the 1OOO-year time frame. 

The residual perched groundwater contamination will not significantly impact the Great 
Miami Aquifer. 

Surface water infiltration through the SSOD and Paddys Run with residual contaminations 
are the most significant sources of future groundwater contaminations for antimony, 
mercury, magnesium, Sr-90, and Tc-99. 

Surface water mass loadings of antimony, manganese, and mercury are from surface soil at 
the background concentration levels. 

Source areas 575a and 575b are the most significant residual contamination sources for 
Np-237 and magnesium through the vertical migration pathway. 
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67 
0 

TABLE H.3-6 
127 SURFACE WATER PATHWAY LOADINGS (kg/yr) TO THE 

GREAT MIAMI AQUIFER 

COC C D  D B  E F  SSOD 

Radionuclides 

Ra-226 + 8D 

Sr-90+ 1D 

TC-99 

Th-230 

Th-232 + 10D 

Inorganics 

Antimony 

Arsenic 

Beryllium 

Manganese 

Mercury 

Uranium 

Organics 

Alpha-chlordane 

Aroclor- 1254 

Aroclor- 1260 

Benzo(a)pyrene 

Dibenzo(a,h)anthracene 

0.00 0;00 2.50 x 10'' 1.12 x lo") 

3.37 x lo") 1.38 x 10-9 2.46 x 10'O 5.89 x l o9  

1.14 x l o3  4.16 x lo" 3.33 x 10-5 0.00 

2.89 x l o 8  1.60 107 1.46 x 1.10 10-7 

0.00 0.00 2.51 x 10-5 1.12 x 10-3 

6.31 x 10' 2.92 x 1Q' 3.95 x 10-3 6.41 x 10' 

3.50 x 10' 1.95 x 10' 3.35 x lo-' 7.27 x 10' 

7.20 x 1 0 3  4.77 1 0 3  7.65 x lo4 1.58 x IO-' 

3.55 x 10' 2.64 x 10' 4.27 x 100 8.73 x 10' 

2.31 x 10' 1.44 x 10' 2.73 x IO-' 6.23 x lo-' 

2.77 x 10' 2.02 x 10-l 2.45 x lo-' 3.73 x lo-' 

0.00 0.00 9.98 x 10" 4.46x 1w 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

4.24 x 106 1.79 x l o 5  1.64 x 10" 9.80 x lo4 
0.00 0.00 0.00 0.00 

a See Operable Unit 5 RI (Section F.2 of Appendix F) for definitions of Paddys Run reaches. 
SSOD= Storm Sewer Outfall Ditch 
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Groundwater along the northern bedrock boundary of the aquifer does not have a 
significant simulated flow rate. Therefore, this area could become a local stagnation zone 
and result in significant accumulated contaminant concentrations with time. The maximum 
future concentrations of uranium and boron occur in this area due to loading from Source 
Area 560a. The mass loading rates from this area are relatively small. The significant 
groundwater concentrations are caused by long-term accumulation of contaminant mass in 
this small area. 

Residual contamination plumes of arsenic, manganese, and Ra-226 do not migrate 
significantly and remain relatively localized in the 1OOO-year period, as shown in Figures 
H.3-7 through H.3-9. 

149 The results of the conceptual long-term performance evaluation of the on-site disposal facility are 
summarized in Appendix F (Section F.5.5.6). Based on these results, one may conclude that the 
WAC and WAC application procedure developed and used in the Operable Unit 5 FS generally 
provide conservative design requirements for the on-site disposal facility. In general, uranium 
concentrations in the aquifer due to future loading from the disposal facility will be much less than 20 
pg/L within the first 500 years, even if the mean performance lifetime of the cap is only 600 years 
with a relatively high standard deviation of 200 years. With very high certainty, the future impacts 
from the on-site disposal facility will be insignificant within the first 200 years, regardless of the 
performance lifetime of the upper clay layer in the multi-layer cap. The future long-term impacts 
(i.e., within lo00 years) from the on-site disposal facility will very likely be acceptable (Le., less than 
20 pg/L) if the mean performance lifetime of the upper clay layer in the multi-layer cap is longer than 
800 years. 
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H.4.0 RISK CHARACTERIZATION 

This section presents the risk characterization methodology and results for the Operable Unit 5 
CRARE. The section has been structured to facilitate an understanding of risk quantification. 
Section H.4.1 discusses the projected exposure model and land-use conditions associated with 
implementation of the adopted site-wide remedy. Section H.4.2  details the general quantification 
techniques needed to evaluate chronic incremental exposure via numerous pathways. Section H.4.3 
presents a discussion of toxicity associated with exposure to chemicals and radionuclides and the 
values used in this CRARE. Section H.4.4 details the general quantification techniques used to 
estimate carcinogenic and noncarcinogenic risk associated with exposure to chemicals and 
radionuclides. Section H.4.5 presents the results of the previously outlined risk methodology for 
target receptors associated with the adopted site-wide remedy and additional reference receptors. 
risk results strictly reflect the risks associated with postremedial sources including variations of 

the 
The 

background (radionuclides and inorganics). For specific information regarding the calculation of the 
risk results, see Attachments H.111 and H.IV. 

H.4.1 EXPOSURE SCENARIOS FOR SOURCE CONFIGURATION AND LAND USE 
To quantify risks associated with the remediated FEMP site, an exposure scenario for source 
configuration and land use was developed and evaluated. Based on the proposed use of the FEMP 
site as an undeveloped park for the Operable Unit 5 representative remedial alternative (FS 
Alternative 3A, Case 7), two types of target receptor were considered, on-property and off-property. 
The on-property target receptor evaluated is the recreational (undeveloped-park) user, and the off- 
property target receptors are the off-property resident farmers (adult and child). Additional 
(reference) receptors representing other land uses were evaluated to provide a comparison of risk, and 
to show the potential risk in the event that contemplated institutional controls were lost, resulting in 
an alternate land use of the FEMP. 

in Section H.4.1.3.  

Postremedial site conditions (as shown in Figure H.2-1) assumed as part of the adopted site-wide 
remedy to include a single on-site disposal facility storing waste from several operable units and 
residual soils within the excavated areas of Operable Unit 5 .  The PRLs for the site-wide remedy 
have been set based upon protection of the Great Miami Aquifer to maximum concentration limits 
(MCLs) (existing and proposed) and protection of the undeveloped-park user and off-property 
farmers. A conceptual exposure model has been developed for the adopted site-wide remedy and is 
presented in Figure H.4-1. This exposure model presents the sources of contamination, release 
mechanisms, exposure media, exposure pathways, and receptors. Each of these components, which 
contributed to the development and evaluation of the exposure scenario, is described below. 
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H.4.1.1 Land-Use Obiective Conceptual Model 
Figure H.4-1 presents the conceptual exposure model for the adopted site-wide remedy. The model 
examin& the source terms and land uses of the FEMP during the 1OOO-year period immediately 
following completion of remedial actions. The land-use objective for Case 7 (Operable Unit 5 
representative remedial alternative) has been adopted as the primary objective of the site-wide 
remedy. The land use objective for off-property areas remains residential farming. 

H.4.1.2 Sources. Waste-Release Mechanisms. and ExDosure Pathwavs 
COC sources and their potential release mechanisms serve as the primary elements to the exposure 
pathways. Sources, waste-release mechanisms, and exposure pathways identified for the adopted site- 
wide remedy are presented in the conceptual exposure model (Figure H.4-1) and are described below. 

H.4.1.2.1 COC Sources 
After site-wide remediation is complete, it is assumed that all structures will be removed. As shown 
in Figure H.2-1, Postremedial Site Conditions, (Section H.2.2), the features and COC sources 
remaining at the FEMP will be: 

Permanent on-site disposal facility 
Residual contamination in soil that meets the PRLs 
Residual contamination of the Great Miami Aquifer 

As depicted in the exposure model, the sources of residual COCs after remediation is complete may 
include: 

Remediated areas backfilled with clean treated soil 
Soil left undisturbed because it is at or below the target PRLs 
Leachate from the on-site disposal facility 
External radiation released from the disposal facility or residual soils 
Residual contamination in the groundwater after remediation 

This conceptual exposure model addresses the sources of residual COCs that can migrate to other 
environmental media or serve as a direct source of exposure to receptors. 

H.4.1.2.2 Waste-Release Mechanisms 
Release mechanisms identified for the adopted site-wide remedy land-use objective include 
volatilization and gaseous emissions, wind erosion and particulate emissions, surface runoff, leaching, 
and infiltration to the underlying groundwater. 
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Volatilization and Gaseous Emission - Gaseous COCs may be released through volatilization or 
radioactive decay (e.g., radon). Transport through air is expected to be a major pathway for COCs 
in residual soil remaining after remediation. 

Wind Erosion and Particulate Emissions - Release of particulates to the air pathway may occur 
through the generation of particulates by wind or surface soil disturbance. 

Surface Runoff - COCs in the surface soil can impact surface water/sediment through runoff. Runoff 
can transport COCs to receiving surface water bodies where receptors may come in direct contact by 
wading or showering, or indirect contact by irrigation of crops. Surface water transports 
contaminants by conveying dissolved and suspended solids to receptors as it flows across the ground 
surface and along any drainage features. It is assumed that no surface water or sediment runoff 
would occur from the disposal facility due to the presence of an engineered multi-layered capping 
system. 

Leaching and Infiltration - The FEMP site has a humid climate with an average annual rainfall of 
about 40 inches (102 centimeters). A portion of this water percolates through subsurface soil and 
recharges the underlying aquifer. Percolation can also occur, however, to a much reduced degree 
through the disposal facility. COCs in the waste and soil in the disposal facility can be transported 
vertically with this flow. However, degradation, retardation, and radioactive decay have the ability to 
modify the concentrations that eventually reach the aquifer. Dilution of constituents can also occur in 
the groundwater. Eventually, the contaminant completes the pathway by transport to a source of 
groundwater such as a well which can be accessed by a receptor for residential and agricultural use. 

H.4.1.2.3 Exuosure Pathwavs 
The media impacted by the various release mechanisms include air, soil, sediment, surface water, and 
groundwater. Contaminated material within the various media can travel through several exposure 
pathways to which potential receptors may be exposed. An exposure pathway describes the course a 
COC takes from its source to an exposed individual and how the COC enters and affects the human 
body. An exposure pathway links the source, release mechanism, locations, and activity patterns to 
quantify the impact of COCs on hypothetical human receptors. 

There are numerous potential exposure pathways at the FEMP by which receptors can come in 
contact with COCs. These pathways inhalation, incidental ingestion, dermal contact, and external 
radiation. On the right-hand side of the exposure model (Figure H.4-l), the various combinations of 
exposure pathways and media are tabulated. Each pathway and medium is reviewed for applicability/ 
significance for each of the exposed receptors. Pathways identified as being complete and significant 
are denoted with an "X," while those not expected to result in significant exposures for a given 
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receptor are noted, along with an explanation of why these pathways were not included in the 
quantitative risk analysis in the CRARE. The exposure pathways are described below. 

Inhalation - A receptor’s exposure through this pathway begins with COCs being transported from 
their source by air, eventually reaching the receptor through inhalation. The applicability of the 
inhalation pathway depends on the different characteristics of the receptor’s daily activities. The 
significant exposures from this pathway are through the inhalation of gases, including radon, and 
resuspended particulates. 

Ingestion - Direct ingestion of soil, sediment, drinking water, and food are considered significant 
pathways for many receptors. Ingestion of contaminated substances can come from direct or indirect 
routes. For example, a receptor may ingest COCs in drinking water from the aquifer, through 
incidental ingestion while wading in contaminated surface water, or by ingesting vegetation irrigated 
with contaminated water. 

Consumption of meat or milk from animals ingesting contaminated soil, water, or foliage while 
grazing on FEMP property is considered in this risk analysis. Exposure pathways such as ingestion 
of contaminated soil, surface water, sediment, groundwater, and crops are significant for the receptors 
evaluated in this risk assessment. 

Dermal Contact - This pathway encompasses all of the receptor’s activities that result in direct contact 
with contaminated soil, sediment, surface water, or groundwater. 

External Radiation - Exposure routes are divided into internal and external exposures. Internal 
exposures occur when COCs are introduced directly into the human body through inhalation, 
ingestion, or absorption across dermal surfaces. External exposures do not require physical contact 
and occur when a receptor is in proximity to radioactive material. External exposures are only 
calculated for gamma emitting radionuclides and result in the irradiation of the exposed individual. 
This pathway may be significant for receptors in close proximity to residual soil or waste (e.g., 
on-property receptors). Significant external radiation pathways identified for several of the evaluated 
receptors include exposure to radiation originating from contaminated soil or sediment. 

H.4.1.3 Receutors 
Both on- and off-property receptors were evaluated in this CRARE. Three target receptors were 
selected because they are considered reasonable maximum exposure @ME) receptors for the FEMP 
land use specified by the Operable Unit 5 representative remedial alternative (Le., an undeveloped 
park). The on-property target receptor is the undeveloped-park user, while the off-property target 
receptors are the resident farmers (adult and child). The undeveloped-park user is assumed to make 
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use of the entire FEMP site. The off-property residents are assumed to reside outside the existing 
eastern boundary of the FEMP. 

The conceptual exposure model (Figure H.4-1) presents an additional eight receptors. On-property 
receptors were developed for land uses such as residential/agricultural, commercial/industrial, and 
recreational (park) use. On-property farmers were evaluated for residential and agricultural uses of 
the FEMP. A commercial/industrid receptor was evaluated for potential exposures to a worker 
maintaining the portion of the FEMP site that is restricted and retained for federal ownership (Le., 
disposal facility area). Additionally, an expanded trespasser receptor was evaluated in the event an 
intruder trespasses onto the restricted portion of the FEMP site (Le., disposal facility area). These 
receptor scenarios evaluated for the adopted site-wide remedy are for comparison purposes only. 

This CRARE focuses on the target receptors (Le., undeveloped-park user and off-property residents) 
for the Operable Unit 5 representative remedial alternative. The remaining receptors are "reference" 
receptors presented for comparison purposes. The reference receptors would be applicable in the 
unlikely case that the FEMP lost institutional controls, resulting in alternative land uses. 

H.4.1.3.1 Target Receptors 
Undevelooed-Park User - The undeveloped-park user was selected to evaluate the potential risk to 
human receptors if portions of the site were released for use as a neighborhood park with limited 
facilities. Under this scenario, there would be no restrooms or developed recreational facilities with 
the exception of walking trails, open spaces of grassy fields, picnic tables, and benches. The 
activities for this scenario include ball playing, picnicking, dirt-bike riding, bird watching, and 
wildlife viewing. Because the environmental setting is assumed to be more intensively developed 
(Le., a neighborhood park) versus rural (i.e., a wildlife reserve), this scenario is assumed to have a 
greater access potential for youth. Also, the presence of open spaces for playing ball and the types of 
recreation offered by this scenario are assumed to be more attractive to youths and less attractive to 
adults. 

Because there are no restroom facilities provided at the undeveloped park, it is assumed that the 
average use of the park and the exposure time per day will be reduced from the developed-park user. 
Activities such as dirt-bike riding are assumed to increase possible fugitive dust emissions in specific 
areas (Le., in the vicinity of biking trails where this activity is occurring). 

Exposure pathways for this receptor would include inhalation of gases, vapors, and dust; ingestion of, 
dermal contact with, and external radiation from residual contaminated soil and sediment; and 
ingestion of and dermal contact with surface water while wading. There would be no exposures to 
residual contaminants in the Great Miami Aquifer or perched water zones. 
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Off-Prouem Resident Farm Adult - The inclusion of a farmer, assumed to live immediately adjacent 
to the existing FEMP property boundary, was determined to be highly likely based on current 
conditions and has therefore been included as a target receptor in this risk analysis. The major 
concern for this receptor is the exposure received from regular use of water from the Great Miami 
Aquifer for both residential and agricultural uses. This farmer could also be exposed to COCs from 
site residual contaminants carried by the wind as gases, vapors, and particulates. This receptor would 
be exposed to on-property residual soil through dermal contact or external radiation since off-property 
soils have received contaminants as a result of disposition. 

Exposure pathways for this receptor would include: inhalation of gases, vapors, and dust; ingestion 
of food products affected by residual contaminated dust from the site; ingestion of, dermal contact 
with, and external radiation from residual contaminated soil; inhalation and dermal contact with 
contaminated water from the Great Miami Aquifer while showering; ingestion of contaminated 
groundwater while drinking; and consumption of food products (e.g., produce, dairy products, and 
meat) irrigated with contaminated groundwater. 

. 

Off-Prouertv Resident Farm Child - The child (ages 1 through 6) living off-property, adjacent to the 
FEMP, is evaluated as a subpopulation of concern because this receptor is more sensitive to exposure 
than adults. For this reason, this receptor has been evaluated in this risk analysis. A young child 
residing adjacent to the FEMP is assumed to be exposed through the same pathways as the adult off- 
property farmer. 

H.4.1.3.2 Reference ReceDtors 
On-ProDertv Resident Farm Adult - If the FEMP lost all institutional controls contemplated by the 
adopted site-wide remedy, the site could potentially revert to residential and agricultural uses in the 
future, and an adult farmer could reside on the site after remediation. Potential exposures to this 
receptor may result from direct contact with residual contaminated soil and groundwater. 

Exposure pathways for this receptor would include: inhalation of gases, vapors, and dust; ingestion 
of food products affected by residual contaminated dust from the site; ingestion of, dermal contact 
with, and external radiation from residual contaminated soil; inhalation and dermal contact with 
contaminated water from the Great Miami Aquifer while showering; ingestion of Contaminated 
groundwater while drinking; and consumption of food products (e.g., produce, dairy products, and 
meat) irrigated with contaminated groundwater. These pathways assume the on-property farmer 
(adult) would reside on the remediated FEMP and would be growing produce, tending livestock, and 
performing general farming activities. . 
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On-ProDertv Resident Fann Child - The child (ages 1 through 6) living on the property would form a 
subpopulation of concern because they may be more sensitive to exposure than adults. A young child 
residing on the remediated FEMP is assumed to be exposed through the same pathways as the adult 
on-property farmer. 

Commercialnndustrial User - A worker could be present on the property conducting groundskeeper 
and maintenance activities throughout the FEMP (not just for Operable Unit 5). Exposure pathways 
would include: inhalation of fugitive dusts, organics, and gases; and dermal contact with, incidental 
ingestion of, and external radiation from residual contaminated soil while on the site. 

DeveloDed-Park User - This receptor would be used to evaluate the potential residual risks to human 
receptors if all or portions of the site were released for a neighborhood park which included 
developed recreational facilities. Under this scenario, restrooms would be available as well as 
developed recreational facilities such as playgrounds, ball tields for organized sports teams, and picnic 
facilities. In combination, these developments are assumed to attract more visitors and encourage 
greater family use of the remediated FEMP site. The activities for this scenario are assumed to result 
in greater use of the site by children. In addition, the availability of restroom facilities would 
encourage a longer average use per day per person. The development of ball fields and playgrounds 
is assumed to result in larger areas of exposed (nonvegetated) soil. The primary effect of exposing 
areas of bare soil, especially on baseball fields, would be to increase particulate resuspension from 
wind erosion. 

Exposure pathways examined for this receptor are the same as those examined for the undeveloped- 
park user presented above. 

Wildlife-Reserve User - This receptor would be used to evaluate the potential residual risk to human 
receptors if all or portions of the site were released for use as a wildlife reserve. Under this scenario, 
there would be no restroom facilities and no developed recreational facilities with the possible 
exception of hiking or walking trails. Activities would include hiking, bird watching, and viewing 
other wildlife. An area would be included for adults to walk their pets. The intent of this 
environmental site setting would be to minimize disturbance of wildlife species. Activities such as 
hiking and wildlife viewing in a natural setting would be done primarily by older teenage children 
(age 13 to 18) and adults. Because there would be no restroom facilities or developed playgrounds or 
ball parks, the type of recreation offered by this scenario is assumed to be less attractive for a young 
child, adolescent (age 7 to 12), or senior adults. 

The contact rate would.be determined based on the age of the receptor, activities, and the exposure 
time. Because there are no restroom facilities, the average exposure time of 1 hour a day was 
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assumed for young.children and senior adults, and 2 hours a day was assumed for the youth and 
adult. Because the activities associated with this scenario are limited to passive recreation, the air 
particulate concentrations are assumed equal to modeled ambient levels occurring as a result of wind 
erosion, assuming a reasonable vegetation cover of 85 percent. 

Exposure pathways examined for this receptor would include: inhalation of gases, vapors, and dust; 
ingestion of, dermal contact with, and external radiation from residual' contaminated soil and 
sediment; and ingestion of and dermal contact with surface water while wading. 

Exoanded Tresoasser - The expanded trespasser is a composite adultkhild who illegally uses the 
restricted portion of the site for recreational purposes. This hypothetical individual would visit the 
site despite continued federal institutional controls. No specific location would be assigned as the 
expanded trespasser may wander over the entire FEMP site, except for the on-site disposal facility. 
Exposure pathways for the expanded trespasser would include: inhalation of fugitive dusts, volatile 
organics, and gases; dermal contact with, incidental ingestion of, and external radiation from site soil 
and sediment; and incidental ingestion of and dermal contact with surface water. 

Great Miami River User - The Great Miami River user was included to evaluate the exposures 
incurred during the activities of a receptor who frequently uses the Great Miami River for recreational 
purposes. The activities of this receptor may include swimming, boating, etc,. 

The risk from pathways for this receptor was evaluated for special cases in which a receptor was not 
considered to be exposed, but could be used as an add-on element to risk. For example, any of the 
receptors could also be users of the Great Miami River and, therefore, risk from this pathway can be 
additive to receptor risk. 

Exposure pathways for this receptor include ingestion and dermal contact with surface water from the 
FEMP that has drained into the Great Miami River. Additional uses of the Great Miami River 
include household and agricultural. Under these uses, a receptor could be exposed through ingestion 
of and dermal contact with water from the river. The agricultural user is exposed through ingestion 
of food products irrigated with water from the river. 

Meat and Milk Consumer - This receptor was evaluated to assess the hazards and risks associated 
with the use of animal products produced by cattle grazing on the remediated FEMP site. Exposure 
pathways for this receptor include: ingestion of dairy and meat products from cattle grazing, crops 
affected by dust from the site, and groundwater from the Great Miami River. 
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As with the Great Miami River user, receptors (not including on- and off-property farmers) could also 
be consumers of animal products produced from cattle grazing on the FEMP site. This pathway can 
be additive to risk for these receptors. 

H.4.2 INTAKE OUANTIFICATION 
Exposure is defined as the contact of an organism with a chemical or physical agent. Exposure can 
occur through multiple pathways, including inhalation, dermal contact, and incidental ingestion 
resulting from of the contaminant being taken into the body. The amount of contaminant acquired is 
referred to as the contaminant intake. The fraction of the contaminant absorbed into the body (across 
the membranes of the gastrointestinal or respiratory system, or through the skin after dermal contact) 
is referred to as the dose or the absorbed dose of contaminant. This section describes the 
quantification of these intakes or doses. The general quantitative methodologies employed on the 
various types of contaminants are presented here. A detailed discussion of equations and parameters 
used in the quantification of exposures for the 11 receptors are consistent with those used in the 
Operable Unit 5 baseline risk assessment and are presented in Attachment H.111. 

In evaluating cancer risks and the potential for adverse noncarcinogenic health effects, it was 
necessary to estimate contaminant intake for the exposed receptor. For both carcinogenic and 
noncarcinogenic risk determination, average long-term daily intakes were used to estimate risk. The 
chronic daily intake (CDI) for hazardous chemical contaminants was estimated based on the 
following: 

(C x CR x EF x ED) 
(BW x A7) 

CDZ = 

(H.4-1) 

where 
CDI = chronic daily intake (mg/kg body weight/d), 
C = chemical concentration in exposure medium (rng/L), 
CR = contact rate with exoosure medium &Id), , .  

BW = body weight (kg), and 
AT = average time, e.g., the period over which exposure is averaged (days). 

In the case of cancer risk assessment, the average lifetime daily intake was used to estimate the ILCR, 
and AT equalled a full 70-year lifespan. For noncarcinogenic risk assessment, intake was evaluated 
over the period during which exposures occur, and AT equalled the duration of exposure. In the case 
of dermal exposures, time-weighted absorbed doses were calculated rather than intakes. Otherwise, 
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time-weighted average doses were calculated in the same manner as the contaminant intakes described 
above. 

The equations used to calculate the intake of radioactive material by ingestion or inhalation were 
adapted from RAGS (EPA 19898). The intake equations follow. 

Inhalation: 

CDI (pCi) = C x IR x ED x EF x ET 

Ingestion of soils, liquids, and products: 

CDI (pCi) = C x IR x ED x EF x FI 
where 

C 
IR 
ET = exposure time (h/d) 
EF = exposure frequency (d/y), 
ED = exposure duration (y), and 
FI = fractional intake (unitless) 

= concentration of contaminant in exposure media (pCi/m3, pCi/mg 
= inhalation or ingestion rate of media @I%, . . . . ... . _.. mg/d, kg/d, or L/d), 

..... 
48 1 

The exposure pathways evaluated for each receptor are discussed in Section H.4. 

(H.4-3) 

pCi/kg, or pCi/L), 

. The exposure 
point concentrations used for this CRARE are presented in Attachment H.111. The exposure 
parameters and factors used are summarized in Attachment H.111. The exposure parameters were 
based on those used in the draft Operable Unit 5 RI report. Specifically, the receptor intakes of 
COCs were quantified using the methods, models, and parameters specified in the RAWPA (DOE 
1992), the Supplemental Guidance to the RAWPA (DOE 1994h), and the SWCR (DOE 19939 with 
the following exceptions. 

The soil ingestion rate adopted for the commercial/industrial was 100 mg/day, consistent with the 
value used in the Operable Unit 4 RI report. 

The soil ingestion rate for the RME adult farmer is a site-specific, time-weighted average value based 
on specific activities performed during the course of the receptor’s lifetime and the relative length of 
time spent in each activity. The first six years of this receptor’s life are spent as a young child 
ingesting 0.2 g/day for 350 days/year (a total of 420 grams). Between 18 and 70 years of age, the 
RME farmer is assumed to spend 50 years working a farm. Assuming the farmer follows the usual 
and recommended agricultural practices in Hamilton County, he will spend 100 days/year outdoors 
working the land, during which he is assumed to consume 0.48 g/day of soil (a total of 2400 grams). 
During the remaining 250 days a year spent on the property, the resident farmer ingests soil at a rate 
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of 0.1 g/day, adding another 1250 grams of soil to the farmer's intake during this 50 years. During 
0 

the remaining 14 years (12 years as an older child and 2 years as an adult), it is assumed that the soil 
ingestion rate is 0.1 g/day for each of the 350 days/year spent on site (a total of 490 grams). The 
total soil ingestion, 4560 grams, divided by 25,550 days (365 days x 70 years) yields a time-weighted 
average intake of 0.18 g/day (180 mg/day). 

H.4.3 TOXICITY ASSESSMENT 
Two human-health effects are addressed in the toxicity assessment for Operable Unit 5: carcinogenic 
risks and noncarcinogenic hazards. Carcinogenic risks may be caused by exposure to a chemical 
carcinogen or ionizing radiation from a radionuclide. The effects of carcinogenic exposure include 
tumors, sarcomas, and cancer. Potential noncarcinogenic effects of contaminants are numerous and 
range from kidney or liver damage to localized effects such as skin or eye irritation. 

Carcinogenic risk is quantified by the ILCR ahd is expressed in terms of the probability that a given 
receptor will develop cancer as a result of estimated exposures. For example, if the receptor has an 
additional risk of 1 in 10,000 of developing cancer due to these exposures, the probability is 
expressed as lo-" (1/10,000) risk. A chemical intake calculated in the exposure assessment is 
multiplied by the specific cancer slope factors (CSF) developed by EPA to determine the ILCR for 
any given constituent. 

In the evaluation of potential exposures for the noncarcinogenic hazards, it was assumed that a dose 
threshold exists for a given constituent below which no toxic effect will occur. This threshold is used 
to develop an acceptable intake level, known as a reference dose (RfD). To estimate the 
noncarcinogenic health hazard, the estimated intake (calculated from the exposure assessment) was 
divided by the acceptable intake. This ratio is called the hazard quotient (HQ). When HQs for 
multiple COCs are summed for a particular pathway, the resultant value is the HI. If the ratio of 
estimated intake to the acceptable intake is greater than 1, the site-related intake is considered to 
increase the risk of noncarcinogenic toxic effects. 

Toxicity profiles for Operable Unit 5 COCs can be found in Appendix A of the RI report (DOE 
199%). The most recent versions of the data from the Integrated Risk Information System (IRIS) 
database (EPA 1994b) and Health Effects Assessment Summary Tables (HEAST EPA 1994a) were 
used to obtain CSF and RfD values. Those values used to quantify risk in this CRARE are presented 
in Section C.4. 
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The following are exceptions, where information from one chemical was used to model a compound 
class: 

0 

141 
0 

The carcinogenicity of all polychlorinated biphenyl (PCB) isomers is assumed to be equal 
to the carcinogenicity of Aroclor-1260 because dose-response data for the other isomers are 
inconclusive. 

The carcinogenicity of polycyclic aromatic hydrocarbons (PAHs) is determined initially 
using the benzo(a)pyrene cancer slope factors and refined using a Relative Potency Factor 
(RPF) approach (Clement 1988, 1990). 

141 
Carcinogenic risk associated with PAHs are determined by applying the relative potency approach 
described by Clement (1988 and 1990). This approach, approved by EPA Region V, considers the 
relative potency of the individual PAHs and allows site-specific PAH concentrations to be expressed 
as relative benzo(a)pyrene concentrations in the risk assessment. The relative potency factors for 
PAHs are presented in Table H.4-1. 

' 

. H.4.4 RISK CHARACTERIZATION METHODOLOGY 
In this CRARE, the potential risks to humans following exposure to postremediation residual COCs 
(radionuclides and nonradioactive chemicals) have been estimated using methods established by the 
EPA. The EPA has provided guidance documents and databases for characterizing human health risk, 
and these have been used as major sources in preparing C U R E  risk assessments: 

Risk Assessment Guidance for Superfund (EPA 19898 and 1991b) 
Integrated Risk Information System (EPA 1994b) 
Health Effects Assessment Summary Tables (EPA 1994a) 
Exposure Factors Handbook @PA 1989c) 

H.4.4.1 Hazardous Chemical ExDosures 
Risks from nonradionuclide COCs have been estimated for carcinogenic and/or noncarcinogenic 
effects. Some carcinogens may also pose a noncarcinogenic toxic hazard. For those COCs that have 
an RfD available, the noncarcinogenic HQ was calculated. Effects due to exposures from these 
chemicals have been characterized for both types of health effects. I 
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TABLE H.4-1 

RELATIVE POTENCY FACTORS (RPFs) AND 
CORRESPONDING ORAL AND INHALATION SLOPE FACTORS 

FOR THE GROUP B2 PAHs' 

Oral Slope Inhalation Slope 
Relative Factor Factor 
Potency (mg/kgday)' (mg/kgd ay)-' 

Benzo(a)p yrene 

Benzo(a)anthracene 

Benzo(b)fluoranthene ' 

Benzo(k)fluoranthene 

Chrysene 

Dibenzo(a,h)anthracene 

Indeno( 1,2,3-cd)pyrene 

1 .o 
0.1 

7.3 6.1 

0.73 0.61 

0.1 0.73 0.61 

0.01 0.073 0.061 

0.001 0.0073 0.0061 

1 .o 7.3 6.1 

0.1 0.73 0.61 

EPA 1993g 
1 

2 

3 

Risk Characterization Methodologv for Carcinogens 
The risk attributed to a carcinogen was estimated as the ILCR of an individual as a result of exposure 
to the substance. At low doses, the risk of developing cancer was estimated as follows (EPA 19893): 4 

Risk = (CDI)(SF) (H.4-4) 

where 

Risk 
CDI 
SF = slope factor (mg/kg/day)-'. 

= risk of cancer incidence, expressed as a unitless probability, 
= chronic daily intake averaged over 70 years (mg/kg/day), and 

For dermal exposure, cancer risks were calculated using adjusted toxicity factors based on absorbed 
doses of contaminants rather than contaminant intakes. For a given pathway with simultaneous 
exposure of a receptor to several carcinogens, the following equation was used to sum cancer risks: 
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total pathway risk of cancer incidence and 
risk associated with an individual carcinogenic chemical. 

In compliance with EPA guidance @PA 1989g), the ILCR values estimated in this CRAW for the 
potentially exposed receptor were compared to an incremental upper-bound lifetime cancer risk of 104 
to 106. 

Risk Characterization Methodoloev for Noncarcinogens 
The risk associated with exposure to noncarcinogenic hazardous COCs was evaluated by comparing 
an exposure level or intake to an RfD. It is recognized that this methodology for assessing the human 
health effect for noncarcinogens does not give a measure of risk as is calculated for the carcinogens. 
Even so, for convenience, the term "risk" will continue to be used when discussing these evaluations. 
The ratio of intake/RfD for a single contaminant is the HQ and is defined as (EPA 1989g): 

HQ = I/RfD (H.4-6) 

where 

HQ = hazard quotient (unitless), 
I = intake of a chemical (mg/kg/day), and 
RfD = reference dose (mg/kg/day). 

When using this equation to estimate potential noncarcinogenic risk, the intake and RfD must be for 
exposures of equivalent duration (e.g., subchronic, chronic, or fewer than two weeks). For this 
CRARE, COC exposures have been evaluated in all cases on a chronic basis, using chronic RfD 
values. Analogous to cancer risks, dermal noncancer risks were assessed using absorbed dose rather 
than intake. 

In the case of simultaneous exposure of a receptor to several 
sum of the HQs by: 

HI = Ii/RfDl + 12/RfD2 + 

chemicals, an HI was calculated as the 

. . . Ii/RfDi (H .4-7) 

where 

HI = hazard index (unitless), 
Ii = intake for the i' toxicant, and 
RfDi = reference dose for the i* toxicant. 

An HI is an indicator of the potential for adverse effects associated with chronic exposures to multiple 
chemicals. In effect, HIS assume dose additivity for all COCs @PA 19898). 
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In compliance with EPA guidance (EPA 1989g), the noncarcinogenic HIS summed across pathways 
were compared to "unity." An HI of unity indicates that the exposure intake is equal to the RfD. If 
the HI isgreater than 1 or "above unity," there is concern for potential health effects. Major 
categories of noncarcinogenic health effects include neurotoxicity, developmental toxicity, 
reproductive toxicity, immunotoxicity, and adverse effects on target organ, such as hepatic, renal, 
respiratory, cardiovascular, and dermal/ocular problems (EPA 1989g). 

H.4.4.2 Radiological ExDosures 
The procedures for estimating the total lifetime excess cancer risks due to exposure to radionuclides 
are described in this section. 

Risk Characterization Methodologv for Internal Exuosures 
Risk characterization for internal exposures to radionuclides (intake via inhalation or ingestion) was 
calculated as follows (EPA 1989g): 

Risk = (I)(SF) (H.4-8) 

where 

Risk 
I 
SF = slope factor (pCi)-'. 

= risk of cancer incidence, expressed as a unitless probability, 
= lifetime radionuclide intake (pCi), and 

The slope factor is either a HEAST value for a particular radionuclide or the sum of the HEAST 
slope factors for that radionuclide and its short-lived progeny to account for ingrowth during storage 
and/or environmental transport. 

Risk Characterization Methodologv for External Gamma Exposures 
For this CRARE, risk characterization for external exposure to gamma-emitting radionuclides in 
contaminated surface soil was calculated as follows (DOE 1992): 

Risk = (SF)[(C,)(EF)(ED)(ET)(l - SH)] (H.4-9) 

where 

Risk 
c, 
SF 
ET 
ED = exposure duration (years), 
EF 
SH = shielding factor (unitless). 

= risk of cancer incidence, expressed as a unitless probability, 
= radionuclide soil concentration (pCi/g), 
= radionuclide slope factor (risk/yr/pCi/g) from EPA (1994a), 
= fraction of day exposed (unitless), 

= modifying factor, fraction of year exposed (unitless), and 
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External slope factors do not include contributions from decay products (radioactive progeny). In 
some cases, these contributions were substantial and required the inclusion of progeny in the overall 
risk calculation. 

H.4.5 Residual Human Health Risks 
This section presents summaries of the ILCR and HI as calculated for each of the target and reference 
receptors. Complete calculation sheets can be found in Attachment H.IV. 

H.4.5.1 Target Receptors 
The following paragraphs present a summary of risk analyses for the individuals under the adopted 
site-wide remedy. These receptors and corresponding risks represent a conservative estimate in 
accordance with the use of the FEMP as an undeveloped park. 

Undevelo~ed-Park User 
The undeveloped-park user represents the projected postremedial site user under the adopted site-wide 
remedial alternative. The carcinogenic (ILCR) and noncarcinogenic (HI) risks associated with the 
undeveloped-park user are presented in Table H.4-2. 
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Off-ProDertv Resident Farm Adult 
Projected future land use assumes continued farming adjacent to the FEMP. The off-property 
resident farm adult represents the most conservative off-property receptor for carcinogenic evaluation. 
The risk results for this receptor are presented in Table H.4-3. 

Off-ProDertv Resident Farm Child 
The off-property resident farm child represents the most conservative off-property receptor for 
noncarcinogenic risk evaluation under the adopted site-wide remedy land-use conditions. The risk 
results for this receptor are presented in Table H.4-4. 

H.4.5.2 Reference ReceDtors 
The following section presents a summary of risk analyses for hypothetical receptors under the 
unlikely scenario that land-use controls fail. These receptors have been provided for comparison 
purposes only. They are not envisioned as being viable under the adopted site-wide remedy. 

On-ProDertv Resident Farm Adult 
The on-property resident farm adult is based on the assumption that there is complete loss of land-use 
restrictions. This scenario is the least likely of the reference receptors. HI and ILCR values for this 
receptor are presented in Table H.4-5. 
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TABLE H.4-2 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

UNDEVELOPED-PARK USER 
138 
140 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) NA NA NA 
Incidental ingestion of residual soils (chemicals) NA NA NA 
Dermal contact with residual soils (chemicals) NA NA NA 
Ingestion of meat (chemicals) 3.6E-06 3.6E-06 3.5E-06 
Ingestion of dairy products (chemicals) 4.4E-05 4.4E-05 3.1E-05 
Ingestion of vegetables and fruit (chemicals) 7.6E-03 7.6E-03 5. IE-03 
Ingestion of fish (chemicals) 3.9E-01 3.9E-01 3.9E-01 
Ingestion of drinking water (chemicals) 1.9E-02 1.9E-02 8.1E-03 
Dermal contact while bathing (chemicals) 4.2E-03 4.2E-03 1 SE-03 
Incidental ingestion while wading (chemicals) 6.6E-10 6.6E- 10 3.3E-11 
Dermal contact while wading (chemicals) 4.6E-09 4.6E-09 2.2E-10 

Noncarcinogenic Pathway Summation = 4.2E-01 4.2E01 4.0E-01 

Exposure Pathway Total a 
Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

NA 
NA 
NA 
NA 
NA 

4.4E-06 
1.7E-05 
1.3E-07 

4.6E-09 
2.5E-09 

6.6E-10 

1.6E-11 
1.OE-11 
2.4E-09 
8.3E-08 
8.0E-07 
2.7E-06 
9.0E-07 
3.2E-09 

NA 

Carcinogenic Pathway Summation = 2.63-05 

NA = Not applicable. Exposure route is incomplete. 
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Total Minus Total Minus 
Rad All 

Background Background 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

4.4E-06 2.2E-07 

1.3E-07 6.3E-09 
2.9E-07 2.9E-07 

6.6E-10 3.3E-11 
4.6E-09 2.2E-10 
4.4E- 1 1 4.4E-11 
1.6E-11 5.OE-13 
2.4E-12 2.4E-12 
2.4E-09 1.3E-10 
1.5E-08 I SE-08 
8.0E-07 3.5E-08 
1.2E-07 1 -2E-07 
9.0E-07 1.6E-07 

NA NA 
2.5E-11 2.5E-11 

6.7JM6 8.5E-07 
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138 . SUMMARY OF POTENTIAL HEALTH EFFECTS: 
140 OFF-PROPERTY RESIDENT FARM ADULT 

~~~ ~~ 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 6.5E-03 6.5E-03 NA 
Incidental ingestion of residual soils (chemicals) 6.2E-02 6.2E-02 5.2E-03 
Dermal contact with residual soils (chemicals) 1.9E-0 1 1.9E-0 1 2.2E-02 
Ingestion of meat (chemicals) 2.4E-03 2.4E-03 2.2E-05 
Ingestion of dairy products (chemicals) 2.3E-01 2.3E-01 1.6E-02 
Ingestion of vegetables and fruit (chemicals) 8.8E-01 8.8E-01 8.1E-02 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) 7.7E-02 7.7E-02 4.7E-02 

Incidental ingestion while wading (chemicals) NA NA NA 
Dermal contact while wading (chemicals) NA NA NA 

Dermal contact while bathing (chemicals) 3.1E-02 3.1E-02 2.7E-02 

Noncarcinogenic Pathway Summation = l.SE+OO l S E +  00 2.OE01 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Inhalation of particuiates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

NA = Not applicable. Exposure route is incomplete. 

1 .OE-08 
2.8E-06 
2.3E-05 
4.6E-06 
3.1E-06 
1.3E-05 
4.8E-06 
3.9E-07 

NA 
NA 
NA 

6.4E-08 
5.4E-09 
3.9E-05 
3.1E-05 
1 .OE-04 
8.5E-06 

NA 
NA 

8.3E-04 

l . lE03  

1 .OE-08 
3.3E-07 
2.3E-05 
3.3E-07 
3.1E-06 
1.3E-05 
1.9E-06 
3.9E-07 

NA 
NA 
NA 

2.5E-09 
3.9E-05 
1 .2E-05 
1 .OE-04 
1.7E-06 

NA 
NA 

3 .OE-06 

6.4E-08 

2.OE04 

2.4E- 10 
3.4E-07 
2.OE-06 
3.3E-07 

NA 

NA 
NA 
NA 
NA 

2.5E-09 
3 SE-05 
1.2E-05 
3.4E-06 
1.7E-06 

NA 
NA 

3.0E-06 

1.lE-06 

1.9E-06 

2.7E-08 

6.1E05 
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March 22. 1995 

TABLE H.4-4 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 138 
140 OFF-PROPERTY RESIDENT FARM CHILD 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 1.8E-02 1.8E-02 NA 
Incidental ingestion of residual soils (chemicals) 3.2E-0 1 3.2E-01 2.7E-02 
Dermal contact with residual soils (chemicals) 3.1E-01 3.1E-01 3.6E-02 
Ingestion of meat (chemicals) 4.3E-03 4.3E-03 4.0E-05 
Ingestion of dairy products (chemicals) 2.5E+00 2.5E+00 1.7E-01 
Ingestion of vegetables and fruit (chemicals) 3.6E + 0 1 3.6E + 00 3.3E-01 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) 1.8E-01 1.8E-01 l.lE-01 
Dermal contact while bathing (chemicals) 1.5E-01 1 SE-01 1.3E-01 
Incidental ingestion while wading (chemicals) NA NA NA 
Dermal contact while wading (chemicals) NA NA . NA 

Noncarcinogenic Pathway Summation = 7.OE+00 7.OE+ 00 8.OE01 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

0 NA = Not applicable. Exposure route is incomplete. 

F E W O U S F S I N M G / H - 4 . N E h Z l ,  1995 8:04pm H 4 2 1  

2.5E-09 
1.4E-07 
1 .OE-05 
4.4E-07 
4.4E-07 
2.6E-06 
2.1E-07 
1.6E-07 

NA 
NA 
NA 

9.9E-09 
1.8E-10 
3.5E-05 
5.9E-06 
3.6E-05 
6.3E-07 

NA 
NA 

6.2E-05 

1 SE-04 

2.5E-09 

1 .OE-05 
3.2E-08 
4.4E-07 
2.6E-06 
8.2E-08 
1.6E-07 

NA 
NA 
NA 

9.9E-09 

3.5E-05 
2.4E-06 
3.6E-05 
1.3E-07 

NA 
NA 

2.3E-07 

1.7E-08 

8.3E-11 

5.7E-11 
1.7E-08 
8.8E-07 
3.2E-08 
1 SE-07 

NA 
8.2E-08 

NA 
NA 
NA 
NA 

4.3E-09 
8.3E-11 
3.1E-05 
2.4E-06 
1.2E-06 
1.3E-07 

NA 
NA 

2.3E-07 

8.7E05 3.6E-05 



FEMP-OSFS-5 DRAFT FINAL 

TABLE H.45 

March 22, 1995 e 
138 
140 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
ON-PROPERTY RESIDENT FARM ADULT 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

Noncarcinogenic Pathway Summation = 

1 .OE-02 
1 .OE-O1 
3.0E-01 
8.5E-03 
3.6E-01 
1.2E+00 

NA 
9.5E-02 
5.9E-02 

NA 
NA 

2.1E+00 

1 .OE-02 
1 .OE-01 
3.0E-01 
8.5E-03 
3.6E-01 
1.2E+00 

NA 
9.5E-02 
5.9E-02 

NA 
' NA 

2.1E+00 

1.2E-02 
1.2E-02 
5.0E-02 
3.6E-05 
3 .OE-02 
1 SE-01 

NA 
8.1E-02 

NA 
NA 

3.8E01 

4.8E-02 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

ihalation of particulates (chemicals) 
'&alation of particulates (radionuclides) 
ncidental ingestion of residual soils (chemicals) 
ncidental ingestion of residual soils (radionuclides) 
Iermal contact with residual soils (chemicals) 
ngestion of drinking water (chemicals) 
ngestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
ncidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
ncidental ingestion while wading (radionuclides) 
ngestion of meat (chemicals) 
ngestion of meat (radionuclides) 
ngestion of dairy products (chemicals) 
ngestion of dairy products (radionuclides) 
ngestion of vegetables and fruit (chemicals) 
ngestion of vegetables and fruit (radionuclides) 
ngestion of fish (chemicals) 
ngestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

1.8E-08 
8.1E-06 
4.0E-05 
7.6E-06 

3 .OE-OS 
3 .OE-05 

NA 
NA 
NA 

1.7E-07 
6.8E-09 
1 SE-04 
4.0E-05 
6.8E-05 
1.6E-05 

NA 
NA 

1.2E-03 

1.6E03 

4.3 E-06 

9.1E-10 

1.8E-08 
4.OE-06 
4.OE-05 
2.1E-06 
4.3E-06 
3 .OE-08 
4.2E-06 
9.1E-10 

NA 
NA 
NA 

1.7E-07 
3.6E-09 
1.5E-04 

6.8E-05 
4.8E-06 

2.OE-05 

NA 
NA 

2.2E-04 

5.3E4 

1 .7E-09 
4.OE-06 
9.7E-06 
2.lE-06 
1 .4E-06 

NA 
4.2E-06 

NA 
NA 
NA 
NA 

1.2E-07 
3.6E-09 
1.5E-04 
2.OE-05 
1 .6E-05 
4.8E-06 

NA 
NA 

2.2E-04 

4.33.04 

NA = Not applicable. Exposure route is incomplete. 

FERIOUSFS!NMG/H4.NEW/kh21,1995 ' >  I 8:04pm H-4-22 
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FEMP-OSFS-5 DRAFT FINAL 
March 22, 1995 

On-ProDertv Child 
The on-property child receptor is assumed to be exposed to the same pathways as the on-property 
resident farm adult. Table H.4-6 presents the risk results. 

Milk and Meat Consumer 
The milk and meat receptor (Table H.4-7) has been included to evaluate exposures to a hypothetical 
consumer of the on-property food products. 

Commercialflndustrial User 
The cormnercial/industrial user has been provided to better evaluate the postremedial risk impacts 
under the hypothetical loss of land-use controls and the subsequent development of the FEMP into an 
industrial facility. HI and ILCR values associated with the commercial/industrial user are presented 
in Table H.4-8. 

DeveloDed-Park User 
The developed-park user has been provided to address the hypothetical scenario that the postremedial 
FEMP would be developed into a regional or county park. Table H.4-9 presents the risk results. 

Wildlife-Reserve User 
The wildlife-reserve user has been provided to evaluate the postremedial risk associated with the 
hypothetical development of the FEMP into a wildlife reserve. The HI and ILCR values associated 
with this receptor are presented in Table H.4-10. 

Exnanded TresDasser 
The expanded trespasser receptor is based on continued federal ownership and land use of the post- 
remedial facility. Table H.4-11 presents the risk results. 

Great Miami River User 
The Great Miami River user (Table H.4-12) has been provided to evaluate the potential additive 
exposure associated with the use of the Great Miami River for agricultural, residential, and 
recreational purposes. 

FEWOUSFSINMGM-4. NEWlMarch 2 1.1995 8: Mpm H-4-23 
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a March 22, 1995 

TABLE H.4-6 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

ON-PROPERTY RESIDENT FARM CHILD' 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and h i t  (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

Noncarcinogenic Pathway Summation = 

2.8E-02 
5.3E-01 
4.8E-01 
1 SE-02 

3.8E+00 
4.7E+00 

NA 
2.2E-01 
2.8E-01 

NA 
NA 

l.OE+Ol 

2.8E-02 
5.3E-01 
4.8E-01 
1 SE-02 

3.8E+00 
4.7E+00 

NA 
2.2E-01 
2.8E-01 

NA 
NA 

1 .OE+ 01 

6.2E-02 
6.2E-02 
8.1E-02 
6.6E-05 
3.2E-01 
6.0E-01 

NA 
1.9E-01 
2.2E-01 

NA 
NA 

l S E +  01 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 
~~ 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

NA = Not applicable. Exposure route is incomplete. 

4.3E-09 
4.2E-07 

7.3E-07 
5.9E-07 
6.0E-09 
1.3E-06 

NA 
NA 
NA 

2.7E-08 

1.4E-04 
7.7E-06 
2.4E-05 

NA 
NA 

1.8E-05 

3.6E- 10 

2.3E-10 

1.2E-06 

9.OE-05 

2.8EO4 

4.3E-09 
2.0E-07 

2.0E-07 
1.8E-05 

5.9E-07 
6.OE-09 
1.8E-07 
3.6E-10 

NA 
NA 
NA 

2.7E-08 

1.4E-04 
3.9E-06 

1.2E-10 

2.4E-05 
3.6E-07 

NA 
NA 

1.7E-05 

2.OE04 

4.2E-10 

4.3E-06 
2 .OE-07 
2.OE-07 

1.8E-07 

2.0E-07 

NA 

NA 
NA 
NA 
NA 

1.8E-08 
1.2E-10 
1 .3E-04 
3.9E-06 
5 SE-06 
3.6E-07 

NA 
NA 

1.7E-05 

1.6E-04 

FER/OU~FS!NMG/H-4.NEW/Mnrch21.1995 . .  8:04pm H-4-24 
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138 
140 

TABLE H.4-7 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
MILK AND MEAT CONSUMER 

Total Minus Total Minus 
Rad All 

Background Background 

Exposure Pathway Total 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

NA 
NA 
NA 

8.5E-03 
3.6E-01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

8.5E-03 
3.6E-01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

3.6E-05 
3 .OE-02 

NA 
NA 
NA 
NA 
NA 
NA 

Noncarcinogenic Pathway Summation = 3.7E-01 3.7EOl 3.1E02 

Exposure Pathway Total 

~ 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-07 
6.8E-09 
1 SE-04 
4.0E-05 

NA 
NA 
NA 
NA 
NA 

1.9E-04 
~ ~ 

NA = Not applicable. Exposure route is incomplete. 

Total Minus Total Minus 
Rad All 

Background Background 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

1.7E-07 1.2E-07 

1 SE-04 1 SE-04 

NA NA 
NA NA 
NA NA 
NA NA 
NA NA 

3.6E-09 3.6E-09 

2.0E-05 2.OE-05 

1.7E04 1.7E-04 

FEWOUSFSlNMGiH4. NEW/Mnrrh 2 I. 1995 8: 04pm H-4-25 
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TABLE H.4-8 
138 
140 
1 45 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
COMMERCWINDUS'IWAL USER 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 6.1E-03 6.1E-03 ' NA 
Incidental ingestion of residual soils (chemicals) 4.1 E-02 4.1E-02 4.7E-03 
Dermal contact with residual soils (chemicals) 2.1E-01 2.1E-01 3.6E-02 
Ingestion of meat (chemicals) NA NA NA 
Ingestion of dairy products (chemicals) NA NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA NA 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) NA NA NA 
Dermal contact while bathing (chemicals) NA NA NA 
Incidental ingestion while wading (chemicals) NA NA NA 
Dermal contact while wading (chemicals) NA NA NA 

Noncarcinogenic Pathway Summation = 2.6E-01 2.6E01 4.0E-02 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Backeround Backeround 

1 
1 
1 
1 
1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

:&alation of particulates (chemicals) 
:&alation of particulates (radionuclides) 
,ncidentaI ingestion of residual soils (chemicals) 
hcidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
hgestion of drinking water (chemicals) 
ngestion of drinking water (radionuclides) 
lermal contact while bathing (chemicals) 
ncidental ingestion while wading (chemicals) 
lermal contact while wading (chemicals) 
ncidental ingestion while wading (radionuclides) 
ngestion of meat (chemicals) 
ngestion of meat (radionuclides) 
ngestion of dairy products (chemicals) 
ngestion of dairy products (radionuclides) 
ngestion of vegetables and fruit (chemicals) 
ngestion of vegetables and fruit (radionuclides) 
ngestion of fish (chemicals) 
ngestion of fish (radionuclides) 
Xrect radiation 

Carcinogenic Pathway Summation = 

NA = Not applicable. Exposure route is incomplete. 

3.7E-09 
l.lE-06 
5.7E-06 

1.1E-06' 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.0E-04 

1.1 E-06 

3.1E-04 

~ 

3.7E-09 
1.8E-07 
5.7E-06 
3 .OE-07 
1.1E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.5E-05 

6.2E05 

1.2E-10 
1.8E-07 
1.4E-06 
3.0E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.5E-05 

3.6E-07 

5.7E05 
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TABLE H.4-9 

138 
140 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
DEVELOPED PARK USER 

Exposure Pathway Total Total Minus 
Rad 

Background 

Inhalation of particulates (chemicals) 3.3E-04 3.3E-04 
Incidental ingestion of residual soils (chemicals) 4.3E-03 4.3E-03 
Dermal contact with residual soils (chemicals) 5.0E-02 5.0E-02 
Ingestion of meat (chemicals) NA NA 
Ingestion of dairy products (chemicals) NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA 
Ingestion of fish (chemicals) NA NA 
Ingestion of drinking water (chemicals) NA NA 
Dermal contact while bathing (chemicals) NA NA 
Incidental ingestion while wading (chemicals) 1 .OE-03 1 .OE-03 
Dermal contact while wading (chemicals) 1.1E-02 1.1E-02 

Noncarcinogenic Pathway Summation = 6.7E-02 6.7E02 

Total Minus 
All 

Background 

NA 
5.0E-04 
8.5E-03 

NA 
NA 

. NA 
NA 
NA 
NA 

9.5E-04 
9.1E-03 

1.9E-02 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

NA = Not applicable. Exposure route is incomplete. 

5.5E- 10 
9.7E-08 
1.7E-06 

7.3E-07 
NA 
NA 
NA 

1.7E-13 

4.2E-08 
8.OE-09 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.6E-05 

4.9E-05 

5.5E-10 
1.7E-08 
1.7E-06 

7.3E-07 
NA 
NA 
NA 

4.2E-08 

6.4E-08 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.6E-06 

1.1E-05 

4.6E- 14 

9.6E- 10 

1.8E-11 
1.7E-08 

4.6E- 14 
4.1E-07 

2.4E-07 
NA 
NA 
NA 

4.2E-08 
9.6E- I O  
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.6E-06 

9.3EO6 
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TABLE H.4-10 

138 
140 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
WILDLIFE RESERVE USER 

~ 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 9.5E-05 9.5E-05 NA 
Incidental ingestion of residual soils (chemicals) 1.1E-03 1.1E-03 1.3E-04 
Dermal contact with residual soils (chemicals) 3.8E-02 3.8E-02 6.4E-03 
Ingestion of meat (chemicals) NA NA NA 
Ingestion of dairy products (chemicals) NA NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA NA 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) NA NA NA 
Dermal contact while bathing (chemicals) NA NA NA 
Incidental ingestion while wading (chemicals) 1 .OE-03 1 .OE-03 9.5E-04 

Noncarcinogenic Pathway Summation = 5.1E02 5.1E02 1.7E02 

Dermal contact while wading (chemicals) 1.1E-02 1.lE-02 9.1 E-03 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

NA = Not applicable. Exposure route is incomplete. 

FJWOUJFS/~G/H-4.NEW/MnrchZl. 1995 814pm H-4-28 
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1.6E-10 
3.8E-08 
4.2E-07 
6.2E-08 
5.5E-07 

NA 
NA 
NA 

4.2E-08 

6.4E-08 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-05 

1.8E-05 

8.OE-09 

1.6E-10 
6.6E-09 
4.2E-07 
1.7E-08 

NA 
NA 
NA 

4.2E-08 

5.5E-07 

9.6E-10 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E-06 

4.3E06 

5.3E- 12 
6.6E-09 
1 .OE-07 
1.7E-08 

NA 
NA 
NA 

4.2E-08 

6.4E-08 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.28-06 

1.8E-07 

9.6E- 10 

3.6E06 



TABLE H.4-11 

FEMP-OSFS-5 DRAFT FINAL 
March 22. 1995 

138 
140 EXPANDED TRESPASSER 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 

Exposure Pathway T o h l  Toh l  Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 3.0E-05 3 .OE-05 NA 
Incidental ingestion of residual soils (chemicals) 1.6E-03 1.6E-03 1.8E-04 
Dermal contact with residual soils (chemicals) 5.5E-02 5.5E-02 9.2E-03 
Ingestion of meat (chemicals) NA NA NA 
Ingestion of dairy products (chemicals) NA NA NA 
Ingestion of vegetables and h i t  (chemicals) NA NA NA 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (Chemicals) NA NA NA 
Dermal contact while bathing (chemicals) NA NA NA 
Incidental ingestion while wading (chemicals) 1 .OE-03 1 .OE-03 9.5E-04 
Dermal contact while wading (chemicals) 1.1E-02 1 . 1  E-02 9.1E-03 

Noncarcinogenic Pathway Summation = 6.9E-02 6.9E-02 1.9E-02 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

1.4E-10 
2.8E-08 
3.9E-07 
5.6E-08 
5.OE-07 

NA 
NA 
NA 

4.2E-08 
8.0E-09 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.2E-05 

1.4E-05 

1.4E-10 
4.8E-09 
3.9E-07 
1.6E-08 
5.0E-07 

NA 
NA 
NA 

4.2E-08 

6.4E-08 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E-06 

3.3E-06 

9.6E- 10 

4.5E-12 
4.8E-09 
9.5E-08 
1.6E-08 
1.7E-07 

NA 
NA 
NA 

4.2E-08 

6.4E-08 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E-06 

2.73-06 

9.6E-10 

NA = Not applicable. Exposure route is incomplete. 
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TABLE H.4-12 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
GREAT MIAMI RIVER USER 

a March 22, 1995 

~ 

Exposure Pathway T o h l  Total Minus T o h l  Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) NA NA NA 
Incidental ingestion of residual soils (chemicals) NA NA NA 
Dermal contact with residual soils (chemicals) NA NA NA 
Ingestion of meat (chemicals) 3.7 x 106 3.7 x 10-6 3.5 x 10-6 
Ingestion of dairy products (chemicals) 4.7 x 104 4.7 x 104 3.1 x 10-5 
Ingestion of vegetables and fruit (chemicals) 4.6 x 1 0 3  4.6 x 103 1.2 x 10-3 
Ingestion of fish (chemicals) 3.9 x 10-1 3.9 x l o1  3.9 x 18'  
Ingestion of drinking water (Chemicals) 3.1 x 10' 3.1 x lo-' 8.1 1 0 3  

Dermal contact while bathing (chemicals) 1.1 x lo-' 1.1 x lo-' 1.5 x 10-3 

Noncarcinogenic Pathway Summation = 4.4 x lo-' 4.4 x IO-' 3.9 x lo-' 

Incidental ingestion while wading (chemicals) 1.5 x 1 0 9  1.5 x 10-9 7.8 x lo-" 
Dermal contact while wading (chemicals) 1.1 x 1.1 x 5.1 x lo-'' 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils 
(radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

NA 
NA 
NA 
NA 
NA 

4.4 x l o6  
1.7 x 10-5 
1.3 x 1 0 7  

1.5 10-9 

2.6 x 10-9 

2.4 x 10-9 

9.0 x 1 0 7  

1.1 x l o 8  

1.6 x lo-" 
1.0 x 

8.3 x 18' 
6.6 x lQ7 
2.6 x 106 

1.1 x l o i 2  
NA 

2.6 x 1 0 5  

NA = Not applicable. Exposure route is incomplete. 

NA 
NA 
NA 
NA 
NA 

4.4 x 
2.9 x 10-~  
1.3 10-7 
1.5 x 1 0 9  
1.1 x l o 8  

4.4 x 18" 
1.6 x 10" 
2.4 x 

1.5 x 
6.6 x lo7 
4.5 x l o 8  

2.4 x 10-9 

9.0 x 107 
2.5 1013 

NA 

6.5 x 10" 

NA 
NA 
NA 
NA 
NA 

2.2 1 0 7  
2.9 x 10-7 
6.3 x 1 0 9  
7.8 x 10" 
5.1 x 
4.4 x 10" 

2.4 x lo-'' 
1.3 x 10"' 
1.5 x 
3.3 x 
4.5 x 

5.0 x 1043 

1.6 x 1 0 7  
2.5 x 1043 

NA 

7.7 1 0 7  

FER/OUS~/NMG/H-4.NEW/MsrchZl. < z , :  I ' 1995 8:14pm - H430 
. 000094; 



FEMP-OSFS-5-DRAFI' FINAL 
March 22, 1995 

H.5.0 UNCERTAINTY ANALYSIS 1 

The risk assessment process contains various sources of uncertainty affecting the accuracy of the 
projected risks. The uncertainties related to the risk analysis for the Operable Unit 5 CRARE are 
complex since this operable unit must build upon assumptions and estimates for the remediation and 
residual contamination from all operable units at the FEMP. Understanding the inherent uncertainty 
in these comprehensive risk estimates is vital in making informed risk management decisions. The 
sources and characteristics of uncertainty in the CRARE are examined in this section. Section H.5.1 
outlines the principal sources of uncertainty and subsequent sections discuss each source in detail. 
Section H.5.11 presents a summary table of the uncertainties. The purpose of this analysis is to 
determine the reliability of risk estimates and to further the reader's understanding of the complexities 
inherent to risk calculations. 

H.5.1 PRINCIPAL SOURCES OF UNCERTAINTY 
Major sources of uncertainty in predicting future exposures associated with the site-wide incremental 
risk assessment include the future disposition of the property, containment of waste left on site, the 
nature and concentration of residual waste, and the accuracy of the fate and transport modeling used 
to develop the exposure-point concentrations for the risk assessment. Because it is not possible to 
definitively predict future land use, configuration and long-term effectiveness of waste containment 
facilities, or future conditions for containment and transport of COCs, the RME scenario was 
evaluated. This approach is stipulated by the NCP (EPA 1990a) and the RAWPA (DOE 1992). For 
the major categories of uncertainty in the CRARE, the following questions were asked to determine 
the degree of uncertainty in the evaluation: 

Selection of the PRA/LRAs: 
Are the PRA/LRAs reasonable enough such that potential changes made as a result of 
comments by agencies and the public will have minimal impact on the overall risk estimates? 

Postremedial Site Configuration: 
How will the final footprint of residual soil and the design and placement of the on-site 
disposal facility effect the estimate of incremental risks? What environmental changes will 
occur in the area around the FEMP over the next lo00 years? 

Contents of the On-Site Disposal Facility: 
Are the adopted Operable Unit 5 waste acceptance criteria (WAC) appropriate for the type, 
contaminant concentrations, and volumes estimated for disposal into the on-site disposal 
facility? 

Selection of Constituents of Concern: 
Are all the COCs identified and their concentrations adequately quantified? 
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Distribution of Contaminants in Environmental Media: 
How will the distribution of COCs in environmental media effect estimates of risk? 

Exposure Assumptions: 
Are all potential pathways for transporting residual contaminants from the site environmental 
media to receptors identified? Are land-use scenarios conservative and have potential 
receptors been identified to adequately support land-use objectives? Are exposure factors 
reasonable? 

Modeled Exposure Point Concentrations: 
Are models for estimating COC transport from site media to receptors, and for estimating 
contaminant concentrations and intakes, reasonable? How have background concentrations 
been evaluated? Are the biouptake models for determining COC concentrations in food 
products reasonable? 

Toxicological Information: 
How accurate is current information concerning toxic properties and dose-response 
characteristics of the COCs? Are the toxicity factors (slope factors and reference doses) 
overly conservative? Can noncarcinogenic effects be segregated on the basis of target-organ 
impacts? 

Risk Characterization: 
Is the assumption of additive effects realistic? 

Risk evaluation in the context of an FS takes a different approach than that employed in a baseline 
risk assessment. The FS risk evaluation hypothesizes and estimates exposure-point concentrations 
using models and assumptions of postremedial site conditions. Baseline risk assessments generally 
assume existing site conditions, with no remediation, when evaluating current and future risks. 

FS risk assessments assume cleanup to prescribed levels and project into the future. This process has 
much more inherent uncertainty with regard to exposed populations, exposure pathways, and exposure 
concentrations than the results of a typical baseline risk assessment. One purpose of this analysis is to 
identify and characterize the sources of uncertainty which contribute most to the overall uncertainty in 
the CRARE process. This information can then be used in the risk management decisions involved in 
evaluating remedial alternatives. 

H.5.2 SELECTION OF THE PRA/LRAs 
At the present time only Operable Unit 4 has a conditionally approved Record of Decision (ROD). 
The PRAs for Operable Units 1 and 2 are currently under review by the EPA, and changes may be 
required in response to regulatory agency comments. In addition, Operable Unit 3 has yet to 
complete the RI/FS process and develop a PRA. Following the completion of the regulatory agency 
review, there will be public comment sessions. Comments from this public forum may also impact 
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the final selection and design of remedial alternatives. The impact of these changes could have 
significant implications on the determination of overall site-wide risks due to the alterations in the 
preferred remedial alternatives and eventually, the postremedial site conditions. Currently, no 
speculation can be made concerning the nature of future comments and potential changes to 
postremedial site conditions. However, the process of regulatory and public review and comment is 
intended as a reality check for the remedial planning process. The overall impact of this process 
should result in the reduction of uncertainty and ensure that the final site-wide remediation is 
protective. 

H.5.3 POSTREMEDIAL SITE CONFIGURATION 
The CRARE risk evaluation hypothesizes and estimates exposure point concentrations using models 
and assumptions of postremedial site conditions. For the site-wide remedy, an estimated 1.80 million 
cubic yards of contaminated soil be will excavated and clean backfill brought in to regrade excavated 
areas. Under this remedial approach, it is assumed that surface soil in the backfilled areas will only 
present background source terms to receptors. Groundwater will be the major impacted medium at 
the FEMP site resulting from percolation of the residual contaminants in the soil and disposal facility 
to underlying groundwater. Since groundwater will be of great importance in estimating postremedial 
risk, factors which effect the modeled COC concentrations in groundwater are significant sources of 
uncertainty. 

Under the Operable Unit 5 remedial alternative, the selected postremedial land use for the FEMP is 
an undeveloped park. The federal government will retain ownership of the land and no development 
of the land as a farm, residence, or commercialhndustrial facility will be permitted. The Fernald 
Citizens Task Force for the FEMP is charged with providing future land use recommendations and 
will issue recommendations on the projected land use for the FEMP in the near future. If the land- 
'use objective is changed, then the remedial objectives will change and the resultant risk estimates will 
change. One of the major uncertainties for this FS and the CRAW is the ultimate land use for the 
FEMP. 

The location and design of the on-site disposal facility will influence the estimate of potential COC 
impacts to groundwater. Since geologic subsurface conditions vary across the site, model parameters 
used in the fate and transport analysis (e.g., soil diffusion coefficients, groundwater flow rates, waste 
containment, and exfiltration rates) will be influenced by the location, configuration, and design 
specifications of the engineered disposal facility. 
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In this study, the disposal facility has been engineered and placed in a specific location to minimize 
transport of COC to the groundwater which minimizes the impact of the disposal facility on the Great 
Miami Aquifer. 

Projections of COC concentrations in groundwater are a function of source loading from residuals in 
subsurface soils following excavation. Therefore, the final footprint of excavation and areas of 
unexcavated residual concentrations will be critical to modeling future contaminant impacts to 
groundwater. The footprint for excavation is based on PRLs established for the land-use objective 
and each target receptor. The volume of soil requiring excavation was determined to ensure that the 
PRL would be the maximum contaminant concentration left in residual soils. Since a majority of the 
excavated areas will contain contaminant concentrations which are actually lower than the PRLs, 
modeled groundwater concentrations will be based on a conservative source term estimate. 

The chemical species of COCs in the disposal facility and residual soils will also influence the 
estimate of future contaminant concentrations in groundwater. Partitioning coefficients (e.g., & and 
KJ which are unique for each COC, were obtained From studies conducted at the site or from 
conservative values reported in the scientific literature. I<d and K, values obtained in this manner will 
ensure calculated risk estimates remain protective to human health. 

Another uncertainty with regard to the postremedial configuration of the FEMP site are the regional 
changes which are likely to occur in the area over the next lo00 years. The CRARE estimates site- 
wide risks loo0 years after remediation is complete. During this time, unknown changes in the 
demographics and environmental habitats both on and off site will occur. It is impossible to project 
how these changes will impact future risk estimates; however, the consideration of multiple 
hypothetical receptors should cover a variety of possible scenarios, thereby reducing the impact of this 
uncertainty. 

H.5.4 CONTENTS OF THE DISPOSAL FACILITY 
As remediation proceeds at the site, contaminated materials from Operable Units 1 through 4 will 
either be placed in the on-site disposal facility or sent to an off-site disposal facility. Only those 
materials which meet the Operable Unit 5 WAC will be placed in the on-site disposal facility. WAC 
are based on the type, source, and volume of waste, the protectiveness goals (MCLs) for the 
underlying aquifer, and intended land-use objective and’receptors. All waste placed in the on-site 
disposal facility would be evaluated to the extent practical to ensure that it meets the Operable Unit 5 
WAC. The disposal facility will be designed to last 10oO years and prevent physical intrusion to the 
cell contents. It is predicted that the disposal facility has a 12 percent probability that failure of 
groundwater protection could occur by the end of the loo0 years. 
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The WAC directly influence the size of the disposal facility needed to accommodate the combined 
waste. While the PRA/LRAs influence the treatment design and the volume of waste generated, the 
Operable Unit 5 WAC influence the type, source, and contaminant concentration of waste which can 
be placed in the on-site disposal facilities. Adherence to WAC would reduce uncertainty and ensure 
that future projections of postremedial risk are not underestimated. 

H.5.5 CONSTITUENTS OF CONCERN IN RESIDUAL WASTE 
A major concern of the CRARE is the reliability of COC identification, both in terms of ensuring that 
chemicals or radionuclides have been correctly identified as COCs and that their potential 
concentrations in residuals and the disposal facility are adequately quantified. The accuracy of COC 
identification is directly related to the quality of COC characterization data, including information on 
contaminant identification, location, and concentrations. COC characterization was controlled by the 
sampling and analysis plan, which identified sampling locations and defined analytical protocols. 

141 The sources for COC data for the CRARE were the draft final FS report for Operable Unit 2 (DOE 
1994c), the SWCR for Operable Unit 3 (DOE 19930, the final FS reports for Operable Unit 1 (DOE 
1994b) and Operable Unit 4 (DOE 1994d), and the Operable Unit 5 RI report (DOE 1995d). The 
draft Operable Unit 5 RI report and.backup information from other operable units contributing 
contaminated material to Operable Unit 5 were prepared according to applicable guidelines under 
CERCLA. Whenever possible, COC identification was based on the results of the baseline risk 
assessments which were in turn based on data collected according to operable-unit-specitic CERCLA 
sampling plans. Since Operable Unit 3 has yet to complete its RI and FS reports and Operable Units 
1 and 2 are still under agency review, the final list of COCs for Operable Unit 5 may be altered 
slightly as more information becomes available. However, from the quantitative risk estimates in the 
documents cited above, it has been estimated that the COCs identified for this site-wide risk 
assessment constitute more than percent of the total 

...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
postremedial risk for the 

The 1993 supplemental sampling results and the results of the extensive sampling done at the site 
make it unlikely that major COC contributors to risk for Operable Unit 5 have been overlooked. 
Evaluation of existing data has identified a large number of COCs which are present in Operable Unit 
5 materials and has confirmed predicted contamination patterns induced by past site operations. 
There is a fair degree of certainty that the major contaminants (uranium and other radionuclides, 
arsenic and other metals, and organics) which could credibly contribute to site risks have been 
identified as COCs. 
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H.5.6 DISTRIBUTION OF COCs IN ENVIRONMENTAL MEDIA 
In the calculation of postremedial site-wide risks, the exposure-point concentrations were assumed not 
to exceed the PRLs calculated for the land-use objective for which the alternative was designed. For 
areas of the site that will be excavated and backfilled with clean soils, the exposure-point 
concentration was assumed to be at background levels for inorganic and radionuclide COCs and at 
zero for organic COCs. Since the PRL will be the maximum contaminant concentration left on site, 
future receptors are most likely to be exposed to lower concentrations that vary between background 
and the PRL. It is highly unlikely that future users of the site will be exposed to maximum residual 
contaminant levels the entire time they are exposed at the site; therefore, the CMW approach is 
health protective based upon the proposed land use. 

138 
140 

138 
140 

H.5.7 EXPOSURE ASSUMPTIONS 
The default values for characterizing FEMP receptors are presented in the RAWPA (DOE 1992) and 
the Supplemental Guidance to the RAWPA (DOE 1994h). For this CRARE, receptor scenarios were 
selected to represent the RME scenarios. Exposure factors were based on surveys of physiological 
and lifestyle profiles across the United States, and the attributes and activities studied generally have a 
broad distribution. To account for this distribution, the CRARE follows the EPA's recommendation 
to use the 95th percentile for most exposure parameters. 

Calculating intakes for the various receptors requires that certain assumptions be made regarding their 
exposure duration, frequency, and magnitude. Whenever available, standard default values supplied 
by EPA (EPA 1989g and 1991b) were used. When little information could be found to describe an 
exposure parameter for a given land use, then conservative, health-protective values suggested by 
EPA were used as guidance to estimate exposure parameters. This was particularly true for the 
trespassing and recreational receptors since standard exposure parameters do not exist for these 
receptors. 

Exposure parameters considered available information describing the corninunities around the FEMP 
as well as local meteorological conditions. Parameters were selected to support the FEMP RME 
scenario and are therefore higher than what would be expected for other receptors. A discussion of 
some of the more critical exposure assumptions and their uncertainty follows. 

H.5.7.1 ExPosure Duration 
In accordance with guidance for FEMP risk assessments (DOE 1992), it was assumed that farm 
families will occupy the land for a full lifetime (70-year) exposure period. Based on the current 
residency patterns, this is a highly conservative approach since the national average time for residence 
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is 58.4 years. This value is based on reports published by the Bureau of Census and the Department 
Housing and Urban Development. This exposure duration for farm families was chosen as the RME 
duration due to the historic stability of communities in the FEMP area and the existence of family 
farms. It was also assumed that all workers would keep the same jobs without a change of location 
for 25 years. These estimates of exposure duration are highly conservative based on current work 
patterns and reflect the upper limits of the job stability of the surrounding communities. 

Since there was no existing guidance on the exposure duration for a recreational user, a representative 
tiered approach was developed to evaluate receptors subjected to exposures in three types of park 
developments. This approach is assumed to encompass a conservative range of potential risk 
representing this land use. Again, very conservative assumptions were used for exposure duration. It 
was assumed people will use the park regularly over an entire lifetime of 70 years. The expanded 
trespasser was assumed to trespass onto the FEMP site for 12 years as a youth and for 32 years as an 
adult. As presented in the Monte Carlo analysis of uncertainty (Section H.5.7.7), exposure duration 
uncertainty is one of the most important factors in the variation of risk estimates. 

H.5.7.2 ExDosure Freauency 
The CRARE assumes that on-property families would occupy the property for 350 days per year, a 
conservative but realistic assumption for farm families. Workers were assumed to work 250 days a 
year, the normal number of annual workdays. The expanded trespasser was assumed to trespass onto 
the FEMP site 110 days a year as a youth and 40 days a year as an adult. This is a conservative but 
reasonable assumption and only moderately impacts the results of the risk assessment. These 
exposure frequencies reflect reasonable maximum use of the property for their predicted use patterns. 
As with the other exposure parameters, frequency values are designed to be conservative and 
therefore, will generally overestimate potential risk. 

a 

H.5.7.3 Exoosure Time 
Farm family members were assumed to spend 24 hours a day on the farm property, whether it is 
assumed to be on or off the FEMP property. This is a conservative assumption since it does not take 
into account school time, shopping time, off-farm work, and other activities. Exposure times for 
other receptors are uncertain, but were based on their predicted patterns. The exposure values were 
developed with conservatism and are likely to overestimate potential risk. The exposure time values 
used in this CRARE are maximum exposure estimates. 

H.5.7.4 Bodv Weight 
Body weights used in the evaluation of residual risks were derived from standard tables for United 
States body weight distributions @PA 1989g). Values were selected from distribution midpoints 
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because of the certainty regarding those distributions. The actual variation for adults is likely to be 
less than a factor of two. Although children have a wide range of body weights, the uncertainty is, at 
most, a factor of two or three @Ius or minus for a given age group). Selection of the midpoint 
(rather than the 95th percentile) for this variable adds conservatism to the risk estimates because this 
quantity appears in the denominator of the intake equations (i.e., risk is inversely proportional to 
body weight). 

H.5.7.5 Ingestion of Soil. Food. and Water 
There has been considerable discussion in the scientific literature concerning the appropriate oral 
ingestion rate of soil and dust for adults and children. Current EPA guidance recommends 100 
mg/day for adults and 200 mg/day for children under the age of six (EPA 1991b). Since the 
evaluation of residual risk considered farmers who would be exposed to quantities of dust through 
farming activities, a weighted value of 180 mg/day was used for the on-property farmers @PA 
1991b). These values are realistic as a multi-year average, but soil ingestion rates could potentially 
be lower for longer-term exposures and peak when crops are being planted or harvested. 

The rates and types of food consumption vary greatly from locality to locality and individual to 
individual. Estimates of food consumption used in the residual risk assessment are based on national 
averages (EPA 19898) and may not be appropriate for some individuals exposed to FEMP COCs. It 
should be noted that it was assumed that the majority of food consumed will be from local farm 
products. This is a very conservative assumption. The values presented represent conservative 
estimates and are not likely to vary by more than a factor of two for the average individual. A large 
uncertainty exits in the consumption of specific foods (e.g., vegetables) by adults and children. The 
direction and magnitude of.this uncertainty are unknown. 

The results of the Operable Unit 5 RI baseline risk assessment (DOE 1995d) imply that 
bioaccumulation of COCs through the food pathways adds a significant contribution to the risk to 
consumers of food products (farmers or otherwise). The hypothetical models used to predict food 
concentrations of COCs add a high degree of uncertainty to the risk estimates. The food uptake 
models used in this C U R E  assume that the airborne particulates are on the surfaces of all food 
materials, assume uniform distribution of COCs within the plants, assume irrigation throughout the 
growing season, and assume accumulation occurs over lo00 years. For example, corn is the primary 
product of farms in the Fernald area, but particulates never come in contact with the corn kernels 
since the kernels are covered with the shucks. It is estimated that the food pathway estimates are 
upper bound estimates and not RME estimates. 
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.In addition, the uncertainty is increased because literature default bioaccumulation factors are used as 
well as the assumption that all chemicals have plant uptake and food transfer mechanisms. 
of the inorganic COCs, the predicted food concentrations are higher than shown by national food 
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For some 

surveys, and the COC soil concentrations are at or close to the background soil levels. 4 

5 

6 

7 

146 Consumption of drinking water was set to EPA default values (EPA 1991b), which are conservative 
147 estimates. A value of 2.0 L/day was used, whereas it is estimated that 1.4 L/day is the more likely 

adult water consumption per day . Over multi-year exposures, these 8 

values are not likely to vary widely and may be overestimated by a factor of less than two. Most 
likely, drinking water 

. . . . . . . . . . . . . 
less than the default values. 

H.5.7.6 Dermal ExDosure Factors 
Four critical assumptions have been made relating to the assessment of dermal exposure to soils: 1) 
amount of exposed skin surface area, 2) quantity of soil adhering to the skin, 3) length of time the 
soil adheres to the skin, and 4) partitioning rate of the COC from soil across the skin barrier @PA 
19920. The amount of the skin assumed to be exposed to COCs used in this CRARE is very 
conservative for the dermal pathway. The 95th percentile of skin area is used in the dermal 
absorption models whereas the body weights are average values. The percent of surface area exposed 
(25 percent) is also conservative because it does not account for seasonal variation. In addition, the 
intake of contaminants through dermal contact with water is controlled by the dermal permeability of 
specific waterborne contaminants @PA 19920. These factors vary widely and may contribute 
substantially to uncertainty in a risk assessment using these pathways. In general, assumptions used 
to estimate dermal absorption are consistent with the conservative default values defined in EPA 
guidance (EPA 1991b and 1992b). The degree of uncertainty associated with dermal exposure factors 
is quite large (an order of magnitude or more) (EPA 1992b). In addition, the adjustment of toxicity 
values for use in the dermal pathways considered in the risk assessment, particularly in the case of 
inorganic contaminants, was performed using conservative assumptions about contaminant intake. 
This adjustment will contribute to the conservatism introduced through the characterization of dermal 
pathway risks. 
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149 

a 
H.5.9 MODELED EXPOSURE-POINT CONCENTRATIONS 
Future receptor concentrations cannot be quantified by direct measurement. Therefore, in addition to 

the media-specific cleanup levels which define the site conditions after the remediation, model- 
predicted future contaminant migration from residual contamination left on site and in the disposal 
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facility are determined for the CRARE. The cumulative future concentrations at the receptor 
locations from residual contamination and presence of the on-site disposal facility were quantified 
using fate and transport modeling of air, surface water, and groundwater. Each of these models was 
based on a set of general assumptions necessary to simplify the modeling process; however, the 
models are considered conservative for risk assessment purposes. 

Conservative assumptions in the groundwater modeling, such as no contaminant retardation or 
attenuation in the weathered zone minimum gray-clay thickness for determining infiltration rates 
through overburden and no constraint on leachate concentrations by theoretical solubility limits, were 
incorporated in the modeling to ensure that the future contaminant concentration at the receptor 
locations were not underestimated. Similarly, conservative assumptions were made for the air and 
surface water models (see Section H.3.0 for details). While reliance on modeled values for future 
receptor concentrations does increase the uncertainty of the risk estimate, conservative assumptions 
built into the models ensure that future receptor exposure point concentrations are not likely to be 
underestimated. 

For example, a comparison of modeled base case air concentrations with currently measured air 
concentrations of radionuclides at the fenceline is presented in Table H.3-6. This comparison 
indicates that the air fate and transport modeling significantly overestimates concentrations of several 
particulate-phase contaminants. Specifically, the modeled base case air concentrations of radium, 
thorium, and uranium exceed currently measured values at target locations by approximately two 
orders of magnitude. 

Overestimation of the modeled air concentrations may be caused by conservative estimates of 
contaminant concentrations in the remediated FEMP surface soil. The baseline surface soil 
concentrations for considered COCs obtained from the Operable Unit 5 RI report typically represent 
the 95 percent UCL or maximum sampling result for each of the source areas. These source areas 
were originally developed for surface water runoff modeling in the Operable Unit 5 RI report. Area- 
weighted averaging was used to estimate residual postremedial concentrations. A larger area that had 
relatively high baseline Concentrations could produce a substantial exposure-point concentration after 
excavation, even though much of the area will have undergone excavation. Developing source areas 
that better delineate contaminated areas from uncontaminated areas will produce residual exposure- 
point concentrations that are significantly lower than the modeled values presented in this FS report. 

Values used to represent exposure-point concentrations were developed to provide conservative, often 
worst-case estimates of exposure. Uncertainties associated with exposure-point concentrations 
estimated by models are additive or multiplicative and include uncertainties associated with each input 
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parameter (e.g., diffusion coefficients. groundwater tlow rates. waste containment. and extiltration 
rate), as well as model characteristics. release mechanisms, and source terms. The development of 
chemical concentrations for each of 33 subunits on an individual basis. in support of the groundwater 
fate and transport modeling, has  unknown impacts on the exposure concentration data used in the risk 
assessment. It does potentially increase the variability of the data from subunit to subunit. Residual 
risk evaluation input parameters were based on site information and health-protective estimates and 
were designed to be conservative. Input parameters and models were selected and used in a manner 
consistent with the RAWPA. 

141 Organic compounds are COCs for this risk analysis. It is well established that biodegradation is an 
important fate mechanism for organic compouncls. However. biodegradation of organic compounds 
was not considered for the 1000-year analysis except in the food pathways. With the exception of 
PAHs and PCBs. most organic compounds will have biodegraded within the first 100 years. PCBs 
and PAHs will degrade by 80 to 90 percent within 100 years. These compounds will be an important 
risk component for the first 70 years. hut will no t  be ii risk component f o r  the remainder o f  the 1000- 
year period. 

Another important uncertainty in the CRARE evaluations is that no radiodecay was taken into account 
even though residual risks were projected for 1000 years after remedial action. Values used for 
contaminant levels were estimated for the end of remedial activities. o r  22 years after the start of 
Operable Unit  5 remediation. Radiodecay is a n  important process t o  consider when projecting fiitiire 

risk from radionuclide exposures. Due to radiodecay, isotopes such as Cs-137 and Sr-90 will no 
longer be present at the site after 1000 years. However. the buildup of daughters from the long-lived 
parent could offset this. 

An evaluation was performed to show the probable impact of radiodecay on risk estimates for future 
scenarios. This evaluation indicated that when radiodecay is considered. the risk estimates could 
increase by a conservative factor of 20 percent for external radiation exposure and decrease by a 
factor of three for ingestion. Risk estimates for inhalation would have no impact from decay (see 
Attachment H.V.2). The differences between exposure routes are hased o n  the type of radiation each 
isotope emits, the biological impact of each. and the pathways evaluated. Isotopes that have high 
external radiation impacts often have minimal effects when taken internally. 

149 H.5.10 TOXICOLOGICAL INFORMATION 
EPA-supplied RfDs and cancer slop factors were used throughout the residual risk evaluations. 
Because of this, toxicological evaluations for residual risk contribute n o  more uncertainty than in 
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comparable CERCLA documents. However, the level of uncertainty in the toxicologic data and 
models is still substantial. 

When a receptor is simultaneously exposed to more than one contaminant, possible outcomes include 
synergism, antagonism, or additivity of effects. Synergism occurs when the effect of exposure to 
multiple COCs is greater than what would be expected if the exposures occurred separately in an 
additive manner. Antagonism is the opposite case, where multiple exposures have a diminished effect 
than would be expected if exposures occurred separately. For this risk assessment, it was assumed 
that multiple contaminant exposures would result in additive effects discounting synergism or 
antagonism. The assumption of additivity is made to prevent an underestimation of cancer risk or 
potential noncancer health effects due to exposures (EPA 1991b). 

As described in the Operable Unit 5 RI report, considerable uncertainty is associated with qualitative 
(hazard assessment) and quantitative (dose-response) evaluations of Superfund risk assessments. The 
hazard assessment characterizes the nature and strength of the evidence of causation or the likelihood 
that a chemical that induces adverse effects in animals will also induce adverse effects in humans. 
The hazard assessment of carcinogenicity is evaluated as a weight-of-evidence determination, using 
either the International Agency for Research on Cancer (IARC 1987) or EPA (1986) schemes. 
Positive results in animal cancer tests suggest that humans may also manifest a carcinogenic response; 
however, the animal data cannot necessarily be used to predict the target tissue in humans. In the 
hazard assessment of noncarcinogenic effects, positive animal test results may indicate target tissue 
and type of adverse human effects (EPA 1989g). 

There are many sources of uncertainty in dose-response evaluation of carcinogenic (Le., slope factor 
or unit risk calculations) and noncarcinogenic effects (RfD or reference concentration [RfC] 
calculations). The three major sources are: 

1. Interspecies extrapolations: 

Animal-to-human extrapolation, commonly used in the absence of quantitative 
pharmacokinetics, dosimetric, or mechanistic data, is usually based on a consideration of 
interspecies differences in body weight, surface area, or basal metabolic rate. 

2. Intraspecies or individual variation: 

Most toxicity experiments are performed with animals that are similar in age and genotype so 
that intragroup biological variation is minimal. However, the human population of concern 
may reflect a great deal of heterogeneity, including unusual sensitivity to specific toxic effects 
or contaminants. 
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3. 

Toxicity data from human occupational studies reflect a bias because only those individuals 
sufficiently healthy to attend work regularly and those not unusually sensitive to the COCs 
are likely to be occupationally exposed. 

Key study and database quality: 

The quality of key studies (from which the quantitative data are derived) and the quality of 
the literature databases add to the uncertainty. For carcinogenic effects, the uncertainty 
associated with some quality factors (i.e., group size) is incorporated into the 95 percent 
upper bound estimate of the slope factor. For noncarcinogenic effects, additional uncertainty 
factors may be applied in the derivation of the RfDs or RfCs to reflect gaps in the database. 

Another source of uncertainty in the quantitative risk estimation for carcinogenicity is the method by 
which data from high doses in animal or human studies are extrapolated to the dose range expected 
for environmentally exposed humans. The linear multi-stage model, which is used in almost all 
quantitative estimations of human risk from animal data, is based on the non-threshold assumption of 
carcinogenesis. A large body of evidence, however, suggests that epigenetic carcinogens (carcinogens 
which do not induce mutations) as well as many genotoxic carcinogens may have a threshold dose 
level below which they are noncarcinogenic (Amdur, et al. 1991). The linear multi-stage model is 
therefore regarded as being conservative for many chemicals. 

Adding to this is the fact that the EPAderived slope factors found in IRIS (EPA 1994b) are set at the 
95 percent UCL of the linear slope of the multi-stage model. Thus, risks evaluated using the slope 
factors may be overestimated. This consideration applies to both radiological and chemical estimates 
of carcinogenic risk. The slope factors derived by EPA for the evaluation of risks due to external 
exposure to radiation are of particular concern in this regard. These values were derived using 
conservative assumptions about exposure conditions and are likely to provide conservative risk 
estimates. 

The methods used to define RfD values for chemical contaminants also incorporate a large degree of 
conservatism. Sets of multiplicative uncertainty factors are used to adjust the results of animal and 
human toxicologic studies to take into account the nature of the endpoint "no observed adverse effect 
level" (NOAEL) to "lowest observed adverse effect level" (LOAEL) seen in the studies, differences 
in response to different dose schedules, the presence of especially sensitive populations, and the 
possible differences between human and animal sensitivity to contaminant exposures. Each 
uncertainty factor may have a value as high as 10; thus, RfD values typically are set between 100 and 
10oO times lower than the lowest dose demonstrated to cause observable adverse effects in animal 
studies. If the human and animal responses to contaminant exposures are not as dissimilar. as 
reflected in the uncertainty factors (or if humans are less, rather than more, sensitive to 
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contaminants), it is possible that the use of RfDs overstates the potential for adverse health effects in 
humans. 

When exposure to multiple chemicals occurs, the potential for harmful effects is assessed by summing 
the HQs and this value is designated the HI. In keeping with EPA guidance @PA 1989g), all non- 
carcinogenic risk was considered additive. Since the noncarcinogenic COCs found at Operable Unit 5 
are associated with various adverse effects, many of which are manifested by distinct target organs 
and systems, the assumption of additivity of effects may overstate actual risks. 

Predicted exposures to arsenic and manganese, which are projected to be present in residual soils and 
water at or near background concentrations, were responsible for a large proportion of the total HI 
and chemical risk mainly for the on property farmer and child receptors. This large contribution is 
due to the conservative assumptions made in the food pathways and the conservative toxicological 
parameters. 

To put the FEMP soil background levels into perspective, they are compared to the results of a 
nationwide survey of surface soils conducted by Shacklette (1984). According to Shacklette, 48 
percent of all samples analyzed for arsenic contained between 6.5 and 16.0 mg/kg arsenic. The 
representative residual soil concentration used in the Operable Unit 5 CRARE was 7.0 mg/kg arsenic. 

Fifty percent of the samples analyzed by Shacklette contained between 300 and 700 mg/kg 
manganese. The representative residual soil concentration used in this CRARE was 878 mg/kg 
manganese. While the 878 mg/kg manganese concentration is greater than the range reported by 
Shacklette, it is in the range of average natural background (40 to 900 mg/kg) reported in the 
Toxicological Profile for manganese (ATSDR 1989). Therefore, the 878 mg/kg used as a residual 
soil concentration is at the high end of natural background levels reported for the continental United 
States. For each of the elements reported above, ingestion (either direct or via food pathways) is the 
principal exposure pathways contributing to high estimates of risk. For arsenic, this risk is largely 
attributable to the ingestion of fruits and vegetables with arsenic from both soil uptake and 
groundwater irrigation. 

The model used to predict the concentration of arsenic in vegetables assumes 1000 years of deposition 
and irrigation in addition to the arsenic already present in the soils. The predicted concentration of 
arsenic in the aquifer is the arsenic remaining after 30 years of projected pump-and-treat groundwater 
remediation. This projection accounts for the very slow mobility of arsenic in the aquifer. The plant 
uptake model assumes 10oO years of irrigation without any credit for natural rainfall. Since the 
average rainfall for the FEMP area is 41 inches per year, it is likely that for many years no irrigation 
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would occur or would only be minimal. It was also assumed that the on-property farm family would 
consume 50 percent of their diet as home grown produce. Since the growing season for Ohio is May 
through October, it would take extensive canning and freezing operations for the farm family to 
obtain 50 percent of their annual intake of produce from homegrown sources. The vegetable pathway 
accounts for 99 percent of the off property farmer's arsenic intake. Since the arsenic levels are at 
naturally occurring levels for the United States and the water concentrations are roughly twice the 
MCL for arsenic, it seems unlikely that exposure of arsenic through vegetable consumption would 
result in adverse health effects predicted by this CRARE. This is especially true when the predicted 
chronic daily intake for arsenic is within the range for United States food products. 

67 Elevated estimates of risk due to manganese exposure are primarily due to exposure from the 
vegetable pathways and water consumption. Manganese is an essential element considered to be 
among the least toxic of trace elements (EPA 1993d). Nuts, cereals, seafood, and meats are high 
dietary sources of this element. Since manganese is an essential element in food, the body is 
normally able to maintain concentrations in the body through a complex homeostatic mechanism 
controlling absorption and excretion. 

There is also great uncertainty regarding uranium carcinogenicity. As an alpha emitter, uranium is 
considered to be a carcinogen; however, epidemiological evidence of uranium-induced excess cancers 
is very difficult to obtain. The human studies of cancer from exposure to uranium frequently reveal a 
slight excess risk, if any, above the background risk. These uncertainties are not easily demonstrated 
or quantified. 

67 

e 

149 H.5.11 RISK CHARACTERIZATION 
Throughout this risk assessment, potential health effects caused by the simultaneous exposure to 
multiple on-site COCs were assumed to be additive in nature (EPA 1989g). Uncertainties associated 
with summing cancer risks or HI for multiple substances are of particular concern in the risk 
characterization. The assumption of dose additivity ignores possible synergism or antagonism among 
chemicals and assumes similarity in mechanisms of action. However, information to quantitatively 
assess chemical interactions are generally lacking. In the absence of adequate information on 
chemical interactions, EPA guidelines indicate that carcinogenic risks and noncancer HIS should be 
treated as additive. 

149 H.5.12 OVERALL UNCERTAINTY 
Numerous sources of uncertainty have been identified for this CRARE risk assessment (Table H.5-1). 
Each of these factors has been addressed in a fashion that will ensure that the final estimate of risk is 
conservative, which means that while the magnitude of uncertainty is high, the likelihood that risks 
have been underestimated is low. 0 
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141 

H.6.0 SUMMARY AND ANALYSIS OF FINDINGS 

This CRARE estimates the human-health risks associated with the FEMP during the lo00 years after 
implementation of the adopted site-wide remedy. It takes into account the postremedial or "residual" risk 
to human receptors from the combined residual sources of the FEMP's five operable units. The results 
have been summarized and discussed in this section by the following categories: 

Site-wide sources of residual contamination 
Identification of COCs 
Receptors 
Pathways of exposure 
Uncertainty analysis 
Postremedial risk results 

H.6.1 SUMMARY OF FINDINGS 
H.6.1.1 
The primary sources of contamination remaining after site-wide remediation include site soils, 
groundwater, and the engineered on-site disposal facility (Section H.2.0, Figure H.2-1). Site soils and 
groundwater are the major sources of COCs for all exposure routes to potential receptors. Exposure 
routes include inhalation, dermal contact, ingestion, and direct radiation. Section H.4.0 discusses the 
origin, release mechanisms, and route of transport of these COCs. 

Site-Wide Sources of Residual Contamination 

H.6.1.2 Identification of COCs 
The nature and extent of residual site soil contamination and the waste to be placed in the on-site disposal 
facility were identified using Appendix R of the SWCR as well as the Operable Unit 1, 2,4,  and 5 RI/FS 
reports (Section H.2.0, Table H.24).  Waste to be placed in the on-site disposal facility was traced, by 
media, from its source and taken into consideration in the development of the CRARE COC list. 

H.6.1.3 Receotors 
The following target and reference receptors have been evaluated in this CRARE: 
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Target Receotors 

0 Undeveloped-park user 
0 Off-property resident farm adult 
0 Off-property resident farm child 
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Reference Receotors 

On-property farm adult 
On-property resident farm child 
Commercialhdustrial user 
Developed-park user 
Wildlife-reserve user 
Expanded trespasser 
Great Miami River user 
Meat and milk user 

The complete list of receptors represents a wide array of potential future land uses. Target receptors are 
those incorporated by design into the adopted site-wide remedy from the Operable Unit 5 representative 
remedial alternative. They were chosen for specific land-use conditions. The estimated risks for these 
target receptors provide the means to measure the completeness and effectiveness of the representative 
remedial alternative. The reference receptors are included in the CRARE to provide an understanding 
of the magnitude of the potential risks to a variety of receptors in the event FEMP institutional controls 
fail or land use changes for any reason. 

H.6.1.4 Pathwavs of Exoosure 
The pathways considered in Operable Unit 5 CRARE include: 

Inhalation of volatile vapors, radon gas, and particulates 
Incidental ingestion of soil, sediment, and surface water 

0 Dermal contact with soil, sediment, surface water, and groundwater 
External radiation exposure 

0 Ingestion of groundwater (perched or Great Miami Aquifer) 
Ingestion of farm products (milk, meat, and vegetables and fruit) 

The significant pathways for most receptors are the inhalation of fugitive particulates, consumption of 
farm products and drinking water, and dermal contact with soils. External radiation is a significant 
pathway of concern for all on-property receptors. 

H.6.1.5 Uncertaintv Analysis 
The risk assessment process contains various elements that contribute to uncertainty which could 
potentially impact the accuracy of the risk estimates. Understanding the uncertainties inherent in the 
development of risk estimates is essential when interpreting the results for risk management decisions. 

Principal sources of uncertainty in the Operable Unit 5 CRARE were examined and are presented in 
Section H.5.0. Uncertainties include the future disposition of the FEMP property and residual wastes, 
placement of the on-site disposal facility, volume and nature of COCs left in the site soils and disposal 
facility, accuracy of the fate and transport modeling used in developing the exposure point concentrations, 
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toxicity of the COCs, and the statistical handling of existing data sets. A major point of uncertainty and 
overly conservative assumptions was the modeling of the COC uptake by plants and animals and ultimate 
transport through the food pathways to the human receptors. 

This CRARE employed conservative assumptions and health-protective values obtained from the literature 
when site-specific values were not available. The approach is consistent with the EPA guidance stipulated 
in RAGS (EPA 19898). Adopting these factors ensures that the final estimate of risk is conservative, 
meaning that while the magnitude of uncertainty is high, the probability that the actual risks have been 
underestimated is low. 

H.6.2 ANALYSIS OF FINDINGS 
The objective of the CRARE is to evaluate risk remaining at the FEMP site up to 1000 years after the 
conclusion of remedial activities. Potential health effects associated with the postremedial FEMP site 
were evaluated using three 
concentrations to the resid 
the methods established by the EPA (EPA 19898) and RAWPA (DOE 1992). The only difference in 
these three sets of risk calculations is 

The results of these calculations are summarized in Section H.4.5 and detailed in in 

138 
140 

contributions of background 
se analyses were conducted 

Attachment H .IV. 

EPA requires that the characteristics of site residuals be considered in measuring the postremedial health 
risks (EPA 1988b). RAGS states that "background concentrations (of inorganic chemicals) may present 
a significant risk, and, while cleanup may or may not eliminate this risk, the background risk may be an 
important characteristic to those exposed," and "If background risk might be a concern, it should be 
calculated separately from site-related risk" (EPA 19898). 

138 To achieve this goal, 
140 

were employed to analyze the species and sources of risk 
drivers to the residual risks. These results enable the reader to understand the background contribution 
to the overall risks and distinguish between the portion of the risks induced by the background 
concentrations of COCs from the portion of risk of FEMP origin. Such information will assist risk 
managers and the general public in understanding the nature of the predicted risks so that sound risk 
management decisions can be made. 
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[Note: Background radionuclide concentrations are those present in the environment due to natural 
processes (e.g., weathering of radioactive-material-containing soils, minerals, or rocks) or anthropogenic 
processes other than those occurred at the site such as nuclear weapons testing. Background inorganics 
also are direct result of nature weathering of soil and rocks (Le., minerals), which often leaches out 
soluble portion of metal inorganic salts and leaves behind less soluble salts or elements. These remaining 
salts or elements often consist of noncarcinogenic heavy metals (such as iron, calcium, potassium, 
sodium, lead, and manganese) and carcinogenic heavy metals (such as arsenic, nickel, cadmium, and 
beryllium). While ubiquitous, background concentrations of radionuclides and inorganics do vary 
considerably from area to area.] 
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138 TABLE H.6-1 
140 

SUMMARY OF LIFETIME CANCER RISK AND HAZARD INDEX, 
ALL RECEPTORS 

Hazard Index 
Total Minus Rad Total Minus All 

Receptors Total a Backgroundb Background 

Target 
Undeveloped-Park User 5.9x10-* 5.9~10’ I. 8x lo2 
Off-Property Resident Farm Child 7.0~10“ 7.0~10“ 8 . 0 ~ 1 0 ’  
Off-Property Resident Farm Adult 1 .5~  100 1.5~10“ 2.0x101 

Reference 
On-Property Resident Farm Adult 
On-Property Resident Farm Child 
Commercial /Industrial User 
Developed-Park User 
Wildlife-Reserve User 
Expanded Trespasser 
Great Miami River User 
Meat and Milk User 

2.lxloo 
1.Ox10’ 
2.6~10’ 
6 . 7 ~  10’ 
5. 1x102 
6 . 9 ~ 1 0 ~  
4 .2~10’  
3 . 7 ~  10‘ 

Lifetime Cancer Risk 

2.1x100 
1 .ox101 
2.6~10-’ 
6 .7~10-~  
5. I x 1 0 2  
6 . 9 ~  1 0-’ 
4.2~10-1 
3 . 7 ~ 1 0 ~  

Receptors 
Total Minus Rad Total Minus All 

TOW Backgroundb Background’ 

Target 
Undeveloped-Park User 2. lXl0’ 4.1~106 4.1~106 
Off-Property Resident Farm Adult 1. Ix 10” 6. 1x10’ 6.1~10’ 
Off-Property Resident Farm Child 1 . 5 ~  lo4 3.6~10’ 3.6~10’ 

Reference 
On-Property Resident Farm Adult 
On-Property Resident Farm Child 
Commercial/Industrial User 
Developed-Park User 
Wildlife-Reserve User 
Expanded Trespasser 
Great Miami River User 
Meat and Milk User 

1 . 6 ~  I O 3  
2 . 8 ~  1 O4 
3. 1x104 
4.9~10’ 
1 .8x10’ 
1 .4x1o5 
2.6~10’ 
1 . 9 ~ 1 0 ~  

Total residual risk experienced by the receptor; includes risk from radiological-and inorganic background 
concentrations (See Table H.6-2). 
Total residual risk minus risk from radionuclide background concentrations (see Table H.6-2). 
Incremental residual risk, Le., total residual risk minus contributions from radiological and inorganic 
background concentrations (See Table H.6-2). 
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138 TABLE H.6-2 
139 POSTREMEDIAL RISKS: 
140 TOTAL, BACKGROUND AND INCREMENTAL 

Carcinogenic Risk 

SUm 
From From (Rad + 

RME Receptor Radionuclides Chemicals Chem) 

Target Undeveloped-Park User 
Receptors Backgrounda 

Incremental (Above Background)h 
Total 

Bac kgrounda 
Off-Property Resident Farmer 

IncrLmental (Above 
Total 

Off-Property Resident Child 
Backgrounda 
Incremental (Above 
Total 

Reference On-Property Resident Farmer 
Receptors Bac kgrounda 

Incremental (Above Background)h 
Total 

Backgrounda 
Incremental (Above Background)h 
Total 

Backgrounda 
Incremental (Above 
Total 

Developed-Park User 
Backgrounda 
Incremental (Above Background)h 
Total 

Wildlife-Reserve User 
Backgrounda 
Incremental (Above 
Total 

Expanded Trespasser 
Backgrounda 

On-Property Resident Child 

Commercial/Industrial User 

Increhental (Above 
Total 

Great Miami River User 
Backgrounda 
Incremental (Above 
Total 

Backgrounda 
Incremental (Above Background)h 
Total 

Meat and Milk User 

a a an DOE 1994a ?% = tackground + Incremental Risk 

. .  
FER\CRUS\FS\H.&2\March 16, 1995 9:41am 

1 .6~10-~  
3 . 7 ~  
2.0x 10-5 

2 .ox 10-5 
8 .7x1O4 

8 . 9 ~  10.' 

6 . 7 ~  1 0-5 
2 . 9 ~ 1 0 ~  
7 .Ox 1 0-5 

1 .oxlo--' 
2 . 6 ~  1 0-4 
1.3~10" 

7 . 8 ~  l o 5  
2 . 2 ~  10-5 
1 . 0 ~ 1 0 ~  

2.5x 10-4 
5 sx 10-5 
3 . 0 ~ 1 0 ~  

3 . 7 ~  IO" 
8 . 6 ~  lo6  
4.6x10" 

1.4~10" 
3 . 2 ~  1 0-6 
1.7~10" 

1.1~10-5 
2 . 4 ~ 1 0 ~  
1 . 3 ~ 1 0 ~  

2 . 0 ~  10-5 

2.0x 10-5 

2 .ox 10-5 
2 .OX 10-5 

4 .3~10 '~  

4 .Ox IO" 

H-6-6 

9 .Ox 
4 .Ox 1 0-7 
1 . 3 ~  10'" 

I .4x10" 
~ . I X I O - ~  
I . 8 ~ 1 0 - ~  

5.1xi05 
3 . 3 ~ 1 0 ~  
8 . 4 ~  lo5  

l.oxlo4 
1 .7x104 
2 . 7 ~  I 0-4 

4 . 0 ~  1 0-5 
1 .4x104 
1.8~10" 

5.1x10-6 
1 . 7 ~ 1 0 ~  
6 . 8 ~  1 0-6 

6 .7~10 .~  
7 .0~10 .~  
2.2x 10" 

6.7~10" 
3 . 3 ~  1 0-7 
1.Ox10" 

6 . 0 ~  
3 . 0 ~ 1 0 - ~  
9 .3~10 .~  

5 . 8 ~  10" 
4 . 3 ~ 1 0 ~  
6 . 2 ~  lo6 

0.ox 100 
1 .5x104 
1 .5x104 

1.7~10.~  
4 . 1 ~ 1 0 . ~  
2 . ~ 0 - 5  

1 .oxlo--' 
6. IxlO5 
1.1x10' 

1. lXlO4 
3 . 6 ~  10" 
1 .5x1o4 

1.2x10' 
4 . 3 ~  1 Oe4 
1.6xlO-' 

1.2x10-4 
1 .6xIO" 
2.8~10" 

2 . 5 ~  10-4 
5 . 7 ~  10.' 
3. lx1O4 

4 . 0 ~  
9 . 3 ~  1 0-6 
4.9x1o's 

1 .4~10 .~  
3 . 6 ~  
1.8~10" 

1.1~104 
2 .7~10.~  
1 .4x1O5 

2.5~104 
8 . 5 ~  
2 . 6 ~  

2.oX10-5 
1 .7xlO4 
1 .9x104 

Noncarcinogenic 
Risk 

Total 
HI 

4.1x10-* 
1.8~10.' 
5 . 9 ~  lo-? 

1 .3x1Oo 
2.ox10-1 
1.5x1oo 

6 . 2 ~  1 0' 
8 .Ox 10'' 
7. Ox IOo 

1 .6x1Oo 
3 . 8 ~  10" 
2.1x10o 

8 . 5 ~ 1 0 ~  
1.5x100 
1 .OxIO' 

2.2x10-1 
4 .0~10 '  
2 . 6 ~  IO-' 

4 . 8 ~  10'' 
1.9x10-' 
6 . 7 ~  10.' 

3 . 4 ~  
1 . 7 ~ 1 0 - ~  

5.1x10-? 

5.0x10? 
1 .9x IO-' 
6 . 9 ~  IO-' 

2.0x 10-2 
4 . 0 ~ 1 0 '  
4 . 2 ~  10.' 

3.4~10.' 
3 . 1 ~ 1 0 ~  
3.7~10.' 

000124 
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138 
140 

138 
140 

a 

H.6. CONCLUSION AND RECOMMENDATIONS 
This CRARE report attempts to evaluate the sources and magnitude of the potential health risks to a 
range of target and reference receptors associated with the postremedial FEMP site. Several 
observations or conclusions can be drawn from this analysis: 

The adopted site-wide remedy would not result in unacceptable health hazards or incremental 
lifetime cancer risks to the three target receptors (Le., undeveloped-park user, off-property 
resident farm adult. and off-DroDertv resident farm.child) or to seven of eight reference receDtors 

L L  4 " 

These findings confirm the completeness and effectiveness of the waste removal and treatment 
measures proposed in the site-wide remedy and explicitly presented in the Operable Unit 5 
representative remedial alternative. 

The on-property resident receptors are the only receptors studied that may receive an HI and 
potential lifetime cancer risk higher than the levels generally considered acceptable by regulatory 
and scientific communities. This exposure scenario is very unlikely since it can occur only if the 
institutional controls included in the site-wide remedy fail. 

Upon further examination of the predicted HI and lifetime cancer risk for the on-property resident 
farm child under the scenarios studied in the report, it becomes clear that the majority of such risk 
can be directly. linked to the way in which background COC concentrations are handled. The 
consideration of residual inorganic and radionuclide concentrations which are within the range of 
regional or national background levels is a key issue. 

After subtracting out the portion of the HI and potential lifetime cancer risk attributed to the 
background radionuclide and inorganic concentrations, the revised HI and ILCR for the on- 
property farm resident adult and child are within the target ranges stipulated in the NCP. 

Over-conservatism is employed in this CRARE as in other risk assessments. It is imperative that 
decision makers and the general public understand the nature of the issues so that sound and cost- 
effective risk management decisions can be made. 

In the event that the background concentrations present a significant risk at a Superfund site, and 
cleanup may or may not eliminate this risk, the Risk Assessment Guidance for Superfund (EPA 
19898) allows the Remedial Program Manager the option of considering the risk posed by 
naturally occurring background constituents separately. 
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H.I. WATER TRANSPORT MODELING 

195 

This attachment presents supplemental information on the methodology, models, and results of the 
CRARE water transport analysis. The complete approach is described in Section H.3.0. 

Section H.I. 1 presents the refinements made to the estimations of residual source terms. Section 
H.I.2 describes the flow, infiltration, and fate and transport models used. Section H.1.3. presents the 
water modeling results. These exposure-point concentrations, which were used to estimate the risk to 
potential receptors, are presented in tables and tigures (isopleths). Section H.1.4  reproduces the 
model output for the groundwater mass loadings. 

H.I. 1. Retinements to Ooerable Unit 5 Source Term Estimations 
The final CRARE fate and transport modeling was conducted using retined estimations of residual 
COC sources. Below is a summary of the adjustments made during the retinement process. See 

Reoresentative Alternative Based on Screening of Future Loading from the Disoosal Facility 
The 4-nitroaniline contamination, which is very mobile, was only detected at the KC-2 
Warehouse. Available data do not indicate that the contamination was dispersed over the 
entire Source Area 560b as modeled in the Operable Unit 5 RI report. A volume of 2500 
cubic yards was estimated to be contaminated with 4-nitroaniline instead of the entire 
Source Area 560b. Therefore, the volume-weighted concentrations of 4-nitroaniline in the 
disposal facility and residual concentration in 560b were revised tu better reflect site 
conditions. 

Based on recent TCLP data and measured concentrations in soil and perched groundwater 
of Tc-99 (see Appendix F), the K, value of Tc-99 has been estimated to be 30 L/kg. 
However, the literature K, values for clay, sand, and gravel used in the RI were similarly 
adopted for the CRARE. As a result of these assumptions, the WAC of Tc-99 for the 
disposal facility was determined to be 30 pCi/g. On the basis of the WAC, about 25,000 
cubic yards of excavated soil cannot be disposed in the on-site disposal facility and would 
need to be shipped off-site due to Tc-99 contamination. 

Based on the initial screening, after the above two adjustments to the Operable Unit 5 
representative alternative, none of the 14 groundwater pathway COCs would have 
significant impacts (i.e., higher than drinking water criteria specitied in the RRA) to the 
Great Miami Aquifer due to future loading from the disposal facility (Table H.1-1). 
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Refinements to the Operable Unit 5 Retiresentatbe Remedial Alternative Based on Screening of Direct 
Contact to Residual Soil Contamination Outside of the ODerable Unit 5 Excavation Footnrint 

The COC-specific soil PRLs were used to calculate source area-specific accumulated ILCR 
or HI levels due to the residual contamination of multiple COCs. The areas that have 
accumulated ILCR levels higher than 1x10" or HI values higher than 1.0 for the 
undeveloped-park-user exposure scenario were identified. Additional remedial actions or 
source characterizations would need to be defined and incorporated into the RRA for these 
areas. 

An excavation volume of about 3000 cubic yards of surface soil from Source Area 582b 
was used because of high concentrations of COCs. This volume becomes a part of the 
additional excavation volume estimated for the Operable Unit 2 area (Le., 20,000 cubic 
yards). 

The unexcavated portion of the original Source Area 570a as the new 570a-South source 
area was defined and the representative residual COC concentrations for 570a-South were 
recalculated. Most of the sampling data with higher COC concentrations than were used to 
calculate the original representative 570a concentrations were in the portion that would be 
excavated. The unexcavated 570a-South area has relatively lower contaminant 
concentrations than the excavated portion of 570a area. 

The inorganic COCs that have residual concentrations at the background levels were 
identified. The COCs (e.g., manganese) may still cause significant impacts; however, 
additional remedial actions cannot reduce these impacts. 

The COCs that have residual concentrations that are primarily controlled by the detection 
limits were identified. The COCs at the detection limit levels may cause significant 
impacts. However, the actual concentrations of these COCs may be much lower. These 
COCs may require further field investigation during the remedial actions so they can be 
eliminated from the postremedial COC list. 
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Actions Taken Based on Screening of Future Residual Source Loading Terms into the Great Miami 
Aauifer 

The storm water retention basins would be backfilled with at least 2.5 feet of clay at the 
end of FEMP remedial action. 

Statistically calculated block-by-block residual source concentrations for fmr major COCs 
in the groundwater pathway (Le., mercury, Sr-90, Tc-99, and uranium) were reviewed. 
These block-by-block concentrations were first used to determine the level of conservatism 
of the original area-wide representative source concentrations as defined in the Operable 
Unit 5 RI report. In the RI report, representative source concentrations were usually 
dominated by a few measured, higher concentrations in each area, which was delineated 
based on the distribution of uranium contamination. For other COCs, contamination may 
not be distributed as uniformly as uranium within each of these areas. Therefore, the RI 
representative concentrations may be too conservative for a large portion within some 
source areas. This situation is especially significant in source areas (e.g., 560a and 581a) 
along the border, where relatively few samples were used to represent large source areas. 

In the unexcavated areas where the extent of original RI source concentrations was 
determined to be overly conservative, the original area-wide source concentrations were 
replaced by the statistically calculated residual concentrations on a COC- and block-specific 
basis. These modifications result in more realistic COC distributions than were used in the 
RI report for COCs other than uranium. However, they do not significantly change the 
maximum source concentrations and maximum mass loadings to the Great Miami Aquifer. 
Because these statistical analyses do not eliminate any sample data, the blocks which 
contain those measured, higher COC concentrations still remain in the analysis. The.only 
significant impact of these modifications was the extent of the area which has higher 
residual concentrations in each source area. Thus, the areas of residual contamination 
become more realistic and COC-specific in the FS. 

The COCs that have residual concentrations that are primarily controlled by the detection 
limits were identified. The COCs (e.g., Tc-99) at the detection limit levels may cause 
significant impacts. However the actual Concentrations of these COCs may be much lower. 
These COCs may require further field investigation during the remedial actions so they can 
be eliminated from the postremedial COC list. 

Actions Taken Based on Screening of Residual Imoacts in the Surface Water Pathway 
The NEb subbasin would be regraded as part of the construction for the on-site disposal 
area so that the surface runoff in this area will flow toward the site instead of immediately 
off-site. 

An excavation volume of about 3000 cubic yards of surface soil from Source Area 582b 
was used. This volume becomes a part of the additional excavation volume estimated for 
the Operable Unit 2 area (i.e., 20,000 cubic yards). 

An excavation volume of about 3000 cubic yards of surface soil from Source Area 582a 
was used to reduce magnesium source concentration. This become a part of the additional 
excavation volume estimated for the Operable Unit 2 area (Le., 20,000 cubic yards). 
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The inorganic COCs that have residual concentrations at the background levels were 
identified. The COCs (e.g., manganese) may still cause significant impacts; however, 
additional remedial actions cannot reduce these impacts. 

H.I.2 Water TransDort Models 
Contaminant fate and transport models for surface water and groundwater pathways were used to 
predict future COC concentrations at receptor locations. The specific application of the models is 
demonstrated in Appendix F. A summary of these models is presented in Tables H.1-2 and H.1-3. 
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TABLE H.l-2 

SURFACE WATER FLOW AND INFILTRATION MODELS 

Model Description and Use 

HEC- 1 HEC-I is a computer model developed hy the U.S. Army Corps of 
Engineers (USCOE 1990) to simulate rainfall and runoff. HEC-I was 
used in this modeling effort to estimate the hydrologic parameters of 
the Paddys Run drainage basin which encompasses the FEMP. The 
output for HEC-1 was used as input for VS2DT. MUSLE. and the 
Partitioning Equations. 

VS2DT 

MUSLE 

USLE. 

VS2DT is a computer model developed by the U S .  Geological Survey 
to simulate variably saturated groundwater tlow in two dimensions. 
VS2DT was used in this modeling effort to estimate the amount and 
pattern of intiltration of surface water through the streambeds of 
Paddys Run  and the SSOD. 

The Modified Universal Soil Loss Equation presented in the Superfund 
Exposure Assessment Manual (€PA 1988h) is used t o  estimate the 
amount of  sediment which was generated by ;L single storm event. 
This equation was used in this modeling effort to estimate the amount 
of sediment generated by the representative storm event. 

The Universal Soil Loss Equation presented in the Superhnd Exposure 
Assessment Manual (€PA 1988h) was used to estimate the annual 
amount of sediment produced in the subbasins of the Paddys Run 
drainage basin. 

Partitioning Equations The Partitioning Equations also are presented in the Supertund 
Exposure Assessment Manual. The partitioning equations consist of ;1 

series of equations used to deteriiiine the amount and concentration of 
contaminants released from the source surface soils in the dissolved 
phase (surface water) and the adsorbed phase (in sediments) from a 
single storm event. 

SWF&IM The Surface Water Flow and Infiltration Model is the term applied to 
collectively identify the above models used to simulate the rainfall. 
runoff. and Contaminant Transport. This is also sometimes referred to 
generically as the surface water model. 
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TABLE H.1-3 

GROUNDWATER FATE A N D  TRANSPORT MODELS 

Model Description and Use 

HELP The HELP model was used in the OU5 analysis to detine intiltration 
rates (seepage velocities) for use in travel time screening and in vadose 
zone modeling with ODAST. The HELP model is a quasi-two- 
dimensional hydrologic model of water movement across, into. 
through, and out of a waste area. The systems that can be modeled by 
HELP include various combinations of vegetation. cover soils. waste 
cells. special drainage layers. and relatively impermeable barrier soils. 

ODAST 

ECTran 

SWIFT 

The ODAST model was used in the OU5 analysis to detine vertical 
contaminant transport from contaminated soil or perched water to the 
GMA. The ODAST computer code is based o n  the solution originally 
developed by Ogata and Banks and calculates the normalized 
concentrations of a given constituent in iI uniform tlow tield from a 
source having a constant o r  varying concentration in the initial layer. 
ODAST evaluates the basic one-climensional analytical solute triinsport 
equation ;is a tinction of seepage velocity. dispersion coefticient. 
source decay. retardation factor, depletion time. and source rate. 

The ECTran model is a screening level groundwater contaminant fate 
and transport model implemented in Excel 4.0 which was developed to 
support the RUFS processes at the FEMP. The Crystal Ball 3.0 add on 
module for Excel can be used with the ECTran model to perform 
Monte Carlo simulations. The ECTran moclel can be used to  
supplement other. more complex fate and transport models during 
parameter estimation. risk assessment. cleanup goal development. and 
stochastic sensitivity analysis. The model is based on straight-forward 
mass balances and advection/dispersic)n analytical equations. but can be 
used to simulate a variety of complex conditions. 

The SWIFT Great Miami Aquifer model was used for simulating the 
three-dimensional contaminant transport in the Great Miami Aquifer. 
The SWIFT code is a t i l l y  coupled, transient. 3-dimensional finite 
difference model for groundwater tlow through both porous and 
fractured media. The mass transport equations solved include terms for 
convection. dispersion. retardation by sorption. and decay or 
degradation of the contaminant. The SWIFT code, originally 
developed by Sandia National Laboratory in the late 1970s for the High 
Level Waste Program, has been revised several times to increase its 
capability and to change computer platforms. The SWIFT GMA model 
was originally calibrated in 1989. Recently the model has been 
redesigned and recal ibrated based on new data. 
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H.I.3 MODELING RESULTS 
Surface Water 
Tables H.I-4 and H.1-5 present the future surface water and sediment concentrations for all the 
modeled surface water COCs. Table H.I-6 presents the surface water contaminant loading to the 
Great Miami Aquifer of all of the COCs which account for 95 percent of the total risk and/or failed 
either the surface water or sediment screening as presented in Appendix F (Section F.2). The 
loadings from all of these COCs were calculated because they are required for the C U R E  
groundwater modeling. The computer print outs for the groundwater mass loading are presented at 
the end of this attachment. 

Groundwater 
The receptor locations modeled for the groundwater pathway are identified in the Operable Unit 5 RI 
report. The COC-specific maximum concentrations and the times of occurrence at each receptor 
location are listed in Tables H.1-7 and H.1-8 for on-property and off-property receptors, respectively. 
To estimate the accumulated impacts due to multiple COCs, COC-specific concentrations at the time 
of the uranium maximum at each receptor location are also determined. These results are listed in 
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The groundwater contamination plumes in the upper Great Miami Aquifer, following completion of 
groundwater recovery operations, at the time when the COC-specific maximum concentrations occur 
for each COC are shown in Figures H.1-1 through H.1-11. The residual contamination plumes of 
arsenice, manganese, and Ra-226 do not migrate significantly and remain relatively localized in the 
10oO-year period, as shown in Figures H.1-12 through H.1-14. 
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TABLE H.1-6 

67 SURFACE WATER PATHWAY LOADINGS TO THE 
GREAT MIAMI AQUIFER 

Radium-226 + 8D 0.00 0.00 2.50 x 10 ' '  1.12 x 10' 

Strontium-90+ 1D 3.37 x 10-9 1.38 10-9 2.46 x 1 0 "  5.89 x 10-9 

Technet ium-99 1.14 x lo-' 4.16 x lo4 3.33 x 0.00 

Tho r iu m-230 2.89 x 1.60 x 10' 1.46 x IO" 1.10 x IO-' 

Thorium-232 + 10D 0.00 0.00 2.51 x IO-.' 1.12 x lo-3 

Inorganics 

Antimony 

Arsenic 

Beryllium 

Manganese 

Mercury 

Uranium 

6.31 x lo-? 2.92 x lo-' 3.95 x lo-3 6.41 x 10.' 

3.50 x lo-' 1.95 x 1 0 '  3.35 x IO-? 7.27 x IO-' 

7.20 x IO" 4.77 x lo-? 7.65 x IO" 1.58 x 

3.55 x IO' 2.64 x 10' 4.27 x IO" 8.73 x 10' 

2.31 x 10.' 1.44 x 10-I 2.73 x 10.' 6.23 x IO-' 

2.77 x 10' 2.02 x 1 0 '  2.45 x 10.' 3.73 x 10'' 

Organics 

Alpha-chlordane 0.00 0.00 9.98 x 4.46 x lo-' 

Aroclor4 254 0.00 0.00 0.00 0.00 

Aroclor- 1260 0.00 0.00 0.00 0.00 

Benzo(a)pyrene 4.24 x 1.79 x 1.64 x IO" 9.80 x LO-" 

Dibenzo(a, h)anthracene 0.00 0.00 0.00 0.00 

a Operable Unit 5 RI (Appendix F) presents the description of Paddys Run reaches 
SSOD - Storm Sewer Outfall Ditch 
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1,2-dichloroethane 
CRU 5 FS 

htial Mass and Concentration 

Waste Waste Constituent 
Area Area Concentration 

Number (mglkg) 

61'12 

120 

Constituent Kd based Initial Kd Layer 1 

(mp) (mull (de;) 
Mass per Block Concentration 

Compound Type Org 
Kd Vadose 1 lS6E - 01 d g  
Kd Vadose 2 29%-02 d g  

Screening Level 7.8s E -04 mgn 

Rd Vadose 1 2.71€+00 
Rd Vadose 2 1.27E+Oo 

Lambda 9.50E-04 llday 

Surface Water Loading (K&) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

CD 

0.00Et00 

MaSS 

(mg) 

0.00€+00 
0.00€+00 
0.00€+00 
0.00Et00 
0.00E+00 
0.00E+00 
0.00€+00 
9.30E+06 

DE EF SSOD 

0.00€+00 0.00Et00 0.00Et00 

co 
(mg/L) 

0.00€+00 
0.00€+00 
0.00€+00 
0.00Et00 
0.00€+00 
0.00Et00 
0.00€+00 
1.51E-02 



4- nitroaniline 
CRU 5 FS 

Initial Mass and Concentration 

Waste 
Area 

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screening Level 
Lambda 

Waste Constituent Constituent ~ Kd based Initial Kd Layer 1 
Area Concentration Mass per Block i Concentration 

Number (mPkg) (me1 : (mvjl) (do,) 

Or! 
1.36E-01 
L56E-02 
2.49E+00 
1.23€+00 
1.52E-02 
1.00E-U) 

129 

Surface Water Loading (Kg/y~) CD DE EF SSOD 

0.00Et00 0.00E+00 0.00E+00 0.00E+00 

WPAOUl 
WPAOU4 
Solid Waste Landtill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field.and.Inactive Flyash.Pile 
Perched Water 
Disposal Cell 

Mass 
(mg) 

0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Etal 
0.00Etal 
o.ooEtoo 
1.13Ei-06 

c o  
( m f l )  
0.00Et00 
0.00Et00 
0.00€+00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
2.10E-03 



. -  

Waste Waste Constituent Constituent Kd based Initial 
Area Area Concentration Mass per Block Concentration 

6 1 7 2  

Kd Layer 1 

Bromodichloromethane 
CRU 5 I3 

Initial Mass and Concentration 

Number (rnpjka) (me) 

132 

(rnefl) ( d i g )  

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screeningkel 
Lambda 

Or! 
4.21 E-01 Ng 
7.94E - U2 fig 

4.01E-03 mgfl 

5.61E+OO 
1.72E+00 

I.00E-50 Ilday 

Surface Water Loading (Kg/yr) CD 

0.00Et00 

DE 

0.00€+00 

EF 

0.00E+00 

SSOD 

O.OOE + 00 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile, 
Perched Water * 

Disposal Cell 

Mass 
( m a  

0.00E+00 
0.00E+00 
0.00€+00 
0.00E+00 
0.00E+00 
0.00€+00 
0.00E+00 
9.4zE+06 

c o  
(mgn) 
0.00E+00 
0.00€+00 
0.00€+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
5.67E-03 



Carbazole 
CRU 5 F3 

Initial Mass and Concentration 

Waste 
Area 

75 

Waste Constituent Constituent Kd based Initial Kd Layer 1 
Area Concentration Mass per Block . Concentration 

Number (rngka) h?) (rngil) ( d e )  

Compound Type Org-S 

Rd Vadose 1 1.19Eta2 
Rd Vadose 2 1.9SE+01 

Lambda 1.00E-50 llday 

Kd Vadose 1 1.08Et01 wg 
Kd Vadose 2 204Et00 wg 

Screening Level 1.14E-(l2 m# 

Surface Water Loading (Kg/y~) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Ryash Pile 
Lime Sludge Ponds 
South Field and Inactive Ryash Pile 
Perched Water 
Disposal Cell. * . 

OOO?L76 

CD 

0.00EtaI 

Mass 
(mg) 

0.00Et00 
0.00Et00 
0.00Et00 
O.OOEta) 
0.00Et00 
0.00Et00 
0.00Et00 
2.47Et08 

DE 

0.00Et00 

co 
( m m  

0.00Et00 
O.OOE t 00 
O.OOE t 00 
0.00Et00 
0.00Et00 
O.OOE t 00. 
O.00E t 00 
5.78E-03 

EF SSOD 

0.00Et00 0.00E+00 



Alph,a-chlordane ... , 
CRU 5 FS 

htial Mass and Concentration 

Waste Waste 
Area Area 

Number 

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screening Level 
Lambda 

Cons ti tuen t Constituent Kd based Initial Kd Layer 1 
Concentration Mass per Block Concentration 

(rnn/kpr) (mp) (mi$) (mvd 

Org-P 
3.34E+00 

6.73 E +00 
6.3 1 E-01 
3.76E+01 

4.SlE-05 
1.00E-51 

CD DE EF SSOD 

0.00E+00 0.00E+00 9.98E-(X 4.36E-04 

Surface Water Loading (Kgiyr) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

Mass 
(mg) 

0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00€+00 
0.00E+W 
O.OOE+O 
5.52E+05 

c o  
(mg/L) 

O.OOE+a) 
0.00E+00 
0.00€+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
4.18E-05 

. .. . . 



Bis(2-chloroisopropyI)ethe 
CRU 5 FS 

Waste 
Area 

Initial Mass and Concentration 

Waste Constituent Constituent Kd based Initial Kd Layer 1 
Area Concentration Mass per Block Concentration 

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screening Level 
Lambda 

Number (mg/kg) 

Org 
6.99E-01 
1.32E-01 
8.6SE+00 
220Et00 
1.63 E - 03 
1.00E-50 

[mg) (rnqll) ( d e l  

mgn 
llday 

131 

Surface Water Loading (Kg/y~) CD DE SSOD 

0.00Et00 0.00Et00 0.00Et00 0.00E+00 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and Inactive Flyash Pile' 
Perched Water 
Disposal Cell 

I .  

Mass 
(mg) 

0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00E+00 
0.00Et00 
1.97EtU7 

co 

0.00Et00 
0.00E+00 
0.00Et00 
0.00Et00 
0.00Et00 

-. * -  0.00E900 
0.00Et00 
7.12E-03 



Manganese 
CRU 5 Fs 

Initial Mass and Concentration 

Waste Waste 
Area Area 

Number 

6772 - 

Constituent Constituent . Kd based Initial Kd Layer 1 

(rnFlkP) (me) (md)  ( d e )  
Concentration Mass per Block Concentration 

107 

Compound Type Inorg 

Rd Vadose 1 1.97Eta 
Rd Vadose 2 4.56€+02 

Lambda 1.00E-SO llday 

Kd Vadose 1 l.SOE+M d g  
Kd Vadose 2 5.OOE+01 fig 

Screening Level 1.80E-02 mpfl 

MaSS 

(mg) 

WPAOUl 0.00E+00 

Solid Waste Landfill 0.00E+00 

Lime Sludge Ponds 0.00E+(10 
South Field and Inactive Flyash Pre O.OOE+00 
Perched Water 0.00E+00 
Disposal Cell 0.00E+00 

WAOU4 . 0.00E+00 

Active Flyash Pile 0.00€+00 

co 
( m a )  
0.00Et00 

0.00E+00 
0.00E+00 

0.00E+00 
0.00E+00 
0.00E+00 * 

0.00E+00 
0.00E+00 

:.a- _ .  



Mercury 
CRU 5 Fs 

Initial Mass and Concentration 

Waste Waste Constituent 
Area Area Concentration 

Number (mg/kP) 

108 

Constituent Kd based Initial Kd Layer 1 

(me) (md) ( d e )  
Mass per Block Concentration 

Compound Type lnorg 

Rd Vadose 1 1.11EtOL 
Rd Vadose 2 9.19E t 01 

Lambda 1.00E-50 llday 

Kd Vadose 1 1.00Et01 d g  
Kd Vadose 2 1.00Et01 d g  

Screening Level 1.58E-01 mgfl 

Surface Water Loading (Kuyr) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field.and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

CD DE EF SSOD 

2.3 1 E-01 1.44E-01 2.73E-02 6.UE-01 

0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et.00 1 ,  

0.00Et00 
2.21 E t  09 

0.00Et00 
0.00Et00 
0.00Eta3 
0.00Et00 
0.00Et00 ,* .. ,~ooE;t.oo.+ p5 

0.00Eta3 
5.44E-02 



Chromium (Hex) 
CRU 5 FS 

Initial Mass and Concentration 

Waste 
Area 

6 7 7 2  

140 

Waste Constituent Constituent Kd based Initial Kd Layer 1 
Area Concentration Mass per Block Concentration 

Compound Type Inorg 

Rd Vadose 1 4.06E+U2 
Rd Vadose 2 3.46E+01 

Lambda 1.00E-50 llday 

Kd Vadose 1 3.70E + 01 d g  
Kd Vadose 2 3.70E+00 mug 

ScreeningLevel 2.22E - 02 mgn 

Number ( m a g )  (me) (rnwl) ( d e )  

Surface Water Loading (Kg/yr) CD DE EF SSOD 

0.00E+00 0.00Et00 0.00Et00 0.00Et00 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South Field and'InactiveFlya& Pile***'- 
Perched Water 
Disposal Cell 

Mass 

0.00E+00 
0.00E+00 
0.00€+00 
0.00E+00 
0.00E+00 

0.00E+00 

(mg) 

OiOOEt;00., 

1.27E+ 10 

co  
(mg/L) 

0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 * 

0.00E+00 
8.43E-02 

* .I .,. .- ~ . . . . . _  I . I  



Magnesium 
CRU 5 FS 

Initial Mass and Concentration 

Waste 
Area 

106 

Constituent Kd based Initial Kd Layer 1 Waste Cons ti t u n  t 
Area Concentration Mass per Block Caceauation 

Compound Type Inorg 

Rd Vadose 1 5.03E+01 
Rd Vadose 2 4.19E+01 

Lambda 1.00E-50 l/day 

KdVadase 1 J.jOE+OO fig 
Kd Vadose 2 1.50€+00 d g  

Screening Level 352E+01 mg/l 

Number (mdkg) (wf (me/l) (WE) 

Surface Water Loading (Kg/yr) CD DE 

2.78Et04 1.94Et04 

WPAOUl 0.00Et00 
WPAOU4 0.00Et00 
Solid Waste Landfill 0.00Et00 
Active Flyash Pile 0.00E+00 
Lime Sludge Ponds 0.00E+00 

Perched Water 0.00E+00 
. -,,. .w .. ,South,Eield and-Inactive FlyashJ!ile-A . ”, . O.OOE+CQ, .-.C 

Disposs Cqll- 1.07E+ 14 
.,e >: G 

0.00Et00 
0.00€+00 
0.00Et00 
0.00Et00 
0.00€+00 

.,..0.00ES00- . 
0.00E+00 
5.87E+Q3 

EF SSOD 

1.84E+03 l.llE+04 

000582 



Arsenic , :  . .: 
CRU 5 Fs 

Initial Mass and Concentration 

Compound Type lnorg 

Rd Vadose 1 2.19E+Q3 
Rd Vadose 2 1.82E+O3 

Lambda 1.00E-50 llday 

Kd Vadose 1 Z.OOE+OZ wz 
Kd Vadose 2 Z.OOE+OZ d g  

Screening Level 4.90E-06 mivl 

95 

Surface Water Loading (Kg/y-r) 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
SouthField and Inactiw?Flyash Pilie -- 
Perched Water 
Disposal Cell 

CD DE EF SSOD 

3.50E-01 1.95E-01 3.35E-02 7.17E-01 

MaSS co 
(mg) (mg/L) 

0.00E+00 0.00E+00 
0.00E+00 0.00E+00 

0.00Et00 0.00E+00 
0.00E+00 0.00E+00 

0.00E+00 0.00E+00 

0.00E+00 0.00E+00 

0.00Et00 --- - .O.OOE+W 
0.00E+00 0.00E+00 



. r  . _ .  .. 
. c ., 

Waste 
Area 

. _,. ..IS-- 

Waste Constituent Constituent Kd based Initial Kd Layer 1 
Area Concentration Mass per Block Concentration 

Number (rngkq) (mq) (md) ( d e )  

Boron 
CRUS Fs 

h t i a l  Mass and Concentration 

119 

Compound Type lnorg 

Kd Vadose 2 3.00€+00 
Rd Vadose 1 3.39E+01 
Rd Vadose 2 283€+01 

Lambda 1.00E-50 Uday 

Kd Vadose 1 3.00E+00 d g  

Screening Level 3.26E-01 m f l  

Surface Water Loading (Kg/yr) CD DE EF SSOD 

0.00€+00 0.00E+00 0.00E+00 0.00Et00 

Mass co 
(*g) ( m m  

WPAOUl 0.00€+00 0.00E+00 
WPAOU4 0.00E+00 0.00Et00 
Solid Waste Landfill 0.00€+00 0.00E+00 
Active Flyash Pile 0.00E+00 0.00E+00 
Lime Sludge Ponds 0.00E+00 0.00E+00 
South Field and Inaaive-FlyashSiie-- <I=-. 0.00E+00 0.00E+00 
Perched Water 0.00E+00 0.00E+00 
Disposalcell . 5.56E+ 10 4.57E+00 

i * * , < ;  

. O o Q I 8 G  



6772 

Waste Waste 
Area Area 

Number 

Uranium -Total, 
CRU 5 FS 

Initial Mass and Concentration 
Sensitivity Analysis - 5 

Constituent Constituent Kd based Initial Kd Layer 1 

(mglke) (mp) (men) (rnVe) 
Concentration Mass per Block Concentration €or Concentration 

15 

Compound Type Rad 

Rd Vadose 1 1.65E+02 
Rd Vadose 2 1.72E+Ol 

Lambda 4.256- I3 llday 

Kd Vadose 1 l.SOE+Ol f l g  
Kd Vadose 2 1.78E+00 f l g  

Screening Level 2.s7E-a2 mgn 

Surface Water Loading (Kglyr) CD DE EF SSOD 

2.77E-01 2.02E -01 2.1SE-02 3.75 E -01 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 
South’Eeld and Inactive Flyash Pile 
Perched Water 
Disposal Cell 

.. SI... . - 

MaSS 

(mg) 

0. OOE + 00 
0.00E+00 
1.34E+08 
4.73E+06 
1.95E+07 
1.5SE+08 
2.8SE+06 
4.06E+ 11 6.67E+00 



Antimony 
CRU 5 FS 

Initial Mass and Concentration 

Area 

94 

Area - Concentration Mass per Block Concentration 
Number (mekp) (me) (md) (de;) 

Compound Type lnorg 

Rd Vadose 1 2.74Et03 
Rd Vadose 2 4.10E+02 

Lambda 1.00E-50 llday 

Kd Vadose 1 2.50E+02 m 4  
Kd Vadose 2 450E+01 d g  

Screening Level 1.SOE-03 mgfl 

Waste Waste Constituent Constituent Kd based Initial Kd Layer 1 

Surface Water Loading (Kg/yr) CD DE EF SSOD 

6.31E-02 2.92E-02 3.95E-03 6.41E-02 

Mass c o  
(mg) (mgn) 

WPAOUl 0.00Et00 0.00E+00 
WPAOU4 0.00Et00 0.00E+00 
Solid Waste Landfill 0.00E+00 0.00E+00 
Active Flyash Pile 0.00Et00 0.00E+00 
Lime Sludge Ponds 0.00Et00 0.00E+00 

Perched Water 0.00Et00 0.00E+00 
D-gi3$3.ORSCi 0.00Et00 0.00E+00 

South field and Inactive Flyash Pile- -=- ' 4 0.00E+08------ O.WE+~----- - 

4 t. i 



Strontium-90 , 
CRU 5 Fs 

lnitial Mass and Concentration 

Waste Waste Constituent 
kea Area Concentration 

Number (rngkg) 

' 6 1 7 2  . 

8 

Constituent Kd based Initial Kd Layer 1 

(rng) (rnell) ( d P )  
Mass per Block Concentration 

Compound Type Rad 
Kd Vadose 1 1.00E+01 d g  
Kd Vadose 2 2.50E+00 d g  

keening Level 2.26E-11 m!Yl 

Rd Vadose 1 l.llE+OZ 
Rd Vadose 2 2.37E+01 

Lambda 6.64E-05 llday 

Surface Water Loading (Kg&) CD DE EF SSOD 

3.37E-09 l.38E-09 2.46E- 10 539E-09 

WPAOUl 
WPAOU4 
Solid Waste Landfill 
Active Ryash Pile 
Lime Sludge Ponds 

Perched Water 
Disposal Cell 

* , Soith Field a n d ' ~ x i ~ v ~ ~ j & ~  p$eL-'' 



. i. 

Waste 
Area 

Technetium - 99 
CRU 5 FS 

Initial Mass and Concentration 

Waste Constituent Constituent Kd based Initial Kd Layer 1 
Area Concentration Mass per Block Concentration 

Number (me/kn) [mg) (md) [ml/d 

Compound Type 
Kd Vadose 1 
Kd Vadose 2 
Rd Vadose 1 
Rd Vadose 2 
Screening Level 
Lambda 

Rad 
1.18E-01 
7.00E-02 
L99E+00 
1.64E+00 
4.UE-(35 
8.92E-09 

9 

mgll 
llday 

Surface Water Loading (Kg/yr) CD DE E SSOD 

1.14E-a3 4.16E-OQ 3.33E-05 O.OOE+KI 

WPAOUI 
WPAOU4 
Solid Waste Landfill 
Active Flyash Pile 
Lime Sludge Ponds 

Perched Water 
'-South:Field.and.lnactive Flyash Pile . 
Djs posa1,Ce~ 

. , : : : : ; ; ,  
~ ., . .  

0.00E+00 0.00E+00 
0.00E+00 0.00Et00 
0.00E+00 0.00E+00 
0.00Et00 0.00E+00 
0.00E+00 0.00E+00 
0.00E+00-..--.. +-'*'. 0.00E.+00 . A .  

0.00E+00 0.00E+00 
4.06E+05 3.33E-06 



6 7 7-2 

Waste Waste 
Area Area 

Number 

Neptunium-237 ,O 

CRU 5 FS 
Initial Mass and Concentration 

Constituent Constituent Kd based Initial Kd Layer 1 
Concentration Mass per Block .Concentration 

(rnpjkg) (me) (mql)  (miin! 

z 

Compound Type Rad 

Rd Vadose 1 6.03E+02 

Kd Vadose 1 j.jOE+Ol d g  
Kd Vadose 2 5.OOE+00 d g  

Screening Level 1.11E-06 m!Yl 
Rd Vadose 2 4.65E+01 

Lambda 8.87E- 10 llday 

Surface Water Loading (Kg/yr) CD DE EF SSOD 

0.00E+00 0.00E+00 O.OOE t 00 0.00E+00 

WPAOUl 
WPAOU4 
Solid Waste Landfill 

Lime Sludge Ponds 
South Field and InactiveRyasH Pile ' 
Perched Water 
Disposal Cell 

0 Active Flyash Pile 

Mass 
(mg) 

0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+00 
'0:OOE +OO 
0.00E+00 
5.89E+06 

co  
(mgn) 

0.00Et00 
0.00E+00 
0.00E+00 
0.00E+00 
0.00E+K1 
0.00E+00 
0.00E+00 
2.64E-05 

. ,... . 



Radium-226 
CRU 5 F!3 

Initial Mass and Concentration 

Compound Type Rad 
Kd Vadose 1 6.96E+OL d g  
Kd Vadose 2 1.06E+U2 d g  

screening Level 0.00E+00 mg/l 

Rd Vadose 1 7.62E+a3 
Rd Vadose 2 9.65E+02 

Lambda 1.19E-06 llday 

5 

Surface Water Loading (Kg/yr) CD DE EF SSOD 

0.00E+00 0.00€+00 ?.SO€- 1 1.17E-09 

WPAOUl 
WPAOU4 
Solid Waste Land6ll 
Active Flyash Pile 
Lime Sludge Ponds 

Perched ,Water) I 

Disposal Cell 

' South Field and Inactive Flyash Pile 

0001.90 

co 
(mgn) 

0.00E+00 
0.00E+00 
0.00E+00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00Et00 
0.00E+00 
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FEMP-O5FS-5 DRAFT FINAL 
March 1-2. 1995 

H.11 AIR TRANSPORT MODELING 

This attachment presents the approach, methodology, and results of the CRARE air transport analysis. 
The objective of this analysis was to determine the maximum on-property, fenceline, and oft-property 
annual average ground-level air concentrations of contaminants released to the atmosphere from the 
remediated FEMP. These concentrations were used for the CRARE residual risk assessment. 

The analysis was conducted in accordance with EPA guidance in RAGS (EPA 1989a). Two emission 
models and an air dispersion model were used to estimate air emissions from each source and to 
calculate annual average concentrations at several preselected receptor locations. One emission model 
predicted the quantity of exposed soil that would be resuspended by the wind. and the other emission 
model estimated the tlux of Rn-222 gas from soil containing Ra-226. Particulate-phase contaminants 
examined include radionuclides, inorganic compounds, and semivolatile and nonvolatile organic 
compounds. The air dispersion model accounted for dispersion and dilution of the contaminants 
under defined site-specific meteorological conditions. such as wind speed and direction, atmospheric 
stability, and mixing height. All meteorological data were collected from an on-property 
meteorological station, except mixing heights, which are from the National Weather Service in 
Dayton, Ohio. 

Five major steps were required to achieve the objective of this analysis: 

Scenarios for the air transport analysis were defined. 

Sources of air emissions and contaminants released were identified based on site-specitic 
informat ion. 

The appropriate EPA regulatory air dispersion model was selected which best 
represented the site characteristics and the objective of the analysis. 

Particulate or gaseous air emissions were estimated from site-specific soil contaminant 
concentrations, and additional inputs to the model such as- meteorological data and 
receptor locations were determined. 

Results of the air dispersion model were processed to determine the maximum on- and 
off-property annual average concentration for receptor exposures. 

Figure H.11-1 presents the sequence of these steps and the sections below that describe them. 

Throughout the analysis, site-specific data were used where available. When such data were not 
available, conservative assumptions were made. Regulatory default options and values were used 
where applicable in the air emission and dispersion models. The intent of the assumptions was to 
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make the results conservative and relevant to the site so that the risk associated with the air exposure 
pathway would not be underestimated. 

H.II.1 SOURCE TERM ASSUMPTIONS FOR AIR TRANSPORT ANALYSIS 
The air pathway fate and transport analysis was conducted assuming that exposed soil contaminant 
concentrations were less than or equal to the PRLs for a recreational user in an undeveloped park. 
The PRL value for each COC was developed to meet an ILCR of lo6 or an HQ of 0.2. above 
background. 

Several assumptions were made to develop source term emission rates for each operable unit. From 
the air transport analysis previously performed for the Operable Unit 4 CRARE (DOE 1993a). one 
can determine that no signiticant emissions occur from the disposal facilities or capped/covered areas. 
compared to emissions from exposed soil with residual contamination. Therefore. no air emission 
source terms were included for contaminants beneath the Operable Unit 1 cover or the disposal 
facility cap. The erosion of caps and cover soils caused by wind is less than 4 inches over the 1000- 
year period. This erosion rate is based on the total suspended particulate matter emission rate 
determined in Section H.II.4 and an assumed soil density of 1.5 g/cm3. Combined with the erosion 
rate from surface water runoff, the total loss of caps and cover soils would not cause exposure of the 
contaminated layers in these areas. 

Particulate matter and radon emissions were estimated for exposed soil in Operable Units 1,  2, 4, 
and 5. The materials and soil imported for cap layers and cover soil were assumed to be 
uncontaminated and would have contaminant concentrations at background levels. All excavated areas 
were assumed to be backtilled. The contaminant concentrations in these areas were also assumed to 
be at background levels. Statistical analyses were conducted on the samples remaining in the 
unexcavated areas. The results of the statistical analyses were used to characterize soil concentrations 
in the areas that were not excavated. 

For this CRARE, the residual concentrations of uranium isotopes and total uranium were based on the 
average uranium composition on the site and the residual U-238 concentration in each source area. 
The approximate compositions are 0.00896, 0.685, 0.0093, and 99.3 percent (by weight) of U-234, 
U-235, U-236, and U-238, respectively. 

H.II.2 SOURCE GROUPS 
All emission sources considered for this study were analyzed as ground-level area sources. For this 
CRARE, 1306 square area sources were analyzed, covering on-property FEMP soils. These 
individual sources range in size from 2500 to 160,000 square feet. The emission sources included the 

FER/OU5FS/APXS/APP-HIAlTACH/H-I1/Mnrch20, 1995 (5:48pm) H-11-3 

J 

5 

fJ 

7 

8 

1 

IO 

II 

12 

13 

14 

15 

16 

17 

In 

IY 

3 

II 

1” _ _  
23 

14 

1 5  

4 

27 

2n 

29 

30 

31 

32 

33 

34 

35 

36 

37 



. .  
!.r 1 

, .. . . :, . . .. 

FEMP-05FS-5 DRAFT FINAL 
March 22.  1995 

exposed soils in Operable Units 1, 2, 4, and 5. To analyze emission impacts, 1306 area sources were 
evaluated in 37 source groups. All sources within a given source group were assumed to have 
identical contaminant emission rates. Figure H.11-2 shows the source group locations and sizes used 
in the air dispersion model for areas associated with Operable Units 1 through 5. The 1306 area 
sources were combined into the following source groups: 

Former Production Area - Sources 
e-. PAa (8 sources) 
0 

* 
0 

0 

0 

0 

0 

0 

0 

0 

PAb (16 sources) 
PAC (10 sources) 
PAd (5 sources) 
PAe (15 sources) 
PAf (15 sources) 
PAg (10 sources) 
PAh (61 sources) 
PAi (43 sources) 
Waste Pits (8 sources) 
Active Flyash Pile (83 sources) 
South Fieldhactive Flyash Pile (278 sources) 
Solid Waste Landfill (4 sources) 
Lime Sludge Ponds (4 sources) 
OU4 Surface Soil (10 sources) 
FEMP Northeast Corner - East (36 sources) 
FEMP Northeast Corner - North (14 sources) 

OU5 Surface Area - Sources 
560a (108 sources) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

560b (51 sources) 
560c (8 sources) 
560d (5 sources) 
570a-North (37 sources) 
570a-South (1 8 sources) 
570b (14 sources) 
570c (6 sources) 
570d ( 1  8 sources) 
570e (22 sources) 
575a (56 sources) 
57% ( I  1 sources) 
580a (27 sources) 
58 l a  (140 sources) 
581b (75 sources) 
581c (34 sources) 
581d (12 sources) 
582a (62 sources) 
582b (16 sources) 
WPAa (49 sources) 

The majority of these source groups were developed from the surface water runoff model source areas 
presented in Appendix F of the Operable Unit 5 RI report (DOE 1994a). This approach was selected 
because surface soil is assumed to be the source of contamination in both air and surface water 
pathways. For this CRARE, some modifications were made to the source groups originally 
developed for the Operable Unit 5 RI report. Area 570a and the FEMP northeast corner were each 
split into two groups to account for partial excavation of these areas. 

For the undeveloped-park scenario, the areas which were not excavated included Area 560a. 570a- 
South, 575a, 575b, 580a, 582a, PAi, and NE Corner - North. The remaining areas were excavated 
sufficiently to assume that residual concentrations were at background levels. 

The previous discussion of sources and source groups strictly pertains to modeling of on-property 
contaminant transport. Operable Unit 5 is also responsible for existing off-property contamination 
from previous FEMP operations. The existing off-property contamination is assumed to impact the 
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off-property target receptors (resident farmer adult and child). Resuspension of off-property 
contaminated soil and subsequent inhalation by these target receptors were also modeled in this 
CRARE. The air modeling source group for the off-property contamination was represented by 49 
square area sources making up a farm of approximately 20 acres. Each area source was 125 feet on a 
side. 

H.II.3 AIR TRANSPORT MODELS 
The annual average contaminant concentrations were determined using the Industrial Source Complex 
- Long Term, Version 2 (ISCLT2) dispersion model (EPA 1992a). This model is recommended by 
the EPA for air pathway analysis of Superhnd sites (EPA 1989a). The ISCLT2 model was designed 
by the EPA to assess the air quality impact of emissions from a wide variety of sources. It 
incorporates a steady-state Gaussian plume equation that is applicable in tlat or gently rolling terrain. 
for multiple point, area, and volume sources. The ISCLT2 model calculates the annual average 
concentration due to airborne emissions at user-selected receptors, based on sector-averaged statistical 
wind summaries. Data required for input to the model include source emission rates. the locations 
and configurations of sources, statistical summaries of wind speed, wind direction. and atmospheric 
stability, and the locations of the selected receptors. A description of the air models is presented in 
Table H.11-1. 
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TABLE H.11-1 

MAJOR COMPONENTS OF THE AIR EMISSION AND DISPERSION MODELING 

Model Description and Use 

RAECOM RAECOM is a computer model developed by the U.S. Nuclear 
Regulatory Commission (NRC 1984) to simulate the emission of 
Rn-222 gas from soil and material containing Ra-226. RAECOM was 
used in this modeling effort to estimate the Rn-222 emission rate from 
FEMP surface soils and through cover soils placed over on-property 
consolidation areas. The output from RAECOM is used as input to 
ISCLT2. 

Particulate Matter 
Emission Equations 

The Particulate Matter Emission Equations are also presented in Rupid 
Assessment of Exposure to Particulate Emissions.from Surjace 
Contamination Sites (EPA 1985). These equations are used in this 
modeling effort to estimate particulate matter emissions from surface 
soil caused by wind erosion. The results from these equations are used 
as input to ISCLT2. 

ISCLT;! ISCLT2 is a computer model developed by the EPA (EPA 1992) to 
simulate the dispersion of gas-phase and particulate-phase contaminants 
emitted to the atmosphere. ISCLT2 is used in this modeling effort to 
predict the airborne concentrations and deposition rates of contaminants 
emitted from the FEMP surface soils. The output from RAECOM and 
particulate matter emission models are used as input to ISCLT2. 

H.II.4 PARTICULATE CONTAMINANT EMISSION RATES 
Radionuclide, inorganic, and organic contaminants were assumed to be present in the residual soil and 
in the suspended particulate matter emitted from the site. The emission rate for each contaminant in 
this particulate matter was calculated from the concentration of the contaminant in the exposed soil 
and from the estimated site-wide average emission rate of particulate matter less than 10 micrometers 
in diameter (PM,,). The emission rate of total suspended particulates (TSP) was estimated by 
assuming that PM,, emissions represented 50 percent of TSP emissions (EPA 1993a). The TSP 
emission rate was used to estimate deposition rates of contaminants onto soils and crops. 

H.II.4.1 Contaminated Soil Concentrations 
The estimated residual radionuclide, inorganic, and organic concentrations used for development of 
emission source terms are presented in Tables H.11-2 through H.II-4, respectively. Contaminant soil 
concentrations were selected from data in the RI/FS database and data presented in the Operable Unit 
5 RI Report (DOE 1994a). 
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In this CRARE, cleanup levels were based on PRLs developed for the entire site. Because this 
analysis assumed that the site has been remediated, any soil with concentrations exceeding an 
applicable PRL will be excavated; therefore, concentrations in excavated areas were reset to the 
background levels. The background surface soil concentrations used in this CRARE, presented in 
Table H.11-5, are from the Operable Unit 5 RI report (DOE 1994a). The estimated, typical off- 
property soil concentrations used to analyze impacts to the off-property target receptors are presented 
in Table H.II-6. 

H.II.4.2 Susuended Particulate Emission Estimate 
The method used to estimate PM,, emission rates for the FEMP is based on EPA guidance for 
estimating wind erosion rates from tlat soil surfaces at hazardous waste sites (EPA 1985a). This 
guidance has also been adopted by EPA for Superfund sites (EPA 1992b). The EPA methodology 
assumes that a minimum wind speed is required for the suspension of respirable dust. The emission 
rate is a nonlinear function of the "threshold friction velocity" (TFV) and the erosion potential of the 
site, which depends on the particle size distribution of the soil. Very fine soils (those with small 
modal diameters) have low TFVs and high potential for erosion by wind. 

. 

In addition to modal diameter, other factors such as the amount of nonerodible elements (gravel and 
pebbles with diameters greater than approximately 1 centimeter), the rustiness of the surface soil. and 
the amount of vegetative cover affect the quantity of soil that can be resuspended by the wind. 

A review of the EPA method for determining the aerodynamic modal diameter of surface soil (EPA 
1985a) indicated that additional laboratory sieve analyses needed to be conducted on FEMP soil to 
estimate this diameter. Therefore, a sampling protocol was developed based on the EPA guidance. 
and surface soil samples were collected and analyzed during May 1994 (FERMCO 1994a). The 
sampling protocol and analysis results were previously presented in the Operable Unit  2 FS report 
(DOE 1994b), Appendix I (CRARE). The measured aerodynamic modal diameters ranged from 2 to 
4 millimeters. 
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FEMP-OSFS-5 DRAFT FINAL 
March 2, 1995 

TABLE H.II-4 
RESIDUAL ORGANIC CONCENTRATIONS IN SURFACE SOIL 141 

Organic Concentrations, Including Background (mg/kg) 

Area Aroclor- 1254 Aroclor-1260 Benzo(a)pyrene (RPF) 1 ,2-Dichloroethane 

560a 

560b 

560c 

560d 

570a-North 

570a-South 

570b 

570c 

570d 

570e 

575a 

575b 

580a 

581a 

581b 

58 IC 

581d 

582a 

582b 

WPAa 

NEbEast 

NEbNorth 

WPAOU1 

SF 

AFP- 

SWL 

LSP 

WPAOU4 

PAa 

6.84 x IO-’ 

ND 

ND 

ND 

ND 

3.70 x 10’ 

ND 

ND 

ND 

ND 

4.64 x 10.’ 

7.64 x IO-’ 

4.79 x lo2 

ND 

ND 

ND 

ND 

2.09 x 

ND 

ND 

ND 

2.12 x 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

0-2 ND 

ND 

ND 

ND 

0 2  ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

8.03 x IO’ 

2.00 x 10-2  

2.00 x 10” 

2.00 x 10.’ 

2.00 x 10-2 

2.28 x IO-’ 

2.00 x 10” 

2.00 x IO’ 

2.00 x 1 0 2  

2.00 x 1 0 2  

5.68 x IO’ 

8.67 x I O 2  

1.71 x IO’ 

2.00 x IO.’ 

2.00 x 1 0 - 2  

2.00 x IO’ 

2.00 x 10’ 

1.02 x 10.’ 

2.00 x 10’ 

2.00 x lo-’ 

2.00 x 10.2 

8.43 x 10.’ 

2.00 x I O ’  

2.00 x 10-2 

2.00 x 

2.00 x 10-2 

2.00 x 10’ 

2.00 x 10’ 

2.00 x lo2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

N D  

N D  

ND 

ND 

ND 

ND 

ND 

N D  

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
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TABLE H.II-4 (Continued) FEMP-05FS-5 DRAFT FINAL 
March 22. 1995 

Organic Concentrations, Including Background (rng/kg) 

Area Aroclor- 1254 Aroclor-1260 Benzo(a)pyrene (RPF) I ,2-Dichloroethane 

PAb ND ND 2.00 x 10-2  ND 

PAC ND ND 2.00 x 10-2  ND 

PAd ND ND 2.00 x 1 0 2  ND 

PAe  ND ND 2.00 x ND 

P A f  ND ND 2.00 x ND 

PAg ND ND 2.00 x 10’ ND 

PAh ND ND 2.00 x 1 0 2  ND 

PAi 4.50 x 10’ ND 8.02 x 10.’ N D  

RPF - Relative Potency Factor 
ND - Not detected 



6772  
FEMP-O5FS-5 DRAFT FINAL 

March 7-2. 1995 

TABLE H.11-5 
67,139,141 BACKGROUND COC CONCENTRATIONS IN SURFACE SOIL 

COC Representative Background Concentration 

Radionuclides (pCi/g) 

CS- 137 

Ra-226 

Sr-90 

Tc-99 

Th-228 

Th-232 

U-234 

U-2351236 

U-238 

Inorganics (mg/kg) 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Copper 

Cyanide 

Manganese 

Mercury 

Molybdenum 

Silver 

Uranium - Total 

Zinc 

4.40 x I O - '  

1.22 x loo 

2.50 x 1 0 '  

ND 

1.12 x loo 

1.08 x loo 

1.04 x lo" 
9.00 x 10" 

1.08 x lo" 

3.65 x lo" 

5.56 x lo" 
6.00 x 10' 

5.20 x 10.' 

8.60 x lo" 

1.50 x lo-' 

8.14 x 10' 

2.50 x lo-' 

1.20 x loo 

2.20 x io0 

3.27 x 10" 

4.46 x 10' 

Sources: DOE 1993j; and 1994k 
ND - Not detected a 



FEMP-O5FS-5 D R A m  FINAL a March 22. 1995 

TABLE H.11-6 
OFF-PROPERTY COC CONCENTRATIONS IN SURFACE SOIL 67,141 

COC Representative Soil Concentration 

Radionuclides (pCi/g) 
CS- 137 4.00 x lo-' 
Ra-226 9.00 x 1 0 '  
Sr-90 2.65 x 1 0 '  
Tc-99 2.50 x lo-' 

Th-232 8.88 x 10-I 
U-234 4.01 x 10" 
U-235/236 1.12 x 10-1 
U-238 2.40 x 10" 

Th-228 1.08 x loo 

Inorganics (mg/kg) 
Antimony 
Arsenic 
Beryllium 
Cadmium 
Copper 
Cyanide 
Manganese 
Mercury 
Molybdenum 
Silver 
Uranium - Total 
Zinc 

Organics (mg/kg) 
Aroclor-1254 
Aroclor- 1260 
Benzo(a)p yrene 
1,2-Dichloroethane 

1.30 x 10'' 
3.79 x loo 
4.49 x 10-1 
4.90 x 10.' 
1.21 x lo1 
1.80 x lo-' 
6.47 x 10' 
5.50 x IO-' 
4.80 x loo 
4.80 x 10' 

7.20 x 10" 
4.45 x IO1 

2.20 x 10'' 
ND 

8.67 x 10' 
ND 

ND - Not detected 
RPF - Relative Potency Factor method 
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FEMP-O5FS-5 DRAFT FINAL 

March 12. 1995 

Using an exposed soil modal diameter of 2 to 4 millimeters, the TFV can be determined from the 
EPA guidance document (EPA 1985a). The relationship between the modal diameter and the TFV is 
represented by the equation: 

log (TFV) = 1.812 + 0.4161 log (4) (H.11-1) 
where 

TFV = threshold friction velocity (cm/s) near the soil surface and 
4 = modal diameter of soil sample (mm). 

The calculated TFV ranges from 86.5 to 115 cm/s based on modal diameters of 2 to 4 millimeters. 
The calculated TFV should be corrected based on the surface roughness. rustiness, and quantity of 
nonerodible elements. The ratio of the corrected TFV to the uncorrected TFV is a nonlinear function 
of the ratio of the silhouette area of the roughness elements to the total area of bare loose soil (EPA 
1985a). For this CRARE, no correction was applied to the calculated TFV based on the assumption 
that the exposed surface would behave in the same manner as dry, loose silt. This assumption is 
obviously conservative since the site has  enough clay in the soil to form a nonerodible crust, the 
surface contains nonerodihle elements, and the vegetation present will significantly increase the TFV 
necessary to resuspend surface soil. 

The calculated TFV is greater then the 75 cm/s (30 in./s); therefore, the FEMP surface soil was 
considered to have a "limited" erosion potential (EPA 1985a). The equation for respirable particulate 
emissions from erosion of soils with limited erosion potential takes the following form: 

E,, = 0.83 x f x P(u+) x (1 - V) / (PE/50)' (H. 11-2) 
where 

E,, = annual average PM,, emission rate per unit area of contaminated surface 
(mg/hr/m'), 

erosion potential, the quantity of erodible particles present on the surface 
prior to the onset of wind erosion (g/m'), 
observed (or probable) fastest mile of wind for the period between 
disturbances (m/s) , 

Thorntwaite's Precipitation Index (measure of average soil moisture content). 

f = frequency of disturbance per month, 
P(u+) 

u+  

V = fraction of soil covered by vegetation, and 

= 

= 

PE = 

The erosion potential in Equation H.11-2 depends on the fastest mile as follows (EPA 1985a): 

P(u+) = 6.7 x (u+ - uJ, for u +  2 u,, or 
0, for u+ < 4. = 
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FEMP-05FS-5 DRAFT FINAL 
March 1-2. 1995 

A typical fastest mile for the region is 24 m/s (EPA 1985a) at 7 meters above ground. The TFV 
must be corrected to the anemometer height (7 meters) used to collect the fastest mile data. The 
corrected TFV is calculated from the following equation (EPA 1985a): 

u,/TFV = (110.4) I n  (Z/Z,) (H.II-4) 

where 
Z = anemometer height (m) and 
Z, = surface roughness height (m). 

The surface at the FEMP is now, and will be, covered with grass and other vegetation after 
completion of remedial actions. Using an approximated value of 0.03 m for grassland (EPA 1985a) 
as Z,, the value of ut was calculated to be 11.8 to 15.7 m/s. The calculated values for P(u+) range 
from 81.8 down to 55.4 g/m2 for aerodynamic modal diameters of 2 to 4 millimeters, respectively. 

The frequency of disturbance represents the frequency that the surface crust is broken by mechanical 
means, such as agricultural tilling. For the undeveloped-park scenario, the only disturbance caused 
by the recreational user was assumed to be from walking across the site. Over a 70-year period, the 
park user spends 6140 hours on site. The park user was assumed to walk at a pace of 3 miles per 
hour and was assumed to disturb a path 1 foot wide. Therefore, the total area disturbed over the 70- 
year period is approximately 2233 acres, or approximately 32 acres per year. Dividing this area by 
the total area of the site (1050 acres) results in a value for f of 0.0304. 

Currently, the FEMP is 80 to 85 percent covered with vegetation (DOE 1993b). After remediation, 
the site will be planted with appropriate vegetation for erosion control and aesthetics. The region 
easily supports plant life, and a 100 percent vegetative cover can be expected over the postremedial 
site, with or without continued maintenance. For this air transport analysis, the site was 
conservatively assumed to be 85 percent covered with vegetation. The 85 percent value is in line 
with EPA estimates of control efficiencies for vegetative covers (EPA 1987a). 

The erosion potential of PM,, for the FEMP under the adopted site wide alternative ranged from 1.40 
x 
The larger value was used in contaminant emission rate calculations. 

to 2.03 x g/s/m2 for aerodynamic modal diameters of 4 and 2 millimeters, respectively. 

The contaminant surface soil concentration in each area was multiplied by the annual average PM,, 
emission flux to determine the contaminant-specitic emission rate used in the model for calculating 
airborne concentrations. The contaminant surface soil concentration was multiplied by the annual 
average TSP emission tlux to determine the contaminant-specitic emission rate used for calculating 
total deposition rates. Total particulate matter contaminant emissions for each source group are 
presented in Tables H.11-7 through H.11-9. Background particulate matter contaminant emission rates 
are presented in Table H.11-IO. 
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FEMP-05FS-5 DRAFT FINAL 
March 21, 1995 

TABLE H.11-9 
141 RESIDUAL ORGANIC EMISSION RATES 

Organic Emission Rates, Including Background (pglslm') 

Source Group Amclor- 1254 Aroclor-1260 Benzo(a)pyrene 1,2-Dichloroethane 

560a 

560b 

560c 

560d 

570a-North 

570a-South 

570b 

570c 

570d 

570e 

575a 

575b 

580a 

581a 

581b 

581c 

581d 

582a 

582b 

WPAa 

NEbEast 

NEbNorth 

WPAOU 1 

SF 

AFP 

S W L  

LSP 

WPAOU4 

PAa 

1.39 x lo9 
ND 

ND 

ND 

ND 

7.52 x 10-9 

ND 

ND 

ND 

ND 

9.41 x 1 O ' O  

1.55 x 

9.73 x 1 0 ' 0  

ND 

ND 

ND 

ND 

4.24 x 

ND 

ND 

ND 

4.31 x IO-" 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

FEWOUSFS/APXS/APP-H/A~ACH/H-IIIMnrchZO. 1995 5:48pm 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

H-11-23 

1.63 x 10.' 

4.06 x 1 8 "  

4.06 x 10" 

4.06 x IO-'' 

4.06 x 

4.62 x IO-' 

4.06 x lo-" 

4.06 x IO'" 

4.06 x IO"' 

4.06 x IO'" 

1.15 x 

1.76 x 10" 

3.46 x 

4.06 x I O i o  

4.06 x 

4.06 x lo-'" 

4.06 x 10'"  

2.07 x 10.' 

4.06 x 1 O ' O  

4.06 x IO-'' 

4.06 x lo-" 

1.71 x IO' 

4.06 x IO'" 

4.06 x 10'" 

4.06 x IO" 

4.06 x IO-" 

4.06 x IO'' 

4.06 x lo-" 

4.06 x 10"' 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

N D  

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

...- 



FEMP-O5FS-5 DRAFT FINAL 
March 7-2, 1995 

TABLE H.II-9 
(Continued) 

Organic Emission Rates, Including Background (pglslm') 

Source Group Aroclor-1254 Aroclor- 1260 Benzo(a)pyrene 1,2-Dichloroethane 

PAb 

PAC 

PAd 

PAe 

PAf 

PAg 

PAh 

PAi 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

9.12 x 10-10 

ND 4.06 x 10'" ND 

ND 4.06 x 10'" ND 

ND 4.06 x 10" ND 

ND 4.06 x 1 0 ' O  ND 

ND 4.06 x ND 

ND 4.06 x ND 

ND 4.06 x IO-'' ND 

ND 1.63 x 10.' ND 

ND - Not deleted 

I , FE3UOUSFS/APXS/APP-H/AiTAC,H!H-U/MnrchZO. 1995 5:48pm H-11-24 ooozm 



FEMP-OSFS-5 DRAFT FINAL 
March 13,. 1995 

TABLE H.II-10 
6 7 ,  141 BACKGROUND COC EMISSION RATES 

COC Representative Background Emission Rate 

Radionuclides (pcilg) 

CS-137 8.93 x 10.' 

Ra-226 2.48 x 10.'' 

Rn-222 3.27 x IO' 
Sr-90 

Tc-99 

Th-228 

Th-232 

u-234 

U-2351236 

U-238 

Inorganics (mg/kg) 

Antimony 

Arsenic 

Beryllium 

Cadmium 

COppGr 

Cyanide 

Manganese 

Mercury 

Molybdenum 

Silver 

Uranium - Total 

Zinc 

5.08 x 10.' 

NA 

2.27 x 10'L 

2.19 x 

2.11 x 1O'L 

1.83 x IO' 

2.19 x I O s  

7.41 x 10.' 

1.13 x IO-' 

1.22 x 10-8 

1.06 x 10.' 

1.75 x i o 7  

3.05 x I O y  

1.66 x 1 0 '  

5.08 x 10.' 

2.44 x 10-8 

4.47 x 10-8  

6.64 x IO8 

9.05 x 1 0 7  

NA - Not applicable 

F W O U ~ F S / A P X S / A P P - H ~ A ~ T A C H / H - I I I M ~ ~ C ~ ~ O .  1995 5:48pm H-11-25 



FEMP-O5FS-5 DRAFT FINAL 
March 22, 1995 

H.II.5 GASEOUS CONTAMINANT EMISSION RATES 
Emissions of Rn-222 were estimated for all exposed soil areas. Rn-222 emissions were determined 
from the.Ra-226 concentrations in the contaminated soil using the RAECOM model algorithms 
developed for the NRC (NRC 1984). The model accounts for the half-lives of radon and radium as 
well as the density, porosity, moisture content, and depth of contaminated layers and cover layers in 
estimating Rn-222 emission rates. The model converts Ra-226 soil Concentrations (in pCi/g) to Rn- 
222 tluxes (in pCi/s/m2). The basic equations for estimating Rn-222 emissions from bare soil is 
presented below (NRC 1984): 

(H.11- 1-5) 

where 
J, 
R 
P 
E 
x 
Dt 
xt 

1 o4 

radon tlux from the soil surface (pCi/s/m’), 
activity concentration of Ra-226 in soil (pCi/g), 
dry bulk density of soil (g/cm3), 
radon emanation coefticient (assumed to be 0.22 from NRC 1984). 
decay constant of radon (= 2.1 x 
difision coefticient of radon in the total pore space (cm’ls). 
thickness of contaminated soil (assumed to be 300 cm for surface soil). and 
conversion factor for m2 to cm2. 

l/s), 

The RAECOM model input parameters and results are presented in Table H.11-l 1.  The model output 
tiles are presented in Table H.11-12. 

H.II.6 METEOROLOGICAL DATA 
Meteorological data characterizing the transport and dispersion conditions of an area are needed as 
input to the ISCLT2 model. These data include wind speed, wind direction, atmospheric stability, 
ambient air temperature, and mixing height. Measurements for all of these meteorological 
parameters, except mixing height, have been recorded at the FEMP site as part of a comprehensive 
environmental monitoring program since August 1986. 

Direct measurements of wind sped,  wind direction, and ambient air temperature were taken at a 
height of 10 meters above the ground. Atmospheric stability was derived from direct measurements 
of the standard deviation of the horizontal wind direction (us) during the day and the low-level 
temperature difference (AT) at night. Measurements of 0, were taken at a height of 60 meters above 
the ground. The temperature difference was calculated from air temperature measurements taken at 
60 and 10 meters above the ground. Site-specific hourly measurements were obtained for 1987 
through 1992, excluding 1990 due to poor data recovery. A tive-year composite joint frequency 
distribution of windspeed, wind direction, and atmospheric stability is presented in Table H.11-13. 
The composite distribution was used in the ISCLT2 dispersion model. 

FER/OU5FS/APXS/APP-HIAlTACHIH-Il/MnrcUO, 1995 5:48pm . H-11-26 
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FEMP-OSFS-5 D R A n  FINAL 

March 12. 1995 

TABLE H.11-11 

RAECOM MODEL INPUT PARAMETERS AND RESULTS 

Soil Rn-222 
Total Ra-226 Soil Bulk Layer Moisture Emission 

Source Soil Conc. Density Thickness Soil Content Rate 
Group @Ci/g) (g/cm3) (cm) Porosity (dry Wt%) (pCi/s/m') 

560a 

560b 

560c 

560d 

570a-North 

570a-South 

570b 

570c 

570d 

570e 

575a 

575b 

580a 

581a 

581b 

581c 

58 Id 

582a 

582b 

WPAa 

NEb-Eat 

NEb-North 

WPAOUl 

SF 

AFP 

SWL 

0.92 

1.22 

1.22 

1.22 

1.22 

1.23 

1.22 

1.22 

1.22 

1.22 

5.00 

1.82 

5.00 

1.22 

1.22 

1.22 

1.22 

2.97 

1.22 

1.22 

1.22 

0.9 1 

1.22 

I .22 

1.22 

1.22 

1.44 

I .44 

1.44 

1.44 

1.44 

1.44 

I .44 

1.44 

I .44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

0.2361 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

1.340 

0.4722 

1.340 

0.3269 

0.3269 

0.3269 

0.3269 

0.781 

0.3269 

0.3269 

0.3269 

0.2361 

0.3269 

0.3269 

0.3269 

0.3269 

FERlOU5~SIAPXSIAPP-HIA~ACHIH-nlMorch20. 1995 5:48pm . H-11-27 



FEMP-05FS-5 DRAFT FINAL 
March 3-2. 1995 

TABLE H.11-11 
(Continued) 

Soil Rn-222 
Total Ra-226 Soil Bulk Layer Moisture Emission 

Source Soil Conc. Density Thickness Soil Content Rate 
Group (Pew (g/cm3) (cm) Porosity (dry Wt%) @Cilslm’) 

LSP 1.22 1.44 45 0.457 16.9 0.3269 

WPAOU4 1.22 I .44 45 0.457 16.9 0.3269 

PAa 1.22 1.44 45 0.457 16.9 0.3269 

PAb 1.22 1.44 45 0.457 16.9 0.3269 

PAC 

PAd 

PAe 

PAf 

PAg 
PAh 

PAi 

Off-Property 

1.22 

1.22 

1.22 

1.22 

1.22 

1.22 

1.62 

0.90 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

1.44 

45 

45 

45 

45 

45 

45 

45 

45 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

0.457 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

16.9 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

0.3269 

0.4359 

0.2361 

FEWOUSFSIAPXSIAPP-HIAITACHIH-II/Msrch20. 199.5 .5:48pm H-11-28 



FEMP-05FS-5 DRAFT FINAL 
March 3-2. 1995 

TABLE H.11-12 

RAECOM MODEL OUTPUT 

OU5 RESIDUAL EMISSIONS: Ra-226=0.92 pCi/g, 560a, NEb-North 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: -000 pCi/m2/sec 
SURFACE RADON CONCENTRATION: -000 pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: -2361 pCi/m2/sec 

LAYER THICKNESS . DIFF COEFF POROSITY SOURCE MOISTURE 
(cm) (cm2/SEC) (pCi/cm3/sec) ldry wt.8) 

1 45. .lo44 x lo-' .4570 .1300 x 10- 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 
LAYER THICKNESS EXIT FLUX 

(cm) (pci/m2/sec) 

1 45. .2361 x 10" 

EXIT CONC. MIC 
(pCi/liter) 

.oooo x 10" .5988 

FERIOUSFS/APXS/APP-H/A~ACH/H-U/Mnrch20. 1995 5:48pm H-11-29 



FEMP-O5FS-5 DRAFT FINAL 

TABLE H.11-12 
(Continued) 

a March 22, 1995 

OUS RESIDUAL EMISSIONS: Ra-226=1.22 pCi/g, Background 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: .OOO pCi/m2/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .3269 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
(cm) (cm2/SEC) (pCi/cm3/sec) jdry wt.%) 

1 45 * .lo44 x 10.' .4570 -1800 x 10' 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/m2/sec) (pCi/liter) 

1 45. -3269 x 10' .oooo x 10" .5988 
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FEMP-05FS-5 DRAFT FINAL 
March 7-2. 1995 

TABLE H.11-12 
(Continued) 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: .OOO pCi/mZ-/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .4359 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
(cm) ( cm2 /SEC ) (pCi/cm3/sec) jdry wt.8) 

1 45 .  .lo44 x lo-' .4570 -2400 x 10' 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX 
(cm) (pCi/m2/sec) 

1 45. -4359 x 100 

F E R / O U ~ F S / A P X S / A P P - H / A ~ A C H I H - ~ I / M ~ ~ C ~ ~ O .  19955:48pin H-11-3 1 

EXIT CONC. MIC 
(pCi/liter) 

.oooo x 100 .5988 
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FEMP-OSFS-5 DRAFT FINAL 

TABLE H.11-12 
(Continued) 

a March 22, 1995 

OU5 RESIDUAL EMISSIONS: Ra-226=1.82 pCi/g, 575b 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: -000 pCi/m2/sec 
SURFACE RADON CONCENTRATION: -000 pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .4722 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROS I TY SOURCE MOISTURE 
(cm) (cm2/SEC) (pCi/cm3/sec) (dry w t . % )  

1 45. -1044 x 10" .4570 .2600 x 10'- 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/m2/sec) (pCi/liter) 

1 45. -4722 x 100 .oooo x 10" .5988 

FERlOU5FS/A~XS/APP-H~ATrACH~-Il/Mdi20. 1995 5:48pm . H-11-32 
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FEMP-OSFS-5 DRAFT FINAL 

March 22. 1995 

TABLE H.11-12 
(Continued) 

OUS RESIDUAL EMISSIONS: Ra-226=2.97 pCi/g, 582a 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: -000 pCi/m%/sec 
SURFACE RADON CONCENTRATION: .OOO pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: .7810 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
(cm) (cm2/SEC) (pCi/cm3/sec) jdry wt.%) 

1 45. .lo44 x 10" -4570 .4300 x 10.- 
16.90 

*****  RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX 
(cm) (pCi/m2/sec) 

1 45. .7810 x 10' 

EXIT CONC. MIC 
(pCi/liter) 

.oooo x 10" .5988 
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FEMP-05FS-5 DRAFT FINAL 
March 11, 1995 

TABLE H.11-12 
(Continued) 

OU5 RESIDUAL EMISSIONS: Ra-226=5.00 pCi/g, 575a, 580a 

NUMBER OF LAYERS: 1 
RADON FLUX INTO LAYER 1: .OOO pCi/m2/sec 
SURFACE RADON CONCENTRATION: -000 pCi/LITER 
BARE SOURCE FLUX (Jo) FROM LAYER 1: 1.340 pCi/m2/sec 

LAYER THICKNESS DIFF COEFF POROSITY SOURCE MOISTURE 
(cm) (cm2/SEC) (pCi/cm3/sec) $dry wt.?.) 

1 45. .lo44 x 10.' -4570 .7269 x 10' 
16.90 

***** RESULTS OF RADON DIFFUSION CALCULATION***** 

LAYER THICKNESS EXIT FLUX EXIT CONC. MIC 
(cm) (pCi/m2/sec) (pci/liter) 

1 45. -1340 x 10' .oooo x 100 .5988 

FERIOUSFSI.~XSIAPP-~/ATCHIH-IIIMnrcUO. 1995 5:48pm . H-11-34 
I "  . , 



6'572 
FEMP-OSFS-5 DRAFT FINAL 

March 22, 1995 

TABLE H.11-13 

FEMP STANDARD JOINT FREQUENCY DISTRIBUTION 

Stability Wind Wind Speed (kts) 
Class Direction 1 3  5 6  1 10 I 1 6  1 2 1  221 

A N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

B N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

0.000263 0.000904 0.000904 0.000058 0.000000 0.000000 
0.000292 0.001546 0.000671 0.000000 0.000000 0.000000 
0.000817 0.002888 0.001 196 0.000029 0.000000 0.000000 
0.001430 0.004434 0.002042 0.0001 17 0.000000 0.000000 
0.001050 0.002013 0.000204 0.000146 0.000000 0.000000 
0.000700 0.000817 0.000058 0.000000 0.000000 0.000000 
0.000467 0.000438 0.000000 0.000000 0.000000 0.000000 
0.000583 0.000554 0.000000 0.000000 0.000000 0.000000 
0.000700 0.001575 0.001 196 0.000000 0.000000 0.000000 
0.00102 1 0.004347 0.003793 0.000 146 0.000000 0.000000 
0.00 1284 0.005076 0.004755 0.000554 0.000000 0.000000 
0.001750 0.004755 0.003647 0.000204 0.000000 0.000000 
0.000992 0.003880 0.003267 0.000467 0.000000 0.000000 ' 
0.000613 0.001 809 0.002626 0.000525 0.000000 0.000000 
0.000583 0.001575 0.001400 0.0001 17 0.000000 0.000000 
0.000350 0.001313 0.001284 0.000058 0.000000 0.000000 

0.000029 0.000817 0.000700 0.0001 17 0.000000 0.000000 
0.0001 17 0.000525 0.000496 0.000058 0.000000 0.000000 
0.000350 0.000963 0.000613 0.000058 0.000000 0.000000 
0.000321 0.001459 0.000554 0.000146 0.000000 0.000000 
0.000467 0.00067 1 0.000175 0.000029 0.000000 0.000000 
0.000263 0.000263 0.000029 0.000000 0.000000 0.000000 
0.000233 0.000204 0.000029 0.000000 0.000000 0.000000 
0.000263 0.000467 0.000088 0.000029 0.000000 0.000000 
0.000408 0.001 138 0.000321 0.000000 0.000000 0.000000 
0.000525 0.001546 0.001313 0.000175 0.000000 0.000000 
0.000613 0.002042 0.002071 0.000233 0.000000 0.000000 
0.000613 0.001692 0.001284 0.000175 0.000000 0.000000 
0.000671 0.001 167 0.001225 0.000146 0.000000 0.000000 
0.000233 0.000788 0.000875 0.000204 0.000000 0.000000 
0.000263 0.00067 1 0.00 102 1 0.000204 0.000000 0.000000 
0.000146 0.000642 0.000904 0.000088 0.000000 0.000000 
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FEMP-O5FS-5 DRAFT FINAL 

0 March 11. 1995 

TABLE H.11-13 
(Continued) 

Stability Wind Wind Speed (kts) 
Class Direction I 3  1 6  I 1 0  I 1 6  I 2 1  2 2 1  

C N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

D N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

0.000204 0.000846 0.001079 0.000233 0.000000 0.000000 
0.000175 0.001313 0.000729 0.000058 0.000000 0.000000 
0.000408 0.001488 0.001021 0.000088 0.000000 0.000000 
0.000700 0.001721 0.000438 0.000263 0.000000 0.000000 
0.001050 0.000875 0.000204 0.000058 0.000000 0.000000 
0.00067 1 0.000583 0.000058 0.000000 0.000000 0.000000 
0.000321 0.000467 0.000088 0.000000 0.000000 0.000000’ 
0.000146 0.000467 0.000058 0.000058 0.000000 0.000000 
0.000321 0.001 167 0.000554 0.000058 0.000000 0.000000 
0.000554 0.001750 0.001575 0.000058 0.000029 0.000000 
0.000904 0.002742 0.001750 0.000175 0.000000 0.000000 
0.000759 0.002421 0.001254 0.000204 0.000000 0.000000 
0.000788 0.001284 0.001 138 0.000321 0.000000 0.000000 
0.000321 0.001342 0.001254 0.000204 0.000000 0.000000 
0.000233 0.001342 0.001 138 0.0001 17 0.000029 0.000000 
0.000233 0.001079 0.000963 0.000029 0.000000 0.000000 

0.002101 0.008723 0.009219 0.001079 0.000000 0.000000 
0.002830 0.010532 0.008256 0.001 138 0.000000 0.000000 
0.004464 0.013420 0.007498 0.000496 0.000000 0.000000 
0.006331 0.017825 0.009161 0.002042 0.000000 0.000000 
0.004493 0.006127 0.001079 0.000088 0.000000 0.000000 
0.003238 0.002976 0.0001 17 0.000000 0.000000 0.000000 
0.002626 0.002626 0.000350 0.000000 0.000000 0.000000 
0.002801 0.003618 0.001 109 0.000204 0.000000 0.000000 
0.003063 0.006593 0.002888 0.00032 1 0.000000 0.000000 
0.005806 0.014091 0.007439 0.001809 0.000000 0.000000 
0.007848 0.014470 0.008023 0.001050 0.000058 0.000000 
0.008373 0.01 1203 0.006272 0.001 167 0.000000 0.000000 
0.007060 0.01 1553 0.009482 0.001430 0.000000 0.000000 
0.004785 0.010415 0.010619 0.001546 0.000000 0.000000 
0.003734 0.009044 0.007264 0.000963 0.000088 0.000000 
0.002976 0.008840 0.00563 1 0.001050 0.000058 0.000000 
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TABLE H.11-13 
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Stab’il ity Wind Wind Speed (kts) 
Class Direction I 3  1 6  I 1 0  I 1 6  1 2 1  221  

E N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

F N 
NNE 
NE 

ENE 
E 

ES E 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

0.003618 0.003880 0.000759 0.000029 0.000000 0.000000 
0.002596 0.003092 0.000788 0.000175 0.000000 0.000000 
0.002976 0.003472 0.000438 0.000000 0.000000 0.000000 
0.008694 0.009219 0.001809 0.000000 0.000000 0.000000 
0.008198 0.002742 0.000233 0.000000 0.000000 0.000000 
0.004785 0.001254 0.000146 0.000000 0.000000 0.000000 
0.004843 0.001721 0.000292 0.000000 0.000000 0.000000 
0.005572 0.003413 0.001284 0.000204 0.000000 0.000000 
0.006973 0.007673 0.003355 0.000642 0.000000 0.000000 
0.01 1582 0.014033 0.006798 0.001692 0.000000 0.000000 
0.018496 0.018263 0.007410 0.00067 1 0.000000 0.000000 
0.017796 0.010328 0.003297 0.000642 0.000000 0.000000 
0.012486 0.010007 0.004143 0.000146 0.000000 0.000000 
0.009482 0.007614 0.003297 0.000583 0.000000 0.000000 
0.008344 0.004668 0.001 109 0.000175 0.000000 0.000000 
0.006214 0.003822 0.001079 0.000263 0.000000 0.000000 

0.004988 0.0001 17 0.000000 0.000000 0.000000 0.000000 
0.005251 0.000088 0.000029 0.000000 0.000000 0.000000 
0.005076 0.000 1 17 0.000000 0.000000 0.000000 0.000000 
0.009102 0.001605 0.0001 17 0.000000 0.000000 0.000000 
0.013361 0.000904 0.000000 0.000000 0.000000 0.000000 
0.008927 0.000058 0.000000 0.000000 0.000000 0.000000 
0.005922 0.00032 1 0.000000 0.000000 0 .OOOOOO 0.000000 
0.005456 0.000 1 75 0.000000 0.000000 0.000000 0.000000 
0.007002 0.000467 0.000000 0.000000 0.000000 0.000000 
0.01 1815 0.001 196 -0.000263 0.000000 0.000000 0.000000 
0.019576 0.002101 0.000029 0.000000 0.000000 0.000000 
0.02681 1 0.001867 0.000058 0.000000 0.000000 0.000000 
0.029757 0.00067 1 0.000029 0.000000 0.000000 0.000000 
0.0293 19 0.000233 0.000029 0.000000 0.000000 0.000000 
0.022785 0.000758 0.000058 0.000000 0.000000 0.000000 
0.01 1523 0.000876 0.000058 0.000000 0.000000 0.000000 
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Mixing heights were determined from twice daily atmospheric soundings made by the National 
Weather Service. The nearest station is in Dayton, Ohio. 

H.II.7 RECEPTOR LOCATIONS 
As previously stated, the objective of the air transport analysis was to determine the maximum on-and 
off-property contaminant concentrations for risk assessment calculations. Two rectangular receptor 
grid systems were used to determine the maximum on-property concentrations and approximate 
locations. 

The first grid consisted of 676 receptor points in a 400 x 400 foot pattern which extended over the 
entire FEMP property. The 1927 State Planar coordinate system was used to identify receptor 
locations. The tirst grid extended from 1,375,000 feet east, 475,000 feet north to 1,385,000 feet 
east, 485,000 feet north. The second grid consisted of 360 receptor points also in a 400 x 400 foot 
pattern located over the center of the FEMP. The second grid was offset 200 feet north and 200 feet 
east of the first grid, resulting in an effective 283 x 283 foot pattern over the center of the FEMP. 
The second grid extended from 1,376,800 feet east. 476.000 feet north to 1,383.600 feet east. 
483.600 feet north. 

Thirty-six fenceline receptor points located around the FEMP were included in the air transport 
analysis to identify the maximum off-property receptor. These fenceline receptor locations were 
determined from the intersection of the FEMP fenceline and imaginary lines extending in 36 
directions at 10-degree intervals from a point located at 1.381.000 feet east. 480.000 feet north. The 
analysis results for the fenceline receptor with the highest air quality impacts are reported as the 
maximum off-property concentrations in Section H.II.10. 

Figure H.11-3 shows the layout of the receptor grid considered in the air dispersion modeling. 
Because the concentrations were used primarily to estimate the inhalation pathway risk for outdoor 
activities, the receptors were assumed to be 1.5 meters above the ground to simulate a typical 
person's breathing height for outdoor activities (EPA 1989b). The variation of ground level 
concentration within 0 to 1.5 meters is negligible. 

In addition, an off-property grid of 196 receptor points were modeled over an approximately 20-acre 
farm. This grid was used to model the transport of off-property contaminated. soil to the off-property 
target receptors. 

H.II.8 DISPERSION COEFFICIENTS 
The selection of rural or urban dispersion coefficients for use in the ISCLT2 model was based on a 
land-use typing procedure to determine whether the characteristics of the area around the FEMP are 
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primarily rural or urban. The procedure involved classifying the land use within an area 
circumscribed by a 3-kilometer radius about the site. Urban dispersion coefticients were 
recommended for use if land-use types of heavy industrial, light-to-moderate industrial, commercial, 
single-compact residential, and multi-compact residential account for 50 percent or more of the area. 
Otherwise, rural dispersion coefticients were recommended. 

A review of U.S. Geological Survey (USGS) maps and a site survey of the area indicated that 
industrial, commercial, and compact residential land use comprise no more than 10 percent of the 
area within a 3-kilometer radius of the site. Therefore, the area was classitied as rural for the 
purpose of air dispersion modeling, indicating the use of rural dispersion coefticients would be 
appropriate. 

H.II.9 MODEL OUTPUT PROCESSING 
The air dispersion modeling analysis was simplified by running the ISCLT2 model with an assumed 
emission rate of 1 .O g/s/m’ or 1 .O pCi/s/m2 for each area source. The source group and plot file 
options of the ISCLT2 program were used to group sources with identical emission rates and write 
the grouped results to a plot tile. The ISCLT2 source group results were multiplied by the 
contaminant emission rates listed in Tables H.11-7 through H.11-9 to determine the contaminant- 
specitic annual concentrations presented in Section H.II.10. Spreadsheets were used to calculate the 
contaminant-specific air concentrations from the ISCLT2 model output and emissions data in Tables 
H. 11-7 through H .II-9. 

H.II.10 RESULTS OF AIR DlSPERSION MODELING 
This section presents the modeled air concentration for each COC. In addition. the modeled 
concentrations of several radionuclides are compared to the monitored air concentrations from 
previous years to determine the effectiveness of mitigation measures and to identify the magnitude of 
uncertainties in the analysis. 

H.II.lO.1 Modeled Air Concentrations 
The modeled maximum annual average contaminant air concentrations are presented in Tables H.11- 14 

through H.11-16. The values presented in Table H.11-14 are the maximum on-property 
concentrations, and the values presented in Table H.11-15 are the fenceline concentrations. The 
modeled off-property air concentrations due to off-property soil contaminations are presented in Table 
H.11-16. Total and background air concentrations have been included on each table. Based on the 
results presented in the Operable Unit 4 CRARE, the maximum off-property concentrations were used 
to represent average on-property concentrations for receptors that were assumed to roam or wander 
over the property. 
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FEMP-OSFS-5 DRAFT FINAL 
March 21. 199.5 a 67, 127, TABLE H.11-14 

141 MAXIMUM ON-PROPERTY RESIDUAL COC CONCENTRATIONS IN AIR 
I 

Concentrations in Air 

COC Total Background 

Inorganics (pglm') 

Antimony 2.79 x 10-6 2.33 x 10" 

Arsenic 3.86 x 3.55 x IO-b 
Beryllium 

Cadmium 

Copper 

Cyanide 

Manganese 

Mercury 

Molybdenum 

Silver 

Uranium - Total 
Zinc 

Organics (pg/m3) 

Aroclor- 1254 

Aroclor-1260 

Benzo(a)pyrene (RPF) 

1,2-Dichloroethane 

Radionuclides (pCi/m3) 
(3-137 

Ra-226 

Rn-222 

Sr-90 

Tc-99 

Th-228 

Th-232 

U-234 

U-23 5 /23 6 

U-238 

ND - not detected in surface soil 
NA - Not applicable 
RPF - Relative Potency Factor method 

4.56 x 1 0 7  

3.91 x 1 0 ' ~  

1.10 x 10-5 

1.68 x 

5.21 x 10.' 

1;71 x IO" 

2.79 x 1 0 . O  

1.32 x IO" 
1.16 x I O '  

3.73 x 10.5 

5.27 x IO'# 

ND 
1.23 x io7  

N D  

4.07 x l o 7  

1.57 x 

7.30 x IO' 

7.38 x 1 0 ' ~  

1.59 x I O 7  

1.71 x 1 0 '  

6.97 10-7 

6.46 x I O 6  

5.27 x IO* 
3.87 x I O 6  

FWOUSFSIAPXSIAPP-HIATTACHIH-IIIM~rch2I. I Y Y 5  10:3 Ian- H-11-4 1 

3.83 1 0 7  

3.32 1 0 7  

5.49 x 10-6 

9.57 x IOS 
5.19 x 10.' 

1.91 x IO' 
7.65 x I O 7  

1.40 x I O 6  

2.09 x 10" 

2.84 x I O 5  

N A  

N A  

N A  

N A  

2.81 i o 7  

7.78 x 

1.59 10-7 

7.14 x i o 7  

6.89 x 

6.63 x 

6.89 x 

1 . 1 3 ~  10' 

0.00 

5.74 x Io-x 
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67, 127, TABLE H.11-15 
141 MAXIMUM FENCELINE RESIDUAL COC CONCENTRATIONS IN AIR 

Concentrations in Air 
~~ ~~~~ 

COC Total Background 

Inorganics (pglm') 

Antimony 2.02 x 10'6 2.02 x 10-6 

Beryllium 3.46 x 1 0 7  3.32 1 0 7  

Cadmium 3.03 x lo7 2.87 1 0 7  

Copper 5.69 x 4.75 x lo-6 

Arsenic 3.16 x 3.07 x I O 6  

Cyanide 1.42 x 8.29 x 10'  

Manganese 4.46 x IO' 4.50 x 

Mercury 1.48 x IO' 1.66 x 

Molybdenum 1.96 x 6.63 x 

Silver 1.13 x I O 6  1.22 x 10." 

Uranium - Total 1.07 x 10' 1.81 x IO" 
Zinc 2.58 x I 0 5  2.46 x I O s  

Organics (pg/m3) 

Aroclor- 1254 

Aroclor- 1260 

Benzo(a)pyrene (RPF) 

1 ,ZDichloroethane 

Radionuclides (pCi/m3) 

CS- 137 

Ra-226 

Rn-222 

Sr-90 

Tc-99 

Th-228 

Th-232 

U-234 

U-2351236 

U-238 

1.58 x 10.' 

ND 

4.42 x 10-8 

ND 

2.69 x i o 7  

8.16 1 0 7  

1.13 x 10' 

1.86 x lo7 
1.38 x 

6.94 x 

6.01 x 

5.95 x I O 6  

4.65 x 10.' 

3.56 x 

ND - Not detected in surface soil 
NA - Not applicable 
RPF - Relative Potency Factor method 

. FER/OUSFS/APXS/APP-H/A'lTACH/H-ll/Mnrch:!I. 1995 IO:31ain H-11-42 .. . : I C  ' '  -." ' ,,\r t.7, :f ::, 1, r 

N A  

N A  

N A  

N A  

2.43 x 

6.74 

1.38 x 

9.46 x 10' 

N A  

6.19 x I O 7  

5.97 1 0 7  

5.75 x 107 

5.97 x 1 0 7  

4.97 x lo-' 
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67, 127, TABLE H.11-16 
141 MAXIMUM OFF-PROPERTY RESIDUAL COC CONCENTRATIONS IN AIR 

Concentrations in Air 

COC Total Backeround 

Inorganics (pg/m3) 

Antimony 

Arsenic 

Beryllium 

Cadmium 

Copper 

Cyanide 

Manganese 

Mercury 

Molybdenum 

Silver 

Uranium - Total 

, Zinc 

Organics (pglm') 

Aroclor- 1254 

Aroclor-1260 

Benzo(a)pyrene 

1,2-Dichloroethane 

Radionuclides (pCi/m') 
(3-137 

. Ra-226 

Rn-222 

Sr-90 

Tc-99 

Th-228 

Th-232 

U-234 

U-235/236 

U-238 

ND - Not deteched in surface soil 
NA - Not applicable 
RPF - Relative Potency Factor method 

2.94 x 10-7 

8.55 5 1 0 7  

1.01 x 10-7 

1.11 x IO-' 

2.72 x l o 6  

4.06 x 10.' 

1.46 x I O 4  

1.24 x IOK 

1.08 x IO' 

1.08 x I O 7  

1.62 x IO" 
1.00 x 1 0 5  

4.97 x 1 0 9  

ND 

1.96 x 10.' 

N D  

9.03 x IOK 

2.03 x 10 .~  

2.63 x 100 
5.98 x 

2.74 x 10-7 

2.44 x 

2.00 1 0 7  

9.05 x 

5.42 x 1 0 7  

2.53 x Io-x 

~ O U ~ F S / A P X S / A P P - H / A ~ A C H / H - I I / M ~ ~ C ~ ~ I .  I Y Y S  IO:> Ian H-11-43 

8.24 x 1 0 7  

1.26 x IO-" 

1.35 x I O 7  

1.17 x I O 7  

1.94 x IO' 

3.39 x I O S  

1.84 x IO' 

6.77 x I O 8  

2.71 x i o 7  

4.97 x 

7.38 x I O 7  

1.01 x 1 0 5  

N A  

NA 

NA 

NA 

9.93 x IO" 
2.75 x 

1.36 x 10' 

5.64 x I O b  

NA 

2.53 x 10-7 

2.44 x 

2.35 x i o 7  

2.44 10-7 

2.03 x 
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Modeled concentrations of U-238 represent typical particulate-phase radionuclide activity. The 
maximum total on-property and fenceline concentrations of U-238 were modeled at 3.87 x IO4 and 
3.56 x 106 pCi/m3, respectively. Residual concentrations in air, above background, are 3.18 x 1W 
and 2.96 x lo4 pCi/m3, respectively, for maximum on-property and fenceline impacts. Isopleths of 
U-238 concentrations are presented on Figure H.II-4. 

Modeled air concentrations of gaseous Rn-222 on property and at the fenceline are 22.0 and 11.3 
pCi/m3, respectively, based on total, residual Ra-226 soil concentrations. After correcting for 
background Ra-226 soil concentrations, the on-property and fenceline Rn-222 concentrations were 
modeled at 10.7 and 1.84 pCi/m3. respectively. Isopleths of Rn-222 concentrations are presented in 
Figure H.11-5. 

The total impacts to the off-property target receptors must include contributions from both on- and 
off-property residual contamination. The off-property contribution to the air pathway is represented 
in Table H.11-16. The contribution from on-property contamination must be estimated from the 
fenceline air concentrations. For this CRARE, the off-property farm was assumed to be located 
approximately 1200 feet east of the FEMP eastern fenceline (near an existing off-property water 
well). The on-property impacts to this location were determined by dividing the fenceline air 
concentration (Table H.11-15) by 2.3 to account for dispersion over distance (EPA 1992b). These 
results are added to the values in Table H.11-16 to determine the air pathway impact from on- and off- 
property contamination to the off-property target receptors. 

H.II.I0.2 Comnarison to Monitored Air Concentrations 
The maximum annual fenceline concentration of several radionuclides measured during I99 I and 1992 
(DOE 1993c) are presented in Table H.11-17. A comparison of modeled hture fenceline 
concentrations with currently measured values indicates that remediation of the site would reduce off- 
property air impacts by 1 to 2 orders of magnitude. 
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FEMP-OSFS-4 DRAFT 
November 14, 1994 

FIGURE H.II-4. RESIDUAL U-238 CONCENTRATION IN AIR (pCi/m3) 
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FIGURE H.11-5. RESIDUAL Rn-222 CONCENTRATION IN AIR (pCi/m3) 
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TABLE H.11-17 
141 ANTICIPATED AIR COC CONCENTRATION AT FENCELINE 

AFI'ER COMPLETION OF REMEDIAL ACTIVITIES 

Monitored Conc. (pCi/m3) 

Modeled Conc. Anticipated 
Radionuclide (pCi/m3) 1991 1992 Reduction (%) 

Ra-226 

Rn-222 

Sr-90 

TC-99 

Th-232 

U-2351236 

U-238 

8.16 x l o 7  < 5.9 x 10' 1.0 x l o J  98-99 

1.13 x 10' 3.1 x loZ 1.7 x 10' 93-96 

1.86 x l o 7  < 7.8 x lo-' No Data 99 

1.38 x l o 7  1.5 x lo-' 1 .1  x 103 99 

6.01 x l o 7  1.3 x 10' < 4.0 x 10-5 95-98 

4.65 x 10'  7.4 x 5.4 x 99 

3.56 x 1.2 x Io-J 9.8 x 96-97 

Source: DOE 1993 
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H.II.11 SURFACE SOIL AERODYNAMIC MODAL DIAMETER ANALYSIS 
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INTEROFFICE MEMORANDUM 

To: Tom Anderson 
Cheri Smyser 

Data: May 1 1 ,  1994 

Client: DOE DE-AC05-920R2 1972 

Subjra: Technical Direction and 
Clarification for Conducting 
Surface Soil Sampling 

c: 

This memo provides technical direction and clarification for conducting.surface soil sampling in 
support of air modeling for the baseline risk assessment. 

File Record Storage Copy 106.4.19 

'.. 

0 Samples should be collected from the seven locations identified on the attached map 
(Attachment 1). 

0 Surface soil sampling protocols outlined in the attached EPA procedure (Attachment 
2) and Appendix K of the SCQ should be followed. 

o All samples should be field screened for beta/gamma activity and recorded in the field 
log. A Radiation Technician should be present during all sampling activities. 

o Samples should be transported to the FERMCO lab for sieving. 

0 Samples should be split at the lab into two equal fractions. One sample fraction should 
be sieved immediately and the other should be allowed to air dry for 24 hours prior to 
sieving. 

0 Samples should be sieved per the attached EPA procedure (Attachment 2). 

0 The health and safety requirements defined in the Health and Safety Plan for the 
Surface and Subsurface Soil Sampling Investigation (WBS No. 50.03.18, June 1993) 
as amended in the attached memo (Attachment 3) must be followed. 

If you have any questions or require additional information, please contact me at your earliest 
convenience. 
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FIELD PROCEDURE FOR DETERHINATION OF THRESHOLD FRICTION VELOCITY* 

1. Prepare a nest o f  sieves with the following openings: 
1 mn, 0.5 mm, 0.25 mm. 
(0.25 mm opening). 

Collect a sample representing the surface layer of loose particles 
(approximately 1 cm in depth for an uncrusted surface), removfng 
any rocks larger than about 1 cm in average physical diameter. 
area to be sampled should not be less than 30 cm x 30 cm. 

Pour the sample into the top sieve (4 mm opening), and place a lid 
an the top. 

4 mn, 2 nm, 
Place a collector pan below the bottom sieve 

2. 

The 

3 .  

4 .  Rotate the covered sieve/pan unit by hand using broad sweeping arm 
motions in the horizontal plane. Complete 20 rotations at a speed 
just necessary to achieve some relative horizontal motion betneen 
the sieve and the particles. 

' 

5. Inspect the relative quantities o f  catch within each sieve and de- 
termine where the mode in the aggregate s i r e  distribution lies, i . c . ,  
between the opening s i z e  o f  the sieve with the largest catch and the 
opening size o f  the next  largest sfeve. 

' Aaaoted from a laboratory procedure published by W. 5 .  Chepil (1952). 
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INTEROFFICE 

To: 

Loudon: 

From: 

Location: 

t 3 e  ne ion: 

Rful~ration Monogement Corpomrion 

MEMORANDUM 

Greg Johnson 

Fernald, T-80 

Mark Cherry 

Fernald, T-80 

7c 

7384ai6 

0.u: May 12, 1994 

Rofermna: 

FERMCO 8: M:CRUS:94-0216 

Client: DOE DE-AC05-920R21972 

Subjea:  Health and Safety Plan 

C: File Record Storage Copy 106.4.19 
Tom Anderson 
Cheri Smyser 

The attached health and safety plan is applicable to the air model surface soil sampling with the following 
modifications: 

8 In reference to Section 13.1.1: Replace Art Bomberger with Dave Brettschneider as 
CRUS Project Director; also, add Mark Cherry as CRUS Project Manager. 

8 Replace item 1. on page 19 with the following statement: 
1. The project will consist of collecting soil samples in non-production areas of the 

FEW. The soil will be collected at a depth interval of 0-3 inches (maximum). 

8 Replace item 2.b. on page 20 with the following statement: 
2.b. A RCT will accompany the samples during sampling activities. In addition, all 

sample team members will be radiological worker trained to the RAD II level. 

0 Delete item 2.e. on page 20 'Prior to the implementation of ...' 
0 Add to item 2: The samplers shall take care to avoid poison ivy, bees and other bio- 

hazatds; and shall check periodically for ticks. 

8 Page 24: Provide a map of the sampling locations. 

Also attached is a memo describing the work to be performed. If you are in agreemen 
I of this memo, please sign on the line below. 

Concurrence 

MJC:TAA:daz 
Attachment 

~ 
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H.III QUANTIFICATION OF CONTAMINANT EXPOSURE AND INTAKE 

This attachment presents a detailed discussion of the methodologies used in the quantification of 
receptors exposure to and intake of COCs via food pathways. Section H.III.1 describes the equations 
used for the determination of contaminants in food products raised on or adjacent to the FEMP. 
Section H.III.2 describes the quantification methodologies used for evaluating potential carcinogenic 
and non-carcinogenic health effects. The media-contaminant specific equations and respective 
parameters are presented in Section H.III.3 and H.III.4. 

H.III.1 FOOD PRODUCT FATE MODELING 
This section describes the equations used to estimate exposure to chemicals and radionuclides from 
ingestion of contaminated food products. 

H.III. 1.1 Ingestion of Vegetables 
The equations used to estimate exposure to chemicals and radionuclides via ingestion of vegetables 
irrigated with contaminated water are from the NRC (NRC 1977). This process involves estimating 
the concentration of the contaminant on and in the plant as a result of foliar deposition and root 
uptake. The model used to estimate the concentration in and on vegetation irrigated with 
contaminated water is (NRC 1977): 

For vegetation exposed to atmospheric fallout of dust, the equation becomes (NRC 1977): 

where 

xp, = 
& =  
x , =  

ca = 

ci, = 

d , =  
f, = 

Bi, = 

dd = 

(H.111- 1) 

(H . III-2) 

effective depletion constant of i* contaminant on the plant surface (hr-'), 
effective depletion constant from root zone of soil (hr-I), 
radioactive or chemical decay constant of i* contaminant (hr-'), (Howard 1991) 
dry soil to wet plant (vegetables, forage, and fruit) transfer coefficient of i* contaminant, 
concentration of i* contaminant in plants as a result of deposition of contaminated dust 
on plants @Ci/kg or mg/kg), 
concentration of i* contaminant in plants as a result of irrigating plants with 
contaminated water @Ci/kg or mg/kg), 
dust deposition rate (pCi/m2-hr or mg/m2-hr), 
irrigation deposition rate (pCi/m2-hr or mg/m*-hr), 
fraction of year plant is irrigated (unitless), 
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fd = 
P =  
r, = 
r, = 
f M =  
L =  
t, = 
f h =  
Y =  

and 

where 
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fraction of year plant is downwind (unitless), 
effective dry surface density of the soil (kglmt), 
fraction of deposited dust retained on plant surface (unitless), 
fraction of water borne material retained on plant surface (unitless), 
period soil is exposed to airborne emissions (hr), 
period soil is exposed to contaminated water (hr), 
growing season (hr), 
duration of period between harvest and consumption (hr), and 
agricultural yield (kg/m2), 

A& = A, + Au 

V 

(H .III-4) 

(H .III-3) 

(H . I113 
(H. 111-6) 

1 
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12 

13 

14 

ci, = 
I =  

& =  xu = 
e =  

Vd = 
vw = 
z =  

Cid = 

a =  

concentration of i" contaminant in irrigation water (pCi/L or mg/L), 
irrigation rate (L/m2/hr), 
concentration of i" contaminant in dust @Ci/g or mg/g), 
water to soil partitioning coefficient of constituent (cm3/g), 
leachate removal constant (hr-') 
moisture fraction of soil in root zone (unitless), 
density of soil in root zone (glcm'), 
deposition velocity for dust (g/m2/hr), Attachment H.11, 
percolation rate (cm/hr), and 
depth of root zone (cm). 
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In addition to exposure to contaminated irrigation water and dust, vegetables and livestock feed may 
be contaminated by root uptake from contaminated soil. The contribution by this pathway is 
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31 
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35 

estimated by the irrigation model; however, this pathway is also considered for areas that are not 
irrigated with contaminated water but that exhibit surface soil contamination from historical deposition 
on the soil by other means. The following equation (NRC 1977) was used to estimate the 
contaminant concentration in the plant from root uptake of contaminants in the soil. 
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2 
(H . III-7) 

1 

where 

Ci, = concentration of i* contaminant in plants as a result of root uptake from contaminated 
soil @Ci/kg or mg/kg), and 

C, = concentration of i* contaminant in dry soil at harvest time @Ci/kg or mg/kg). 

The total concentration of contaminants in vegetables (C,) is estimated using the following equation: 

ci, = ci, + civd + ci, (H -111-8) 

Equations of the same form were used to estimate the contaminant concentration in livestock feed, 
substituting concentration factors for livestock feed in place of those for vegetables ingested by man. 

A summary of parameters used in the vegetable and forage uptake models is presented in Table H.111- 
1. Radioactive or chemical decay constants are presented in Table H.111-2. Transfer coefficients of 
contaminants from dry soil to wet plant material are presented in Table H.111-3. 

H.III.1.2 Ingestion of Meat and Dairv Products 
Prior to the determination of intake following ingestion of animal products by humans, the 
concentration of chemicals and radionuclides in animal products must be estimated. The 
concentration of a contaminant in animal products, such as beef or milk, was estimated using the 
following equation (NRC 1977): 

489 where 

(H .III-9) 

489 

C, = Concentration of i* contaminant in the animal product @Ci/L for milk, pCi/kg for beef 
or m g L  for milk, mg/kg for beef), 

FA = element (stable) transfer coefficient that relates the daily intake by an animal to the 
concentration of i* contaminant in an edible portion of the animal product (day/L for 
milk, day/kg for beef), 

Cx = concentration of i* contaminant in forage @Ci/kg or mg/kg), 
Qf = consumption rate of contaminated forage by an animal (kg/day), 
C3, = concentration of i* contaminant in livestock water @Ci/L or mg/L), 
Q,,, = 
X, = decay constant of i"' contaminant (hr-I), and 

consumption rate of contaminated water by an animal &/day), 

= delay between harvest of animal product (milk or meat) and consumption (hr). 

Transfer coefficients of contaminants to milk or beef (Fd are presented in Table H.111-3. 
Contaminant concentrations in forage are presented in Table H.III-4. 
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In addition to intake from irrigated forage and water, cows may receive a significant intake from soil 
ingestion if the soil is also a source of contamination (Zach and Mayoh 1984). The following 
equation was used to estimate the concentration in the animal product from soil 

1 

2 

3 

ingestion @PA 1990b): 4 

where 

C, 
Q, = consumption rate of soil by livestock (kg/day). 

= concentration of contaminant in soil (pCi/kg or mg/kg), and 

(H . III- 10) 

5 

Animal ConsumDtion Rates 
The following parameters were used to quantify the intake of contaminants in food and water by beef 
and milk cattle at or near the FEMP: 

Qf QN Q, 
Feed or Forage" Water" Soilb 

Animal (kg wet weightlday) &/day) (kg/day) 
Milk cow 50 60 0.5 
Beef cattle 50 50 0.5 

a NCR 1977 
Zach and Mayoh (1984) 

Radionuclide and Nonradioactive Transfer Coefflcients 
Transfer coefficients for radionuclides and nonradioactive metals were taken from Baes et al. (1984), 
Till and Meyer (1983) and EPA (1989b). The radiological properties of atoms do not effect their 
elemental transfer in the environment. The soil-to-plant transfer coefficient for edible plants ingested 
by humans and forage ingested by cattle used in intake models, in the absence of site-specitic 
information, are listed in Table H.111-3. These factors are the ratios of the dry-weight concentration 
of an element in the reproductive or vegetative portions of the plant to the dry-weight concentration of 
the element in soil. Edible portions of the plant include grain kernels, fruits, and tubers. These 
portions are most representative of the plant foods ingested by humans. The list of elements is not all 
inclusive. The cited references were used to obtain values for additional constituents of concern in 
individual risk assessments as needed. 
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Transfer coefficients for organic chemicals were taken from Travis and Arms (1988). If a transfer 
coefficient was not readily available, the following regression equations based on the relationship 
between transfer and the octanol-water partition coefficient &) were used to estimate transfer 
coefficients Pravis and Arms 1988): 

B, (vegetables) log B;, = 1.588 0.578 log K, 
F, (milk) log F, = -8.10 + log K, 
F A  (beef) log FA = -7.6 + log K, 

Chemical-specific K, values are available from several sources. The major source used for K, 
values was Hansch and Leo (1979). 

H.III. 1.3 Fish Products 
The equation used to estimate contaminant concentrations in fish products originating from the Great 
Miami River is (NRC 1977): 

where 

Ci, = concentration in fish (mg/kg, pCi/kg), 
C, = concentration of contaminant in surface water (mg/L, pCi/L) 
f,. = Bioconcentration factor for fish (L/kg) 

Table H.II1-3 presents the chemical-specific bioconcentration factors used in this CRARE. 

490 H.III.1.4 Results of Food Product Fate Modeling 
510 a summary of modeling results for the contaminant 

concentrations in vegetables, meat, dairy, and fish products under the adopted site-wide remedy. 
These values have been incorporated into Section H.IV. 
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SUMMARY OF PARAMEIERS FOR VEGETABLE/FORAGE UPTAKE MODELS 

ParameteP Value Units Reference 
NRC 1977 Typical Dust Settling Velocity (Ud) 

Irrigation Rate 0 
Percolation Rate (Vw) 
Depth to Root Zone (Z) 
Density of Soil (a) 
Moisture Fraction in Root Zone (0) 
Fraction of Deposited Dust Retained 

Fraction of Water Borne Material Retained 

Effective Depletion Constant of Contaminant on 

Growing Season for Vegetables and 

Growing Season for Forage (tJ 
Agricultural Yield of Vegetables and 

Agricultural Yield of Forage (Y) 
Fraction of Year Plants are Downwind (fa 
Fraction of Year Plans are Irrigated (fJ 
Period Soil is Exposed to Contaminated 

Period Soil is Exposed to Airborne 

Effective Dry Surface Density of the Soil (p) 

Delay between Harvest and Consumption of 

Delay between Harvest and Consumption 

Delay between Milking and Consumption (tJ 
Delay between Slaughter and Consumption 

on Crops (rd) 

on crops (r,) 

Plant surface (Ad 

Fruit Crops (tJ 

Fruit Crop (Y) 

Water (L) 

Emissions (tM) 

Vegetables and Fruit (a 
of Forage (Q 

6.48 m/h 
0.081 L/m2/hr 

15 cm 
1 . 2 8 ~  10’ cm/h 

1.5 g/cm3 
0.17 unitless 
0.25 unitless 

0.20 unitless 

0.0021 hr-’ 

1440 hr 

720 hr 
1.5 kg/m2 

0.8 kg/m2 
O S b  unitless 
1.W unitless 

365,000 hr 

8,760,000 hr 

l5od kg/m’ 
720 hr 

o h r  

48 hr 
480 hr 

USDA 1970 
DOE 1994a 
DOE 1994a 
DOE 1994a 
DOE 1994a 
NRC 1977 

NRC 1977 

NRC 1977 

NRC 1977 

NRC 1977 
USDA 1979 

USDA 1979 
- 
NRC 1977 
Assumed 

Assumed 

USDA 1982 
Assumed 

NRC 1977 

NRC 1977 
NRC 1977 

’ See the uncertainty analysis (Section H.5.0) for more information on these parameters. 
CRARE modeled RME location. 
The fraction of time plants are irrigated is implicitly included in the irrigation rate. To avoid using this 

Corresponds to a density of 1.5 g/cm3 and a depth of 10 cm. Moist bulk densities of surface soil range from 
parameter twice in Equation 7-9, fd has been set to 1.0. 

1.4 to 1.55 g/cm3 at the FEMP (USDA 1982). 
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67 . TABLE H.111-2 
141 

CHEMICAL AND RADIOACTIVE COC DECAY CONflANTS 

Chemical 

~~~~ 

Decay Decay 
Constant (AJ Constant (AJ 

Olr-9 Radionuclide (hr-9 

Antimony 

Aroc101'- 1254 

Aroclor-1260 

Arsenic 

~ ~~~ 

NA C~-137+ Id 2.62 X 10" 

NA Ra 226 + 8d 4.95 x lo-* 

NA Rn-222 7.55 x 10-3  

NA Sr-90 + Id 2.77 x lo4 

Benzo(a)p yrene 1.00 x 104 Tc-99 3.71 x lo-'& 

Beryllium 

Cadmium 

NA Th-228 + 7d 4.14 x 10-5 

NA Th-232 + 10d 5.63 x 10'' 

Copper NA U-2351236 1.12 x 1043 

Cyanide NA U234 3.24 X lo-'' 

1, 2dichloroethane 3.96 x 10-5 U238 + 2d 1.77 x 1044 

Managanes NA 

Mercury NA 

Mo 1 y bdenum 

Silver 

NA 

NA 

Uranium-total NA 

Zinc NA 

SOURCE: SWCR (DOE 19939 except as noted. 
a From Grove Engineering (1991) 
NA = Not applicable 
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TABLE H.111-7 
(Continued) 

TOTAL MINUS ALL BACKGROUND 
Meat Dairy Product Vegetable Fish 

Concentration Concentration Concentration Concentration 
(mg/kg, ( m g k  (mg/kg, (mg/kg, 

COC pCi/kg) pCi/L) pCi/kg) pCi/kg) 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Copper 
Cyanide 
Manganese 
Mercury 
Molybdenum 
Silver 
Uranium-total 
Zinc 

Organics 
Aroclor-1254 
ArocIor- 1260 
1,2-DichIoroethane 
Benzo(a)p yrene 

Radionuclides 
cs137+ Id 
R h + 8 d  
fizz2 

Sr,+ Id 
Tc,  
Th,+7d 
Th,+ 1od 
uz34 

Uz35lPs 

UZ8 + 2d 

4.24 x 10"O 
ND 

9.35 x lo-" 
ND 
ND 
ND 
ND 

1.02 x lo4 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

1.11 x lo-" 

ND 
9.21 x 10" 

ND 
1.11 x 10" 
9.48 x 10" 

ND 
2.53 x 10'' 

ND 
6.61 x lo4 
1.49 10-7 

5.09 x 
ND 

1.01 x lO- 'O 
ND 
ND 
ND 
ND 

2.21 x lo4 
ND 
ND 
ND 
ND 

ND 
ND 
ND 

4.25 x 10-9 

ND 
1.99 x 10" 

ND 

1.34 x 100 
ND 

ND 
2.38 x 
5.36 x 10" 

6.69 x 104 

2.53 x 10-9 

8.96 x 
ND 

9.70 x lo4 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 

1.77 x 10-3 

ND 
ND 
ND 

3.65 x 

ND 

ND 
1.50 x lo4 
1.83 x 10' 

ND 

ND 
3.48 x lo3  
7.85 x 10' 

3.82 x 

4.14 x 10-5 

8.48 X 10" 
ND 

ND 
ND 
ND 
ND 

4.50 X 1 0 '  
ND 
ND 
ND 
ND 

3.55 x 104 

ND 
ND 
ND 

1.80 x io-" 

ND 
3.68 X 

ND 

3.34 x lo-' 
ND 

ND 
1.32 X 10" 
2.98 X lo5 

2.23 x 10-3 

2.53 x 10-7 

1 
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H.III.2 EXPOSURE OUANTIFICATION 
This section defines the quantification methods used for evaluating cancer risks and the potential for 
adverse noncancer health effects on the impacted receptor. 

2 

3 Results calculated for intake of COCs 
contributing to the calculated risks are presented in Attachment H.IV. 4 

5 

H.III.2.1 Definitions 6 

7 

8 

9 

IO 

I I  

12 

13 

Exposure is defined as the contact of an organism with a chemical or physical agent. When exposure 

amount of contaminant ingested or inhaled is referred to as the contaminant intake. 
the contaminant absorbed into the body (across the membranes of the gastrointestinal or respiratory 
system, or through the skin after dermal contact) is referred to as the dose or the absorbed dose of 

occurs through inhalation or dermal ingestion, some of the contaminant is taken into the body. The 
The fraction of 

Contaminant. In the animal studies often used to develop toxicity values for risk assessment, the 
intake of contaminants is considered to be equivalent to the administered dose. Toxicity values (RtDs 
and cancer slope factors) are generally developed in terms of contaminant intake, rather than absorbed 
doses, particularly for ingestion and inhalation. 

14 

15 

16 

H.III.2.2 Ouantification Methods 17 

In evaluating cancer risks and the potential for adverse noncancer health effects, it was necessary to 
estimate contaminant intake for the exposed receptor. For both cancer and noncancer risk 
assessment, average long-term daily intakes were used to estimate risk. The chronic daily intake 
(CDI) for hazardous chemical contaminants were estimated as follows (EPA 1989g): 

C x CR x EFD CDI = x -  
BW AT 

1 

where 

22 

73 (H.111-12) 

CDI = chronic daily intake (mg/kg body weight/day), 
C = chemical concentration in exposure medium (mg/L, mg/kg), 
CR = contact rate with exposure medium (L/day, mg/day), 
EFD = exposure frequency and duration (daydyear, years), 
BW = body weight (kg), and 
AT = average time, e.g., the period over which exposure is averaged (days). 

In the case of cancer risk assessment, the average lifetime daily intake was used to estimate the ILCR, 
thus AT equalled a full 70-year lifespan. For noncancer risk assessment;intake was evaluated over 
the period during which exposures occur, and AT equalled the duration of exposure. In the case of 
dermal exposures, time-weighted absorbed doses, rather than intakes, were calculated. Otherwise, 
time-weighted average doses were calculated in the same manner as the contaminant intakes described 
above. 

24 

25 
26 

21 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

. : : . p  
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Carcinogenic risks associated with radionuclides are estimated based upon the total activity @Ci) 1 
0 

accumulated over a lifetime. The following general equation illustrates the method employed for 
lifetime intake quantification (DOE 1992): 

I = C x C R x E F x E D  
where 

(H.111- 13) 

I = lifetime intake (pCi) 
C = radionuclide concentration in exposure media (pCi/g, pCi/L), 
CR = contact rate (g/d, L/d), 
EF = exposure frequency (day/y), and 
ED = exposure duration 01). 

H.III.3 CRARE EXPOSURE MODELS 
This section presents the equations used to quantify the magnitude of exposure expected to result from 
all reasonable exposure pathways at the FEMP. The calculations reflect changes in the risk 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

IS 

16 

assessment methodology resulting from revisions to the RAWPA (DOE 1992) and comments received 17 

18 

19 

r) 

?I 

22 

2.3 

24 

25 

26 

21 

28 

19 

Y) 

31 

32 

33 

from the EPA and OEPA on the Operable Unit 1, 2, and 4 RI/FS risk assessments. 

To quantify exposure as a result of residual COCs, several equations were used. 
presents the equations used according to exposure media. All parameters and equations were taken 
from the RAWPA and the Supplemental Guidance to RAWPA unless otherwise noted. The exposure 
media considered for residual risks are groundwater, air and soil. Exposure point concentrations 
were determined using fate and transport modeling in Section 3.0 of this CRARE. Exposures from 
sediment are included in the group detailing the soil exposure pathways. Exposure to surface water is 
addressed in the section detailing water exposure pathways. Equations for quantifying intake through 
the food pathway (ex., ingestion of vegetables, fruit, milk, and meat) are provided. 

concentration terms for air, water, and soil are presented in Section H.3.0. 
were used in conjunction with the following equations to quantify intake in attachment H.IV. 

This section 0 

Contaminant 
concentrations in food products were developed in Attachment H.IV. 1. The development of 

These concentrations 
The 

parameters used in the following equations are provided in Tables C.3-2 and C.3-3. 
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H.III.3.1 Air ExDosure through Inhalation 1 

The amount of a COC a receptor takes in as a result of respiration is a function of the concentration 
Equations 7-5 and 7-6 from the RAWPA were used to quantify intake 

2 

3 of the contaminant in the air. 
from the inhalation pathway. These equations are as follows: 4 

5 

(radionuclides) = (Cd(IR)(EF)(ED) (H .III- 14) 6 
7 

where 
I a ; =  
ci = 
IR = 
EF = 
ED = 
BW = 
AT = 

(chemicals) Ia; = (Q(IR)(EF)(ED)/(BW)(AT) (H .III- 15) 

intake from inhalation (pCi or mg/kg/d), 
concentration in air @Ci/m3 or mg/m3), 
inhalation rate (m3/d), 
exposure frequency (d/y), 
exposure duration (y), 
body weight (kg), and 
averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); for chemical 
carcinogens, AT equals (70)(365 d/y). 

H.III.3.2 Water Exposures 
This section discusses the quantification methodologies used to evaluate water exposures. Exposure 
pathways for water include ingestion and dermal contact. 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Ingestion of Water 3 

Ingestion of contaminated water can be a major contributor to environmental intake of COCs. 
estimate of intake from water was calculated from Equations 7-3 and 7-4 of the RAWPA. 

An 
The intake 

1J1 

?3 

equations are: 

(radionuclides) I, = (CJIR)(EF)(ED) (H. 111- 16) 

(chemicals) I, = (Ca(IR)(EF)(ED)/(BW)(AT) (H.111- 17) 

where 
I, 
C~ 
IR 
EF 
ED 
BW 
AT 

intake of i* contaminant from drinking water (pCi or mg/kg/d), 
i* concentration in water @Ci/L or mg/L), 
ingestion rate (L/d), 
exposure frequency (d/y), 
exposure duration (y), 
body weight (kg), and 
averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y) [EPA 1991al); for 
chemical carcinogens, AT equals (70 y) (365 d/y). 

26 

27 

2a 
29 

30 
31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 
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Dermal Contact 
The estimation of intake associated with inorganics in water via absorption though the skin was 
estimated using the concept of absorbed dose. The absorbed dose can be calculated using EPA’s 
dermal guidance (EPA 1989g). The dermal absorption pathway was evaluated for adults and 
children. 

(H.111-18) 

where 

I, = intake though dermal contact (mg/kg/d), 
DA- = absorbed dose per event (mg/cm2/event), 
SA = surface area (cm’>, 
EF = exposure frequency (d/y), 
ED = exposure duration (y), 
BW = body weight (kg), and 
AT = averaging time (d); for carcinogens, AT equals (ED)(365 d/y) [EPA 1989al; for 

chemical carcinogens, AT equals (70y)(365 d/y). 

DAmt can be calculated for inorganics as: 

where 

CV = concentration of COC in the source (mg/L), 
K, = COC-specific permeability constant los3 (cm/h), 
CF = unit conversion factor 10” (L/cm3), and 
ET = exposure time (h/d). 

1 

2 

3 

6 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

30 

21 

(H .III- 19) 22 

23 

24 

25 

1% 

21 

28 

29 

30 

31 

H.III.3.3 Soil and S ediment ExDosure 
The following sections discuss the quantification methodologies used to evaluate soil and sediment 
exposures. 

32 

33 

34 

35 

36 
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Incidental Ingestion of Soil or Sediment 
Evaluation of the soil/sediment ingestion pathway was performed using Equations 7-7 and 7-8 from 2 

the RAWPA: 3 

where 
Isi 
Csi 
IR 
CF 
FI 
EF 
ED 
BW 
AT 

(radionuclides) ISi = (C,J(IR)(FI)(EF)(ED) (H . III-20) 

(chemicals)I,, = (C,J(IR)(CF)(FI)(EF)(ED)/(BW)(AT) (H.111-21) 

intake from soil or sediment for COC (pCi or mg/kg/d), 
concentration of COC in soil or sediment (pCi/mg or mg/kg), 
ingestion rate (mg/d), 
conversion factor 10" kg/mg, 
fraction ingested from contaminated source (unitless), 
exposure frequency (d/y), 
exposure duration (y), 
body weight (kg), and 
averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); for chemical 
carcinogens, AT equals (70 y)(365 d/y). 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Dermal Contact with Soil or Sediment 
Dermal absorption may also occur upon contact with contaminated soil and sediment and was 
calculated using Equation 7-25 of the RAWPA: 

21 

where 
ABsi 
Cei 
SA 
AF 
ABS 
CF 
ED 
EF 
BW 
AT 

amount of COC absorbed during contact with soil or sediment (mg/kg/d), 
concentration of COC in soil or sediment (mg/kg), 
skin surface area available for contact (cm2/event), 
skin adherence factor (mg/cm2), 
absorption factor (unitless), 
conversion factor (10" kg/mg), 
exposure duration (y), 
exposure frequency (event/y), 
body weight (kg), and 
averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); for chemical 
carcinogens, AT equals (70 y/lifetime)(365 d/y). 

24 

25 

26 

27 

28 

29 

M 

31 

32 

33 

34 

35 

36 

37 

38 

Dermal absorption is not a significant pathway for radionuclides because penetration through the skin 
is minimal @PA 1992~). Therefore, radionuclides were not quantified under this exposure pathway. 

39 

40 

41 

Direct Radiation ExDosure 42 

43 Since the publication of the RAWPA, the EPA has published a new set of radionuclide slope factors. 
Changes in these slope factors require the use of a different equation to calculate risks resulting from 
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direct radiation exposures from soils than the original equation presented in the RAWPA. The new 
equation is: 

where 
DE = 

ED = 
EF = 
ET, = 
ET, = 

c, = 

- - 
- - Si 

s o  

CF = 

direct radiation exposure @Ci-y/g), 
concentration in surface soil @Ci/g), 
exposure duration (y), 
exposure frequency (d/y), 
exposure time indoors on-property (hid), 
exposure time outdoors on-property (h/d), 
indoor shielding factor (unitless), 
outdoor shielding factor outdoors (unitless), and 
1/8760 ylh. 

H.III.3.4 Food Products Exposure 
This section presents the methodologies used to quantify intake through the food pathways (ingestion 
of vegetables, meat, and milk). 

Ingestion of Vegetables 
Evaluation of the vegetable ingestion pathway was performed using Equations 7-15 and 7-16 from the a RAWPA: 

(radionuclides) I, = (C,,)(IR)(ED)(EF)(FI) (H .III-24) 

(chemicals) I, = (C,)(IR)(FI)(EF)(ED)/@W)(AT) (H . 111-25) 

where 
4 
CN 
IR 
FI 
EF 
ED 
BW 
AT 

intake from vegetation (pCi or mg/kg/d), 
total concentration of COCs in vegetables or fruit @Ci/kg or mg/kg), 
ingestion rate (kg/day), 
fraction ingested from contaminated source (unitless), 
exposure frequency (d/y), 
exposure duration (y); 
body weight (kg), and 
averaging time (d); for noncarcinogens, AT equals (ED)(365 d/y); for carcinogens, 
AT equals (70-year lifetime)(365 d/y). 

i 

2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

3 

21 

22 
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29 
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Ingestion of Meat. Milk. and Fish 
Evaluation of the meat, milk, and fish ingestion pathways was performed using Equations 7-19 and 7-  
20 from the RAWPA: 

(radionuclides) I& = (C,J(IR)(ED)(EF)(FI) (H . III-26) 

(chemicals) Ik = (C,J3(IR)(FI)(EF)(ED)/(BW)(AT) (H . III-27) 

I R =  
EF = 
ED = 
FI =. 
BW = 
AT = 

intake from COC in food products @Ci or mg/kg/d), 
concentration of COC in the animal product @Ci/L or mg/L for milk, pCi/kg or 
mg/kg for beeflfish) 
ingestion rate (L/d for milk; kg/d for beef/fish) 
exposure frequency(d/y) 
exposure duration (y), 
fraction ingested from contaminated source (unitless) 
body weight (kg), 
averaging time (d); for noncarcinogens, AT equals (ED) (365 d/y); for carcinogens, 
AT equals (70-year lifetime)(365 d/y). 

Tables H.111-8 and H.111-9 present the residual risk exposure parameters for the target and reference 
receptors, respectively. Table H.111-10 presents the calculated, chemical-specific dermal absorbed 
dose values for dermal soil exposures and dermal absorbed dose values for dermal water exposures. 
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TABLE H.111-10 

67 DERMAL SOIL ABSORPTION COEFFICIENTS 
141 AND DERMAL WATER PERMEABILITY COEFFICIENT 

COC ABS KP 
Inorganics 
Antimony 1.00 x lo2 1 x 10-3 
Arsenic 1.00 1 0 3  1 x 10-3 
Beryl1 ium 
Cadmium 

Cyanide 
Manganese 
Mercury 

Silver 
Uranium-Total 

Organics 
1,2dichloroethane 
Benzo(a)p yrene 
Aroclor- 1254 
Aroclor- 1260 

. . .  . 

1.00 x lo-2 
1.00 x lo-2 

1.00 x 
1.00 x 
5.00 x 
1.00 x lo2  
1.00 x l o 2  

1.00 x 

1.00 x 1 0 3  

1.00 10-3 

3.00 x lo-' 
NIA' 

6.00 x los2 
6.00 x l o 2  

1 x 10-3 
1 x 10-3 
1 x 10-3 
1 x 10-3 
I x 10-3 
I x 10-3 
1 x 10-3 
1 x 10-3 
I x 10-3 
I x 104 

5.3 x 10-3 
1.2 x loo 
7.1 x 10" 
7.1 x 10" 

SOURCE: OU2 FS report (DOE 1994c) 

a Dermal Exposure to PAHs: Current policy indicates it is inappropriate to extrapolate dermal 
slope factors from oral slope factors for PAHs. Also, extrapolation from other routes of 
exposure is inappropriate due to varied absorption, metabolic transformations, and target 
organ end point responses. However, PAHs are potent skin carcinogens. Current 
information on the contribution to cancer risk from dermal exposure to PAHs indicates the 
toxicity from the dermal pathway may be as toxic as from oral route of exposure. To 
estimate the risk contribution from PAHs via dermal exposure for all direct contact 
pathways, the risk posed for dermal exposure was assumed equal to the risk from oral 
exposure. 
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H.IV RISK CALCULATIONS 1 

Risk characterization is the final step in the CRARE process, combining the information developed in 
the toxicity assessment and the exposure assessment. Section H.IV. 1 presents an overview of risk 
characterization and quantification methodologies for carcinogenic and noncarcinogenic compounds 
evaluated in this CRARE. A summary of risk by receptor and the detailed calculation tables can be 
found in Section H.IV.2. The risk results presented in this attachment reflect strictly the incremental 
risks associated with postremedial sources above background (radionuclides and inorganics). Total 
risk, that which is attributable to postremedial sources in addition to background, is presented in 
Attachment V of this report. Additionally, risks illustrating the impacts associated with postremedial 
sources plus inorganic background concentrations only are presented in Attachment V. 

H.IV. 1 RISK CHARACTERIZATION METHODOLOGY 
In this CRARE, the potential risks to humans following exposure to postremediation residual COCs 
(radionuclides and nonradioactive chemicals) have been estimated using methods established by the 
EPA. The EPA has provided guidance documents and databases for characterizing human health risk, 
and these have been used as major sources in preparing CRARE risk assessments: 

Risk Assessment Guidance for Superfund (EPA 1989g) 
Integrated' Risk Information System (EPA 1994b) 
Health Effects Assessment Summary Tables (EPA 1994a) 
Exposure Factors Handbook (EPA 1989c) 

H.IV. 1.1 Hazardous Chemical Exmsures 
Risks from nonradionuclide COCs have been estimated for carcinogenic and/or noncarcinogenic 
effects. Some carcinogens may also pose a noncarcinogenic toxic hazard. For those COCs that have 
an RfD available, the noncarcinogenic HQ was calculated. Effects due to exposures from these 
chemicals have been characterized for both types of health effects. 

Risk Characterization Methodolow for Carcinogens 
The risk attributed to a carcinogen was estimated as the ILCR of an individual as a result of exposure 
to the contaminant. At low doses, the risk of developing cancer was estimated as follows (EPA 
1989g): 

Risk = (CDI)(SF) (H.IV. 1-1) 
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1 

Risk 
CDI 
SF = slope factor (mg/kg/day)-' . 

= 
= 

risk of cancer incidence, expressed as a unitless probability, 
chronic daily intake averaged over 70 years (mg/kg/day), and 

For dermal exposure, cancer risks were calculated using adjusted toxicity factors based on absorbed 
doses of contaminants rather than contaminant intakes. For a given pathway with simultaneous 
exposure of a receptor to several carcinogens, the following equation was used to sum cancer risks: 

Risk, = Risk (chem,) + Risk (chem,) + ... Risk (chem,) (H.IV-2) 

where 

Risk,, = total pathway risk of cancer incidence, and 
Risk (chem,) = risk associated with an individual carcinogenic chemical. 

In compliance with EPA guidance @PA 1989g), the ILCR values estimated in this CRARE for the 
potentially exposed receptor were compared to an incremental upper-bound lifetime cancer risk to an 
individual of lo4 to lo6 .  

Risk Characterization Methodolow for Noncarcinogens 
The risk associated with exposure to noncarcinogenic hazardous COCs was evaluated by comparing 
an exposure level or intake to a RfD. It is recognized that this methodology for assessing the human- 
health effects of noncarcinogens does not give a measure of risk, per se (as is calculated for the 
carcinogens), but rather a ratio of intake to threshold limit. Even so, for convenience the term "risk" 
will continue to be used when discussing these evaluations. The ratio of intake/RtD for a single 
contaminant is the HQ and is defined as (EPA 1989g): 

HQ = I/RtD (H . IV-3) 

where 

HQ = hazard quotient (unitless), 
I = intake of a chemical (mg/kg/day), and 
RfD = reference dose (mg/kg/day). 

When using this equation to estimate potential noncarcinogenic risk, the intake and RtD must be 
derived from exposures of equivalent duration (e.g., subchronic, chronic, or fewer than two weeks). 
For this CRARE, COC exposures have been evaluated in all cases on a chronic basis, using chronic 
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RfD values. A alogous to cancer risks, dermal nc 
rather than intake. 

ca cer risks were assessed using absorbed dose 

In the case of simultaneous exposure of a receptor to several chemicals, an HI was calculated as the 
sum of the HQs by: 

HI = Ii/RfD, + I,/RfD, + ... Ii/RfDi (H . IV-4) 

where 

HI = hazard index (unitless), 
Ii = intake for the i* toxicant, and 
RfD, = reference dose for the i* toxicant. 

The HI is an indicator of the potential for adverse effects associated with chronic exposures to 
multiple chemicals. In effect, HIS assume dose additivity for all COCs (EPA 1989a). 

In compliance with EPA guidance (EPA 1989g), the noncarcinogenic HIS summed across pathways 
were compared to "unity." An HI of unity indicates that the exposure intake is equal to the RtD. If 
the HI is greater than 1 or "above unity," there is concern for potential health effects. Major 
categories of noncarcinogenic health effects include neurotoxicity, developmental toxicity, 
reproductive toxicity, immunotoxicity, and adverse effects on target organs, such as hepatic, renal, 
respiratory, cardiovascular, and dermal/ocular problems (EPA 19898). 

a 

H.IV. 1.2 Radiological Exposures 
This section presents the procedures for estimating the total lifetime excess cancer risks due to 
exposure to radionuclides. 

Risk Characterization Methodologv for Internal Exnosures 
Risk characterization for internal exposures to radionuclides (intake via inhalation or ingestion) was 
calculated as follows (EPA 19898): 

Risk = (I)(SF) (H.IV-5) 

where 

Risk = 
I = lifetime radionuclide intake (pCi), and 
SF = slope factor (pCi)-'. 

risk of cancer incidence, expressed as a unitless probability, 
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The slope factor is either a HEAST value for a particular radionuclide or the sum of the HEAST 
slope factors for that radionuclide and its short-lived progeny to account for ingrowth during storage 
and/or environmental transport. 

Risk Characterization Methodology for External Gamma Exposures 
For this CRARE, risk characterization for external exposure to gamma-emitting radionuclides in 
contaminated surface soil was calculated as follows (DOE 1992): 

Risk = (SF)[(CJEF)(ED)(ET)(l - SH)] (H . IV-6) 

where 

Risk = risk of cancer incidence, expressed as a unitless probability, 
c, = radionuclide soil concentration (pCi/g), 
SF = radionuclide slope factor (risk/yr/pCi/g) from EPA (1994c), 
ET = fraction of day exposed (unitless), 
ED = exposure duration (years), 
EF = modifying factor, fraction of year exposed (unitless), and 
SH = shielding factor (unitless). 

External slope factors do not include contributions from decay products (radioactive progeny). In 
some cases, these contributions were substantial and required the inclusion of progeny in the overall 
risk calculation. 

H.IV. 1.3 Background Contributions to Risk 
The consideration of background concentrations plays an important role in the development of risk 
assessment. Many background constituents occur naturally in concentrations that present potential 
toxic and/or carcinogenic risks. Ignoring the risks contributed by background concentrations may 
result in virtually unattainable cleanup levels, both from an economic and engineering standpoint. 

Because some the chemicals and radionuclides found at the FEMP site occur naturally, it is 
reasonable to consider their contributions to risk. The approach taken for the CRARE subtracts 
background concentrations for those chemicals and radionuclides deemed to occur naturally to present 
only the incremental risk as a result of FEMP operations. 

This attachment presents optional approaches used to quantify risk to the 1 1  receptors identified in 
Section H.4.0 of this CRARE, using various assumptions with respect to background contributions. 
The purpose of this analysis is to evaluate the effect on risk calculations as a result of background 
considerations. 
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Three approaches were taken to evaluate the effects on risk as a result of background contributions. 
The methodology for quantifying risk is the same for the three approaches. However, exposure- 
point concentrations differ depending on the consideration of background contributions. A discussion 
of each approach is presented below. 

Total 
This approach evaluated the "total risk" to hypothetical receptors from the postremedial FEMP site. 
Under this option, exposure-point concentrations were developed that included the levels contributed 
as a result of naturally occurring background compounds. Table H.IV-1 presents the exposure-point 
concentrations developed to estimate total risk. 

Total Minus Radionuclide Background 
This approach evaluated the total risk minus contributions from naturally occurring radionuclide 
levels. A second set of exposure point concentrations were developed for this option and are 
presented in Table H.IV-2. 

Total Minus All Background 
This approach accounts for contributions from background levels of radionuclides and inorganic 
compounds. Representative background concentrations for radionuclides and inorganic compounds 
were subtracted from the COC-specific site-wide average concentration to yield a concentration 
representing incremental risk. Table H.IV-3 presents the exposure point concentrations for this 
approach. Incremental risk (i.e., the risk posed as a result of residual concentrations above 
background) were calculated for the 11 receptors. 

Tables H.IV-4 through H.IV-14 compare potential health effects, calculated using the three options. 
by receptor and pathway. 
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H.IV.4 RISK CHARACTERIZATION. TOTAL MINUS ALL BACKGROUND 
This section presents the risk and HI estimates for the target and reference receptors by pathway. 
Table H.IV.3-1 summarizes the total HI and ILCR for each receptor. Complete calculation sheets of 
the risk values can be found in Tables H.IV.3-2 through H.IV.3-121. The target receptors are 
presented first, followed by the reference receptors. 

67 
141 
148 
492 
493 
494 
495 

i 

' H-IV-6 



- 
FEMP-OSFS-5 DRAFT FINAL 

March 22, 1995 

5 5 5  
x x x  
-t - n  s n r :  
m P I P  

p p g  
x x x  
w m m  
1 " -  
- m -  

x x  X 
N -  -r 

v) 
9 3 9  - -  

5 
X 

m 
N 
u! 

2 w 3 
I& 0 

X 
m 
P! 
v3 

FER\OU5FS'S\AlTACHW-IV.ATnMnrch21. 1995 9 : 2 7 p m H - I V - 7  . . 



FEMP-OSFS-5 DRAFT FINAL 
March22. 1995 

X X X X X X  X X X X X X  
m - z m n m  
C I Y  S I ? - .  
r i N C C ; r i - ? P  

O P - - 0 I I - m  

m I - - n w -  
9 ' 9 Y 9 R ' 9  

x x - x x x  
P - o * o o n  
- . Y O q o q p ! - .  
\ D n - Y - Y P - - Y  

5 5 4  
x x x  

5 5  P 
239 . .  -. 
x x  x 

I- 

- m  -? 

5 5  
x x  

o r -  
0 0 -  
? =  

5 
x 

or 
N 
'9 

5 5  P 
x x  x 

m o r  - 
a -  n 
? 9  '9 

58, 
x x  

m -  
- m  
19 

2 5 2 2 2 2  
x x x x x x  

N o r * - Y W v ,  
9 - 0 9 - 9  

& r t o - - n  

8, 
x 
I- 

ri 
'1 

g, 
x 

W 

PI 
9 

5 
x 

W 

N 
9 

V 

O 
00 
x 

m 

X X X X X  
o r o m c o  
1 Y p !  9 - N d 4 n  

x x x x x x  
~ W - Y r n o r W  
9'19'1'1 

4 m c r o o I -  

X X X X X X  

~ \ O U S F S \ A ? T A C H W - , ~ . A ~ h 2 1 .  1995 9 m p m  H-IV-8 ' 



62 72 
FEMP-OSFS-5 DRA- FINAL 

March 22. 1995 

D a 2  
5 5 5  
x x x  
I- o 2: - ir- 

x x  

n 

5 
n 

2 
X 
F' 

I- 
c! 

X 

OD 
m 

n 

5 
X 
v) s - 

x x x  
w - 0 0  
'9 s y !  - I - -  

5 5  
2 2  
x x  
"I- 

2 
x 
0 
p! 
v) 

- 
b 
X - 
'9 
m 

8 8  
x x  

o m  

m v l  
0 9  

m a  

b b  
x x  
o l v )  
0 9 ' 9  
m -  

D I O  

$ 2  
x x  

o l v l  

m -  
0 9 ' 9  

D O  

2 2  
x x  
- 0  

.ol rn 
Y 9  

- 
2 

n 

b 
0 

2 
X 
m x 

X 
N 
0. - 

g g  
x x  

W b  
- 0 9  
- m  

5 
X 
I- 

t-i 
': 

5 
X 
W 

N 
9 

9 0 
X 
W 

N 
9 

5 
X 

OD 
m 

- "  
2 5  8 

X 
b 
9 - 
0 

b 
X " 

VI 
9 

0 - 
b 
x 

ol 

v) 
9 

01 

5 
X 

m z 

x x  
m w  
m N  
p ! ?  

X 
m 
Y 
I 

X 
m 
v! - 

x x x x x x  
o o b o - o l  

" - N - - N  
o " F - q q 9  

0 -  2 5  a 

5 
x x  X 
O I -  

* v )  
' 9p !  8 

ri 

8 u 
000- 
2 2 2  

FER\0U5FS\A~ACHW-IV.ATnMarchZ1. 1995 9:27pm H-IV-9 



FEMP-OSFS-5 DRAFT FINAL 
March 22, 1995 a 

TABLE H.IV-4 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
UNDEVELOPED-PARK USER 

138 
140 

Exposure Pathway Total Total 
Minus Rad 
Background 

Inhalation of particulates (chemicals) 1.2E-04 1.2E-04 
Incidental ingestion of residual soils (chemicals) 1.4E-03 1.4E-03 

Ingestion of meat (Chemicals) NA NA 
Ingestion of dairy products (chemicals) NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA 
Ingestion of fish (chemicals) NA NA 
Ingestion of drinking water (chemicals) NA NA 
Dermal contact while bathing (chemicals) NA NA 

Dermal contact with residual soils (chemicals) 4.5E-02 4.5E-02 

Incidental ingestion while wading (chemicals) 1 .OE-03 1 .OE-03 
Dermal contact while wading (chemicals) 1.1E-02 1 . 1  E-02 

Noncarcinogenic Pathway Summation = 5.9E02 5.9E-02 

Total Minus 
All 

Background 

NA 
1.7E-04 
7.6E-03 

NA 
NA 
NA 
NA 
NA 
NA 

9.1E-03 
9.5E-04 

1.8E-02 

Exposure Pathway Total Total Total Minus 
Minus Rad All 
Background Background 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

NA = Not applicable. Exposure route is incomplete. 

2.1E-10 
4.3E-08 
5.6E-07 
7.1E-08 
6.5E-07 

NA 
NA 
NA 

4.2E-08 
8 .OE-09 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.1E05 

1.9E-05 

2.1E-10 
7.3E-09 

1.5E-14 
6.5E-07 

4.6E-07 

NA 
NA 
NA 

4.2E-08 
9.6E- 10 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E-06 

4.93-06 

6.9E- 12 
7.5E-09 
1.4E-07 
2.OE-OS 
2.2E-07 

NA 
NA 
NA 

4.2E-08 
9.6E-10 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.6E-06 

4.1E06 
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TABLE H.IV-5 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
OFF-PROPERTY RESIDENT FARM ADULT 

138 
140 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

. 

Noncarcinogenic Pathway Summation = 

6.5E-03 
6.2E-02 
1.9E-01 
2.4E-03 
2.3E-01 
8.8E-01 

NA 

3.1E-02 
NA 
NA 

1.5E+00 

7.7E-02 

6.5E-03 
6.2E-02 
1.9E-01 
2.4E-03 
2.3E-01 
8.8E-01 

NA 
7.7E-02 
3.lE-02 

NA 
NA 

1.5E+00 

~ 

NA 
5.2E-03 
2.2E-02 

1.6E-02 
8.1 E-02 

2.2E-05 

NA 
4.7E-02 
2.7E-02 

NA 
NA 

2.oE-01 

~~ 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

'' Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (Chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

1 . OE-08 
2.8E-06 
2.3E-05 
4.6E-06 

I .3E-05 
4.8E-06 
3.9E-07 

3.1E-06 

NA 
NA 
NA 

6.4E-08 

3.9E-05 
5.4E-09 

3.1 E-05 
1 .OE-04 
8.5E-06 

NA 
NA 

8.3E-04 

1 .OE-08 
3.3E-07 
2.3E-05 
3.3 E-07 
3.1 E-06 
I .3 E-05 
1.9E-06 
3.9E-07 

NA 
NA 
NA 

2.5E-09 
3.9E-05 

1 -0E-04 
1.7E-06 

NA 
NA 

3 -0E-06 

6.4E-08 

1.2E-05 

2.4E-10 
3.4E-07 
2 .OE-06 
3.3E-07 
1.1E-06 

1.9E-06 
NA 

NA 
NA 
NA 
NA 

2.7E-08 
2.5E-09 
3.5E-05 
1.2E-05 
3.4E-06 
1.7E-06 

NA 
NA 

3.0E-06 

Carcinogenic Pathway Summation = l . lE03 2.OE04 6.1E05 

0 N A  = Not applicable. Exposure route is incomplete. 
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TABLE H.IV-6 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
OFF-PROPERTY RESIDENT FARM CHILD 

138 
140 

Exposure Pathway Total 

Inhalation of particulates (chemicals) 1.8E-02 
Incidental ingestion of residual soils (chemicals) 3.2E-01 
Dermal contact with residual soils (chemicals) 3.1E-01 
Ingestion of meat (chemicals) 4.3E-03 
Ingestion of dairy products (chemicals) 2.5E+00 
Ingestion of vegetables and fruit (chemicals) 3.6E +01 
Ingestion of fish (chemicals) NA 
Ingestion of drinking water (chemicals) 1.8E-01 
Dermal contact while bathing (chemicals) 1 SE-01 
Incidental ingestion while wading (chemicals) NA 
Dermal contact while wading (chemicals) NA 

7.OE+ 00 Noncarcinogenic Pathway Summation = 

Total Minus Total Minus 
Rad All 

Background Background 

1.8E-02 
3.2E-01 
3.1E-01 
4.3E-03 

2.5E+00 
3.6E + 00 

NA 
1.8E-01 
1 SE-01 

NA 
NA 

7.OE+ 00 

NA 
2.7E-02 
3.6E-02 

1.7E-01 

NA 

4.OE-05 

3.3E-0 1 

1.1 E-01 
1.3E-01 

NA 
NA 

8.OE01 

Exposure Pathway Total 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation , 

Carcinogenic Pathway Summation = 

NA = Not applicable. Exposure route is incomplete. 

2.5E-09 
1.4E-07 
1 .OE-05 
4.4E-07 
4.4E-07 
2.6E-06 

1.6E-07 
NA 
NA 
NA 

9.9E-09 

3.5E-05 

2.1 E-07 

1.8E-10 

5.9E-06 
3.6E-05 
6.3E-07 

NA 
NA 

6.2E-05 

1 SE-04 

Total Minus 
Rad 

Background 

1.7E-08 

3.2E-08 

2.5E-09 

1 .OE-05 

4.4E-07 
2.6E-06 

1.6E-07 
8.2E-08 

NA 
NA 
NA 

9.9E-09 
8.3E-11 
3.5E-05 
2.4E-06 
3.6E-05 
1 .3 E-07 

NA 
NA 

2.3E-07 

8.7E05 

Total Minus 
All 

Background 

1.7E-08 
8.8E-07 
3.2E-08 
1 SE-07 

NA 
8.2E-08 

NA 
NA 
NA 
NA 

5.7E-11 

4.3E-09 
8.3E-I 1 
3.1E-05 
2.4E-06 
1.2E-06 
1.3E-07 

NA 
NA 

2.3E-07 

3.6E05 
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TABLE HJV-7 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
ON-PROPERTY RESIDENT FARM ADULT 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 1 .OE-02 1 .OE-02 1.2E-02 
Incidental ingestion of residual soils (chemicals) 1 .OE-01 1 .OE-01 1.2E-02 
Dermal contact with residual soils (chemicals) 3.0E-01 3.0E-01 5.OE-02 
Ingestion of meat (chemicals) 8.5E-03 8.5E-03 3.6E-05 
Ingestion of dairy products (chemicals) 3.6E-01 3.6E-0 1 3 .OE-02 
Ingestion of vegetables and fruit (chemicals) 1.2E+00 1.2E+00 1.5E-0 1 

Ingestion of drinking water (chemicals) 9.5E-02 9.5E-02 8.1E-02 
Dermal contact while bathing (chemicals) 5.9E-02 5.9E-02 4.86-02 

Ingestion of fish (chemicals) NA NA NA 

Incidental ingestion while wading (chemicals) NA NA NA 
Dermal contact while wading (chemicals) NA NA NA 

Noncarcinogenic Pathway Summation = 2 . IE+00  2.1E+00 3.8E-01 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Backeround 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct' radiation 

Carcinogenic Pathway Summation = 

a NA = Not applicable. Exposure route is incomplete. 
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1.8E-08 
8.1E-06 
4.0E-05 
7.6E-06 
4.3E-06 
3.OE-08 
3 .OE-05 
9.1E-10 

NA 
NA 
NA 

1.7E-07 

1 SE-04 
6.8E-09 

4.OE-05 
6.8E-05 
1 .6E-05 

NA 
NA 

1 .2E-03 

1.6E03 

1.8E-08 
4.OE-06 
4.OE-05 
2. I E-06 
4.3 E-06 
3 .OE-08 
4.2E-06 
9.1E-10 

NA 
NA 
NA 

1.7E-07 
3.6E-09 
1.5E-04 
2.OE-05 
6.8E-05 
4.8E-06 

NA 
NA 

2.2E-04 

5.3E-4 

1.7E-09 
4.OE-06 
9.7E-06 
2.1E-06 
1.4E-06 

4.2E-06 
NA 

NA 
NA 
NA 
NA 

3.6E-09 
1.2E-07 

1.5E-04 
2.OE-05 
1.6E-05 
4.8E-06 

NA 
NA 

2.2E-04 

4.3E04 
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TABLE H.IV-8 
SUMMARY OF POTENTIAL HEALTH EFFECTS: 

ON-PROPERTY RESIDENT FARM CHILD 

a March 22, 1995 

138 
140 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 2.8E-02 2.8E-02 6.2E-02 
Incidental ingestion of residual soils (chemicals) 5.3E-01 5.3E-01 6.2E-02 
Dermal contact with residual soils (chemicals) 4.8E-01 4.8E-01 8.1E-02 
Ingestion of meat (chemicals) 1 SE-02 1 SE-02 6.6E-05 
Ingestion of dairy products (chemicals) 3.8E+00 3.8E+ 00 3.2E-01 
Ingestion of vegetables and fruit (chemicals) 4.7E + 00 4.7E+00 6.0E-01 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) 2.2E-01 2.2E-0 1 1.9E-01 
Dermal contact while bathing (chemicals) 2.8E-01 2.8E-0 1 2.2E-01 
Incidental ingestion while wading (chemicals) NA NA NA 
Dermal contact while wading (chemicals) NA NA NA 

Noncarcinogenic Pathway Summation = 1 .OE+ 01 l.OE+Ol 1 .5E+ 01 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

4.3E-09 
4.2E-07 
1.8E-05 
7.3E-07 
5.9E-07 
6.OE-09 

3.6E- 10 
1.3E-06 

NA 
NA 
NA 

2.7E-08 
2.3E- 10 
1.4E-04 
7.7E-06 
2.4E-05 
1 .2 E-06 

NA 
NA 

9.OE-05 

2.8E-04 

4.3E-09 
2.OE-07 
1.8E-05 
2.OE-07 
5.9E-07 
6.OE-09 
1 .8E-07 
3.6E-10 

NA 
NA 
NA 

2.7E-0 8 
1.2E-10 
1.4E-04 
3.9E-06 
2.4E-05 
3.6E-07 

NA 
NA 

1.7E-05 

2.OE04 

4.2E-10 
2.OE-07 
4.3E-06 
2.OE-07 
2.OE-07 

1 .8E-07 
NA 

NA 
NA 
NA 
NA 

1 .SE-08 
1.2E-10 
1.3E-04 
3.9E-06 
5.5E-06 
3.6E-07 

NA 
NA 

1.7E-05 

1.6E04 

NA = Not applicable. Exposure route is incomplete. 
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TABLE H.IV-9 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
MILK AND MEAT CONSUMER 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

NA 
NA 
NA 

8.5E-03 

NA 
NA 
NA 
NA 
NA 
NA 

3.6E-01 

N A  
NA 
NA 

8.E-03  
3.6E-01 

NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

3.6E-05 
3 .OE-02 

NA 
NA 
NA 
NA 
NA 
NA 

Noncarcinogenic Pathway Summation = 3.7E-01 3.7E-01 3.1E02 

Exposure Pathway Total Total Minus Total Minus 
b Rad All 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (Chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (Chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

a NA = Not applicable. Exposure route is incomplete. 
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NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-07 
6.8E-09 
1.E-04 
4.OE-05 

NA 
NA 
NA 
NA 
NA 

1.9E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-07 
3.6E-09 
1.5E-04 
2.OE-05 

NA 
NA 
NA 
NA 
NA 

1.7E-04 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

I .2E-07 
3.6E-09 
1.5E-04 
2.OE-05 

NA 
NA 
NA 
NA 
NA 

1.7E04 
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TABLE H.IV-10 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
COMMERCIAWINDUSTRIAL USER 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (Chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

6.1 E-03 
4.1E-02 
2.1E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

Noncarcinogenic Pathway Summation = 2.6EOl 

6.1 E-03 
4.1 E-02 
2.1E-01 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.6E-01 

N A  
4.7E-03 
3.6E-02 

NA 
NA 
NA 
N A  
NA 
NA 
NA 
NA 

4.OE-02 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 
~ 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

NA = Not applicable. Exposure route is incomplete. 

3.7E-09 

5.7E-06 
1 . 1  E-06 

1.1E-06 

1.1E-06 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.0E-04 

3.1E-04 

3.7E-09 
1 .8E-07 
5.7 E-06 
3 .OE-07 
1 . 1  E-06 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.5E-05 

6.2E-05 

1.2E-10 
1.8E-07 
1.4E-06 
3 .OE-07 
3.6E-07 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

5.5E-05 

5.7E-05 

. /  I .  
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FEMP-OSFS-S DRAIT FINAL 
March 22. 1995 

TABLE H.IV-11 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
DEVELOPED PARK USER 

138 
140 

Exposure Pathway To tal Total Minus 
Rad 

Background 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

3.3E-04 
4.3E-03 
5.0E-02 

NA 
NA 
NA 
NA 
NA 
NA 

1 .OE-03 
1.lE-02 

3.3E-04 
4.3E-03 

NA 
NA 
NA 
NA 
NA 
NA 

5 .OE-02 

1 .OE-03 
I .  I E-02 

Noncarcinogenic Pathway Summation = 6.7E-02 6.7 E-02 

Total Minus 
AI1 

Background 

NA 
5.OE-04 
8 . E - 0 3  

NA 
NA 
NA 
NA 
NA 
NA 

9.5E-04 
9.1 E-03 

1.9E02 

Exposure Pathway e Total Total Minus Total Minus 
Rad All 

Backeround Backeround 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

a N A  = Not applicable. Exposure route is incomplete. 

FER\OUSFS\A~ACH\H-IV.ATnMnrch21. 1995 9:27pm 'H-IV- 17 

5.5E-10 
9.7E-08 
1.7E-06 
1.7E-13 
7.3E-07 

NA 
NA 
NA 

4.2E-08 
8.OE-09 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

4.6E-05 

4.9E-05 

5.5E-10 
1.7E-08 
1.7E-06 
4.6E-14 
7.3 E-07 

NA 
NA 
NA 

4.2E-08 
9.6E-10 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.6E-06 

l . l E 0 5  

1.8E-11 
1.7E-08 
4.1 E-07 
4.6E-14 
2.4E-07 

NA 
NA 
NA 

4.2E-08 
9.6E-10 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

8.6E-06 

9.3E06 
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FEMP-OSFS-5 D R A R  FWAL 
March 22, 1995 

TABLE HJV-12 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
WILDLIFE RESERVE USER 

138 
140 

Exposure Pathway To tal Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 9.5E-05 9.5E-05 NA 
Incidental ingestion of residual soils (chemicals) 1.1E-03 1.1E-03 1.3E-04 
Dermal contact with residual soils (chemicals) 3.8E-02 3.8E-02 6.4E-03 
Ingestion of meat (chemicals) NA NA NA 
Ingestion of dairy products (chemicals) NA NA NA 
Ingestion of vegetables and fruit (chemicals) NA NA NA 
Ingestion of fish (chemicals) NA NA NA 
Ingestion of drinking water (chemicals) NA NA NA 
Dermal contact while bathing (chemicals) NA NA NA 
Incidental ingestion while wading (chemicals) 1 .OE-03 1 .OE-03 9.5E-04 
Dermal contact while wading (chemicals) 1.1E-02 1 . 1  E-02 9.lE-03 

Noncarcinogenic Pathway Summation = 5.1E-02 5.1 E02 1.7E-02 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

Carcinogenic Pathway Summation = 

NA = Not applicable. Exposure route is incomplete. 

1.6E-10 
3.8E-08 
4.2E-07 
6.2E-08 
5.5E-07 

NA 
NA 
NA 

4.2E-08 
8.OE-09 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

1.7E-05 

1.8E05 

1.6E-10 
6.6E-09 
4.2E-07 
1.7E-08 
5 SE-07 

NA 
NA 
NA 

4.2E-08 
9.6E- 10 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E-06 

4.3E06 

5.36-12 
6.6E-09 
1 .OE-07 
1.7E-08 
1 .8E-07 

NA 
NA 
NA 

4.2E-08 
9.6E-10 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

3.2E-06 

3.6E06 
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FEMP-OSFS-5 DRAFT FINAL 
March 22, 1995 

TABLE H.IV-13 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
EXPANDED TRESPASSER 

138 
140 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Incidental ingestion of residual soils (chemicals) 
Dermal contact with residual soils (chemicals) 
Ingestion of meat (chemicals) 
Ingestion of dairy products (chemicals) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of fish (chemicals) 
Ingestion of drinking water (chemicals) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 

Noncarcinogenic Pathway Summation = 

3 .OE-05 
1.6E-03 
5.5E-02 

NA 
NA 
NA 
NA 
NA 
NA 

1 .OE-03 
1.1 E-02 

6.9E02 

3.0E-05 

5.5E-02 
NA 
NA 
NA 
NA 
NA 
NA 

1.6E-03 

1 .OE-03 
1.1 E-02 

6.9 E-02 

~~~ ~ 

NA 
1.8E-04 
9.2E-03 

NA 
NA 
NA 
NA 
NA 
NA 

9.5E-04 , 
9.1 E-03 

1.9E-02 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Background Background 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

1.4E- 10 
2.8E-08 
3.9E-07 
5.6E-08 
5.OE-07 

NA 
NA 
NA 

4.2E-08 
8.0E-09 

NA 
NA 
NA 
NA 
NA 
NA 

' NA 
NA 

1.2E-05 

6.4E-08 

1.4E-IO 
4.8E-09 
3.9E-07 
1.6E-08 
5.OE-07 

NA 
NA 
NA 

4.2E-08 
9.6E- 10 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E-06 

4.5E-12 
4.8E-09 
9.5E-08 
I .6E-08 
1.7E-07 

NA 
NA 
NA 

4.2E-08 
9.6E- 10 
6.4E-08 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

2.3E-06 

Carcinogenic Pathway Summation = 1.4E-05 3.3E06 2.7E06 

N A  = Not applicable. Exposure route is incomplete. 
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FEMP-OSFS-5 DRAFT FINAL 
March 22, 1995 

TABLE H.IV-14 

SUMMARY OF POTENTIAL HEALTH EFFECTS: 
GREAT MIAMI RIVER USER 

138 
140 

Exposure Pathway Total Total Minus 
Rad 

Background 

Inhalation of particulates (chemicals) NA NA 
Incidental ingestion of residual soils (chemicals) NA NA 
Dermal contact with residual soils (chemicals) NA NA 
Ingestion of meat (chemicals) 3.6E-06 3.6E-06 
Ingestion of dairy products (chemicals) 4.4E-05 4.4E-05 
Ingestion of vegetables and fruit (chemicals) 7.6E-03 7.6E-03 
Ingestion of fish (chemicals) 3.9E-01 3.9E-01 
Ingestion of drinking water (chemicals) 1.9E-02 1.9E-02 
Dermal contact while bathing (chemicals) 4.2E-03 4.2E-03 
Incidental ingestion while wading (chemicals) 6.6E-10 6.6E-10 
Dermal contact while wading (chemicals) 4.6E-09 4.6E-09 

Total Minus 
All 

Backeround 

NA 
NA 
NA 

3.5E-06 
3. IE-05 
5.1 E-03 
3.9E-01 
8.1 E-03 
1 . E - 0 3  
3.3E-11 
2.2E-10 

Noncarcinogenic Pathway Summation = 4.2E-01 4.2EOl 4.OE01 

Exposure Pathway Total Total Minus Total Minus 
Rad All 

Backeround Backeround 

Inhalation of particulates (chemicals) 
Inhalation of particulates (radionuclides) 
Incidental ingestion of residual soils (chemicals) 
Incidental ingestion of residual soils (radionuclides) 
Dermal contact with residual soils (chemicals) 
Ingestion of drinking water (chemicals) 
Ingestion of drinking water (radionuclides) 
Dermal contact while bathing (chemicals) 
Incidental ingestion while wading (chemicals) 
Dermal contact while wading (chemicals) 
Incidental ingestion while wading (radionuclides) 
Ingestion of meat (chemicals) 
Ingestion of meat (radionuclides) 
Ingestion of dairy products (chemicals) 
Ingestion of dairy products (radionuclides) 
Ingestion of vegetables and fruit (chemicals) 
Ingestion of vegetables and fruit (radionuclides) 
Ingestion of fish (chemicals) 
Ingestion of fish (radionuclides) 
Direct radiation 

NA 
NA 
NA 
NA 
NA 

4.4E-06 
1.7E-05 
1 .3 E-07 
6.6E- 10 

2.5E-09 
I .6E-11 
1 .OE-1 I 
2.4E-09 

8.OE-07 

4.6E-09 

8.3E-08 

2.7E-06 
9.0E-07 
3.2E-09 

NA 

NA 
NA 
NA 
NA 
NA 

4.4E-06 
2.9E-07 
1.3E-07 
6.6E-10 
4.6E-09 
4.4E-11 
1.6E-11 
2.4E-12 
2.4E-09 
1 SE-08 
8.OE-07 

9.OE-07 
2.5E-11 

1.2E-07 

NA 

~~ - 

NA 
NA 
NA 
NA 
NA 

2.2E-07 
2.9E-07 
6.3E-09 
3.3E-11 
2.2E-10 
4.4E-11 
5.OE-13 
2.4E-12 
1.3E-10 
1.5E-08 
3.5E-08 
1.2E-07 
1 .6E-07 
2.5E-11 

NA 

Carcinogenic Pathway Summation = 2.6E-05 6.7E06 8SE-07 

NA = Not applicable. Exposure route is incomplete. 



FEMP-OSFS-5 D R A R  FINAL 
March 22, 1995 

138 
140 

TABLE H.IV.1-1 

SUMMARY OF HEALTH EFFECTS: 
ALL RECEPTORS, TOTAL 

Target ReceDtor Risk HI 

Undeveloped-Park User 2.1E-05 5.9E-02 

Off-Property Resident Farm 
Adult l.lE-03 1.5E+00 
Child 1 SE-04 7.OE+00 

Reference ReceDtor Risk HI 

On-Property Resident Farm 
Adult 1.6E-03 2. IE+00 
Child 2.8E-04 1 .OE+01 

Commercial/Industrial User 3.1E-04 2.6E-01 

Developed Park User 4.9 E-09 6.7 E-02 

Wildlife Reserve User 1.8E-05 5. IE-02 

Expanded Trespasser 1.4E-05 6.9E-02 

Meat and Milk Consumer 1.9E-04 3.7E-01 

Great Miami River User 2.6E-05 4.2E-01 

~ \ O U S F S ~ ~ A C H V I - I V . A m M n r c h 2 1 .  1995 9:27pm 
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Table H.IV.1-3 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeve loped  Park User  
Via Inhalation of Gascs  and Particulatcs 

[ish Equation 

IR 
ED 
m 
EF 
CA 

= C A X  EFX EDX IR X ET 

Inhalation rate of p e s  
Exposure duration 
Fxposure tinie 
Exposure frequency 
Concentration of radionuclides in air 

senoir 
c h i l d m w w  

083 083 083 083 rn'hour 
6 12 38 14 years 
1 2 2 I hourlday 

40 104 40 26 dayslyear 
(see table below) 

187E-07 
8.168-07 
1.13E+01 
1868-07 
138 E-07 
5378-07 
6.01E-07 
2.02E-06 
4.658-08 
356E-06 

pci/ni' 
pciliii' 
pcilni' 
pcilii? 
pciln?' 
pCi/in" 
pci/ni' 
pCi/in' 
pcilni' 
pCi/rn' 

CDI CSP ILCR ._ _.. 

iadionuclides (pCi) (pCi)-' (unitlcss) 

%7 + Id 953E-04 ' 190E- 11 181E-14 
R?226+M 4.168-03 7.00E-09 2.91 E- 11 
R n u 2  5.76E+ 04 730E- 13 4.20E-08 
sr!Z3+ld 9.48E-04 . 6.20E- 11 588E-I4 
TC, 7.03 E-04 830E- 12 584E-IS 

780E-08 1.13E-10 %2S+7d 2.748-03 
T"232+lod 306E-03 I. 10E-07 3378- 10 
u, 1D3E-02 2.60E-08 2.688- 10 
U,, 137E-04 250E-08 5.92 E- 12 
&%+2d 18 1 E-02 2.40E-08 435E- 10 

4338-08 - I ILCR Summation - 







Table N.IV.1-5  
Summary of Risk Quantitation (radionuclides) 

Target  Recptor: Undeveloped Park U s e r  
V i a  Incidental Ingest ion of Soi l /Sediment 

tisk Equation = C S X E F X E D X P I X I R  

IR Ingestion rate of soil 
EF Exposure frequency 
ED Exposure duration 
FI Fractional Intake 
cs Concentration of cheniiwls in soil 

S.76E - 04 
1.60E-03 

NA 
3.69E-04 
2.S0E -04 
1.SSE-03 
1.llE-03 
6.448 -03 
7.06E-OS 
3.8SE -03 

pCi/mp 
pCi/i113 
pCi/nig 
pciliiig 
pCiling 
pCilnig 
pciliiig 
pCiliiig 
pCilrng 
pCiling 

senoir 
c h i l d y o u t h m a  

12 13 13 6 mg/day 
40 104 40 26 dayslyear 
6 12 38 14 year 
1 1 1 1 (unitless) 

(see table below) 

CDI cs I; I LCR 
Radionuclides (pCi) (pCi)-' ( un i t IC ss ) 

2.36E+O 1 
6.57E+01 

l.SlE+Ol 
1.03E+O 1 
6.368+01 
4.56E+01 
2.64E+O2 
2.90E+00 
1.588+02 

NA 

2.80E-11 
7.80E- 10 
1.40E- 12 
3.60E-11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

6.62E- 10 
S.12E -08 

5.JSE- 10 
1.33E- 11 
3.SOE-09 
7.758-09 
4.23E-09 
4.648- 11 
3.16E-09 

NA 

7.11E-08 - I ILCR Summation - 
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Radionuclides [pCi) (pCi)-' [unit I css) 

Cs137+ld NA 2.SOE- 11 NA 

R%2 NA 1.4OE- 12 NA 

=%9 NA 1.30E- 12 NA 
Th228+7d NA S.SOE- 11 NA 

6.16E- 13 Th2RL+lOd 3.638-03 1.70E- 10 
"2% NA 1.6OE- 11 NA 
u2Jwu6 1.63E-01 1.6OE- 11 2.6OE- 12 
u238+2d 1.96E+01 2.00E- 11 3.928- 10 

R'%26+8d 7.6SE+00 7.SOE- 10 5.99E-09 

SrPO+ld 1.4SE+O1 3.60E- 11 1.6 1 E-09 

List Equation 

IRsw 
EF 
ED 
cs 

Table II.IV.1-9 
Summary of Risk Quantitation (radionuclides) 

Target  Recptor: Undcvcloped Park User 
Via Incidental Ingestion while Wading 

= CSX EFX EDX IRsw 

Ingestionrate of swface water 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in surface wata 

NA 

NA 
Z.OSE+OO 

NA 
NA 

NA 

3.5 1E-01 

1.66E-04 

7.1SE - 03 
8.988-01 

pcin 
pcin 
pCVl 
pcill 
pcin 
pcin 
pCYl 
pcin 
pcin 
pcin 

senoh 
- child youlh 

0.035 Ifday 
52 dayslyear 
13, Y W S  

(see table below) 

I 
7.998-09 - I ILCR Summation - 



Risk Equation 

EF 
ED 
ET. 
ETi 
SH, 

CR 
SHO 

Table II.IV.l- 10 
Summary of Risk Quantitation (radionuclides) 

Target Rccptor: Undeveloped Park User 
Via External Radiation 

= [CRXEFXEDX ET,X(l-SHJ]+[CRX EFX EDXETiX(l-Slli)] 

Fraction of year spent exposed 
Exposure duration 
Fractionof dayspent outdoors 
Fraction of day spent indoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific concentrations 

5.76E-01 pCYg 
1.60E+00 pCYg 

3.69E-01 pCYg 
2.50E-01 pCYg 
1.55E+00 pCYg 
l.llE+OO pCYg 
6.44E+00 pCYg 
7.068-02 

NA PCilB 

3.8SE + 00 

senou 
- child youlh adult 
0.11 0.28 0.11 0.07 (unitless) 

0.04 0.08 0.08. 0.04 (unitless) 
NA NA NA NA NA 
0.5 0.5 0.5 0.5 (unitless) 

( un i [less) 
(see table below) 

6 12 38 14 years 

CDI CS F ILCR 
tadionuclides (year pCi/g) (p,/pci - yea r )- luni tlcss) 

CS137+ld 
R?226+8d 

SrW+ld 

%28+7d 
?ZRL+lOd 

U2.W236 

R% 

Tc99 

u2w 

u23!3+2d 

3 . m - 0  1 
1.07E+00 

NA 
2.47E-01 
1.67E - 01 
1.04E+ 00 

4.31E+00 

2.57E + 00 

7.42E- 01 

4.722-02 

1.00E-06 
6.00E-06 
1.20E- 09 

NA 
6.00E- 13 
5.60E-06 
8.50E-06 
3.00E- 11 
2.4OE-07 
5.10E-OS 

7.708-07 
6.42E-06 

NA 
NA 
1.00E- 13 
5.818-06 
6.318-06 
1.29E- 10 
1.13E-08 
1.31 E- 07 

1.94E - 05 - I ILCR Summation - 
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tisk E?quatioa 

IR 
EF 
ED 
Ca 

Table I-LIV.1-12 
Summary o f  Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult)  
Via Inhalation of Gases and Particulates 

C a X E F X E D X I R  - - 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

1.72 E -07 
5.588-01 
7.548+00 
1.41 E-07 
3.348-07 
4.77 E -07 
4.64E-07 
1.788-06 
4.55E-08 
2.09 E -06 

pG/ni3 

pG/n? 
p W J  

p w J  
pwllr' 
p W J  
p w n ?  
p WItf' 
pwm" 
pG/nr' 

20 rn'iday 
3SO daysiyear 
70 Year 

(see table below) 

CDI CSF ILCR 
ladionuclides (pci )  

8.418-02 
2.738-01 
3.708+06 
6.898-02 
1.648-01 
2.34E-01 
2.288-01 
8.748-01 
2.238-02 
1.02E+00 

[pCi)-' 

1.90E- 11 
7.008-09 
7.30E- 13 
6.20E- 11 
8.308- 12 
7.80E-08 
l.lOE-07 
2.608-08 
2.508-08 
2.408-08 

[unitless) 

1.60E-12 
1.9 1 8-09 
2.708-06 
4.27E-12 
1.368- 12 
1.828-08 
2.50E-08 
2.278-08 
5.58E- 10 
2.46E-08 

2.798-06 - I ILCR Summation - 
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T a b l e  H.IV.1- 14 

Risk Equation 

IRS 
EF 
ED 
FI 
CS 

Summary  o f  Risk  Q u a n t i t a t i o n  ( r a d i o n u c l i d e s )  
T a r g e t  Receptor :  Off-Property Farm R e s i d e n t  ( A d u l t )  

V i a  Inc identa l  Ingest ion of S o i l  

Ingestion rate of soil (RAGS. 1989) 
-sure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

4.oOE - 04 
9.oOE-04 

2.65E-04 
2.5OE-04 
1.08E-03 
8.98E - 04 
4.01E-03 
1.12E-04 
2.40E - 03 

NA 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/rng 
pCi/nig 
pCi/mg 
pCi/rng 
pCi/mg 

CS X EFX ED X FI XIR 

180 mg/day 
350 daysiyear 
70 Year 

1 (unitless) 
(see table below) 

CDI  CSF I LCR 
(pCi) (pCiy-1 (uni tlcss) Radionuclides 

1.7GE +03 
3.97E+03 

l.l7E+03 
1.1OE +03 
4.7GE +03 
3.9GE + 03 
1.77E+04 
4.94E+02 
1.06E+04 

NA 

280E-11 
7.80E- 10 
1.40E- 12 
3.6OE - 11 
1.3oE- 12 
5.50E - 11 
1.70E- 10 
1.GOE- 11 
1.60E- 11 
2oOE-11 

4.94E-08 
3.1OE - M 
4.21E - 08 
1.43E - 09 
2.62E-07 
6.73E-07 
2.83E-07 
7.9OE-09 
2.12E-07 

NA 

1 

4.63E - 06 - I ILCR Summation - 
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tisk Equation 

IR 
EF 
ED 
FI 
cw 

Table H.IV.1-17 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adul t) 
Via  Ingestion of Drinking Water 

C w X E F X E D X F I X I R  - - 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional Intake for radionuclides 
Concentration of radionuclides in groundwater 

%37+ld NA 
%m+w NA 
RnZn NA 
%O+,d 6.50E-01 
T% 2.24E+01 
%ZS+7d NA 
-432+1M NA 
u, NA 
4 3 S l U a  1.77E-01 
Um+M 2.17E+00 

2 Ilday 

70 Year 

(see table below) 

350 dayslyear 

1 (Unitless) 

NA 
NA 
NA 
3.19 E +04 
l.lOE+06 

NA 
NA 
NA 
8.678+03 
1.06E+OS 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E-12 
5.50E- 11 
1.70E- 10 
1.60E-11 
1.60E-11 
2.00E- 11 

NA 
NA 
NA 
1.1SE-06 
1.43E-06 

NA 
NA 
NA 
1.39E-07 
2.13E-06 

4.848-06 - 1 ILCR Summation - 
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Risk Equation 

IR 
FI 
EF 
ED 
Cf 

Table HlV.1-20 
Summary of Risk Quantitation (radionu 

Target Receptor: Off-Property Farm Resi 
Via Ingestion of Meat Products 

t (Adult) 5”’ 

Cf X EF X ED X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in nleat 

3.60E-02 
2.818-04 

9.97E-03 

3.518-06 
2.928-06 
7.42E-04 
2.2SE-05 
4.668-04 

NA 

1.02E+00 

0.1 kg/day 
0.75 (Unitles) 
350 daysbear 
70 Year 

(see table below) 

CDI CSF ILCR 
hdionuclides (pc;) ( p c i ) - l  (unit less) 

6.6 1 E+01 
S.17E-01 

NA 
1.83E+Ol 
1.878+03 
6.4SE-03 
5.37E-03 

4.138-02 
8.56E-01 

1.36E+00 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E-11 
2.00E- 11 

1.SSE-09 
4.03E- 10 

NA 
6.60E- 10 
2.448-09 
3.558- 13 
9.13E- 13 
2.18E- 11 
6.61E-13 
1.7lE-11 

5.398-09 . - 1 ILCR Summation - 



5 
X I z .I 

R Y  



.. 



6172 

Zisk muation 

IR 
FI 
EF 
ED 
CP 

0.4 Vday 
0.75 (Unitless) 
350 daysbear 
70 Year 

Table KN.1-22 
Summary of Risk Quantitatioo (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Dairy Products 

= ’ Q X E F X E D X F I X I R  

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in aninwl products 

1.26E+Ol 
5.06E-01 

4.99E+O1 
1.20E+03 
2.928-03 
2.448-03 
2.23E+00 
6.858-02 
1.41E+00 

NA 

CDI CSF ILCR 
(PCI) [pCi)-l  (unitless) Ladionuclides 

9.268+04 
3.728+03 

NA 
3.678+05 
8.84E+06 
2.15E+01 
1.79E+01 
1.648+04 
5.048+02 
1.04E+04 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E-11 
1.70E- 10 
1.60E-11 
1.60E- 11 
2.00E- 11 

2.59E-06 
2.90E-06 

1.32E-05 
1.15E-05 
1.18E-09 
3.048-09 
2.62E-07 
8.068-09 
2.07E-07 

NA 

3.07E-05 - I ILCR Summation - 
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tisk Equation 

IR 
R 
EF 
ED 
c v  

Table H.IV.1-%i 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Adult)  
Via Ingestion of Vegetables  and Fruits 

CvX E F X E D X R X I R  - - 

Ingestion rate o f  fruits or vegetables 
Fraction ingested fromcontaniinated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

1.20E+01 
1.35E+00 

NA 
7.94E+01 
5.598+02 
9.228-02 
7.686-02 
1.60E+01 
1.38E+00 
2.10E+01 

0.122 kg/day 
0.5 (Unitless) 
3.50 daysiyear 

70 Year 

CDI CSF ILCR 
(PCi)  

1.798+04 
1.02E+03 

NA 
1.19E+O5 
8.35E+05 
1.388+02 
1.15E+02 
2.408+04 
2.06 E +03 
3.148+04 

( p a ) - '  

2.80E- 11 
7.80E- 10 
1.4OE- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E-11 
1.60E-11 
2.00E- 11 

(unitless) 

5.02E-07 
1.57E -06 

NA 
427E-06 
1.09E-06 
7.588-09 
1.95E-08 
3.848-07 
3.30E-08 
6.298-07 

8.51E-06 - [ILCR Summation - 



Table H.N.1-25 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via External Radiation 

Risk Equation 

EF 
ED 
ETi 
ET, 
SH; 
SH, 
DR 

= [DR X EF X ED X mi X (1- SH;)] +[DR X EF X ED X ET, X (1 -SH,)] 

Fraction of year spent exposed 
Exposure duration 
Fraction ofday spent indoors 
Fractionofdayspent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

%37+ld 4.00E-01 pCig 
R%rn+sd 9.00E-01 pG/g 

Sr,+,d 2.6SE-01 pO/g 
T% 2.508-01 pG/g 
?h228+7d 1.08E+00 pG/g 
Thz%+lal 8.988-01 pG/g 
urn 4.01E+00 pG/g 
UZ3SLX 1.12E-01 pG/g 
um+u 2.40E+00 p u g  

b222 NA P G/g 

0.96 (uni tless) 

0.76 ( unitless) 
0.24 (unitless) 
0.5 (unitless) 

0 (unitless) 

70 Year 

(see table below) 

CDI CSF ILCR 
tadionuclides (year pCi/g) (g/pCi-year)-' (unit less) 

I 
1.67E+01 
3.7SE+01 

NA 
l.lOE+Ol 
1.04E+01 
4.50E+01 
3.746+01 
1.678+02 
4.67E+00 
1.00E +02 

2.00E-06 
6.00E-06 
1.20E-09 

6.00E-13 
5.60E-06 
8.50E-06 
3.00E- 11 
?.JOE-07 
S.10E-08 

NA 

3.33E-OS 
2.2SE-04 

NA 

6.?SE-12 
2.52E-04 
3.188-04 
5.01 E-09 
1.12E-06 
S.10E -06 

8.358-04 - I ILCR Summation - 
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Table H.IV.1-27 
Summary of  Risk Quaotitation (radionuclides) 

Target Reccptor: Off- Property Pam Resident (Child) 
Via Inhalation of Gases  and Particulates 

CaX EFXEDXIR - Risk Equation - 

IR 
EF Exposure frequency 
ED Exposure duration 
ca 

Inhalation rate of gases (RAGS, 1989) 

Concentration of radionuclides in air 

%7+ld 1.728-07 pCi/tns 
R??26+fid 5.58E-07 pCi/n? 

Sr,+,d 1.41E-07 pCi/nr' 
T%9 3.348-07 pCi/nS 
%Zi+7d 4.778-07 pCi/m' 
%32 + lcLi 4.648-07 pCi/n? 
U234 1.78E-06 pCi/nr' 
"235hH JSSE-08 pCi/n? 
U23R+2d 2.098-06 pCi/tI? 

Rn22 7.54E+00 p G / d  

12 rn'lday 
3-50 daystyear 

6 Year 
(see table below) 

CDI CSF ILCR 
(pc;)-' (unit Icss) tadionuclides (pc;) 

4.32E-03 
1.41E-02 

3.548-03 
8.42E-03 
1.20E-02 
1.17E-02 
4.498-02 
1.15E-03 
5.27E-02 

1.90E+05 

1.90E- 11 
7.00E-09 
7.30E- 13 
6.20E-11 
8.3OE- 12 
7.808-08 
l.lOE-07 
2.60E-08 
2.50E-08 
2.4OE-08 

8.22E- 14 
9.84E- 11 
1.39E -07 
2.20E- 13 
6.99E- 14 
9.39E- 10 
1.29E-09 
1.17E-09 
2.87E- 11 
1.26 E-09 

1.41E-07 - LILCR Summation - 







T a b l e  H.IV.l-29 
S u m m a r y  of Risk  Q u a n t i t a t i o n  (radionucl ides)  

T a r g c t  R e c e p t o r :  O f f - P r o p e r t y  Farm R c s i d e n t  ( C h i l d )  
V i a  Inc idental  Ingest ion of S o i l  

- Risk Equation - 

IRS 
EF Exposure kequency 
ED Exposure Duration 
FI Fractional Intake 
cs 

Ingestion rate ofsoil (RAGS, 1989) 

Concentration of radionuclides in soil 

CS XEFX EDX FIXIR 

200 mg/day 
350 dayshear 

G Year 
1 (unitless) 

4.00E-04 
9.00E-04 

2.6-92 - 04 
2.5OE-04 
1.08E-03 
8.9SE-04 
4.01E - 03 
1.12E-04 
2.40E - 03 

NA 

pCi/mg 
pCi/mg 
pCi/nig 
pCi/mg 
pCi/mg 
pCi/nig 
pCi/mg 
pCi/nig 
pCi/nig 
pCi/mg 

CDI CSF ILCR 
Radionuclides (pCi) 

1.68E+02 
3.78E+02 

l.llE+02 
1.05E+02 
4.54E+M 
3.77E+02 
l.G8E+O3 
4.70E+01 
1.01E+O3 

NA 

(pCi)-' 

2.80E- 11 
7.SOE- 10 
1.40E- 12 
3.GOE- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.6OE-11 
1.60E-11 
2.00E-11 

(uni tless) 

4.70E - 09 
2.95E-07 

4.01E - 09 
1.37E- 10 
2.49E-08 
G.41E-08 
2d9E-08 
7.53E - 10 
2.02E-08 

NA 

4.41E- 07 - I ILCR Summation - 
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t i s t  Equation 

IR 
EF 
ED 
n 
Cw 

Table H.IV.1-32 
Summary of Risk Quantitation (radionuclidcs) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Drinking Water 

C w X E F X E D X F I X I R  - - 

Ingestion rate of groundwater( RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional Intake for radionuclides 
Concentration of radionuclides in groundwater 

1 Ilday 
3.50 daysbear 

6 Year 
1 (Unitless) 

(see table below) 

NA 
NA 
NA 
6.50E-01 
2.248+01 

NA 
NA 
NA 
1.77E-01 
2.17E+00 

CDI CSF ILCR 
(pci)- ’  (unitlcss) .adionuclides ( p c i )  

NA 
NA 
NA 
l.37E+03 
4.71 E+04 

NA 
NA 
NA 
3.71E+02 
4.56E+03 

2.8OE- 11 
7.8OE- 10 
1.40E-12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

NA 
N A  
NA ‘ 

1.91E-08 
6.128-08 

NA 
NA 
NA 
5.94E-09 
9.11 E-08 

2.07E-07 - I ILCR Summation - 
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lisk Equation 

IR 
FI 
EF 
ED 
Cf 

Table H-IV.l-35 
Summary o f  Risk Quantitatioo (radionuclidcs) 

Target Rcccptor: OTf-Property Farm Rcsidcnt (Cbild) 
Via Ingestion of Meat Products 

CfX EFX ED X FI X 1R - - 

Ingestion rate of meat 
Fraction ingested fromcontaniinated source 
Exposure frequency 
Exposure duration 
Concentration ofradionuclides in meat 

3.6OE-02 
2.818-04 

NA 
9.978-03 

3.SlE-06 
2.928-06 
7.42E-04 
2.258-0s 
4.66 E - 04 

1.02E+00 

pcilkg 
pcilkg 
pcilkg 
pcilkg 
pcilkg 
pcilkg 
pcillig 
pC/kg 
pcilkg 
pcilkg 

0.039 kg/day 
0.75 (Unitless) 
350 daysbear 

6 Year 

CDI CSF ILCR 
ladionuclidcs (pCi) (pCi)-' (unit less) 

2.21E+00 
1.73E-02 

NA 
6.13E-01 
6.27E+01 
2.168-04 
1.80E-04 
4.56E-02 
1.388-03 
2.86E-02 

2.80E- 11 
7.80E-10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
S.SOE- 11 
1.70E-10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

6.18E-11 
1.3SE-11 

NA 
2.21E- 11 
8.14E- 11 
1.19E-14 
3.0SE- 14 
7.29E- 13 
2.21E- 14 
5.726- 13 

1.80E- 10 - [ ILCR Summation - 
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Zisk Equation 

IR 
FI 
EF 
ED 
CP 

Table H.lV.1-37 
Summary of  Risk Quantitatioo (radioouclidcs) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Dairy Products 

Cp X EFX ED X FIX IR - - .  

Ingestion rate o f  dairy products 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in aniiiul products 

1.26E+01 
5.06E-01 

NA 
4.998+01 
1.20E+03 
2.928-03 
2.44E-03 
3-.23E+00 
6.85E-02 
1.41 E+OO 

0.9 Vday 
0.75 (Unitless) 
350 daysbear 

6 Year 

CDI CSF ILCR 
.adioouelides (pCi) (pCi1-l (unit less) 

1.798+04 
7.18E+02 

NA 
7.08E+04 
1.70E+06 
4.14E+00 
3.45E+00 
3.158+03 
9.71E+01 
2.00E+03 

2.80E- 11 
7.80E- 10 
1.JOE- 12 
3.60E- 11 
1.30E- 12 
S.SOE- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
?.WE- 11 

5.00E -07 
5.6OE-07 

NA 
235 E-06 
2.22E-06 
2.2SE- 10 
5.87E- 10 
5.058-08 
1.SSE-09 
1.00E-08 

5.92E-06 - I ILCR Summation - 
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lisk Equation 

IR 
FI 
EF 
ED 
c v  

Table KIV.1-39 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Child) 
Via Ingestion of Vegetables and Fruits 

CvX EFX EDX FIX 1R 

Ingestion rate of fruits or vegetables 
Fraction ingested frorii containinate- Jource 
Exposure frequency 
Exposure duration 
Chcentntion of radionuclides in vegetables 

l.?OE+Ol 
1.3SE+00 

7.94E+01 
S.S9E+O2 
9.1-2E-01- 
7.688-02 
1.60E+01 
1.38E+00 
2.10E+01 

NA 

0.106 kg/day 
0.5 (Unitless) 
3SO daystyear 

6 Year 

CDI CSP ILCR 
ladionuclides ( p a )  [pCi)-l (unitless) 

%7+ld 1.348+03 2.80E- 11 3.748-08 
RaZm+$d 1.50E+02 7.8OE- 10 1.17E-07 

srXl+ld 8.848+03 3.60E- 11 3.188-07 
6.2?E+O4 l 3 E -  12 8.08 E -08 

5.64E- 10 W2S+7d 1.03E+01 5.50E- 11 
%+lorl d.SSE+OO 1.70E- 10 1.45E-09 
urn 1.79E+03 1.60E- 11 2.86E-08 
uZ3SRX 1.54 E +02 1.60E- 11 1.46E-09 
uzw+2d 2.34E+03 2.00E- 11 4.68E-08 

h222 NA 1.40E- 12 NA 

T% 

6.338-07 - I ILCR Summation - 



Table KIV.1-40 
Summary of Risk Quaatitation (radioouclidcs) 

Target Rcccptor: Off-Propcrty Farm Rcsidcot (Child) 
Via External Radiation 

Risk Equation = [DR X EFX ED X E T  X(l-SH;)] +[DR X EFX ED X ET,X (l-SHo)] 

Fraction ofyear spent exposed 
Exposure duration 
Fraction ofdayspent indoors 
Fraction of dayspent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentralions 

4.00E-01 pG/g 
9.00E-01 pG/g 

2.658-01 pG/g 
2.SOE-01 pG/g 
l.O8E+00 pG/g 
8.98E-01 pG/g 
4.01E+00 pG/g 
1.12E-01 pG/g 
2.40E+00 pG/g 

NA p G/g 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 

0.S (unitless) 
0 (unitless) 

(see table below) 

CDI CSP ILCR 
tadionuclidcs (ycar pCi/g) (g/pCi-ycar)-' (unitlcss) 

% 3 7 + l d  1.24E+00 L00E-06 2.49E-06 
R%%+Sd 2.80E+00 6.00E-06 1.68E-OS 
b2n NA 1.20E-09 NA 
Sr,+,, 8.24E-01 NA 
T% 7.788-01 6.00E- 13 4.67E- 13 
Tn226+7d 3.36E+OO 5.6OE-06 1.SSE-OS 
%S2+10d 2.798+00 8.SOE-06 2.378-05 
urn 1.2SE+01 3.OOE- 11 3.7JE- 10 

8.368-08 UPS,, 3.48E-01 2.4OE-07 
um+u 7.46E+00 5.10E-08 3.81 E-07 

6.23E-OS - I ILCR Summation - 
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Table XN.1-42 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property P a m  Residcnt (Adult) 
Via Inhalation of Gases and Particulates 

tisk Equation 

IR 
EF 
ED 
ca 

CaX EFX ED X IR - - 

Inhalation rate of gases (RAGS. 1989) 
Fxposure frequency 
Exposure duration 
Concentration of radionuclides in air 

4.07E-07 
1.57E-06 
2.20E+01 
2.38E-07 
1.598-07 
1.71 E-06 
6.978-07 
6.46E-06 
5.278-08 
3.878-06 

pGInS 
p cdn? 
p G/n? 
pfi/nS 
pG/ni3 
pG/m3 
pOln1~ 
pG/nS 
pG/n? 
pC/n? 

20 ni'tday 
350 daysbear 
70 Year 

(see table below) 

CDI CSF ILCK 
ladionuclides (pCi) (pCi)-' (unitless) 

%37+1rl 1.99E-01 1.90E- 11 3.79E-12 
Ra2%+Sd 7.698-01 7.00E-09 5.398-09 

7.308- 13 7.87E-06 h 2 7 l  1.08E+07 
srSO+ld 1.17E-01 ' 6.208- 11 7.23E-12 

8.30E- 12 6.47E- 13 Tc99 7.79E-02 
Th22$+7d 8.388-01 7.808-08 6 34 E - 08 
Th232+lOd 3.42E-01 l.lOE-07 3.76E-08 

2.608-08 8.23E-08 urn 3.17E+00 
U23SL36 2.588-02 2.508-08 6.468- 10 
um+2d 1.90E+00 2.40E-08 4.55E-08 

8.1 1 E-06 - I I IXR Summation - 
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Table H.IV.l-44 

tisk Equation 

IRS 
EF 
ED 
FI 
cs 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: On -Property Farm Resident (Adult) 

Via Incidental Ingestion of Soil 

CS X E F X  E D X  FI X I R  - - 

Ingestion rate of soil (RAGS. 1989) 
Evposure kequency 
Evposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

180 mg/day 
350 daysbear 
70 Year 
1 (unitless) 

5.76E- 04 
1.6OE - 03 

3.69E - 04 
2.5OE-04 
1.55E- 03 
l.llE-03 
6.44E-03 
7.ME-05 
3.8SE-03 

NA 

pCi/nig 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/nig 
pCi/mg 
pCi/nig 
pCi/nig 
pCi/mg 

CDI CSF ILCR 
Xadionuclides ( p a )  

2.54E+03 
7.ME + 03 

1.63E +03 
1.1OE+03 
6.81E +03 
4.9OE + 03 
2.84E+04 
3.11E+02 
1.70E+04 

NA 

(pCi1-l 

2.80E - 1 1 
7.80E- 10 
1.4OE- 12 
3.6OE-11 
1.3oE- 12 
5.50E - 11 
1.70E- 10 
1.GOE- 11 
1.6OE-11 
2.oOE-11 

(unitless) 

7.11E-OS 
SSOE-C6 

5.8GE-OS 
1.43E-09 
3.7GE-07 
S.32E- 07 
4.54E-07 
4.98E-09 
3.4OE - 07 

NA 

7.64E - 06 - I ILCR Summation - 
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List Equation 

IR 
EF 
ED 
FI 
cw 

Table I-LlV.1-47 
Summary of Risk Quantitation (radionuclidcs) 

Rcfcrcoce Rcccptor: On-Propcrty Pam Rcsidcnt (Adult)  
Via Ingestion of Drinking Water 

CwX EFX E D X F I X  1R - - 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides ingroundwater 

NA 

NA 
6.788-01 
3.888+01 

5.90E-01 

NA 
NA 
NA 
2.27E-01 
3.31E+00 

2 Ifday 

70 Year 
3.50 daysbear 

1 (Unitless) 
(see table below) 

CDI CSF ILCR 
kadioouclides (PCi) (pCi)-' (unit less) 

NA 
2.89E+O4 

NA 
3.328+04 
1.90E+06 

NA 
NA 
NA 
1.1 I E+04 
1.6?E+OS 

2.8OE- 11 
7.80E- 10 
1.40E- 12 
3.60E-11 
1.30E- 12 
S.SOE- 11 
1.70E-10 
1.60E-11 
1.60E- 11 
L.OOE- 11 

NA 

NA 
2.2SE-OS 

1.20E-06 
2.47E-06 

NA 
NA 
NA 
1.788-07 
3.24E -06 

2.966-05 - ILCR Summation - 
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list Equation 

IR 
FI 
EF 
ED 
Cf 

Table EIV.1-50 
Summary of Risk Quantitation (radionuclidcs) 

Refcrence  Rcccptor: On-Property Farm Residcnt (Adult) 
Via Ingestion of Meat Products 

CfX EF X ED X FIX IR - - 

Ingestion rate of meat 
Fraction ingested from contaniinated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in nEat 

0.1 lig/day 
0.75 (Unitless) 
3M daystyear 
70 Year 

5.18E-02 
5.07E-04 

1.398-02 
1.03E+00 
5.048-06 
3.618-06 
1.19E-03 
1.538-05 
7.458-04 

NA 

pcilkg 

pcilkg 
pcilkg 
pcilkg 
pcilkg 
pcilkg 
pG1kg 
pcilkg 
pG/kg 

pGlkg 

CDI CSF ILCR 
tadioouclides ( p a )  (pCi)-' (u nitlcss) 

9.528+01 

NA 
2.SSE+O1 
1.89E+03 
9.26E-03 
6.648-03 

2.828-02 
1.37E +00 

9.328-01 

2.19E+00 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.SOE- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

2.66E-09 
7.27E- 10 

NA 
9.18E- 10 
2.458-09 
5.09E- 13 
1.13E- 12 
3.50E- 11 
4.51E-13 
2.74E-11 

6.83E-09 - 1 ILCR Summation - 
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<ish Equation 

1R 
FI 
EF 
ED 
CP 

Table H.N.1-52 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Dairy Products 

- - C p X E F X E D X F I X I R  

Ingestion rate of dairy products 
Fraction ingested fromcontaniinated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in anit id products 

1.S 1E+01 
9.16E-01 

NA 
6.95E+01 
1.2 1 E+03 
4.208-03 
3.01E-03 

4.74E-02 
3.S7E+00 

2.26E+00 

0.4 Ilday 
0.75 (Unitless) 
350 daysiyear 
70 Year 

CDI CSI: ILCR 
.adionuclides (pc;) (pCi)-' (unitless) 

%37+ld 1.33E+05 2.80E- 11 3.73E-06 
%m+fid 6.73E+03 7.80E- 10 5.25E-06 
in222 NA l.-lOE- 12 NA 
% + l d  5.1 1 E+OS 3.60E- 11 1.84E-05 

8.9lE+06 1.30E- 12 1.16E-05 
1.70E-09 131228+7d 3.08E+01 5.SOE- 11 

k?..+lM 2.21E+01 1.70E- 10 3.768-09 
J23.i 2.63E+04 1.60E- 11 4.20E -07 
JZ3JSE-S 3.48E+02 1.60E- 11 5.57E-09 
Jm+Zd 1.668+04 2.OOE- 11 3.32E-07 

k 9  

3.978-05 - I ILCR Summation - 
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lisk F4uation 

IR 
R 
EF 
ED 
cv 

Table I-LIV.1-54 
Summary of Risk Quantitatioo (radionuclidcs) 

Reference Receptor: 00- Property Farm Resident (Adult)  
Via Ingcstioo of Vegctablcs and Fruits 

C v X E F X E D X F I X I R  - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of  radionuclides in vegetables 

1.738+01 
5.46E+OO 

NA 
1.06E+02 
6.928+02 
1.338-01 
9.51E-02 
2.58E+O1 
1.48E+00 
3.288+01 

0.122 kglday 
0.5 (Unitless) 
350 dayslyear 
70 Year 

CDI cs I' ILcn 
ladionuclides (pCi) (pCi1-l (unit Icss) 

% . 3 7 + 1 d  2.586+04 2.SOE- 11 7.23E-07 
R%,+$d 8.16E+03 7.80E- 10 6.368-06 
R"222 NA 1.40E- 12 NA 
%+ld l.SbE+OS 3.60E- 11 5.70E-06 
T% 1.03E+06 1.30E- 12 1.348-06 

l.lOE-08 Th22S+7d 1.99E+02 S.50E- 11 
%..+lOd 1.42E+02 1.70E- 10 2.41E-08 
u2w 3.8SE+W 1.60E-11 6.16E-07 

1.60E- 11 3.54E-08 "'L1SLH 2.1-1E+03 
Urn+zd 4.91E+O4 2.00E- 11 9.828-07 

1.58E-OS - I IIXR Summation - 
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Table  H.W.1-55 
Summary of Risk Quantitation (radionuclidcs) 

Rcfcrcncc Rcccptor: On-Propcrty P a m  Rcsidcnt (Adult) 
Via  External Radiation 

Risk muation 

EF 
ED 
ET; 

SH; 
ET* 

SH* 
DR 

= [DR X EFX ED X E T  X(l-SH;)] +(DR X EFX ED X ET,X (l-SIlJ] 

Fmction of year spent exposed 
Exposure duration 
Fraction of day spent indoors 
Fnction of day spent outdoors 
Shield fuctor indoors 
Shield fuctor ourdoors 
Radionuclide specific dose concentrations 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 

0 (unitless) 

70 Year 

(see table below) 

5.76E-01 pG/g 
1.60E+00 pG/g 

NA pG/g 
3.69E-01 pG/g 
2.50E-01 pG/y 
1.55E+00 pG/g 
l.llE+OO pG/g 
6.44E+00 pG/g 

3.8SE+00 pG/g 
7.06E-02 pG/g 

CDI CSF ILCK 
(year pCi/g) 

2.4OE+Ol 
6.678+01 

NA 
1.54E+01 
1.04E+01 
6.368 +O 1 
1.62E+01 
2.688+02 
2.94E+00 
1.60E+02 

(g/pCi -year)-’ 

2.00 E - 06 
6.00E-06 
1.20E-09 

6.00E- 13 
S.60E-06 
8.SOE-06 
3.00E- 11 
?.JOE-07 
S.10E-08 

NA 

(unit less) 

4.80E-OS 
4.00E-04 

NA 

6.25E- 12 
3.62E-04 
3.938-04 
8.0SE-09 
7.06E-07 
8.18E-06 

1.21E-03 - I ILCR Summation - 
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i i s k  Equation 

IR 
EF 
ED 
Ca 

Table H-IV.1-57 
Summary of Risk Quantitation (radionuclidcs) 

Rcfcrcncc Rcccptor: On-Propcrty Farm Rcsidcnt (Child)  
Via Inhalation of G a s e s  and Particulates 

CDI CSF ILCR 
tadionuclidcs (pCi) ( p Ci )- (unitless) 

C a X E F X E D X I R  - - 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration ofradionuclides in air 

12 ni'tciay 
350 dayslyear 

6 Year 
(see :able below) 

4.07E-07 
1.S7E-06 
2.20E+01 
2.38E-07 
1.S9E-07 
1.71 E-06 
6.97E-07 
6.46E-06 
S.27E-08 
3.87E-06 

1.03E-02 
3.96E-02 
5.S4E+OS 
6.00E -03 
4.01E-03 
4.31E-01 
1.76E-02 
1.63E-01 
1.33E-03 
9.7SE-02 

1.90E- 11 
7.00E-09 
7.3OE- 13 
6.20E- 11 
8.3OE- 12 
7.808-08 
1.lOE-07 
2.608-08 
2.SOE-08 
2.4OE-08 

1.9SE- 13 
2.77E- 10 
4.05E-07 
3.72E- 13 
3.33E- 14 
3.36E-09 
1.93E-09 
4.23E-09 
3.31E-11 
2.34E-09 

4.178-07 - 1 ILCR Summation - 
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T a b l e  H . I V . l - 5 9  
S u m m a r y  of Risk Q u a n t i t a t i o n  ( r a d i o n u c l i d c s )  

R e f e r e n c e  R c c c p t o r :  O n - P r o p e r t y  Farm R c s i d c n t  (Chi ld)  
V i a  Inc idcntal  I n g e s t i o n  of S o i l  

Xisk Equation 

IRS 
EF 
ED 
FI 
cs 

Ingestion rate ofsoil (RAGS. 1989) 
Exposure kequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

CS X EFX EDX FIX IR 

5.7GE - 04 
1.60E-03 

3.69E - 04 
2.SOE - C4 
1.SSE-03 
1.1 1E - 03 
6.44E-03 
7.NE-05 
3.5.5E - 03 

NA 

pCi/mg 
pCi/nig 
pCi/nig 
pCi/nig 
pCi/nig 
pCi/nig 
pCi/nig 
pCi/nig 
pCi/nig 
pCi/nig 

200 mdday 
350 daysfyear 

6 Year 
1 (unitless) 

hdionucl idcs  (pCi) 

2.42E+02 
6.72E+02 

1.5SE+02 
1.OSE+02 
6.51E+02 
4.66E+02 
2.70E+03 
2.97E+O1 
1.62E+O3 

NA 

(pCi)-‘ 

2.YOE - 1 1 
7.80E- 10 
1.40E- 12 
3.60E- 11 
l.3oE- 12 
5.SOE- 11 
1.70E-10 
1.6OE- 11 
1.6OE-11 
2.00E- 11 

(unitlcss) 

6.77E-CY3 
S.24E - 07 

5.SYE-09 
1.37E- 10 
3.58E-08 
7.93E -08 
4.33E - 08 
4.74E - 10 
3.27E-08 

NA 

7.28E - 07 - 1 ILCR Summation - 
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Table H.IV.1-62 
Summary of Risk Quantitation (radionuclidcs) 

Reference Rcccptor: On-Property Farm Rcsidcnt (Child) 
Via Ingestion of Drinking Water 

Risk Equation 

IR 
EF 
ED 
Fl 
cw 

C w X E E X E D X F I X I R  - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA 
5.90E-01 

NA 
6.78E-01 
3.886+01 

NA 
NA 
N A 
?.YE-01 
3.31E+00 

1 l/day 
350 daysbear 

6 Year 
1 (Unitless) 

(see table below) 

CDI CSF ILCK 
Radionucl ides  (pCi)  ( p Ci )- (unit less) 

NA 
1.14E+03 

NA 
1.12E+O3 
8.14Ef04 

NA 
NA 
NA 
4.77E+02 
6.95 E i o 3  

2.80E- 11 
7.SOE- 10 
1.40E- 12 
3.60E- 11  
1.30E- 12 
5.50E- 11 
1.7OE- 10 
1.60E- I1 
1.60E- 11 
XOE-11 

NA 
9.66E-07 

NA 
5.13E-08 
1.06E-07 

NA 
NA 
NA 
7.63E-09 
1.39 E -07 

1 
I I I X R  Summation - - 1.27E-06 
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tisk fiuatioo 

IR 
R 
EF 
ED 
Cf 

Table H.IV.l-65 
Summary of Risk Quantitation (radionuclidcs) 

Rcfcrcncc Rcccptor: On- Propcrty Farm Rcsidcnt (Child) 
Via Ingestion of Meat Products 

CfX EF X ED X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in  meat 

S.1SE-02 
S.07E -04 

1.39E-02 
1.03E+00 
S.04 E -06 
3.61E-06 
1.19E-03 
1.S3E-0s 
7.4SE-04 

NA 

0.039 kgday 
0.7s (Unitless) 
3.50 daysiycar 

6 Year 

CDI CSF ILCR 
Rad i on uc l i  d cs (pCi) (p Ci )- (unitless) 

1 
3.1SE+00 
3.12E-02 

NA 
8..5?E-01 
6.3lE+Ol 
3.09 E -04 
2.12E-04 
/.22E-02 
9.42E-04 
4.58E-02 

- _  

2.SOE- 11 
7.80E- 10 
1.40E- 12 
3.60E- 1; 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- i i  

8.91 E- 11 
2.43E- 11 

NA 
5.07E- 11 
8.20E-11 
1.70E- 14 
3.77E- 14 
1.17E- 12 
1.51E-14 
9.16E- 13 

2.28E- 10 - 1 ILCR Summation - 
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l i s k  FAuation 

IR 
FI 
EF 
ED 
CP 

Table H.lV.1-67 
Summary of Risk Quantitation (radionuclides) 

Refercncc Receptor: %-Property Farm Rcsidcnt (Child) 
V ia  Ingestion of Dairy Products 

C p X E F X E D X F I X l R  - - 

Ingestion rate of dairy producn 
Fnction ingested from con1aininated source 
Exposure frequency 
Exposure duration 
Concentration o f  radionuclides in aninul products 

t.SIE+OI 
9.16E-01 

6.9SE+01 
1.21E+O3 
4.10E-03 
3.01E-03 

NA 

3.57E+00 

2.26E+00 
J.74E-02 

0.9 Ifday 
0.7.5 (Unitless) 
350 daysiyear 

6 Year 

CDI CSF ILCR 
ladionuclides (pCi) (pCi)-' (unit Icss) 

2.578+04 
l.;OE+03 

NA 
O.SSE+04 
1.72E+06 
5.9SE+00 
4.27Ei00 
5.07E+03 
6.71E+01 
3.20E+03 

2.80E- 11 
7.80E- 10 
1.JOE- 12 
3.60E- 11 
1.30E- 12 
S.SOE- 11 
1.70E- 10 
!.60E- 11 
1.60E- 11 
LOOE- 11 

7.208-07 
1.01E-06 

NA 
3.SSE-06 
2.23 E 106 
3.27E- 10 
7.26E- 10 
S.11E-08 
1.07E - 09 
6.4OE-08 

7.666-06 - I ILCR Summation - 
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tisk muat ion 

IR 
FI 
EF 
ED 
cv 

Table H.lV.1-69 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Farm Resident (Child) 
Via Ingcstion of Vcgctablcs and Fruits 

CDI CSP ILCH 

O X  E F X E D X F I X I R  - - 

Ingestion rate of fruits or vegetables 
Fraction ingested froincontaminated source 
Exposure frequency 
Exposure duration 
Concentration o f  radionuclides in vcgctnhles 

0.106 kglday 
0.5 (Unitless) 
3SO daystyear 

6 Year 

1.7jE+01 
5.46E+00 

1.06 E +02 

l.3ZE-01 
Y.SIE-01- 

NA 

6.92E+02 

?.SSE+01 
1.4SE+00 
3.2SE+01 

tadionuclides ( p a )  (pCi)-' (u nit Icss) 

%37+ld 1.92E+03 2.SOE- 1: S.38 E-OS 
R%%+Sd 6.0s E +O2 7.SOE- 10 4.74E-07 

Sr,+,Ci 1.18E+04 3.60E- 11 4.2SE-07 
=% 7.70E+O4 1.30E- 12 1.00E-07 
Tn22$+7d 1.1SE +Ol S.SOE-11 8.16E- 10 
%U+lod 1.06E+01 1.7OE- 10 1.SOE-09 
urn ?.S7E+03 1.60E- 11 4.598-08 
~ 3 5 E 6  1.6SE+O? 1.60E- 11 2.63E-09 
"238+21 Z.6GE+O3 2.00E-11 7.3lE-05 

%a NA 1.10E- 12 NA 

I ILCH Summation - - 1.1SE-06 

_ .  , i . .  . 
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Table H-N.1-70 
Summary of Risk Quantitation (radionuclides) 

Rcfcrcncc Rcccptor: On-Propcrly Farm Rcsidcnt (Child)  
V ia  External Radiation 

i isk Equation 

EF 
ED 
ET; 
ET0 
SY 
SHO 
DR 

= [DR X EFX ED X E T  X(i-SHi)] +[DR X EF X ED X ET, X (1-SI 

Fraction of year spent exposured 
Exposure duration 
Fraction of day spent indoors 
Fraction of dayspent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

5.768-01 pCi/g 
1.60E+00 pG/g 

NA p G/g 
3.698-01 pG/g 
2.50E-01 pG/g 
l.S5E+00 pGig 
l.liE+OO pG!3 
6.14E+00 pCi/g 
7.06E-02 pG/g 
3.S5E+00 pG/g 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (uni tlcss) 

0.S (unitless) 
0 (unitless) 

(see table below) 

CDI CSF ILCR 
Radionuclides (year pCi/g) (g/pCi-year)-' (unitless) 

%37+1d I.SE+W 2.OE- 06 3.6E-06 
5.OE+CO 6.OE-06 3.OE-05 

i.lE+iYJ NA 
7.SE-01 6.OE- 13 J.7E- 13 
4.8E+00 5.6E-06 2.7 E - a5 
3.5E+CO 8.5E-06 2.9E-05 
Z.OE+Ol 3.OE-11 6.OE- 10 
22E-91 2.46-07 5.3E-13 
i.?E+Ot 5.lE-08 6.iE-07 

NA 1.2E-09 NA 







t isk  Equation 

IR 
FI 
EF 
ED 
C f  

Table H.IV.l-72 
Summary of Risk Quantitation (radionuclidcs) 
Rcfcrcncc l lcccptor: Milk and Mcat Consumer 

Via Ingestion of Meat Products 

CfX EFX ED X FIX IR 

Ingestion rate o f  meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of rdionuclides i n  meat 

5.18E-02 
5.07E-04 

NA 
1.39E-02 
1.03E+00 
5.01E -06 
3.6 1 E-06 
1.19E -03 
1.53E-05 
7.45E-04 

0.1 lidday 
0.75 (Unitless) 
3.50 dayslyear 
70 Year 

CDI cs F i i s x  
(u n i t IC ss) tadionuclides (pCi) ( p Ci )- 

9.52E+01 
9.32E-01 

N A 
2.5ZE+01 
1.89E+03 
9.26E-03 
6.64E-03 
2.19E+O0 
2.82E-02 
1 .j7E +00 

'.SOE- 11 
7.SOE- 10 
1.4OE- 12 
3.60E- 11 
l.30E- 12 

1.70E-10 
5.50E- 11 

1.50E- 11 
1.6OE- 11 
2.OOE- 11 

2.66E-09 

NA 
9.1SE- 10 
1.4SE-09 
5.09E- 13 
1.13E-I2 
3.50E- I1 
4.5 1 E- 13 
2.74E- ! 1 

7.27E- 10 

6.83E-09 - I iLcn Summation - 



\ 
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Table I-LN.1-74 
Summary of Risk Quantitatioo (radionuclidcs) 
Rcfcrcncc  Rcccptor: Milk and Mcat Consurncr 

Via Ingestion of Dairy Products 

l isk Equation - - C p X E F X E D X F I X I R  

1R 
FI 
EF Exposure frequency 
ED Exposure duration 
CP 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides i n  aniiiwl products 

1.81E+01 
9.16E-01 

NA 
6.95E+01 

4.20E-03 
3.01E-03 
3.57E+00 

1 .L 1 E +03 

4.74E-02 
1.26E +00 

0.4 llday 
0.75 (Unitless) 
350 daystyea 
70 Year 

CDI cs 1: 11-CK 
ladionuclides (pCi) (pc;)-' (unitless) 

Cs137+1d l.SE+OS 2.EOE-11 3.73E-06 
R%m+sd 6.738+03 7.80E- 10 5.25E-06 
b . 2  NA 1.40E- 12 NA 
Sr%ld 5 .  I1 E i o 5  3.60E- 11 1 . m - 0 5  

Tn2S2+lCM 

U3R+Zd 1.66E+O4 ?-.OOE- 11 3.2E-07 

T% 8.91E+06 l.3OE- 12. 1. I6 E-05 
5.5OE- 11 1.70E-09 %2S+7d 3.OSE+01 

1.21 E t o 1  1.70E- 10 3.76 E-09 
urn -.bE+OJ 1.60E- 11 4.2OE-07 
UnSE4 3.48E+O:! 1.60E- 11 5.57E-09 

7 -- 

3.97E-OS - I I IXH Summation - 



6'372 

a 
I 

p 



i 

. 



Risk Equation 

IR 
EF 
ED 
Ca 

Table H.N.1-76 
Summary of Risk Quantitation (radionuclides) 

Rcfcrcnce Rcccptor: Cornmcrcialflndustrid Uscr 
Via  Inhalation of Gases  and Particulates 

C a X E F X E D X I R  - - 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

1.9E-07 
8.2 E- 07 
l.lE+OL 
1.9E- 07 
1.4E- 07 
5.48-07 
6.08-07 
2.OE-06 
1.7E-OS 
3.68-06 

20 m'lday 
2.W daystyear 
2S Year 

(see table below) 

CDI CSF ILCR 
Radio n uc l i  des ( p a )  (pci)-I  (u nitlcss) 

2.3E - 02 
1.OE-01 

2.3 E- 02 
1.7E-02 
6.7E-02 
7.5E-02 
2.SE-01 
5.3E-03 
4.SE-01 

1.3E+06 

1.9E- 11 
7.OE-09 
7.3E- 13 
6.2E- I 1  
8.3E- 12 
7.SE-OS 
l.lE-07 
2.6E-CB 
?.SE-08 
2.JE-OS 

4.1E- 13 
7.1E- 10 
1.OE-06 
1.4E- 17- 
1.4E- 13 
S.?E-09 
8.3E-09 
6.6E-09 
l.SE- 10 
l.lE-OS 

1 ILCR Summation - - 1.1E-05 







T a b l e  H . I V . l - 7 8  
S u m m a r y  of Risk  Q u a n t i t a t i o n  ( rad ionuc l ides )  

R c f c r c n c c  R c c c p t o r :  Commcrcia l / Industr iaI  Uscr 
V i a  Inc idcnta l  Ingcs t ion  of Soil 

Zisk Equation 

1% 
EF Exposure kequency 
ED Exposure duration 
FI Fractional Intake 
cs 

Ingestion rate ofsoil (RAGS, 19S9) 

Concentration of r3dionuclides in soil 

S.76E-04 
1.6OE- 03 

i.69E-04 
2.50E-&! 
1.S.iE-03 
1.1 1E - 03 
6.44E-03 
7.OGE-OS 
3.SSE-03 

NA 

pCi/nig 
pCi/nig 
pCi/nig 
pCi/nig 
pCi/nig 
pCiinig 
pCi/nig 
pCi/nig 
pCi/nig 
pCi/nig 

CS X IT X E D X  FI X I R  

100 mg/day 
250 daysbear 
25 Year 
1 (unitless) 

(see table below) 

C D I  CSF ILCR 
lad ionucl idcs (pCi) (pCi)-' (unitlcss) 

%37+1d 3.60E+02 2.SOE- 11 1.01E-08 
R%26+8d 1.00E+O3 7.SOE- 10 7.SOE -07 

2.3 tE +02 3.6OE- 11 S.3OE - CY9 "93+ld 
rc99 l..iGE+02 1.30E- 12 2.03E- 10 
%€i+7, 9.69E +02 SSOE-11 5.-33E-OS 
I-+l22+lckl 5.94E i 02 1.70E- 10 1.1SE- 07 

NA 1.40E- 12 NA 922 

%4 4.03 E +Oi 1.60E - 11 (,.*E-08 
%,, 4.4lE+01 1.60E- 11 7.CGE- 10 
%38+2d 2.41ESO3 2.00E- 11 4.SlE-08 

1.08E-IX - I ILCR Summation - 



I 
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Table HIV.1-80 
Summary of Risk Quantitation (radionuclides) 

Reference Reccptor: Commercial/Industrial User 
Via External Radiation 

Radionuclides (year pCi/g) (g/pCi -year)-' (u nit less) 

% 3 7 + l d  5.888+00 2.00E-06 l.18E-05 
R%+Rd 1.63E+01 6.00E-06 9.79E-05 
h 2 2 2  NA 1.20E-09 NA 
SrSO+ld 3.768+00 NA NA 
T% 2.558+00 6.00E- 13 1.S3E- 12 
h + 7 d  1.58E+01 5.608-06 8.8SE-OS 
%32+l(*L 1.13E+01 8.508-06 9.62E-OS 
urn 6.57E+01 - 3.00E- 11 1.978-09 
U23SL36 7.20E-01 2.40E-07 1.738-07 
"m+u 3.93E+01 5.10E-08 2.00E-06 

. 2.978-04 - [ILCR Summation - 

l i s t  Equation 

EF 
ED 
E"'i 
E"'0 

SH; 
SHO 
DR 

= [DR X EFX ED X E"'i X(l-SH;)] +[DR X EF X ED X ETo X (l-SHo)] 

Fraction of year spent exposed 
Exposure duration 
Fractionofdayspent indoors 
Fractionofdayspentoutdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

0.68 (unitless) 
25 Year 
0.8 (unitless) 
0.2 (unitless) 
0.5 (unitless) 
0 (unitless) 

(see table below) 

5.76E-01 pWg 
1.60E+00 pWg 

NA P W  
3.698-01 pWg 
2.50E-01 pCYg 
1.55E+00 pWg 
l.llE+00 pCiig 
6.448+00 pa /g  

3.8SE+00 pWg 
7.06E-02 pWg 
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Table II.IV.l-82 
Summary of Intake and Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Inhalation of Gases and Particulates 

Equation 

IR 
ED 
ET 
EF 
CA 

= C A X E F X E D X I R X m  

Inhalation rate of  gases 
Exposure duration 
Exposure ti me 
Exposure frequency 
Concentration of radionuclides in air 

187E-07 
8.168-07 
1.13E+01 
186E-07 
1388-07 
5378-07 
6.01 E-07 
2.02 E-06 
4.65E-08 
3568-06 

083 083 083 m-'/hour 
6 12 38 14 years 
4 4 4 2 hour/day 

64 104 40 40 dayslyear 
(see table below) 

083 

CDI CSI; ILCR 
(u ni t less ) adioouclides (PCi) (pCi)-l 

2.13E-03 
930E-03 
1.29E+ 05 
2.12E-03 
157E-03 
6.12E-03 
685E-03 
230E-02 
5 30 E-04 
4.06 E-02 

190E-11 
7.00E-09 
730E- 13 
6.20E-11 
830E-12 
780E-08 
1.10E-07 
2.60 E-08 
250E-08 
2.408-08 

4.OSE-14 
651E-11 
9.408-08 
131E-13 
131 E- 14 
4.778- 10 
7538- 10 
5.988- 10 
132E-11 
9.74E- 10 



6 1 7 2  

e! 





Table H.IV.l-84 
Summary of Intake and Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion of Soil/Sediment 

ntake Equation = C S X E F X E D X F I X I R  

1R Ingestion rate of soil 
EF Exposure frequency 
ED Exposure duration 
FI Fractional Intake 
CS Concentration of cheniicals in soil 

5.768-04 
1.60E-03 

NA 
3.698-04 
2.50E -04 
1.55E-03 
1.11 E - 03 
6.448-03 
7.068-05 
3.858-03 

pCilnig 
pCilnig 
pCi1nig 
pciliiig 
pcilnig 
pCi1mg 
pCi1nig 
pCilnig 
pCilmg 
pciliiig 

child 

50 
64 
6 
1 

- 
senoir 

y o u r h w e  

25 25 13 mg/day 
104 40 40 dayslyear 

12 38 14 year 
1 1 1 (unitless) 

(see table below) 

CDI CS F ILCR 
!adionuclides (pCi) (pc i1- l  (unit less) 

5.5 1E -OS 
1.538-04 

3.53E-05 
2.398-05 
1.488-04 
1.06E-04 
6.16E-04 
6.76E-06 
3.68E-04 . 

NA 

2.808-11 
7.80E- 10 
1.408- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.608-11 
1.60E-11 
2.00E- 11 

1.54E- 15 
1.198-13 

NA 
1.27E- 15 
3.11E- 17 
8.16E - 15 
1.81E- 14 
9,868- IS 
1.08E- 16 
7.37E- 15 

1.66E- 13 - I IIKR Summation - 
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Table Ii.IV.1-88 

Summary of Intake and  Risk Quantitation (radionuclides) 
Reference Receptor: Developed Park User 

Via Incidental Ingestion while Wading 

Intake Equation = CS X EF X EDX IRsw 

IRW Ingestionrate of surface water 
EF Exposure frequency 
ED Exposure duration 
c s  Concentrationof radionuclides insurface water 

%l+ld 
'%6+8d 

Sr50+ld 

lh228+7d 
%P+lOd 

'2JUu6 
'238+2d 

R%l2 

Tc99 

"234 

NA 

NA 

NA 
NA 

NA 

3.51E-01 

2.OSE+00 

1.66E-04 

7.45E-03 
8.9SE-01 

pCi/l 
pcin 
pCVl 
pcin 
pcin 
pcin 
pcin 
pCVl 
pCi/l 
pcin 

senoir 
- child youlh adult 

0.035 Vday 

12 Y M S  

52 dayslyear 

(see table below) 

CDI CSF ILCR 
Ladionuclides (pCi) (pCi)-' (unitless) 

%37 +Id  NA ?.ME- 11 NA 
R?Z26+8d 7.688+00 7.80E- 10 5.998-09 

NA l.4OE- 12 NA 
4.488 + 01 3.60E- 11 1.61E-09 "W+ld 

rc99 NA 1.3OE- 12 NA 
%28+7d NA 5.50E- 11 NA 
IhzZ+lOd 3.638-03 1.70E- 10 6.16E- 13 
u2w NA 1.6OE- 11 NA 
u 2 W 6  1.63E-01 1.60E- 11 2.6OE- 12 
u23!3+2d 1.96E+01 2.00E- 11 3.92E- 10 

e% 

7.99E-09 - I ILCR Summation - 



Tab le I-I.IV.l- 89 
Summary of Risk Quantitatioo (radionuclides) 

Reference Receptor: Developed Park User  
Via External Radiat ion 

List Equation 

EF 
ED 

ETi 
ET. 

SHi 
SHO 
CR 

= [CRXEFXEDX EToX(l-SHJ]+[CRX EFX EDXETiX(l-SHi)] 

senoir 
- child youth a 

Fractionof year spent exposed 0.18 0.28 0.11 0.11 (unitless) 
Exposure duration 6 12 38 14 years 
Fraction of day spent outdoors 0.17 .0.17 0.17 0.08 (unitless) 
Fractionof dayspent indous NA NA NA NA NA 
Shield factor indoors 0.5 0.5 0.5 0.5 (unitless) 
Shield factor outdoors (unitless) 
Radionuclide speci6c concentrations (see table below) 

Cs137+ld 
R%26+6d 

Sr50+ld 

%28+7d 
%2+ 10d 

u235Z?6 

R%22 

Tc, 

"23  

"238+2d 

5.76E-01 pCVg 
1.60E+00 pCVg 

NA PcVg 
3.698-01 pCVg 
2.50E-01 pCVg 
l.5SE+00 pCVg 
l.llE+OO pCVg 
6.44E+00 pCVg 
7.068-02 pCVg 
3.85E+00 pCVg 

CDI CSF ILCR 
tadionuclides (year pCi/g) (g/pCi-year)-' (unitless) 

Cs137+ld 9.15E-01 2.00E-06 1.838-06 
R%26+8d 2.54E+00 6.00E-06 1.53E-05 
R??22 NA 1.20E-09 NA 
Sr50+ld 5.868- 0 1 NA NA 
TC99 3.'97E-01 6.00E- 13 2.38E- 13 
%28+7d 2.46E+00 5.6OE-06 1.38E-05 
%,+lOd 1.76E + 00 S.5OE-06 1.SOE-OS 
434 . 1.02E + 0 1 3.OOE- 11 3.07E- 10 
U235Z?6 1.12E-01 2.4OE-07 2.69E-08 
u238+2d 6.12E+00 S.10E-08 3. EE-07 

I IIXR Summation - - 4.62E-05 
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Table H.IV.1-91 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Inhalation of Gases and Particulatcs 

Risk Equation = C A X E F X E D X I R X I T  

1R Inhalation rate of gases 
ED Eposure duration 
Er Exposure time 
EF Exposure frequency 
CA Concentration of radionuclides in a i  

I N E - O ~  

i a 6 ~ - 0 7  

8.168-07 
1.13E+01 

1388-07 
537E-07 
6.01 E-07 
2.028-06 
4.65 E-08 
3 56 E- 06 

senoir 
c h i l d w m a  

083 083 083 083 m.'/hour 
6 12 38 14 years 
1 2 2 1 hour/day 

26 39 52 26 dayslyear 
(see table below) 

CDI CSF ILCR 
tadionuclides (pCi) (pci)- l  (u ni t I css) 

8398-04 
3.66E-03 
5.07 E+04 
835 E-04 
6.19E-04 
2.41 E-03 
2.70E-03 
9.078-03 
2.098-04 
1.60 E-02 

190E- 11 
7.00 E-09 
730E- 13 
6.20E- 11 
83OE-12 
780E-08 
1.lOE-07 
2.60 E- 08 
2508-08 
2.408-08 

1-59 E- 14 
356E-11 
3.708-08 
5.18E- 14 
S.14E-15 
188E-10 
2978-10 
236E- 10 
5.226- 12 
384E- 10 

382E-08 - [ IILX Summation - 
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Table H.IV.1-93 
Summary of Risk Quantitation (radionuclidcs) 

Refcrence Reccptor: Wildlife R c s e m  Uscr 
Via Incidcntal Ingcstion of Soil/Sedimcnt 

Risk Equation = C S X E F X E D X F I X I R  

IR Ingestion rate of soil 
EF Exposure frequency 
ED Exposure duration 
FI Fractional Intake 
CS Concentration of chemicals in soil 

5.768-04 
1.608 - 03 

NA 
3.698-04 
2.508-04 
1.558 -03 
1.1 1 E - 03 
6.448-03 
7.068-05 
3.858-03 

pCi/nig 
pCi/nig 
pCilnig 
pCilnig 
pcilnig 
pCi/iiig 
pCi/iiig 
pCilmg 
pCi/nig 
pciliiig 

senoir 

12 13 13 6 @day 
26 39 52 26 days/year 
6 12 38 
1 1 1 1 (unitless) 

14 year 

(see table below) 

CDI CS F ILCR 
Ladionuclides (pCi) (pCi)-' (un i t  IC ss) 

2.068+01 
5.738+0 1 

1.328+01 
8.968+00 
5.558+01 
3.988+0 1 
2.318+02 
2.538+00 
1.388+02 ' 

NA 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.608- 11 
1.308- 12 
5.508- 11 
1.70E- 10 
1.608- 11 
1.608- 11 
2.008- 11 

5.788- IO 
4.478-08 

NA 
4.768- 10 
1.168- 11 
3.058-09 
6.768-09 
3.698-09 
4.058- 11 
2.768-09 

6.2 18-08 - I ILCR ~ u m m a t i o n  - 
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Table lI.IV.l-97 
Summary of Risk Quantitation (radionuclides) 

Refcrence Receptor: Wildlife Reserve User 
Via Incidental Ingestion while Wading 

Risk Equation = CSXEFX EDX IRsw 

senoh 
child youth adult adult - 

IRsw 
EF Exposure bequency 
ED Exposure duration 
cs 

Ingestion rate o f  surface water 

Concentration of radionuclides in surface water 

Cs137+ld 
R??26+8d 

Sr90+ld 

%28+7d 
%2+lOd 

'23s/16 

RR222 

TC99 

u 2 w  

"233+2d 

NA 

NA 

NA 
NA 

NA 

3.5 I E -'Ol 

2.OSE+00 

1.66E-04 

7.15E - 03 
8.988 - 01 

pCVl, 
pci/l 
pcin 
PCfl 
pCVl 
pcin 
pCVl 
pCVl 
pcin 
pCVl 

0.035 Ifday 

12 Y W S  

52 dayslyear 

(see table below) 

.adionuclides (pCi) (unitlcss) 

% 7 + l d  
%26+8d 

"IO+ld 

%28+7d 
lhL32+10d 

'23wr6 

lw 
rc59 

J22y 

J233+2d 

NA 
7.6SE+00 

NA 
J.48E+01 

NA 
NA 

NA 
3.638 - 03 

1.63E-01 
1.96E+01 

2.8OE- 11 
7.8OE- 10 
1.JOE- 12 
3.60E- 11 
1.30E- 12 
S.SOE- 11 
1.70E- 10 
l.6OE- 11 
l.6OE- 11 
2.OOE- 11 

NA 

NA 

NA 
NA 

NA 

5.99E-09 

1.6 1 E-09 

6.16E- 13 

2.60E- 12 
3.92E- 10 

7.99E-09 - 1lI.CR Summation - 
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Table  II.IV.1-98 
Summary of Risk Quantitaiion (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via External  Radiation 

list Equation 

EF 
ED 

ETi 
ET. 

SHi 

= [CR X EF X ED X ETo X (I-Slld]+(CR X EFX ED X ET-, X ( I-SI-li)] 

Fractionof year spent exposed 
Exposure duration 
Fraction of day spent outdoors 
Fraction of dayspent indoars 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific concentrations 

cs131+ld 
R%?6+8d 

SrW+ld 

%28+7d 
%S+lOd 

'235K16 

Rnzz2 

Tc99 

U2W 

u233+2d 

5.76E-01 pCVg 
1.60E+00 pCVg 

NA PcVg 

1.55E+00 pCVg 

3.69E-01 pCVg 
2.5OE-01 pCVg 

l.llE+OO pCVg 
6.44E+00 pCVg 

3.85E+00 pCVg 
7.06E-02 pCVg 

senoir 
- child youlh a 
0.07 0.11 0.14 0.07 (unitless) 

6 12 38 14 years 
0.04 0.08 0.08 0.04 (unidess) 
NA NA NA NA NA 
0.5 0.5 0.5 0.5 (unitless) 

(unitless) 
(sce table below) 

CDI cs I; 11-c It 
ladionuclidcs (year pCi/g) (g/pc i - year )- (unitlcss) 

%7+ld 
'?226+8d 

"W+ld 

b 2 8 + 7 d  
b S + l O d  

'235K16 

:%22 

rcw 

JZW 

J238+2d 

3.3SE - 0 1 
9AOE - 0 1 

NA 
2.17E-01 
1.47E-01 
9.10E-01 
6.52E-01 
3.78E+00 

2.1-6E+00 
4.15E-02 

2.00E-06 
6.00E-06 
1.20E - 09 

NA 
6.00E- 13 
5.608-06 
S.50E-06 
3.00E- 11 
2.10E-07 
5.10E-08 

6.76E- 07 
5.ME-06 

NA 
NA 
8.81E- 14 
5.10E-06 
5.54E -06 
I.13E- 10 
9.958-09 
1.15E-07 

1.71E-05 - I I I X R  Summation - 

. .  
I .  . 



I-, I-, Pa Pa P. I-. I-. I-. I-, I-, I-. I-. I-* I-. I-, P, 
E E E E E E E E E E E E E E E E  
hhhhhhhhhhhhhhhh 
E E E E E E E E E E E E E E E E  



I 0 

d 



Table H..IV.1-100 
Summary of Risk Quantitatioo (radionuclides) 

Rcference Rcwptor: Expandcd Trespasser 
Via Inhalation of Gases and Particulates 

L i s t  Equation 

IR 
EF 
ED 
ET 
CA 

= CA X EFX EDX IR X ET 

Inhalation rate of gases 
Exposure frequency 
Exposure duration 
Exposure time 
Concentration of radionuclides in air 

0.83 0.83 m'hour 
110 40 daystyear 
12 32 Year 
2 1 hourlday 

(see table below) 

1.87E-07 
8.16E-07 
1.13E+01 
1.868-07 
1.388-07 
5.378-07 
6.01 8-07 
2.02E-06 
4.658-08 
3.568-06 

pG/n? 

p G l d  
p G 1 d  
pGh? 
pG/n? 
pGln? 
pfiln? 
pG/n? 
pG/n? 

pcilll? 

CDI CSF ILCR __. 

tadionuclides (PCI') (pCQ-1  
~ 

(u nit less) 

6.08E-04 
2.6SE-03 
3.688+04 
6.058-04 
4.498-04 
1.758,-03 
1.96E-03 
6.578-03 
1.51E-04 
1.16E-02 

1.90E- 11 
7.00E-09 
7.30E- 13 
6.20E- 11 
8.30E- 12 
7.808-08 
l.lOE-07 
2.60E-08 
2.50E-08 
2.408-08 

1.16E- 14 
1.86E- 11 
2.688-08 
3.7SE- 14 
3.73E- 15 
1.36E- 10 
2.1SE- 10 
1.7 1 E- 10 
3.788- 12 
2.78E-10 

I IIKR Summation - - 2.778-08 
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t i s t  Equation 

IR 
E F  
ED 
FI 
cs 

Table H.IV.1-102 
Summary o f  Risk Quantitation (radionuclides) 

Rcfcrcnce Receptor: Expanded Trespasser 
Via Incidcntal Ingestion of Soil/Sedimcnt 

= C S X E F X E D X F I X I R  

Ingestion rate of soil 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

S.76E-04 
1.60E - 03 

NA 
3.698-04 
2.SOE-04 
1.S.E-03 
1.llE-03 
6.4.448-03 
7.06E-OS 
3.8.E-03 

p c  VI11 g 
pCi/mg 
pCUing 
pCi/nig 

pCi/nig 
pCi/nig 

pCi/111g 

pCi/mg 
pCi/n1g 
pCi/111g 

y o u t h m  

12.5 12.5 mg/day 
110 40 dayslyear 
12 32 Year 
1 1 (unitless) 

(see table be lm)  

CDI  CSF ILCR 

1.87E+01 
S.20E+O 1 

l.lOE+Ol 
8.13E +00 
S.04E +O 1 
3.61E+Ol 
2.09E+02 
2.298+00 
1.2.E+02 

NA 

2.80E- 11 
7.80E - 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
S.SOE - 11 
1.70E- 10 
1.60E- 11 
1.6OE- 11 
2.00E - 11 

(unitless) 

S.24E - 10 
4.06E -08 

NA 
4.32E - 10 
1.06E- 11 
2.77E -09 
6.138-09 
3.3.E -09 
3.67E - 1 I 
2.SOE-09 

S.63E-08 - 1 ILCR Summation - 
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tist  Equatioo . 

IRsw 
EF 
ED 
FI 
cs 

Table H.lV.1-106 
Summary of Risk Quantitation (radionuclidcs) 

Rcfercnce Rcccptor: Expandcd Trespasser 
Via Incidental Ingestion while Wading 

' 

= C S X E F X  EDX FIX IRsw 

Ingestion rate of surface water 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

NA 

NA 
2.05E+00 

NA 
NA 

NA 

3.SlE-01 

1.66E-04 

7.4SE-03 
8.988-01 

P a  
pGA 
pCiA 
pGA 
pGA 

pCiA 
pCiA 
pGA 
pCiA 

pGn 

y o u t h w  

0.035 Ilday 
52 daysfyear 
12 Year 

1 1 (Unitless) 
(see table below) 

CDI CSF ILCR 
!adionuclides (PCi) (pCi)-' (unit less) 

NA 
7.68E+OO 

NA 
4.488+01 

NA 
NA 

NA 
3.638-03 

1.63E-01 
1.96E+01 

2.80E- 11 
7.80E- 10 
1.40E-12 
3.60E- 11 
1.30E-12 
S.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

NA 

NA 

NA 
NA 

NA 

S.99E-09 

1.6 1 E-09 

6.168-13 

2.60E- 12 
3.928- 10 

7.99E-09 - [ ILCR Summation - 



list Equatioo 

Table HIV.1-107 
Summary of Risk Quaatitation (radionuclides) 

Reference Receptor: Expaadcd Trespasser 
Via External Radiation 

= [CR X EFX ED X ETo X (l-SH,)] 

Fraction o f  year spent exposed 
Exposure duration 
Fractionofdayspent outdoors 
Shield factor outdoors 
Radionuclide specific concentrations 

youth 

0.3 
12 

0.08 
0 

adult 

0.11 (unitless) 

0.04 (unitless) 
0 (unitless) 

32 Year 

(see table below) 

5.768-01 pG/g 
1.60E+00 pG/g 

NA P filt3 

2.SOE-01 pG/g 

l.tlE+OO pG/g 

3.698-01 pWg 

l.SSE+OO pWg 

6.448+00 pG/g 

3.8SE+OO pG/g 
7.068-02 pG/g 

CDI CSP ILCK 
Radionuclides (year pCi/g) (g/pCi -year)-' 

2.47E-01 
6.868-01 

1.58E-01 
1.07E-01 
6.6SE-01 
4.76E-01 

NA 

2.768+00 
3.038-02 
1.6SE+00 

2.00E-06 
6.00E-06 
1.20E-09 

NA 
6.00E- 13 
5.608-06 
8.508-06 
3.008- 11 
2.408-07 
S.10E-08 

(u nit  lcss) 

4.94E-07 
4.12E-06 

NA 
NA 
6.43E- 14 
3.728-06 
4.05 E-06 
8.288- 11 
7.278-09 
8.42 E - 08 

1 ILCR Summation - - 1.2.58-05 
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Table H.IV.1-109 
Summary of Risk Quantitation (radionuclides) 

Rcfcrcncc Rcccptor: Grcat Miami River Uscr (Agricultural) 
Via Ingestion of Meat  Products 

CfX EFX ED X FI X IR - Risk Equation - 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
ED Exposure duration 
Cf 

Fraction ingested from contaniinated source 

Concentration of radionuclides in meat 

NA 

NA 
5.138-06 

l.llE-06 
9.488-04 

NA 
2.S3E- 12 

NA 
2.5 1 E-06 
7.7SE-06 

pCikg 
pCikg 
pcikg 
pcikg 
pcikg 

pCikg 
pCi/kg 
pCikg 
pCikg 

p c i i g  

O i O l  lidday 
0.75 (Unitless) 
350 daysiyear 
70 Year 

CDI CSP I LCK 
!adionuclides (pCi') (pCi)-' (unitlcss) 

>137+ld 
R%+8d 

jrW+ld 

Ih2=8+7d 

x n z  

rc99 

%32+ 1od 
J23.4 

'238+2d 
'235/236 

NA 

NA 
9.5 1E-03 

2.07E-03 
1.76E+00 

NA 

NA 
4.708-09 

4.6SE-03 
1.44E-02 

2.SOE- 1 I 
7.SOE- 10 
1.30E- 12 
3.60E- 11 
1.30E- 12 
S.SOE- 11 
1.70E- 10 
1.GOE- 11 
1.60E- 11 
2.00E- 11 

NA 

NA 
7.42E- 12 

7.44E-14 
2.29E-12 

7.99E- 19 
NA 

NA 
7.44E- 14 
2.88E- 13 

1.OlE-11 - I ILCR Summation - 
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List Equation 

IR 
Fl 
EF 
ED 
CP 

. .  

CDI CSF 1 LCH 

.,. 

Tablc I-I.IV.1-111 
Summary o f  Risk Quaoti lat ion (radioouclidcs) 

Rcfcrcncc Rcccptor: Grcat Miami River User  (Agricultural) 
Via Ingcst ioo of Dairy Products 

- - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in aninial products 

0.4 Ilday 
0.7.5 (Unitless) 
350 daystyear 
70 Year 

O137+ Id 
R%+8d 
Rnrn  

=c99 

u, 
"235, 
um+2d 

Sr90+ Id 

n228+7d 
%32+ 1M 

NA pCi/kg 
1.IlE-02, pCi/kg 

NA pCi/kg 

1.34E+00 pCi/kg 
NA pCi/kg 
2.53E-09 pCi/kg 

NA pCi/kg 
9.02B-03 pCi/kg 
2.79E-02 pCi/kg 

6.698-03 pCiig 

Ladionuclides (pCi) 

>137+1d 
Ra226+8d 

jr90+ld 

% 2 8 + 7 d  
%2+ 1M 

R n r n  

rc99 

J234 
J,sm 
J238+2d 

NA 
8.14E+01 

NA 
4.9 1 E+01 
9.83E+03 

NA 
1.86E-OS 

NA 
6.63E+01 
2.OSE+02 

(pCi)-' 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E-11 
1.30E-12 
S.5OE- 11 
1.70E- 10 
1.60E- 11 
1.60E-11 
1.00E- 11 

(unitlcss) 

NA 

NA 
6.3.5E-08 

1.77E- 09 
I .%E- 08 

NA 

NA 
3.16E- 15 

I .06E- 09 
4.10E-09 

8.32E-08 - I ILCH Summation - 
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Table I-I.IV.l-113 I 
Summary of Risk Quantitation 

Rcfcrcncc Receptor: Grcat Miami 
Via Ingcstion of 

CvX EF X ED X F1 X IR - Risk Equation - 

IR 
Fl 
EF Exposure frequency 
ED Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in  vegetables 

NA 

NA 
2.12E+00 

l.SOE+OO 
1.83E+OI 

4.14E-OS 

1.32E+00 
4.08E+00 

NA 

NA 

pCi/kg 
pCikg 
pCi/kg 
pCi/kg 
pCi/kg 
pCikg 
pCi/kg 
pCiAg 
pCikg 
pCi/kg 

0.122 kg/day 
0.5 (Unitless) 
350 dayslyear 
70 Year 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

CDI CSP I LCK 
.adionuclides (pCi) (pCi)-' (unitlcss) 

' 137+ Id NA 2.80E- 11 NA 
%?6+8d , 3.188+03 7.80E- 10 2.488- 06 
trim NA 1.40E-12 NA 
;'W+ld 2.2SE+03 3.60E- 11 8.09E- 08 
rc99 2.73 E + 04 1.30E-12 3.SSE- 08 
b 2 8 + 7 d  NA S.SOE- I1 NA 
b 3 2 +  1od 6.198-02 1.70E- 10 1.OSE- 11 
J234 NA 1.60E-11 NA 
J23Sf.?36 1.978+03 1.60E-11 3.168-08 
Jm+u 6.10E+03 2.OOE- 11 1.22E- 07 

2.7.5 E- 06 - I ILCR Summation - 
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Risk Equation 

IR 
EF 
ED 
FI 
cw 

Tablc I-I.IV.1-115 
Summary o f  Risk Quantitation (radionuclidcs) 

Rcfcrcncc Rcccptor: Grcat Miami Rivcr Uscr  (Rcs idcnt id)  
Via Ingcstion of Drinking Watcr 

(3wX EFX ED X PI X Ill - - .  

Ingeslion rale of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclidcs 
Concentration of radionuclides i n  groundwater 

2 Ilday 

70 Year 
350 daysiyear 

1 (Unitless) 
(see table below) 

NA 

NA 
4.10E-01 

7.43E-02 
2.13E+00 

NA 

NA 
8.44E-06 

2.SlE-01 
7.7SE-01 

pCin 
pCiA 
pCiA 
pCin 
pCin 
pCiA 
pCiA 
pCiA 
pCin 
pCiA 

CDI cs P ILCK 
Radionuclides (pCi) (pCi)-' 

&137+ Id 

Rn, 
R%+8d 

srM+ id 
Tc99 

%32+ 1M 
urn 

nIhz28+7d 

U23SE36 
'238+2d 

NA 
2.01E+04 

NA 
3.64B+03 
1.09E+OS 

4.14E-01 

1.23E +04 
3.80E+04 

NA 

NA 

2.SOE- 11 
7.SOE- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
S.SOE- 11 
1.70E- 10 
1.60E- 11  
1.60E- 11  
2.00E- 1 1  

[unitless) 

NA 

NA 
1.S7E-OS 

1.3 1 E-07 
1.42E-07 

7.03E- 11 
NA 

NA 
1.978-07 
7.S9E-07 

1.69E-OS - 1 IIXR Summation - 







. .  

*I x 

$1 
Y 





Tablc I-I.IV.1- 118 
Summary of Risk Quantitation (radionuclides) 

Refcrcnce Receptor: Grcat Miami River Uscr (Recreational) 
Via Ingcstion of  Fish 

CfX EFXED X FI X IR - Risk Equation - 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
ED Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in nicat 

O.OS4 kg/day 
1 (Unitless) 

122 dayslyear 
-30 Year 

NA pCi/kg 
2.0SE-02 pCi/kg 

NA pCi/kg 
2.2iE-03 pCi/kg 
3.3E-02 pCi/kg 

NA pCi/kg 
2.S.iE-07 pCi/kg 

S.01E-04 pCi/kg 
NA pci/kg 

1.SSE-03 pci/kg 

CDI cs 1: ILCK 
ladionuclidcs 

&137+ld 
R%26+8d 

Sr90+ld 

lh3+7d 
Th?32+10d 

'239236 
'238+2d 

h 2 2 2  

Tc99 

u234 

(pCi) 

NA 

NA 
4.0SE+00 

4.41E - 01 
G.G1E+00 

NA 

NA 
9.BE - 02 
3.ME - 01 

S.00E-OS 

(pCi)-' 

2.SOE- 11 
7.80E- 10 
1.4oE- 12 
3.GOE - 1 1 
1.3OE- 12 
S.SOE- 11 
1.70E- 10 
l.GOE- 11 
1.GOE- 11 
2.00E-11 

(uni  tlcss) 

N A  

NA 
XlGE-09 

1.S9E- 11 
8.SBE- 12 

NA 
S.SlE- 15 

NA 
1.S9E- 12 
G.13E- 12 
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Tablc I-I.IV.l-120 
Summary of Risk Quanlitation (radionuclidcs) 

Rcfcrcncc Rcccptor: Grcat Miami Rivcr Uscr  (Rccreational) 
Via Incidcntal Ingcstion while Wading 

i isk Equation 

I Rsw 
EF 
ED 
FI 
c5 

CsX EFX ED X FIX 1R 

Ingestion rate of surface water 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

c5137+ld 
R%+8d 
Rn, 

Tc, 

u, 
%+2d 

Sr!Ki+ Id 

7d 
lh232+ 1Od 

U3Sf236 

NA 

NA 
4.10E-01 

7.438-02 
2.23E+00 

8.44E-06 

X l E - 0 1  
7.7SE-01 

NA 

NA 

pCiA 
pCiA 
pCiA 
pCiA 
pCiA 
pCiA 
pCiA 
pCiA 
pCiA 
pCiA 

0.035 Ilday 

30 Year 
I dayslyear 

1 (Unitless) 

CDI CSI: I IXR 
Radionuclides (pCi) (pCi)-' (unitlcss) 

NA 

NA 
3.01E+00 

2.46E-01 
1.64E+01 

6.20E-05 

1.84E+00 
2.70E+00 

NA 

NA 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
2.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

NA 

NA 
2.32 E- 09 

1.97E- 11 
2.13E- 11 

NA 
1.OSE- 14 

NA 
2.9SE- 11 
1.14E-10 

j 
2.S4E-09 - I ILCR Summation - 
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FEMP-OSFS-5 DRAm FINAL 
Maxh 22, 1995 

TABLE H.IV.2-I 

SUMMARY OF HEALTH EFFECTS: 
TOTAL MINUS 

RADIONUCLIDE BACKGROUND 

Target Receptor Risk HI 

Undeveloped-Park User 4.9E-06 5.9E-02 

Off-Property Resident Farm 
Adult 2.OE-04 1.5E+00 
Child 8.7E-05 7.OE + 00 

Reference Receutor Risk HI 

On-Property Resident Farm 
Adult 
Child 

Commercial/IndustriaI User 

Developed Park User 

Wildlife Reserve User 

Expanded Trespasser 

Meat and Milk Consumer 

Great Miami River User 

5.3E-04 
2.OE-04 

6.2E-05 

1 . 1  E-05 

4.3E-06 

3.3E-06 

1 .7E-04 

6.7E-06 

2.1E+00 
l.OE+Ol 

2.6E-01 

6.7E-02 

5.1E-02 

6.9E-02 

3.7E-01 

4.2E-01 

FER\OUSFSV\TTACH\H-IV.AlT\Murch21. 1995 9:27pin 
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tisk Equation 

IR 
ED 
m 
EF 
CA 

Table H.IV.2-3 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via Inhalation of Gases and Particulates 

= , C A X E F X E D X I R X m  

Inhalation rate of gases 
Exposure duration 
Exposure time 
Fxposure frequency 
Concentration of radionuclides in air 

senoir 
c h i l d m a d u l t a d u l t  

083 0 8 3  083 0 8 3  m’hour 
6 12 38 14 years 
1 2 2 1 hodday 

40 104 40 26 daystyear 
(see table below) 

4.708-08 
1.428-07 
184E+00 
~ B O E - O ~  
1388-07 
180E-07 
4.008-09 
169 8-06 

NA 
2.968-06 

pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pCi/m’ 
pcim’ 
pc im’  
pcim’ 

CDI CSF ILCR 
tadionuclides ( p a )  [pa)-’ 

%7+ld 2.408-04 190E-11 
R?l26+8d 7.24E-04 7.00E-09 
Rq22 93a8+03 730E- 13 
%+ ld 2.458-04 6.20E- 11 
Tcg, 7.03E-04 8308- 12 
%+7d 9.178-04 780E-08 

434 a .6 1 E- 03 2.60~-08 
~735, NA 250~-08  
U27R+2d 151E-02 2.408-08 

%32+lod 2.04 E- 05 1.10E-07 

[unitless) 

4558- 15 
5.078-12 
6 8 5  8-09 
1528-14 
5848-15 
7.168-11 
2.248- 12 
2.248-10 

3.628- 10 
NA 

751E-09 - 1 ILCR Summation - 
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t i s t  Equation 

IR 
EF 
ED 
FI 
CS 

Table I-LIV.2-5 
Summary of Risk Quantitation (radionuclides) 

Target Recptoc Undeveloped Park User 
Via Incidental Ingestion of Soil/Sediment 

= C S X E F X E D X F I X I R  

Ingestion rate of soil 
Exposure frequency 
Exposure duration 
Fractional Intake 
Concentration of chemicals in soil 

1.36E-04 
3.84E-04 

NA 
1.19E-04 
2.508-04 
4.288-04 
3.17E-05 
5.40E-03 

NA 
2.778-03 

senoir 
c h i l d y o u t h a d u l t a d u l t  

12 13 13 6 mg/day 
40 104 40 26 dayslyear 
6 12 38 14 year 
1 1 1 1 (unitless) 

(see table below) 

pCimg . 
pCimg 
pCimg 
pCimg 
pCi/mg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 

CDI CS F I LCR 
tadionuclides (pCi) (pCi1-l (uni t le ss) 

5.58E+OO 
1.58E+O 1 

4.888+00 
1.03E+01 
1.76E+01 
1.30E+00 
2.228+02 

1.14E+02 

NA 

NA 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

1.56E- 10 
1.23E-08 

NA 
1.76E- 10 
1.33E-11 
9.668- 10 
2.21E- 10 
3.55E-09 

NA 
2.778-09 

1.968-08 - I ILCR Summation - 
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list Equation 

IRsw 
EF 
ED 
c s  

Table H.IV.2-9 
Summary of Risk Quaotitation (radionuclides) 

Target  Recptor: Undeveloped Park User 
Via Iocideoial Ingestion while Wadiog 

= CSXEFXEDXIRsw 

Ingstionrate of suface wata 
Exposure Bequency 
Exposure duration 
Concentration of radionuclids insurface watm 

Cs137+ld 
R??26+8d 

Sr50+ld 

%28+7d 
%a+ IOd 

'23Kl4 

R n ,  

Tcw 

u234 

"238+2d 

NA 

NA 

NA 
NA 

NA 

1.458-03 

1.09E+00 

1.66E-04 

7.458-03 
1.68E-01 

pcin 
pcin 
pcin 
pcin 
pci/l 
pcin 
pcin 
pcin 
pcin 
pcin 

senoir 
- child youth adult adult 

0.035 Vday 

12 Y-S 

52 dayslyear 

(see table below) 

NA 

NA 
2.388+01 

NA 
NA 

NA 

3.17E-02 

3.63E-03 

1.63E-01 
3.67E+00 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E-11 

NA 

NA 

NA 
NA 

NA 

2.47E- 11 

8.57E- 10 

6.16E- 13 

2.60E- 12 
7.348- 11 

9.58E- 10 - I ILCR Summation - 



l i s t  Equation 

EF 
ED 
ET. 
ETi 
SHi 
SHO 
CR 

~~ 

Table H.IV.2- 10 
Summary of Risk Quaatitation (radionuclides) 

Target  Recptor: Undeveloped Park User 
Via External Radiation 

= [CRXEFXEDX ET,X(l-SHd]+[CRX EFX EDXExX(1-SH)] 

senoir 
- child youth adult 

0.11 0.28 0.11 0.07 (unitless) Fractionof year spent exposed 
Exposure duration 6 12 38 14 years 

0.04 0.08 0.08 0.04 (unitless) Fraction of day spent outdoors 
Fraction of day spent indous NA NA NA NA NA 

0.5 0.5 0.5 0.5 (unitless) Shield factor indoors 
Shield factor outdoors (unitless) 
Radionuclide specific concentrations (see table below) 

, 

1.36E-01 pCi/g 
3.84E-01 pCig 

1.19E-01 pCVg 
2.50E-01 pCi/g 
4.288-01 pCi/g 
3.17E-02 pCVg 
5.40E+00 pCi/g 

2.778+00 

NA PCi/B 

NA 

CDI CSF ILCR ~~ ~ ~~ 

Radionuclides (year pCi/g) (R/pCi-year)-' (unitless) 

% 7 + l d  9.10E-02 2.00E-06 1.828-07 
R?726+8d 2.57E-01 6.00E-06 154E - 06 
Rnn2 NA 1.20E-09 NA 
SrW+ld 7.968-02 NA NA 
T% 1.67E-01 6.00E- 13 1.00E- 13 

1.60E - 06 h + 7 d  2.868-01 5.608-06 
8.50E -06 1.80E-07 Th2?Z+lOd 2.12E-02 

1.08E- 10 u234 3.6 1E + 00 3.00E- 11 
'2WUS NA 2.40E-07 NA 
U2?23+2d 1.8SE+00 5.10E-08 3.45E-08 

3.60E - 06 - I ILCR Summation - 
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Table H-N.2-12 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Inhalation of Gases and Particulates 

l i s t  Equation 

IR 
EF 
ED 
ca 

CaX EFX ED X IR - - 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

20 rn31day 
350 daysiyear 
70 Year 

(see table below) 

2.048-08 
6.178-08 
8.008-01 
2.438-08 
3.348-07 
7.838-08 
1.748-09 
1.408-06 
4.958-09 
1.588-06 

CDI CSF ILCR 
Radionuclides 

.%7+ld 
R%+Rd 
h222 
S‘tO+ld 
T% 

W W + l O d  
urn 
UPSE?a 
um+2d 

%28+7d 

( p a )  

1.008-02 
3.028-02 

1.198-02 
1.648-01 
3.838-02 
8.538-04 
6.888-01 
2.438-03 
7.748-01 

3.928+05 

(PCi)-l 

1.908- 11 
7.008-09 
7.30E- 13 
6.208- 11 
8.308- 12 
7.808-08 
1.108-07 
2.608-08 
2.508-08 
2.408-08 

(unitless) 

1.90E- 13 
2.12E- 10 
2.868-07 
7.388- 13 
1.368- 12 
2.998-09 
9.388- 11 
1.798-08 
6.06E- 11 
1.86E-08 

3.268-07 - I ILCR Summation - 







Table H.IV.2- 14 
Summary of Risk Quantitation (radionuclides) 

Target Receptoc Off-Property Farm Resident (Adult) 
Via Incidental Ingestion of Soil 

Zisk Equation 

IRS 
EF 
ED 
FI 
CS 

CS X EFX EDX FIX IR - - 

Ingestion rate of soil (RAGS. 1989) 
EKposure kequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

q 3 7 + l d  
R??26+8d 

'%Q+ld 
-22 

=Cgp 
%,+7d 
Th232+1M 
u 2 3 4  
u235R36 
'238+2d 

'NA 
NA 
NA 
15OE - 05 
25OE-04 

NA 
NA 
297E-03 
219E-05 
1.32E-03 

pCimg 
pCimg 
pCi/rng 
pCi/mg 
pCi/rng 
pCi/rng 
pCi/rng 
pCi/rng 
pCi/mg 
pCi/mg 

180 rng/day 
350 daysfyear 
70 Year 

1 (unitless) 
(see table below) 

CDI CSF ILCR 
Radionuclides (pCi) (pCi)-' (unitlcss) 

2.80E - 1 1 NA % 3 7 + l d  NA 
Ra226+ad NA 7.80E- 10 NA 

NA 1.40E- 12 NA 
Sr90+ld 

%8+7d NA 5.50E- 11 NA 
Th2,2+ lod  NA 1.7OE-10 NA 

2.10E - 07 u234 1.31E+04 1.60E- 11 

'238+2d 5.82E+03 2.oOE-11 1.16E -07 

6.62E + 01 3.60E- 11 2.38E-09 
l.lOE+(M l..WE- 12 1.43E - 09 

-22 

u 2 3 3 2 3 6  9.6GE+O1 1.6OE- 11 15-E-09 

I 

3.31E-07 - LILCR Summation - 
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lisk Equation 

IR 
EF 
ED 
R 
cw 

Table H-IV.2-17 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Drinking Water 

Cw X EFX ED X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional Intake for radionuclides 
Concentration of radionuclides in groundwater 

2 Ilday 

70 Year 

(see table below) 

3.50 dayslyear 

1 (Unitles) 

NA 
NA 
NA 
5.368-06 
4.18E-01 

NA 
NA 
NA 
8.298-02 
1.87E+00 

CDI CSF ILCR 
ladionuclides ( p c i )  (pCi)-l (unitlcss) 

%37+ld NA 2.80E- 11 NA 
R%26+8d NA 7.80E- 10 NA 
hzn NA 1.40E- 12 NA 
SrSO+,CI 2.63E-01 3.60E-11 9.46E- 12 
T% 2.05E+04 1.30E- 12 2.668-08 
Th?m+id NA 5.50E- 11 NA 
Thz.a+lod NA 1.70E- 10 NA 
urn NA 1.60E- 11 NA 
Ummi 4.068+03 1.60E- 11 6.508-08 
%3+2d 9.16E+04 2.00E- 11 1.83E-06 

1.92E-06 - I ILCR Summation - 
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t i s t  muat ion 

IR 
FI 
EF 
ED 
Cf 

Table H. IV. 2- 20 
Summary o f  Risk Quantitation (radionuclides) 

Target Receptor: Off- Property Farm Resident (Adult) 
Via Ingestion of Meat Products 

CfX EFX ED X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

0.1 kg/day 
0.75 (Unitless) 
350 daystyear 
70 Year 

(see table below) 

%7+ld 
R??25+8d 

SrSO+ld 

h + 7 d  
%+1M 

%l 

Tc, 

urn 
UPSRsa 
um+2d 

5.728-08 
3.768-09 

5.648-04 

3.468-11 
9.468-13 
5.498-04 
4.888-06 
2.638-04 

NA 

1.01E+00 

CDI CSF ILCR 
Radionuclides (pci) 

I 
1.058-04 
6.918-06 

NA 
1.04E+00 
1.868+03 
6.368-08 
1.748-09 

8.978-03 
4.838-01 

1.018+00 

(pci)-l 

2.80E- 11 
7.808- 10 
1.408- 12 
3.608- 11 
1.308- 12 
5.508- 11 
1.708- 10 
1.60E- 11 
1.608- 11 
2.008- 11 

(unit Icss) 

2.94E- 15 
5.398- 15 

3.738- 11 
2.418-09 
3.508- 18 
2.958- 19 
1.628- 11 
1.438- 13 
9.668- 12 

NA 

2.48 E-09 - [ILCR Summation - 
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t i s t  Equation 

IR 
FI 
EF 
ED 
Cp 

Table H. IV. 2- 22 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Dairy Products 

Cp X EF X EDX FIX IR - - 

Ingestion rate of dairy products 
Fraction ingested fmm contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

2.00E-05 
6.77E-06 

NA 
2.82E+00 
1.19E+03 
2.94E-08 
7.88E- 10 
1.65E+00 
1.51E-02 
8.00E-01 

0.4 Ilday 
0.75 (Unitless) 
350 daystyear 
70 Year 

CDI CSF ILCR 
Radionuclides ( p a )  (pCi)-' (unit Icss) 

%7+ld 1.47E-01 2.80E- 11 4.128-12 
R%26+6d 4.9a~-o2 7.80E- 10 3.888- 11 

% Q + l d  2.08E+04 3.60E- 11 7.47E-07 
T% 8.74E+06 1.30E- 12 1.14E-05 
%+7d 2.16E-04 5.50E- 11 1.19E- 14 
-bS2+lOd 5.798-06 1.70E- 10 9.858- 16 
urn 1.21E+04 1.60E- 11 1.948-07 
~PSm l.llE+02 1.60E-11 1.788-09 
ups+zd 5.88E+03 2.00E- 11 1.18E-07 

h222 NA 1.40E-12 NA 

I 
1.248-05 - I ILCR Summation - 
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tisk Equation 

IR 
R 
EF 
ED 
cv 

Table H.IV.2-24 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: O f f -  Property Farm Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

CvX EFX ED X FIX IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

2.99E-05 
8.128-05 

NA 
3.75E+Oo 
3.788+02 
7.658-05 
1.768-06 

5.248-01 
1.19E+01 

1.51E+01 

0.122 lidday 
0.5 (Unitless) 
3.W dayslyear 
70 Year 

CDI CSF ILcw 
( p a )  

4.478-02 
1.21E-01 

NA 
5.608+03 
5.668+05 
1.14E-01 
2.628-03 
1.788+04 
7.848+02 
2.268+04 

(pCi)-' 

2.808- 11 
7.808- 10 
1.408- 12 
3.608- 11 
1.308- 12 
5.508- 11 
1.70E- 10 
1.608- 11 
1.608-11 
2.008- 11 

(u nitlcss) 

1.258- 12 
9.478- 11 

2.028-07 
7.358-07 
6.298- 12 
4.468- 13 
2.848-07 
1.258-08 
4.528-07 

NA 

1.698-06 - I ILCR Summation - 



List Equation 

EF 
ED 
ET; 
ET, 
SH; 
SHO 
DR 

Summary of Risk Quantitation (radionuclides) 
Target Receptor: Off-Property Farm Resident (Adult) 

Via External Radiation 

Table KIV.2-25 

CDI CSF ILCH 

= [DR X EF X ED X ET; X (1-SH,)] +[DR X EF X ED X ETo X (1 -SHo)] 

Fraction of year spent exposed 
Exposure duration 
Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (uni tless) 

0 (unitless) 

70 Year 

(see table below) 

NA PGJi3 
NA Pwg 
NA P a 3  

NA PGh3 
NA PWi3 

1.50E-02 p c l g  
2.50E-01 pWg 

2.97E+00 pCi/g 

1.32E+00 pWg 
2.19E-02 pG/g 

[year pCi/g) (g/pCi -year)-' 

NA 
NA 
NA 
6.258-01 
1.04E+01 

NA 
NA 
1.248+02 
9.12E-01 
5.50E+01 

2.00E-06 
6.00E-06 
1.20E-09 

NA 
6.00E- 13 
5.60E-06 
8.508-06 
3.00E- 11 
2.408-07 
5.10E-08 

(unitlcss) 

NA 
NA 
NA 

6.25E- 12 
NA 
NA 
3.71E-09 
2.19E-07 
2.80E-06 

[ ILCR Summation - - 3.03E-06 
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Risk Equation 

IR 
EF 
ED 
ca 

Table KIV.2-27 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Inhalation of Gases and Particulates 

= CaX EFX ED X IR 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

12 m'fday 
3.50 daysbear 

6 Year 
(see table below) 

2.048-08 p a n ?  
6.178-08 pG/n? 
8.00E-01 p a n ?  
2.438-08 pain? 
3.34E-07 pWn? 
7.83E-08 p a n ?  
1.74E-09 pcZln? 
1.40E-06 p a n ?  
4.95E-09 p G l d  
1.58E-06 p G l d  

CDI CSI: ILCR 
ladioouclides ( p c i )  

5.148-04 
1.558-03 
2.02E+04 
6.128-04 
8.42E-03 
1.978-03 
4.388-05 
3.548-02 
1.258-04 
3.988-02 

(pCi)-' 

1.90E- 11 
7.00E-09 
7.30E- 13 
6.20E- 11 
8.30E- 12 
7.808-08 
l.lOE-07 
2.608-08 
2.50E-08 
2.408-08 

(unit less) 

9.778- 15 
1.09E- 11 
1.47E-08 
3.80E- 14 
6.99E- 14 
1.54E- 10 
4.828-12 
9.20E- 10 
3.12E- 12 
9.568- 10 

1.68E-08 - I ILCR Summation - 
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Table II.IV.2-29 
Summary o f  Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Incidental Ingestion o f  S o i l  

tisk Equation 

IRS 
EF 
ED 
FI 
CS 

CS XEFX EDX FI X IR - - 

Ingestion rate of soil (RAGS, 1989) 
Eposure  kequency 
EKposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

%37+1d 
R%+&1 
Rn;?p 

Tc99 
%8+7d 
%2+lOa 
u 2 3 4  
u23sr2, 

%Q+id 

U238+2d 

NA 
NA 
NA 
1SOE - 05 
2SOE-04 

NA 
NA 
297E-03 
2.19E- OS 
1.32E-03 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

200 mdday 
350 daysbear 

G Year 
1 (unitless) 

CDI CSF ILCK 
Xadionuclides (pCi) 

NA 
NA 
NA 
6..30E + 00 
1.05E+M 

NA 
NA 
1.25E+03 
9.20E+00 
5.54E+02 

(pCi1-l 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.GOE- 11 
1.3OE- 12 
S.SOE- 11 
1.70E- 10 
1.GOE-11 
1.GOE- 11 
2.00E- 11 

(un i tlcss) 

NA 
NA 
NA 
2.27E- 10 
1.37E- 10 

NA 
NA 
2.00E - 08 
1.47E- 10 
l.llE-08 

3.lGE- 08 - I ILCR Summation - 
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Table H. lV. 2- 32 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property P a m  Resident (Child) 
Via Ingestion of Drinking Water 

lisk Equation 

1R 
EF 
ED 
FI 
cw 

CwX EFX E D X F I X  IR - - 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional Intake for radionuclides 
Concentration of radionuclides in groundwater 

NA 
NA 
NA 
5.368-06 
4.18E-01 

NA 
NA 
NA 
8.29E-02 
1.87E+00 

1 Ilday 
350 dayshear 

6 Year 
1 (Unitless) 

(see table below) 

CDI CSF ILCR 
.adionuclides ( p c i )  (pCi)-l (u nit less) 

NA 
NA 
NA 
1.13E-02 
a .78~+02 

NA 
NA 
NA 
1.748+02 
3.938+03 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E-11 
1.60E-11 
?.WE- 11 

NA 
NA 
NA 
4.OSE- 13 
1.14E-09 

NA 
NA 
NA 
2.796-09 
7.858-08 

8.2SE-08 - I ILCR Summation - 
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list Equation 

IR 
FI 
EF 
ED 
Cf 

Table H.N.2-35 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Meat Products 

CfX EF X ED X FIX IR 

Ingestion rate of  m a t  
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

5.72E-08 
3.768-09 

5.64E-04 
NA 

1.01E+00 
3.468- 11 
9.468- 13 
5.498-04 
4.888-06 
2.638-04 

0.039 kg/day 
0.7s (Unitles) 
3.50 dayslyear 

6 Year 

CDI CSP ILCR 
Radionuclides ( p c i )  (pci)-' (unitless) 

3.518-06 
2.318-07 

NA 

6.21E+01 
3.468-02 

2.13E-09 
5.81E-11 
3.388-02 
3.00E-04 
1.628-02 

2.808- 11 
7.808- 10 
1.408- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.608- 11 
2.008- 11 

9.838- 17 
1.80E- 16 

NA . 
1.2SE- 12 
8.078- 11 
1.178- 19 
9.878-21 
5.40E- 13 
4.80E- 15 
3.23E- 13 

8.28E- 11 - I ILCR Summation - 







Table I-LlV.2-37 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Dairy Products 

tist muation = Cp X EF X ED X FI X IR 

IR 
FI Fraction ingested fromcontaminated source 
EF Exposure frequency 
ED Exposure duration 
Cp 

Ingestion rate of  dairy produce 

Concentration of  radionuclies in animal products 

2.00E-OS 
6.77E-06 

N A  
2.828+00 
1.19E+03 
2.948-08 
7.888- 10 

1.518-02 
8.00E-01 

1.6SE+00 

0.9 Ilday 
0.7.5 (Unities) 
3.M dayshear 

6 Year 

CDI CSF ILCR 
Radionuclides ( p c i )  

2.848-02 
9.60E-03 

N A  
4.008+03 
1.698+06 
4.16E-OS 
1.12E-06 
2.348+03 
2.1SE+01 
1.13E+03 

( p a ) - '  

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.SOE- 11 
1.70E- 10 
1.60E-11 
1.60E- 11 
2.008- 11 

(u nitlcss) 

7.9.3E- 13 
7.498-12 

N A  
1.448-07 
2 .19846 
2.298- 1s 
1.908- 16 
3.748-08 
3.438- 10 
2.278-08 

2.4OE-06 - I ILCR Summation - 
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tist Equation 

IR 
FI 
EF 
ED 
Cv 

T a b l e  H.IV.2-39 
Summary of R i s k  Quaatitation (radionuclides) 

T a r g e t  Receptor:  Off- Property Farm R e s i d e n t  (Child) 
V i a  Ingestion of V e g e t a b l e s  and Fruits 

CvX EFX ED X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

%7+ld 2.99E-05 
R%?26+8d 8.12E-05 
h22.2 NA 
Sr50+ld 3.7SE+00 
T% 3.788+02 
? 2 3 + 7 d  7.658-05 
%W+lOd 1.768-06 
uz34 1.19E+01 
ua5, 5.248-01 
UZ?s+U 1.51E+01 

0.106 kg/day 
0.5 (Unitless) 
3.50 daysbear 

6 Year 

CDI CSF 
!adionuclides (PO) ( P C 3 - 1  

3.338-03 
9.048-03 

NA 
4.17E+02 
4.21E+04 
8.528-03 
1.95E-04 
1.32E+03 
5.848+01 
1.688+03 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E-11 
1.60E- 11 
2.00E- 11 

ILCK 
(unit less) 

9.338- 14 
7.05E- 12 

1.50E-08 
5.48 E -08 
4.688- 13 
3.32E- 14 
2.128-08 
9.348- 10 
3.378-08 

NA 

1.26E-07 - I ILCR Summation - 



Table ILIV.2-40 ~~~ ~ 

Summary of Risk Quatitation (radionuclidcs) 
Target Receptor: Off-Property Farm Residcot (Child) 

Via External Radiation 

1st Equation 

EF 
ED 
mi 
nb 
SH; 
SHO 
DR 

= [DR X EF X ED X ETi X (l-SHi)] +[DR X EF X ED X ETo X (l-SHJ] 

Fraction ofyear spent exposed 
Exposure duration 
Fraction ofday spent indoors 
Fraction of day spent outdoors 
Shield fztar indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

%37+ld NA P a g  
R%+8d NA P f a 5  
%.n 

TCPP 

2.97E+00 p u g  
Th2JQ+lOd 
urn 
Unsm 
um+2d 1.32E+00 pG/g 

NA 
1.50E-02 pCdg 
2.50E-01 pG/g 

SrSO+ld 

%+7d NA PGk 
NA PGk 

2.198-02 po/g 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 

0 (unitless) 
(see table below) 

CDI CSF . ILCR 
bdioouclides (year pcilg) (g/pCi -year)-' (unit less) 

NA 
NA 
NA 
4.678-02 
7.788-01 

NA 
NA 
9.248+00 
6.818-02 
4.11E+00 

2.00E-06 
6.008-06 
1.20E-09 

NA 
6.00E- 13 
5.608-06 
8.508-06 
3.M)E- 11 
2.40E-07 
5.10E-08 

NA 
NA 
NA 

4.678- 13 
NA 
NA 
2.77E- 10 
1.638-08 
2.09E-07 

L I L C R  Summation - - 2.268-07 
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List Equation 

IR 
EF 
ED 
ca 

Table KIV.2-42 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Farm Resident (Adult) 
Via Inhalation of Gases and Particulates 

C a X E F X E D X I R  - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

1.26E-07 
7.928-07 

7.908-08 
1.598-07 
9.968-07 
8.00E-09 
5.808-06 

NA 
3.188-06 

1.078+01 

20 &day 
3.W daysbear 
70 Year 

(see table below) 

CDI CSF ILCR 
( p a )  

6.17E-02 
3.888-01 

3.878-02 
7.798-02 
4.888-01 
3.928-03 

5.248+06 

2.848+00 

1.568+00 
NA 

(pCi)-’ 

1.908- 11 
7.008-09 
7.308- 13 
6.208- 11 
8.308- 12 
1.808-08 
1.108-07 
2.608-08 
2.508-08 
2.408-08 

(unit less) 

1.178- 12 
2.728-09 
3.838-06 
2.408- 12 
6.478- 13 
3.818-08 
4.318-10 
7.398-08 

3.148-08 
NA 

3.988-06 - I ILCR Summation - 
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Table H.IV.2-44 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Incidental Ingestion of Soil 

tisk Equation 

IRS 
EF 
ED 
FI 
cs 

Ingestion rate of soil (RAGS, 1989) 
Exposure fkequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

CSX EFX EDX FI XIR 

180 mdday 
350 daysbear 
70 Year 

1 (unitless) 

%,+Id 
R??.26+&1 
Rnuz 
Tc99 
%8+7d 
-%?32+1od . 
u234 
u235n3a 

sr90+ld 

%.38+2d 

1-%E-04 pCi/mg 
3.84E-04 pCi/mg 

N A  pCi/mg 
1.19E-04 pCi/mg 
25OE-04 pCi/mg 
4.28E-04 pCi/mg 
3.17E-05 pCi/mg 
5.4OE-03 pCi/mg 

NA pCi/mg 
277E-03 pCi/mg 

CDI CSF ILCR 
Radionuclides (pCi) (pa)- '  

G.OOE+02 
1.69E + 03 

5.25E+m 
1.1OE+03 
1.89E+03 
1.4OE+O2 
2.38E+04 

1.22E+04 

NA 

NA 

2.80E - 11 
7.80E- 10 
1.4OE- 12 
3.GOE- 11 
1 3 E -  12 
5.5OE-11 
1.70E- 10 
LGOE-11 
1.60E- 11 
2.OOE- 11 

__  
(unitless) 

.1.68E-08 
1.32E-06 

1 .WE- 08 
1.43E-09 
1.03E- 07 
2.38E-08 
3.81E-07 

2.44E - 07 

NA 

NA 

2.11E - OG - I ILCR Summation - 
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Table H. IV. 2-47 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Drinking Water 

t i s t  Equation 

IR 
EF 
ED 
FI 
cw 

C w X E F X E D X F I X I R  - - 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fmctional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA 

NA 
3.28E- 10 

2.838-02 
1.68E+01 

N A  
NA 
NA 
1.33E-01 
3.01E+00 

2 Ilday 

70 Year 
3.50 dayslyear 

1 (Unitless) 
(see table below) 

NA 

NA 
1.398+03 
8.23E+OS 

NA 
NA 
NA 
6.52E+03 
1.47E+OS 

1.61E-OS 
2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
S.50E-11 
1.70E- 10 
1.60E-11 
1.60E-11 
2.00E-11 

NA 

NA 
1.2SE- 14 

4.99E-08 
1.07E-06 

NA 
NA 
NA 
1.04E-07 
2.9SE-06 

4.178-06 - I ILCR Summation - 



a 





i 





l i s t  Equation 

IR 
FI 
EF 
ED 
Cf 

Table I-LIV.2-50 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Meat Products 

C f X E F X E D X F I X I R  - - 

Ingestion rate of meat 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of  radionuclides in meat 

1.22E-02 
1.20E-04 

NA 
4.47E-03 

1.398-06 
1.03E-07 
9.998-04 
1.338-06 
5.438-04 

1.02E+00 

0.1 kgtday 
0.75 (Unitless) 
3SO dayslyear 
70 Year 

CDI CSF ILCR 
.adionuclides ( p a )  (pCi)-' (unit less) 

2.258+01 

NA 
8.22E+00 
1.87E+03 
2.56E-03 
1.90E-04 
1.84E+00 
2.448-03 
9.978-01 

2.21E-01 
2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

6.298- 10 
1.72E- 10 

NA 
2.96E- 10 
2.438-09 
1.41E- 13 
3.22E- 14 
2.948-11 
3.91E- 14 
1.998- 11 

3.588-09 - I ILCR Summation - 
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Risk Equation 

IR 
FI 
EF 
ED 
(3 

Table I-LlV.2-52 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Dairy Products 

(3 X EFX EDX FIX IR - - 

Ingestion rate of dairy produce 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

%7+ld 
R%26+8d 

SrgO+ld 

ThtZR+7d 

h22l 

Tc99 

%+lOd 
um 
u'osm 
%+2d 

4.28E+00 

NA 
2.248+01 
1.20E+03 

2.16E-01 

1.16E-03 
8.6OE-05 
3.00E+00 
4.798-03 
1.65E+00 

0.4 Vday 
0.75 (Unitless) 
350 daysiyyear 
70 Year 

CDI CSF ILCR 
Ladionuclides 

%7+ld 
%226+8d 
hln 
;rgO+,CI 
rc99 
lh228+7d 
lh232+1Od 
Jm 
JpsLr; 
Jm+u 

( p a )  

3.15E+04 
1.59E +03 

NA 
1.658+05 
8.818+06 
8.52E+00 

2.208+04 
3.52E+01 
1.21 E+04 

6.328-01 

( p a ) - '  

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

(unit less) 

8.82E-07 
1.248-06 

NA 
5.93E-06 
1.1SE-05 
4.698- 10 
1.07E- 10 
3.528-07 
S.63E- 10 
2.428-07 

2.01E-OS - I ILCR Summation - 



B 





lisk Equation 

IR 
Fl 
EF 
ED 
cv 

0.122 kg/day 
0.5 (Unitlen) 
350 daysbear 
70 Year 

Table H.IV.2-54 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Farm Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

CvX EFX ED X FIX IR - - 

Ingestion rate of  fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of  radionuclides in vegetables 

4.08E+00 
5.778-01 

NA 
3.03E+01 
5.13E+02 
3.738-02 
2.70E-03 
2.16E+01 
7.01E-01 
2.69E+01 

CDI CSF ILCR 
Ladionuclides [pci) 

6.10E+03 
8.62E+02 

NA 
4.53E+04 
7.66E+05 
5.588+01 
4.04E+00 
3.238+04 
1.05E+03 
4.038+04 

[pci)-' 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

[unitless) 

1.71 E-07 
6.738-07 

NA 
1.638-06 
9.968-07 
3.078-09 
6.878- 10 
5.178-07 
1.688-08 
8.OSE-07 

4.818-06 - I ILCR Summation - 



l i s t  Equation 

EF- 

mi 
nb 
SH; 
SH, 

ED 

DR 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: &-Property Farm Resident (Adult) 

Via External Radiation 

= [DR X EFX ED X mi X(l-SH;)] +[DR X EFX ED X EToX (l-SHo)] 

Fraction of year spent exposed 0.96 (unitless) 
Exposure duration 70 Year 
Fraction of day spent indoors 0.76 (unitless) 
Fraction of day spent ouldoors 0.24 (unitless) 
Shield factor indoors 0.5 (unitless) 
Shield factor ouldoors ' 0 (unitless) 
Radionuclide specific dose concentrations (see table below) 

1.36E-01 pG/g 
3.848-01 pG/g 

1.19E-01 pG/g 
2.SOE-01 pG/g 
4.288-01 pG/g 
3.178-02 pG/g 

NA P a g  

5.40E+00 pG/g 

2.778+00 pWg 
NA Pci/g 

CDI CSF ILCR 
ladionuciides (year pcilg) 

5.678+00 
1.60E+01 

NA 
4.968+00 
1.04E+01 
1.78E+01 
1.32E+00 
2.258+02 

NA 
l.lSE+02 

(g/pCi -year)-' (unit less) 

2.00E-06 
6.00E-06 
1.20E-09 

NA 
6.00E- 13 
5.60E-06 
8.508-06 
3.00E-11 
2.408-07 
5.10E-08 

1.13E-05 
9.608-05 

NA 

6.2SE- 12 
9.99E-OS 
1.12E-OS 
6.7SE-09 

NA 
5.89E-06 

2.24E-04 - I ILCR Summation - 
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Risk moation 

IR 
EF 
ED 
ca 

Table €I-IV.2-57 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Farm Resident (Child) 
Via Inhalation of Gases and Particulates 

CaX EFX ED X IR - - 

Inhalation rate of gases (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclies in air 

% 3 7 + l d  
R%16+8d 

SrEO+ld 

%+7d 

%xz 

Tc, 

%32+10d 
u, 
U235, 
ups+2d 

1.26E-07 
7.928-07 
1.07E+01 
7.90E-08 
1.59E-07 
9.96E-07 
8.00E-09 
5.808-06 

3.188-06 
NA 

P a d  
pwm’ 
pwm’ 
pwm’ 
p a d  

pwd 
p c i d  
p c i n ?  

p G / d  
p G / d  

12 m’lday 
350 dayslyear 

6 Year 
(see table below) 

CDI CSF ILCR 
( p a )  

3.18E-03 
2.00E-02 

1.998-03 
4.01E-03 
2.518-02 
2.02E-04 
1.46E-01 

8.01E-02 

2.70E+05 

NA 

1.90E- 11 
7.00E-09 
7.30E- 13 
6.20E- 11 
8.30E- 12 
7.808-08 
l.lOE-07 
2.608-08 
2.50E-08 
2.408-08 

(unitless) 

6.03E- 14 
1.40E- 10 
1.976-07 
1.23E- 13 
3.33E- 14 
1.968-09 
2.22E- 11 
3.808-09 

1.92E-09 
NA 

2.05E-07 - I ILCR Summation - 
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Table H.IV.2-59 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Incidental Ingestion of Soil 

CS X EFX EDX FI X IR - Risk Equation - 

IRS 
EF EKposure kequency 
ED Exposure Duration 
FI Fractional Intake 
CS 

Ingestion rate of soil (RAGS. 1989) 

Concentration of radionuclides in soil 

rng/day 
350 daysbear 

6 Year 
1 (unitless) 

1-%E-04 
3.84E-04 

1.19E-04 
25OE-04 
4.28E-04 
3.17E - 05 
5.4OE-03 

277E - 03 

NA 

NA 

pCi/rng 
pCirng 
pCi/rng 
pCi/nig 
pCi/rng 
pCi/rng 
pCi/nig 
pCi/rng 
pCi/rng 
pCi/nig 

CDI CSF ILCR 
Radionuclides (pCi) 

5.71E+01 
1.61E+02 

5.OOE+01 
1.05E+02 
1.80E+02 
1.33E+01 
227E+m 

1.16E+03 

NA 

NA 

(pci1-l 

2.80E- 11 
7.80E- 10 
1.4OE- 12 
3.6OE- 11 
l..UIE- 12 
5.50E - 11 
1.70E- 10 
1.GOE-11 
1.GOE-11 
2.ooE-li 

~~ ~~~ 

(un i tlcss) 

1.GOE-09 
1.2GE-07 

1.80E-CB 
1.37E- 10 
9.89E - 09 
2.2GE-09 
3.G3E-08 

2.33E-08 

NA 

NA 

2.01E-07 - I ILCR Summation - 
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Table H.lV.2-62 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: &-Property Farm Resident (Child) 
Via Ingestion of Drinking Water 

Risk Equation 

IR 
EF 
ED 
Fl 
C w .  

CwX EFX ED X Fl X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of  radionuclides in groundwater 

NA 

NA 
3.288- 10 

2.838-02 
1.68E+01 

NA 
NA 
NA 
133E-01 
3.01E+00 

1 Ilday 
3.50 daystyear 

6 Year 
1 (Unitless) 

(see table below) 

CDI CSF ILCR 
tadionuclides ( P a )  (pa ) - '  (u nilless) 

%7+ld 
Ra?a6+8d 

'%+ld 

?228+7d  

h2n 

T% 

IhzJp+lOd 
"m 
%35n36 
um+u 

NA 

NA 
5.948+01 
3.538+04 

NA 
NA 
NA 
2.79E+02 
6.328+03 

6.89E-07 
2.80E- 11  
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

NA 

NA 
5.37E- 16 

2.14E-09 
4.598-08 

NA 
NA 
NA 
4.478-09 
1.268-07 

1.798-07 - I ILCR Summation - 
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tisk Equation 

1R 
FI 
EF 
ED 
Cf 

Table H.lV.2-65 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: *-Property Farm Resident (Child) 
Via Ingestion of Meat Products 

CfX EFX ED X FIX IR - - 

Ingestion rate of meat 
Fmction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat. 

1.22E-02 
1.20E-04 

4.478-03 

1.39E-06 
1.03E-07 
9.998-04 
1.33E-06 
5.43E-04 

NA 

1.02E+00 

0.039 kglday 
0.75 (Unitless) 
350 daysbear 

6 Year 

CDI CSF ILCR 
.adioouclides ( p a )  (pCi)-' (unitlcss) 

7.51E-01 
7.378-03 

NA 

6.25E+01 
2.758-01 

8.55E-05 
6.348-06 
6.148-02 
8.17E-05 
3.33E-02 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E-11 
1.60E-11 
2.00E- 11 

2.10E- 11 
5.7SE- 12 

NA 
9.90E- 12 
8.13E- 11 
4.70E- 15 
1.08E- 15 
9.828- 13 
1.31E- IS 
6.678- 13 

1.20E- 10 - I ILCR Summation - 
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Table H.IV.2-67 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Dairy Products 

Cp X EFX EDX Fl X IR - Risk Equation - 

IR 
FI 
EF Exposure frequency 
ED Exposure duration 
Cp 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 

Concentration of radionuclides in animal products 

4.28E+00 
2.16E-01 

NA 
2.24EM1 
1.20E+03 
1.16E-03 
8.60E-05 
3.00E+00 
4.798-03 
1.65E+00 

0.9 Ilday 
0.75 (Unitless) 
350 dayslyear 

6 Year 

CDI CSF ILCR 
Ladioouclides ( p a )  ( p a ) - '  

6.07E+03 
3.06E+02 

NA 
3.188+04 
1.70E+06 
1.64E+00 
1.22E-01 
4.25E+03 
6.798+00 
2.33E+03 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E-11 
1.60E- 11 
2.00E- 11 

(unit less) 

1.70E-07 
2.398-07 

1.14E-06 ' 

2.21 E-06 
9.04E- 11 
2.07E- 11 
6.80E-08 
1.09E- 10 
4.67E-08 

NA 

3.888-06 - I ILCR Summatioo - 
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list Equation 

IR 
Fl 
EF 
ED 
cv 

Table H.IV.2-69 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Farm Resident (Child) 
Via Ingestion of Vegetables and Fruits 

= CvX EF X ED X FI X IR 

Ingestion rate of  fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 4 

Exposure duration 
Concentration of radionuclides in vegetables 

4.08E+00 
5.778-01 

NA 
3.03E+01 
S.l3E+02 
3.73 E -02 
2.708-03 
2.16E+01 
7.01E-01 
2.698+01 

0.106 kg/day 
0.S (Unitless) 
3.50 daysiyyear 

6 Year 

CDI CSF ILCR 
ladionuclides ( p a )  ( p a ) - '  

4.54E+02 
6.428+01 

NA 
3.37E+03 
S.708+04 
4.1SE+00 
3.01E-01 
2.40E+03 
7.80E+01 
3.00E+03 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
S.SOE- 11 
1.70E- 10 
1.60E-11 
1.60E-11 
2.00E- 11 

(unit Icss) 

1.278-08 
S.01E-OS 

1.21E-07 
7.428-08 
2.288- 10 
S.11E- 11 
3.8SE-08 
1.258-09 
6.00E-08 

NA 

3.58E-07 - I ILCR Summation - 



l i s t  Equation 

EF 
ED 
ET; 

SH; 
SHO 
DR 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: *-Property Farm Resident (Child) 

Via External Radiation 

= [DR X EFX ED X mi X(1-SH,)] +[DR X EFX ED X EToX (~ 

Fraction of year spent exposured 
Exposure duration 
Fraction ofday spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 

0 (unitless) 
(see table below) 

%7+ld 
R%26+8d 

Sr90+ld 

%+7d 

b22.2 

=% 

?h230+10d 
urn 
U235R36 
um+u 

1.36E-01 pG/g 
3.848-01 pG/g 

1.19E-01 pG/g 
2.50E-01 pG/g 
4.28E-01 pG/g 
3.178-02 pG/g 

NA . pWg 

5.40E+00 pG/g 

2.77E+00 pG/g 
NA PGh3 

CDI CSP ILCK 
(year pCi/g) (g/pCi -year)-' (unitless) 

4.2E-01 2.OE-06 8.58-07 
1.2E+00 6.OE-06 7.2E-06 

3.7E-01 NA 
7.8E-01 6.OE- 13 4.7E- 13 
1.3E+00 S.6E-06 7.SE-06 
9.98-02 8.SE-06 8.48-07 
1.7E+01 3.OE- 11 S.OE- 10 

8.6E+00 5.1E-08 4.48-07 

NA 1.2E-09 NA 

NA 2.48-07 NA 

1.7E - OS - I ILCR Summation - 
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lisk Equation 

IR 
FI 
EF 
ED 
Cf 

Table H-IV.2-72 
Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Milk and Meat Consumer 

Via Ingestion of Meat Products 

CfX EFX ED X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure fEquency. 
Exposure duration 
Concentration of radionuclides in meat 

1.228-02 
1.20E-04 

NA 
4.478-03 

1.398-06 
1.03E-07 
9.998-04 
1.338-06 
5.43E-04 

1.02E+00 

0.1 kgJday 
0.75 (Unities) 
3.50 dayslyear 
70 Year 

CDI CSF ILCR 
Ladioauclides (pci)  

2.25E+01 
2.21E-01 

NA 
8.22E+00 
1.87E+03 
2.56E-03 
1.90E-04 
1.84E+00 
2.448-03 
9.97E-01 

[Pl3)-1 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E-12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E-11 
2.00E- 11 

~~~~ 

(unitless) 

6.298- 10 
1.72E- 10 

NA 
2.968-10 
2.438-09 
1.41E-13 
3.228- 14 
2.948- 11 
3.91E-14 
1.99E- 11 

3.58E-09 - [ ILCR Summation - 
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List Equation 

IR 
FI 
EF 
ED 
CP 

Table KIV-2-74 
Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Milk and Meat Consumer 

Via Ingestion of Dairy Products 

- - C p X E F X E D X F I X I R  

Ingestion rate of dairy products 
Fraction ingested fromcontarninated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

4.288+00 
2.16E-01 

2.248+01 
1.20E+03 
1.16E-03 
8.608-05 

NA 

3.00E+00 
4.798-03 
1.65E+00 

0.4 Ilday 
0.75 (Unitless) 
350 daystyear 
70 Year 

CDI CSF ILCR 
tadioouclides ( p a )  

3.1SE+04 
139E+03 

1.658+05 
8.818+06 
8.528+00 
6.328-01 
2.208+04 
3.528+01 
1.21E+04 

NA 

(pCi)-' 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
?.WE- 11 

(unitless) 

8.828-07 
1.248-06 

5.93E-06 
1.15 E -05 
4.698- 10 
1.078- 10 
3.52E-07 
5.638- 10 
2.42E-07 

NA 

2.01 E-OS - I ILCR Summation - 
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List Equation 

IR 
EF 
ED 
ca 

Table I-LlV.2-76 
Summary of  Risk Quantitation (radionuclides) 

Reference Receptor: Commercial/Industrial User 
Via Inhalation of Gases and Particulates 

CaX EFX ED X IR - - 

Inhalation rateof gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

20 m3/day 
250 dayshear 
25 Year 

(see table below) 

4.78-08 
1.4E-07 
1.8E+00 
4.8E-08 
1.4E- 07 
1.8E-07 
4.OE-09 
1.7E-06 

3.OE-06 
NA 

CDI CSF ILcw 
Radioouclides 

5.9E-03 
1.8E-02 

6.OE-03 
1.7E-02 
2.3E-02 
S.OE-04 
2.1E-01 

3.7E-01 

2.3E+05 

NA 

(pa)- ’  

1.9E- 11 
7.OE-09 
7.3E- 13 
6.2E-11 
8.3E- 12 
7.88-08 
l.lE-07 
2.68-08 
2.SE-08 
2.48-08 

(unitless) 

1.1E-13 
1.2E- 10 
1.7E-07 
3.78-13 
1.4E- 13 
1.8E-09 
SSE- 11 
5.58-09 

NA 
8.98-09 

1.8E-07 - I ILCR Summation - 
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tisk Equation 

IRS 
EF 
ED 
FI 
cs 

Table -H.IV.2-78 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Commercial/Industrial User 
Via Incidcntal Ingestion of  Soil 

Ingestion rate of soil (RAGS. 1989) 
EKposure kequency 
Exposure duration 
Fractional Intake 
Concentration of radionuclides in soil 

%37+1d 
R??26+8d 

"!Xl+ld 

%8+7d 

Rnzzz 
=% 

Th232+1od 
u 2 3 4  
u235.236 
%8+2d 

1..%E - 04 
3.84E-04 

l.19E-04 
2.5OE-04 
4.28E-04 
3.17E-05 
5.40E-03 

277E-03 

NA 

NA 

pCi/mg 
pCi/mg 
pciimg 
pCi/mg 
pCi/mg 
pCi/nig 
pCi/mg 
pCi/mg 
pCi/nig 
pCi/nig 

CS X EFX ED X FI X I R  

100 mg/day 
250 daysiyear 

25 Year 
1 (unitless) 

(see table below) 

CDI CSF ILCR 
Xadionuclides (pCi) 

8.50E+01 
2.40E+02 

7.44E+01 
1.5GE+02 
2.68E+02 
1.98E + 01 
3.38E+03 

1.73E + 03 

NA 

NA 

(pCi1-l 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.GOE- 11 
1.3OE- 12 
5.5OE-11 
1.70E- 10 
1.GOE-11 
1.GOE-11 
2.00E-11 

(uni tless) 

2.38E - 09 
1.87E-07 

2.G8E-09 
203E - 10 
1.47E-08 
3.37E-09 
5.40E-08 

3.46E-08 

NA 

NA 

2.99E-07 - I ILCR Summation - 
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Risk Equatioo 

EF 
ED 
mi 
E T 0  
SH; 
SHO 
DR 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Commercial/Industrial User 

Via External Radiation 

= [DR X EFX ED X mi X(1-SHJJ +[DR X EFX ED X EToX (l-SHo)] 

Fraction ofyear spent exposed 0.68 (uni tkss) 
Exposure duration 25 Year 
Fraction ofdayspent indoors 0.8 (uni [less) 
Fraction ofdayspent outdoors 0.2 (unitless) 
Shield factor indoors 0.5 (unitless) 
Shield factor outdoors 0 (unitless) 
Radionuclide specific dose concentrations (see table below) 

1.36E-01 pG/g 
3.848-01 pcilg 

1.19E-01 pG/g 
2.50E-01 pG/g 
4.288-01 pG/g 
3.178-02 pG/g 

NA P G k  

5.40E+OO p r i g  

2.778+00 pG/g 
NA P G k  

CDI CSF ILCR 
tadionuclides (year pCi/g) 

1.39E+00 
3.92E+OO 

NA 
1.21 E +00 
2.55E+00 
4.37E+00 
3.238-01 
5.51E+01 

NA 
2.83E+O1 

(g/pCi-ycar)-' 

2.00E-06 
6.00E-06 
1.20E-09 

6.00E- 13 
5.608-06 
8.508-06 
3.00E- 11 
2.408-07 
5.10E-08 

NA 

(unitless) 

2.778-06 
2.3SE-05 

NA 
NA 
1.53E- 12 
2.44E-OS 
2.75E-06 
1.6SE-09 

NA 
1.448-06 

I ILCR Summation - - 5.498-05 







Table H.IV.2-82 
Summary of Intake and Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Inhalation of Gases and Particulates 

ntate Equation = C A X  E F X  EDX 1R X ET 

IR Inhalation rate of  gases 
ED Exposure duration 
ET Exposure time 
EF Exposure frequency 
CA Concentration of radionuclides in air 

senoir 
c h i l d a m a d u l t  

083 083 083 083 &/hour 
6 12 38 14 years 
4 4 4 2 hour/day 

64 104 40 40 daystyear 
(see table below) 

4.708-08 
1.42E-07 

480E-08 
138E-07 
180E-07 
4.00E-09 
1.698-06 

2968-06 

1848+00 

NA 

pcim' 
pcim' 
pCilm" 
pcim' 
pcim' 
pCim3 
pCim3 
pCims 
pCim3 
pciirn' 

C D I  C S F  I L C R  
Radionuclides (pCi) (pCi)-' (unitless) 

I 

5368-04 
1628-03 
2.108+04 
5.478-04 
157E-03 
2.05E-03 
456E-05 
1938-02 

NA 
3378-02 

190E-11 
7.00 E- 09 
7308-13 
6.20E- 11 
8308-12 
7808-08 
l.lOE-07 
2.60E-08 
250E-08 
2.40E-08 

1.02E-14 
1.13E-I1 
1538-08 
3398-14 
131E-14 
160E-10 
5.018-12 
5.018-10 

NA 
8.09E-10 

I 

1.688-08 - I ILCR Summation - 
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6 1 7 2  

Table H.IV.2 -84 
Summary of Intake and Risk Quaotitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion of SoiliSediment 

ntake Equation = C S X E F X E D X F I X I R  

IR Ingestion rate of soil 
EF Exposure frequency 
ED Exposure duration 
FI Fractional Intake 
cs Concentration of chemicals in 

1.36E - 04 
3.84E-04 

NA 
1.19E-04 
2.50E - 04 
4.28E-04 
3.17E-05 
5.408-03 

NA 
2.77E-03 

soil 

pcimg 
pCimg 
pCimg 
pCi/mg 
pCi/mg 
pCimg 
pCimg 
pCi/mg 
pCimg 
pCimg 

senoir 
c h i l d y o u t h w e  

50 25 25 13 mg/day 
64 104 40 40 daysbear 
6 12 38 14 year 
1 1 1 1 (unitless) 

(see table below) 

CDI CS F ILCR 
Radionuclides (pCi) (pa)- '  (uni t less) 

1.30E-05 
3.67E-05 

NA 
1.14E-05 
2.398-05 ' 

4.10E -05 
3.03E-06 
5.17E-04 

NA 
2.65E - 04 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E-11 

3.648- 16 
2.87E- 14 

NA 
4.10E- 16 
3.11E- 17 
2.258- 15 
5.16E - 16 
8.278 - 15 

NA 
5.30E- 15 

I 

4.588- 14 - [ ILCR Summation - 
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Table  H.IV.2-88 
Summary of Intake and Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion while Wading 

ntake Equal 

IRsw 
EF 
ED 
c s  

= CSXEFX EDXIRSW 

Ingestion rate of suface wata 
Exposure frequency 
Exposure duration 
Concentration of radionuclides insurface wata 

child - 
senoir 

y o u t h & @  

0.035 Vday 
52 dayslyear 
12 YWS 

(see table below) 

NA p C i  

NA pcin 

NA pcin 
NA pcin 

NA pCVl 

1.45E-03 p C i  

1.09E+00 pCa 

1.668-04 pCifl 

7.4.58-03 pCi/l 
1.68E-01 pCJI 

CDI CSF ILCR 
ladionuclides (pCi) (pCi)-' (unitlcss) 

NA 

NA 
2.38E + 01 

NA 
NA 

NA 

3.17E-02 

3.638-03 

1.63E-01 
3.678+00 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E-11 
1.60E- 11 
2.00E-11 

NA 

NA 

NA 
NA 

NA 

1.47E- 11 

8.578- 10 

6.16E- 13 

2.60E- 12 
7.348- 11 

I ILCR Summation - - 9.58E- 10 



Risk Equation 

EF 
ED 

ETi 
ET. 

SH, 

Table H.IV.2-89 
Summary of Risk Quaatitation (radionuclides) 

Reference Receptor: Developed Park User  
Via External Radiation 

= [CR X EF X ED X ET, X (l-SHd]+[CR X EFX ED X E T  X (1-SHi)] 

Fractionof year spent exposed 
Exposure duration 
Fractionof dayspent outdoors 
Fraction of day spent indocrs 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific concentrations 

CS137+ld 1.36E-01 pCVg 
R??26+8d 3.84E-01 pCig 

SrSO+ld 1.19E-01 pCVg 
T% 2.SOE-01 pCVg 
ThL28+7d 4.288-01 pCVg 
ThL.O+lOd 3.17E-02 pCVg 

R%2 NA ' pCVg 

'234 S.40E+00 pCVg 

"238+2d 2.778+00 pCVg 
'23KU4 NA P W  

senoir 
* y o u t h a m  

0.18 0.28 0.11 0.11 (unidess) 
6 12. 38 14 years 

0.17 0.17 0.17 0.08 (unidess) 
NA NA NA NA NA 
0.5 0.5 0.5 0.S (unidess) 

(unidess) 
(see table below) 

CDI CSF ILCR 
ladionuclides (year pCi/g) ( d p c  i - yea r (unitless) 

cs137+ld 
R%26+8d 

SrSO+ld 

%28+7d 
%.O+lOd 

'23KU4 

Rhaz 

T% 

"234 

"23+2d 

2.16E-01 
6.10E-01 

N A  
1.89E-01 
3.97E-01 
6.80E-01 
5.048-02 
8.58E+00 

4.40E+00 
NA 

2.00E-06 
6.00E-06 
1.20E-09 

NA 
6.00E- 13 
5.60E-06 
8.50E-06 
3.00E- 11 
2.40E - 07 
5.10E - 08 

4.32E-07 
3.668-06 

NA 
NA 
2.388- 13 
3.81E-06 
4.28E-07 
2.57E- 10 

NA 
2.248-07 

85SE - 06 - I ILCR Summation - 
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l i s t  Equation 

IR 
ED 
ET 
EF 
CA 

Table ILIV2-91 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Inhalation of Gases and Particulates 

= C A X E F X E D X I R X E T  

Inhalation rateof gases 
Exposure duration 
Ekposure time 
Exposure frequency 
Concentration of radionuclides in air 

4.70E-08 
1.428-07 
184E+00 
~ O E - O ~  
1388-07 
lBOE-07 
4.00 E- 09 
1.69 E-06 

NA 
2.96 E-06 

pCims 
pCi/ms 
pci/m3 
pCiM 
pCim3 
pCi/m3 
pci/m3 
pCim3 
pCi/ms 
pCi/ms 

senoir 
c h i l d - * *  

083 083 083 083 m'hour 
6 12 38 14 years 
1 2 2 ~ 1 hourlday 

26 39 52 26 dayslyear 
(see table below) 

CDI CSF ILCR 

2.11E-04 
6378-04 
8.26~+03 

8.088-04 

2.15E-04 
6.198-04 

1SOE-OS 
7598-03 

1338-02 
NA 

1.9OE-11 
7.00 E- 09 
7308-13 
6.20E- 11 
830E- 12 

l.lOE-07 
2.608-08 
250E-08 
2.408-08 

~ B O E - O ~  

4.01 E- 15 
4.468-12 
6.038-09 
1348-14 
5.148-15 
630E- 11 
i.98~-12 
1.97E-10 

NA 
3.19E-10 

I 

6.61 E-09 - I ILCR Summation - 
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Risk Equation 

IR 
EF 
ED 
FI 
CS 

Table H.IV.2 -93 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Incidental Ingestion of Soil/Sediment 

= C S X E F X E D X F I X I R  

Ingestion rate of soil 
Exposure frequency 
Exposure duration . 
Fractional Intake 
Concentration of chemicals in soil 

1.368-04 pCimg 
3.848-04 pCimg 

NA pCi/mg 
1.19E-04 pCimg 
2.50E-04 pCi/mg 
4.28E-04 pCi/mg 
3.17E-OS pCi/mg 
5.40E-03 pCi/mg 

NA pCilmg 
2.77E-03 pCi/mg 

12 13 13 6 mglday 
26 39 52 26 daysbear 
6 12 38 14 year 
1 1 1 1 (unitless) 

(see table below) 

CDI CSF ILCR 
Radionuclides (pCi) (pCi)-' (unit less) 

4.87E+00 
1.38E+O 1 

4.268+00 
8.968+00 
l.S3E+O 1 
1.14E+00 
1.938+02 

9.92E+0 1 

NA 

NA 

2.80E-11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.SOE- 11 
1.70E- 10 
1.60E-11 
1.60E-11 
2.00E- 11 

1.36E- 10 
1.07E-08 

NA 
1.S3E- 10 
1.16E- 11 
8.438- 10 
1.93E- 10 
3.lOE-09 

1.988-09 
NA 

1.71E-08 - [ILCR Summation - 
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Risk Equation 

I R S W  

EF 
ED 
cs 

Table H.IV.2-97 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Incidental Ingestion while Wading 

= CSXEFXEDXIRsw 

Ingestionrateof suface water 
Exposure kequew 
Exposure duration 
Concentration of radionuclides insurface water 

NA pcin 

NA p C i  

NA pcin 
NA pcin 

NA pcin 

1.45E-03 pCVl 

1.09E+00 p C i  

1.668-04 pCin 

7.4%-03 pCin 
1.68E-01 pCi/l 

senoir 
child youth adult - 

0.035 Vday 
52 dayslyear 
12 Y W S  

(see table below) 

CDI CSF ILCR 
tadionuclides (pCi) (pCi)-' (unitlcss) 

Cs131+ld 
R??26+8d 

SrW+ld 

%+7d 
%32+lOd 

RBaZ 

=c, 

u234 

U238+2d 
'2W236 

NA 

NA 

NA 
NA 

NA 

3.67E+00 

3.17E-02 

2.388+01 

3.638-03 

1.63E-01 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

NA 

NA 

NA 
NA 

NA 

2.47E- 11 

8.57E- 10 

6.16E- 13 

2.60E- 12 
7.34E- 11 

9.58E- 10 - I ILCR Summation - 



" 6772  

List Equation 

EF 
ED 

ET1 
ET. 

SHi 
SHO 
C R  

Table H.IV.2-98 
Summary o f  Risk Quanlilation (radionuclides) 

Reference Receptor: Wildlife Reserve U s e r  
Via External Radiation 

= (CR X EF X ED X ET, X (I-SHJ]+(CR X EFX ED X ET, X (1-SH)] 

senoir 
- child youth adult 

Fraction of year spent exposed 
Exposure duration 
Fraction of day spent outdoors 
Fraction of day spent indous 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific concentrations 

%37 +I d 
R%26+Bd 

sr90+ld 

%ZB+7d 
%?Z+lOd 

u2.7wu6 

Rn222 

T C W  

UZU 

u238+2d 

1.36E-01 pCVg 
3.84E-01 pCVg 

1.19E-01 pCVg 
2.50E-01 pCVg 
4.28E-01 PCVg 
3.178-02 pCUg 
5.40E+00 pCVg 

NA PCVg 
2.77E+00 pCVg 

NA PcVg 

0.07 0.11 0.14 0.07 (unitless) 
6 12 38 14 years 

0.04 0.08 0.08 0.04 (unitless) 
NA NA NA NA NA 
0.5 0.5 0.5 0.5 (unitless) 

(unitless) 
(see table below) 

Ladionuclides (year pCi/g) ( I J ~ C  i - year)- (unit I ess) 

7.99E-02 
2.258-01 

NA 
6.99E-02 
1.47E-01 
2.5 1E- 01 
1.868-02 
3.17E+00 

1.63E+00 
NA 

2.00E-06 
6.00E-06 
1.20E-09 

NA 
6.00E- 13 
5.608-06 
8.508-06 
3.00E- 11 
2.40E - 07 
5.10E-08 

1.60E-07 
1.3ZE-06 

NA 
NA 
8.81E- 14 
1.4 1 E- 06 
1.58E-07 
9.51E- 11 

NA 
8.308-08 

3.168-06 - [ILCR Summation - 
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Table H.IV.2-100 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via Inhalation of Gases and Particulates 

t i s t  Equation 

1R 
EF 
ED 
ET 
CA 

= C A X E F X E D X I R X E T  

Inhalation rate of gases 
Exposure frequency 
Exposure duration 
Exposure time 
Concentration of radionuclides in air 

y o u t h *  

0.83 0.83 m’hour 
110 40 daystyear 
12 32 Year 
2 1 hour/day 

(see table below) 

4.70E-08 
1.42E-07 
1.84E+00 
4.808-08 
1.388-07 
1.80E-07 
4.00E-09 
1.698-06 

NA 
2.968-06 

CDI CSF ILCR 
.adionuclides ( p a )  

%37+ld 
%l6+Rd 
%2 
%V+ld 
k9 

kS2+1Od 
J234 
Jpsm 
Jz38+2d 

b + 7 d  

1.538-04 
4.628-04 

1.568-04 
4.498-04 
5.86E-04 
1.30E-05 
5.50E-03 

9.63E-03 

5.998+03 

NA 

(pCi)-‘ 

1.90E- 11 
7.00E-09 
7.30E- 13 
6.20E-11 
8.30E-12 
7.808-08 
l.lOE-07 
2.608-08 
2.50E-08 
2.40E-08 

j u  nit less) 

2.91E-15 
3.23E- 12 
4.378-09 
9.68E- 15 
3.738- 15 
4.57E- 11 
1.43E- 12 
1.43E- 10 

2.31E- 10 
NA 

I ILCR Summation - - 4.798-09 
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Table H.IV.2- 102 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via Incidental Ingestion of Soil/Sediment 

Risk Equatioo = C S X E F X E D X F I X I R  

IR Ingestion tate of soil 
EF Exposure frequency 
E D  Exposure Duration 
FI Fractional Intake 
cs Concentration of radionuclides in soil 

12.5 12.5 mg/day 
110 40 dayslyear 
12 32 Year 
1 1 (unitless) 

(see table below) 

1 .3s -04  
3.848-04 

NA 
1.19E-04 
2.50E - 04 
4.28E-04 
3.17E-05 
5.4OE-03 

NA 
2.77E-03 

pCi/mg 
pCi/mg 
pCi/mg 
pCUmg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

CDI CSF I I X R  
tadionuclides (pCi) 

4.42E+OO 
1.25E+o1 

3.87E+OO 
8.13E+OO 
1.39E+O1 
1.03E+00 
1.76E+02 

9.OOE+Ol 

NA 

NA 

(pCi1-l 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E - 11 
1.70E - 10 
1.60E- 11 
1.60E- 11 
2.00E - 11 

(unitlcss) 

1.24E - 10 
9.738-09 

NA 
1.39E- 10 
1.06E- 11 
7.6.E- 10 
1.7-E- 10 
2.81E-09 

NA 
1.80E - 09 

1.568-08 - I ILCR Summatioo - 
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List Equation 

IRsw 
EF 
ED 
FI 
cs 

Table H-IV.2-106 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
V i  Incidental Ingestion while Wading 

= CSXEFXEDXFIXIRsw 

Ingestion rate of surface water 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

NA 

NA 

NA 
NA 

NA 

1.45E-03 

1.09E+00 

1.66E-04 

7.458-03 
1.68E-01 

y o u t h a d u l t  

0.035 Ilday 
52 dayslyear 
12 Year 

1 1 (Unitless) 
(see table below) 

CDI CSF ILCR 
tadionuclides (pa )  (pCi)-' (unit less) 

%7+ld NA 2.80E- 11 NA 
R?126+Sd 3.17E-02 7.80E- 10 2.47E- 11 
%22 NA 1.40E- 12 NA 
Sr90+ld 2.38E+01 3.60E- 11 8.57E- 10 

NA 1.30E- 12 NA 
NA 5.50E- 11 NA %28+7d 

%%+lOd 3.638-03 1.70E- 10 6.16E- 13 
"734 NA 1.60E- 11 NA 
u235m 1.63E-01 1.60E- 11 2.60E- 12 
um+2d 3.67E+00 2.00E- 11 7.348-11 

T% 

9.588- 10 - I lLCR Summation - 



tisk Equation 

EF 
ED 
nb 
SHO 
CR 

Table EN-2- 107 
Summary of Risk Quaotitatioo (radionuclides) 

Refereoce Receptor: Expanded Trespasser 
Via External Radiation 

= [CRXEFXEDXEToX(l-SH,)] 

Fraction of year spent exposed 
Exposure duration 
Fraction of day spent outdoors 
Shield factor outdoors 

youlh 

0.3 
12 

0.08 
0 

adult 

0.11 (unitless) 

0.04 (unitless) 
0 (unitless) 

32 Year 

Radionuclide specific concentrations (see table below) 

1.36E-01 pG/g 
3.848-01 pG/g 

1.19E-01 pG/g 
2.50E-01 pO/g 
4.28E-01 pO/g 
3.178-02 pO/g 

NA P W  

5.40E+00 pG/g 

2.77E+00 pG/g 
NA P G / g  

CDI CSF II.CK 
tadionuclidcs 

%37+1d 
R??S+Sd 

Sr50+ld 

%28+7d 

%22 

Tc99 

%+lM 
urn 
bsm 
Um+zd 

(year pCiIg) (g/pCi-ycar)-l 

5.838-02 2.00E-06 
1.65E-01 6.00E-06 

NA 1.20E-09 
. 5.10E-02 NA 

1.07E-01 6.00E- 13 . 
1.84E-01 5.608-06 
1.36E-02 8.508-06 
2.328+00 3.00E- 11 

NA 2.40E-07 
1.19E+00 5.10E-08 

(u nit less) 

1.17E-07 
9.888-07 

NA 
NA 
6.43E- 14 
1.03E-06 
1.16E-07 
6.958- 11 

6.06 E - 08 
NA 

2.3 1 E-06 - I ILCR Summation - 
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Table H.IV.2- 109 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Meat Products 

CfX EFX ED X FIX IR - Risk Equation - 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
ED Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

Cs137+ld 
R%+8d 

"gO+ld 

Tht28+7d 

R ~ m  

Tc99 

%32+ 1od 
u234 
u235, 
U238+2d 

NA 

NA 
9.21E- 10 

l.llE-06 
9.48E-04 

NA 

NA 
2.53E- 12 

6.618-09 
1.498-07 

0.101 kg/day 
0.75 (Unitless) 
350 dayshear 
70 Year 

CDI CSF I LCR 
.adioouclides (pCi) (pCi)-' (uoi tless) 

'137+ld 
%?6+8d 
%z 

rc99 

b 3 2 +  1od 
J234 J,,, 
Jz38+2d 

"90+ld 

mps+7d 

NA 

NA 
1.71E-06 

2.078-03 
1.76E+00 

NA 

NA 
4.708-09 

1.23E- OS 
2.778-04 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E-11 
2.00E- 11 

NA 

NA 
1.33E- 15 

7.44E- 14 
2.29E- 12 

NA 

NA 
7.998- 19 

1.96E- 16 
5.53E- 15 

2,378- 12 - I ILCR Summatioo - 
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Risk Equation 

IR 
FI 
EF 
ED 
CP 

Table H.IV.2-111 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Dairy Products 

CDI CSF I LCR 

CpX E F X  EDX FI X IR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

0.4 Vday 
0.75 (Unitless) 
350 daysbear 
70 Year 

NA 

NA 
1.998-06 

6.698-03 
1.34E+00 

NA 

NA 
2.53E-09 

2.38E-05 
5.368-04 

p c i g  
P c i g  
P c i g  
P c i g  
p c i g  
pCikg 
p c i g  
pCikg 
pCikg 
pCikg 

ladioouclides (pCi) 

NA 

NA 
1.468-02 

4.91 E+01 
9.838+03 

1.868-05 

1.75E-01 

NA 

NA 

3.948+00 

(pci)-' 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E-11 
1.30E- 12 
5.508- 11 
1.70E- 10 
1.60E-11 
1.60E- 11 
2.00E- 11 

(unitless) 

NA 

NA 
1.14E-11 

1.77E-09 
1.288-08 

3.16E- 15 
NA 

NA 
2.80E- 12 
7.89E-11 

1.468-08 - I ILCR Summation - 
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Table H.IV.2- 113 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Vegetables and Fruits 

CvX EFX ED X FI X 1R - Risk Equation - 

IR 
FI 
EF Exposure frequency 
ED Exposure duration 
cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

NA p c i g  
3.828-04 pCi/lig 

NA pCinig 
1.50E+00 pCinig 
1.83E+01 pCi/kg 

NA pCikg 
4.148-0.5 p C i g  

NA pCikg 
3.488-03 pCi/kg 
7.858-02 pCinig 

%37+ld 
R%+8d 

"gO+ld 

Ih228+7d 
Ih232+ 1M 

"23SN6 

Rnm 

rc99 

b 4  

J238+2d 

NA 

NA 
5.71E-01 

2.25 E + 03 
2.73E+04 

6.19E-02 
NA 

NA 
5.21E+00 
1.17E+02 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E-11 
2.00E- 11 

0.122 kg/day 
0.5 (Unitless) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
:adionuclides (pCi) (pci1-l (unitless) 

NA 

NA 
4.458-10 . 

8.09E- 08 
3.558-08 

NA 

NA 
1.OSE-11 

8.338-11 
2.35 E- 09 

1.19E- 07 - I ILCR Summation - 
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Risk Equation 

IR 
EF 
ED 
FI 
cw 

Table H.IV.2- 115 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Residential) 
Via Ingestion of Drinking Water 

Cw X EF X ED X FI X 1R - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

%37+ld 
R%2b+8d 
Rn222 

Tc99 

u, 
U23523SR36 
u238+2d 

Sr90+ld 

'IhzzB+7d 
'Ih232+ 1M 

NA 

NA 
7.37E-05 

7.438-02 
2.238+00 

NA 

NA 
8.448-06 

6.6 1 E-04 
1.498-02 

p C i  
pCiA 
p C i  
pCiA 
pCiA 
pCiA 
pCiA 
pCiA 
pCiA 
pCi/l 

2 Ilday 

70 Year 
350 daysbear 

1 (Unitless) 
(see table below) 

CDI CSF ILCR 
Radionuclides 

cs137+ld 
R%2b+8d 
R"222 
sr!m+ld 
TC, 

nuz+ 1M 
uz34 
U23sm 
U238+2d 

'Ih228+7d 

(vCi) 

NA 

NA 
3.61E+00 

3.648+03 
1.09 E +OS 

4.14E-01 

3.248+01 
7.308+02 

NA 

NA 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.SOE- 11 
1.70E- 10 
1.60E-11 
1.60E- 11 
2.00E- 11 

_(unit less) 

NA 

NA 
2.828-09 

1.31E-07 
1.42E-07 

NA 

NA 
7.03E- 11 

5.18E- 10 
1.468-08 

2.91 E-07 - I ILCR Summation - 
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Table H.IV.2- 118 
Summary o f  Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Recreational) 
Via Ingestion o f  Fish 

Cf X EFX ED X FI X IR - Risk Equation - 

IR Ingestion rate of meat 
FI 
EF Exposure frequency 
ED Exposure duration 
Cf 

Fraction ingested from contaminated source 

Concentration of radionuclides in meat 

CS137+ld 
R%2b+8d 

"90+ld 

nZ28+7d 
%?32+10d 

UZ35L?3b 
'238+?d 

h 2 2 2  

Tc99 

u234 

NA 

NA 
3.68E-06 

2.23E-03 
3.34E-02 

2.53E - 07 

1.32E - 06 
2.98E-05 

NA 

NA 

pci/kg 
pci/kg 
pCi/kg 
pci/kg 
pci/kg 
pCi/kg 
pCi/kg 
pCi/kg 

pci/kg 
PCi/kg 

0.054 kg/day 
1 (Unitless) 

122 daysfyear 
30 Year 

I CDI CSF ILCR 
Ladionuclides 

3137+ld 
'?226+8d 

jr90+ld 

m228+7d 
m232+10d 

'235IZ36 
'238+2d 

b 2 2 2  

rc99 

4 3 4  

(pCi) 

NA 

NA 
7.28E-04 

4.41E-01 
6.61E+00 

NA 

NA 
5.00E-05 

2.61E-04 
5.89E-03 

(pCi)-' 

2.8OE-11 
7.80E- 10 
1.4OE- 12 
3.60E - 11 
1.30E-12 
SSOE-11 
1.70E- 10 
1.GOE- 11 
1.6OE-11 
2.00E- 11 

(unitless) 

NA 

NA 
5.68E- 13 

1.59E-11 
8.59E- 12 

8.51E- 15 

4.18E-15 
1.18E- 13 

NA 

' NA 

252E - 11 - 1 ILCR Summation - 
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Table H.IV.2- 120 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Recreational) 
Via Incidental Ingestion while Wading 

tisk Equation 

IRsw 
EF 
ED 
FI 
c5 

CsX EFX ED X FI X IR 

Ingestion rate of surface water 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

0.035 Ilday 

30 Year 
7 daystyear 

1 (Unitless) 

NA 

NA 
7.378-05 

7.438-02 
2.23E+Oo 

NA 

NA 
8.448-06 

6.61 E-04 
1.49E-02 

p C i  
p C i  
p C i  
pCiA 
p C i  
pCiA 
pCiA 
p C i  
pCih 
p C i  

CDI CSF ILCR 
tadionuclides (pCi) 

CS137+Id 
R%2b+8d 
R"222 

=c99 

urn 

%+2d 

sr90+ ld 

nh228+7d 
%32+ 1M 

U2351u6 

NA 

NA 
S.428-04 

5.468-01 
1.64E+01 

6.20E- OS 
NA 

NA 
4.868-03 
1.10E- 01 

(pCi)-' 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E-12 
S.50E- 11 
1.70E- 10 
1.60E-11 
1.60E-11 
2.00E- 11 

(u i tlcss) 

NA 

NA 
4.23E- 13 

1.97E-11 
2.13E-11 

NA 

NA 
1.OSE- 14 

7.778- 14 
2.19E- 12 

4.378- 11 - I ILCR Summation - 
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TABLE H.IV.3-I 

SUMMARY OF HEALTH EFFECTS: 
ALL RECEPTORS 

TOTAL MINUS ALL BACKGROUND 

Target Receptor ILCR HI 

Undeveloped-Park User 

Off-Property Farmer 
Adult 
Child 

4.1E-06 1.8E-02 

6.1E-05 2.0E-01 
3.6E-05 8.OE-01 

Reference Receptor ILCR HI 

On-Property Farmer 
Adult 
Child 

CommerciaMndustrid User 

Developed-Park User 

W ildl ife-Reserve User 

Expanded Trespasser 

Meat and Milk Consumer 

Great Miami River User 

4.3E-04 
1.6E-04 

5.7E-05 

9.3 E-06 

3.6E-06 

2.7E-06 

1 .7E-04 

8.5E-07 

3.7E-01 
1.5E+00 

4.OE-02 

I .9E-02 

1.7E-02 

1.9E-02 

3.1 E-02 

4.OE-01 

FER\OUSFS\ATTACH\H-IV.ATnMnrch 2 1 .  I995 9:27pm 
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Risk muation 

IR 
ED 
ET 
EF 
CA 

Table H.IV.3-3 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via Inhalation of Gases and Particulates 

= C A X E F X E D X I R X m  

. .. . 

Inhalation rate of gases 
Exposure duration 
Exposure time 
Exposure frequency 
Concentration of radionuclides in air 

4.708-08 
1.42E-07 
184E+00 
480E-08 

180E-07 
4.00E-09 
1698-06 

i 3 8 ~ - 0 7  

NA 
296E-06 

pCim3 
pCim3 
pCim3 
pCim3 
pCim3 
pcim3 
pCim3 
pCim3 
pCim3 
pCim3 

senoir 
* & * a d u l t  
083 083 083 083 m'hour 

6 12 38 14 years 
1 2 2 1 hour/day 

40 104 40 26 dayslyear 
(see table below) 

CDI CSF ILCR 
Radionuclides 

%7+ld 
Ra226+8d 
R%22 
Sr93+1d 
T% 
%+7d 

u234 
u235, 
U238+2d 

-2 + lOd 

(pCi) 

2.40E-04 
7.248-04 

2.458-04 
7.038-04 
9.178-04 
2.048-05 

9 3 8 ~ + 0 3  

86 1 E-03 
NA 
151E-02 

(pCi)-' 

190E- 11 
71)OE-09 
730E- 13 
6.20E- 11 
8 3 0 ~ - 1 2  
7 8 0 ~ - 0 8  

2.60~-08 
250 E- 08 

l.lOE-07 

2.40E-08 

(unitless) 

45.58- 1.5 
5.07E- 12 
685 E-09 
1 5 2  E- 14 
S84E-15 
7.16E- 11 
2.248- 12 
2.248- 10 

362E- 10 
NA 

7518-09 - I ILCR Summation - 
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Cist Equation 

IR 
EF 
ED 
FI 
cs 

Table H.IV.3-5 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via Incidental Ingestion of Soil/Sediment 

= C S X E F X E D X F I X R  

Ingestion rate of soil 
Exposure frequency 
Exposure duration 
Fractional Intake 
Concentration of chemicals in soil 

1.368-04 
3.848-04 

NA 
1.19E-04 
2.50E-04 
4.288-04 
3.17E-05 
5.40E-03 

NA 
2.778-03 

pCimg 
pCimg 
pCimg 
pCimg 
pCi/mg 
pCimg 
pCimg 
pCimg 
pCi/mg 
pCi/mg 

senoir 
- child adult 

12 13 13 6 mg/day 
40 104 40 26 daysbear 

6 12 38 14 year 
1 1 1 1 (unitless) 

(see table below) 

CDI CS F I LCR 
Radionuclides (pCi) (pCi)-' (unit less) 

CSLV + Id 5.58E+00 2.80E- 11 1.56E- 10 
R%6+€4 1.58E+01 7.80E- 10 1.238-08 

SrSQ+,Ci 4.888+00 3.60E-11 1.76E- 10 
Tc, 1.03E+01 1.30E- 12 1.33E- 11 
%28+7d 1.76E+01 5.50E- 11 9.668- 10 
%+1M 1.30E+00 1.70E- 10 2.21E- 10 

2.228+02 1.60E- 11 3.5SE-09 

Rnnz NA 1.40E- 12 NA 

NA 1.60E- 11 NA 
urn 
UUSR36 
U238+2d 1.14E+02 2.00E- 11 2.278 -09 

I 

1.968-08 - I ILCR Summation - 
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t i s t  Equation 

IRsw 
EF 
ED 
cs 

Table H.IV.3-9 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via Incidental Ingestion while Wading 

= CSXEFXEDXIRsw 

Ingestioniate ofsuface wata 
Exposure Pequency 
Exposure duration 
Comeneation of radionuclides insurface wata 

senob 
w y o u l h e a d u l t  

0.035 Uday 

12 Y W S  

52 dayslyear 

(see table below) 

%7+ld 
R8126+8d 

sf90+ld 

%28+7d 
IhZ?Z+lOd 

'235/236 

R n ,  

=% 

U Z W  

UZJ8+2d 

NA 

NA 

NA 
NA 

NA 

1.458-03 

1.09E+00 

1.668-04 

7.458-03 
1.68E-01 

pcvl 
p C i  
p C i  
p C i  
p C i  
pcvl 
p C i  
p C i  
pcvl 
pcvl 

CDI CSF ILCR 
ladionuclides (pCi) (pci)-' (unitless) 

cs137 +I d NA 2.80E-11 NA 
R??26+8d 3.178-02 7.80E- 10 2.47E- 11 
Rnn2 NA 1.4OE- 12 NA 
8SO+1d 2.38E+01 3.60E- 11 8.578- 10 
T% NA 1.30E- 12 NA 

NA 5.50E- 11 NA %+7d 
%?Z+lOd 
UZW NA 1.60E- 11 NA 
U235/236 1.63E-01 1.60E- 11 2.60E- 12 
u238+2d 3.67E + 00 2.00E- 11 7.34E- 11 

3.638-03 1.70E- 10 6.16E- 13 

I ILCR Summation - - 9.588- 10 



Table H.IV.3- 10 
Summary of Risk Quantitation (radionuclides) 

Target Recptor: Undeveloped Park User 
Via External Radiation 

List Equation 

EF 
ED 

ETi 
ET. 

SHi 

= [CRX EFX'EDX ET,X (1-SHd]+[CR X EFX EDX E T X  ( 

Fraction of year spent exposed 
Exposure duration 
Fractionof dayspent outdoors 
Fractionof dayspent indous 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific concentrations 

CS137+ld 
Ra226+8d 
R n ,  

Tcpp 

u234 

u238+2d 

Sr50+ld 

%+7d 
ThL.O+lOd 

u23XU6 

1.36E-01 pCVg 
3.848-01 pCVg 

1.19E-01 pCVg 
2.50E-01 pCig 
4.288-01 pCVg 
3.178-02 pCVg 

NA PCi/B 

5.40E+00 pCVg 
NA 
2.778+00 

- child youth adult 

- SH)] 

senoir 
adult - 

0.11 0.28 0.11 
6 12 38 

0.04 0.08 0.08 
NA NA NA 
0.5 0.5 0.5 

0.07 (unitless) 

0.04 (unitless) 
NA NA 
0.5 (unitless) 

(unitless) 

14 years 

(see table below) 

CDI CSF ILCR 
Xadionuclides (year pCilg) (a/pCi -year)- ' (u n i tlcss) 

Cs137+ld 
R?226+8d 

Sr50+ld 

%+7d 
%.O+lOd 

'23SR36 

R n ,  

Tcpp 

u234 

u238+2d 

9.1OE- 02 
257E-01 

7.968-02 
1.67E-01 
2868-01 
2.12E- 02 

NA 

3.61E+00 

1.85E+00 
NA 

2.00E-06 
6.00E-06 
1.20E-09 

NA 
6.00E- 13 
5.60E-06 
8.508-06 
3.00E- 11 
2.408-07 
5.10E-08 

1.82E - 07 
154E - 06 

NA 
NA 
1.00E- 13 
1.60E-06 
1.80E-07 
1.08E- 10 

NA 
9.458-08 

3.60E -06 - I ILCR Summation - 
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Zist Equation 

IR 
EF 
ED 
ca 

Table KlV.3-12 
Summary of Risk Quantitatioo (radioouclides) 

Target Receptor: Off-Property Farm Resideot (Adult) 
Via Inhalation of Gases and Particulates 

CaXEFXEDXIR - - 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

20 m h y  
3.50 daystyear 
70 Year 

(see table below) 

2.048-08 
6.178-08 
8.008-01 
2.438-08 
3.348-07 
3.528-07 
1.748-09 
1.40E-06 
4.958-09 
1.588-06 

p a n ?  
p G / J  
pwn? 
pcilm' 
p w d  
p W J  
pG/m' 
p wn? 
p an? 
pG/n? 

CDI CSF ILCR 

1.008-02 
3.038-02 

1.198-02 
1.648-01 
1.738-01 
8.528-04 
6.888-01 
2.438-03 
7.77E-01 

3.928+05 

1.908-11 
7.008-09 
7.308- 13 
6.208- 11 
8.308- 12 
7.808-08 
1.108-07 
2.608-08 
2.508-08 
2.408-08 

(unit less) 

1.908-13 
2.12E-I0 
2.868-07 
7.388- 13. 
1.368- 12 
1.358-08 
9.378- 11 
1.798-08 
6.068- 1 I 
1.868-08 

I ILCR Summation - - 3.378-07 
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Table H.IV.3- 14 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Incideotal Ingestion of Soil 

- Risk Equation - 

1% 
EF EKposure tkequency 
ED EKposure Ihration 
FI Fractional Intake 
cs 

Ingestion rate ofsoil (RAGS. 1989) 

Concentration of radionuclides in soil 

NA 
NA 
NA 
1.50E - 05 
2.50E - 04 

NA 
NA 
2.97E-03 
2.19E-05 
1.32E-03 

pCi/rng 
pCi/rng 
pCi/mg 
pCi/rng 
pCi/rng 
pCi/rng 
pCi/mg 
pCi/nig 
pCi/mg 
pCi/mg 

CS X EF X ED X FIX IR 

180 mg/day 
350 daystyear 
70 Year 
1 (unitless) 

(see taMe below) 

CDI CSF ILCK 
( p a )  (pCi)-' (unitless) Cadionuclides 

NA 
NA 
NA 
6.62E+O1 
1.1OE+03 

NA 
NA 
1.31E+04 
9.66E+01 
5.82E+03 

2.80E - 1 1 
7.80E- 10 
1.40E- 12 
3.60E- 11 
l..WE-12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E-11 

NA 
NA 
NA 
2.38E-09 
1.43E - 09 

NA 
NA 
210E - 07 
1.55E-09 
1.16E - 07 

3.31E-07 - I ILCR Summation - 
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Risk Equation 

IR 
EF 
ED 
FI 
cw 

. .  

Table H.lV.3-17 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Drinking Water 

Cw X EF X ED X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frcquency 
Exposure duration 
Fractional Intake for radionuclides 
Concentration of radionuclides in groundwater 

NA 
NA 
NA 
5.368-06 
4 . i a ~ - o i  

NA 
NA 
NA 
a .29~-02  
1.87E+00 

2 Vday 

70 Year 

(see table below) 

3M daysfyear ' 

1 (Unitless) 

CDI CSF ILCR 
:adionuclides ( p a )  [pCi)-' (unitless) 

NA 
NA 
NA 
2.638-01 
2.058+04 

NA 
NA 
NA 
4.06 E +03 
9.168+04 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- I 1  
2.00E- I 1  

NA 
NA 
NA 
9.468- 12 
2.668-08 

NA 
NA 
NA 
6.508-08 
1.838-06 

1.928-06 - I ILCR Summation - 
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Risk Equation 

1R 
FI 
EF 
ED 
Cf 

Table HJV.3-20 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Meat Products 

CfX EFX ED X FIX IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

0.1 kg/day 
0.75 (Unitless) 
350 daysfyear 
70 Year 

(see table below) 

5.738-08 
3.768-09 

NA 
5.648-04 

1.568- 10 
9.458- 13 
5.498-04 
4.888-06 
2.638-04 

1.01 E+OO 

.adionuclides ( p c i )  

1.05E-04 
6.928-06 

NA 
1.04E+00 
1.868+03 
2.868-07 
1.748-09 

8.978-03 
4.838-01 

1.01E+00 

(pci)-' 

2.808- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.508- 11 
1.708-10 
1.608-11 
1.608- 11 
2.00E- 11 

(unit less) 

2.9SE- 15 
5.40E- 15 

NA 
3.738- 11 
2.418-09 
1.578- 17 
2.9SE- 19 
1.62E- 11 
1.43E- 13 
9.668-12 

2.488-09 - I ILCR Summation - 







List Equation 

IR 
FI 
EF 
ED 
Cp 

Table HJV.3-22 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via Ingestion of Dairy Products 

Cp X EFX EDX FIX IR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

0.4 Ilday 
0.75 (Unitless) 
3-50 dayslyear 
70 Year 

2.01E-05 
6.788-06 

NA 
2.82E+00 
1.19E+03 
1.328-07 
7.888- 10 
1.6SE+00 
1.5 1 E-02 
8.00E-01 

CDI CSF ILCR 
Radionuclides ( p a )  

1.47E-01 
4.988-02 

NA 
2.088+04 
8.748+06 
9.728-04 
5.798-06 
1.21E+04 
1.1 1 E+02 
S.88E+03 

( p a ) - '  

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E-12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

(unitless) 

4.13E- 12 
3.888- 11 

7.478-07 
1.14E-05 
5.34E- 14 
9.848- 16 
1.948-07 
1.788-09 
1.18E-07 

NA 

1.24E-05 - 1 ILCR Summatino - 
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- List Equation - 

Table H.N.3-24 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: O f f -  Property Farm Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

CVX EFX EDX FI X 1R 

IR 
Fl 
EF Exposure frequency 
ED Exposure duration 
cv 

Ingestion rate of ..Jits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

%37+ld 3.00E-05 
R%m+sn 8.12E-05 
h222 NA 
srXl + ld 3.758+00 
T% 3.788+02 
lh228+7d 3.44E-04 
WS2+1(M 1.768-06 
urn 1.19E+01 
% S L %  5.24E-01 
um+2d 1.5 1 E+01 

0.122 kg/day 
0.5 (Unitless) 
350 dayslyear 
70 Year 

CDI CSF ILCR 
ladionuclides (pci) (pa)-'  

4.488-02 
1.21E-01 

NA 
5.608+03 
5.668+05 
5.15E-01 
2.62E-03 
1.788+04 
7.848+02 
2.268+04 

2.80E- 11 
7.80E- 10 
1.408- 12 
3.60E- I 1  
1.30E- 12 
5.50E- 11 
1.70E- IO 
1.60E- 11 
1.60E- 11 
2.00E- 11 

(unit less) 

1.25E- 12 
9.478- 11 

2.028-07 
7.358-07 
2.838- 11 
4.468- 13 
2.848-07 
1.25 E -08 
4.528-07 

NA 

1.69E-06 - [ILCR Summation - 



Table H-IV.3-25 
Summary of Risk Quaotitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Adult) 
Via External Radiation 

Risk Equation 

EF 
ED 
mi 
ET0 
SH; 
SH, 
DR 

= [DR X EFX ED X X(l-SHi)] +[DR X EF X ED X ET, X (1-SH,)] 

Fraction of year spent exposed 
Exposure duration 
Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

NA PGk 
NA P G k  
NA P W  

NA PGk 
NA PGk 

1.50E-02 pG/g 
2.50E-01 pG/g 

2.978+00 pG/g 

1.32E+00 pG/g 
2.198-02 pG/g 

0.96 (unitless) 

0.76 (unitless) 
0.24 (unitless) 
0.5 (unitless) 

0 (unitless) 

70 Year 

(see table below) 

.. . 
CDI CSF ILCR 

tadionuclides (year pCi/g) (g/pCi-year)-l (unitless) 

%37+1d NA 2.00E-06 NA 
R%26+Sd NA 6.00E-06 NA 
Rn, NA 1.20E-09 NA 
sr5D+ld 6.258-01 NA 
T%9 1.04E+01 6.00E- 13 6.258- 12 
%28+7d NA 5.608-06 NA 
%U+lOd NA 8.508-06 NA 
"2% 1.248+02 3.008- 11 3.718-09 
Unsm 9.12E-01 2.408-07 2.198-07 
Um+u 5.50E+01 S.10E-08 2.808-06 

3.038-06 - I ILCR Summation - 
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Table ILIV.3-27 
Summary of Risk Quaqtitation (radionuclides) 

Target Receptor. Off-Property Farm Resident (Child) 
Via Inhalation of Gases and Particulates 

isk Equation 

IR 
EF Exposure frequency 
ED Exposure duration 
ca 

Inhalation rate of gases (RAGS. 1989) 

Concentration of radionuclides in air 

C a X E F X E D X l R  

12 rn'lday 
3.50 daystyear 

6 Year 
(see table below) 

2.04E-08 
6.17E-08 
8.00E-01 
2.43E-08 
3.34E-07 
3.52E-07 
1.74E-09 
1.40E-06 
4.95E-09 
1.58E-06 

CDI CSF ILCR 
adionuclides ( p a )  (pCi)-' (unit less) 

5.15E-04 
1.56E-03 

6.12E-04 
8.42E-03 
8.88E-03 
4.38E-05 
3.54E-02 
1.25E-04 
3.99E-02 

2.02E+04 

1.90E- 11 
7.00E-09 
7.30E- 13 
6.20E- 11 
8.30E- 12 
7.808-08 
l.lOE-07 
2.60E-08 
2.50E-08 
2.408-08 

9.788- 15 
1.09E- 11 
1.478-08 
3.798- 14 
6.998- 14 
6.928- 10 
4.82E- 12 
9.20E- 10 
3.12E- 12 
9.598- 10 

I ILCR Summation - - 1.738-08 
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Table H.IV.3-29 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Incidental Ingestion of Soil 

Risk Equation 

IRS 
EF 
ED 
FI 
cs 

CS X EFX EDX FI X IR - - 

Ingestion rate of soil (RAGS. 1989) 
Eposure frequency 
EKposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

200 mg/day 
350 daysbear 

6 Year 
1 (unitless) 

NA 
NA 
NA 
1.5OE-05 
25OE-04 

NA 
NA 
2.97E-03 
2.19E - 05 
1.32E-03 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

' CDI CSF ILCR 
Radionuclides (pCi) (pci)-' 

NA 
NA 
NA 
6.3OE+00 
1.05E+02 

NA 
NA 
1.25E+03 
9.2OE+OO 
5.54E+O2 

28OE-11 
7.80E- 10 
1.4OE- 12 
3.6OE- 11 
l.3OE- 12 
5.50E- 11 
1.7OE-10 
1.6OE- 11 
1.6OE- 11 
2.OOE-11 

(uni tless) 

NA 
NA 
NA 
227E- 10 
1.37E- 10 

NA 
NA 
2.00E-08 
1.47E- 10 
1.llE-08 

3.16E - 08 - I ILCR Summation - 
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Zist Equation 

IR 
EF 
ED 
FI 
cw 

Table ElV.3-32 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Drinking Water 

CW X EF X ED X FI X IR - - 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional Intake for radionuclides 
Concentration of  radionuclides in groundwater 

%7+ld 
R??25+Rd 

SrSO+ld 
Rflm 

T% 
Tht28+7d 
%%+lOd 
urn 
umm 
u?38+2d 

NA 
NA 
NA 
536E-06 
4.18E-01 

NA 
NA 
NA 
8.29E-02 
1.87E+00 

1 Vday 
350 daysfyear 

6 Year 
1 (Unitless) 

(see table below) 

CDI CSF ILCR 
LadionucEdes ( p a )  (pCi)-' (unitless) 

%7+ld 
R%26+Sd 

srSU + Id 

b + 7 d  

b . 2 2  

r% 
IhZJQ+lOd 
434 
43Sm 
um+u 

NA 
Nh 
NA 

8.78E+02 
NA 
NA 
NA 
1.74E+02 
3.93E+03 

1.13E-02 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E-11 
1.70E-10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

NA 
NA 
NA 
4.OSE- 13 
1.14E-09 

NA 
NA 
NA 
2.798-09 
7.858-08 

8.258-08 - I ILCR Summation - 
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list Equation 

IR 
FI 
EF 
ED 
Cf 

Table JXIV.3-35 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via Ingestion of Meat Products 

CfX EFX ED X FIX IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

0.039 kg/day 
0.75 (Unitles) 
3.50 dayslyear 

6 Year 

CDI CSF ILCR 

5.73E-08 
3.768-09 

5.648-04 

1.56E- 10 
9.45E- 13 
5.49E-04 
4.88E-06 
2.63E-04 

NA 

1.01E+00 

.adioouclides ( P a )  (pa)-'  

%7+ld 
%6+8d 

ir50 + Id 
b2n 

r%9 
lh228+7d 
k + l M  
Jm 
JPSRJa 
Jm+u 

3.52E-06 
2.31E-07 

NA 

6.21E+01 
3.468-02 

9.57E-09 
5.81E- 11 
3.388-02 
3.00E-04 
1.62E-02 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

(u nit less) 

9.858- 11 
t 1.80E- 16 

NA 
1.25E- 12 
8.07E- 11 
5.268-19 
9.878-21 
5.40E- 13 
4.80E- 15 
3.23E- 13 

8.288- 11 - I ILCR Summatioo - 
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Lisk Equation 

IR 
FI 
EF 
ED 
Cp 

~~ 

Table I-LIV.3-37 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
V i  Ingestion of Dairy Products 

Ingestion rate of dairy produca 
Fraction ingested from contaminate 
Exposure frequency 
Exmure duration 

Cp X EF X EDX FIX IR 

iource 

Concentration of  radionuclides in animal products 

%7+ld 
R%26+Sd 

Sr90+ld 

%+7d 

h222 

T% 

Wn + I(M 

urn 
% S E 6  
u238+2d 

2.01E-05 
6.78E-06 

NA 
2.82E+00 
1.19E+03 
1.32E-07 
7.88E- 10 
1.65E+00 
1.51E-02 
8.00E-01 

0.9 Vday 
0.75 (Unitless) 
3% daysbear 

6 Year 

CDI CSF ILCR 

2.84E-02 
9.60E-03 

NA 
4.00E+03 
1.69E+06 
1.87E-04 
1.12E-06 
2.34E+03 
2.15E+01 
1.13E+03 

(pa)- '  

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

(unitless) 

7.96E- 13 
7.498- 12 

1.448-07 
2.198-06 
1.03E- 14 
1.90E- 16 
3.74E-08 
3.438- 10 
2.27E-08 

NA 

I ILCR Summation - - 2.40E-06 
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Risk Equatioo 

IR 
FI 
EF 
ED 
cv 

Table I-LlV.3-39 
Summary of Risk Quantitation (radionuclides) 

Target Receptor: Off-Propcry Farm Resident (Child) 
Via Ingestion of Vegetables and Fruits 

CvX EF X ED X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

0.106 kg/day 
0.5 (Unitles) 
350 dayslyear 

6 Year 

3.00E-05 
8.12E-05 

NA 
3.758+00 
3.78E+02 
3.448-04 
1.768-06 
1.19E+01 
5.24E-01 
1.51E+01 

CDI CSF ILCR 
bdionuclides 

%7+ld 
R%26+8d 

Srml+ld 

h + 7 d  

b222 

Tc99 

Thw+lOCl 

U n s m  
Um+2d 

(PO) 

3.348-03 
9.048-03 

4.17E+02 
4.218+04 
3.838-02 
1.95E-04 
1.32E+03 
5.848+01 
1.688+03 

NA 

(pCi)-l 

2.80E- 11 
780E- 10 
1.40E- 12 
3.60E- 11 
1.30E-12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

(unit less) 

9.34E- 14 
7.05E- 12 

1.50E-08 
' 5.488-08 

2.1lE-12 
3.32E- 14 
2.128-08 
9.34E- 10 
3.37E-08 

NA 

1.268-07 - I ILCR Summation - 



Risk Equation 

EF 
ED 
mi 
E T 0  
SH, 
SH, 
DR 

Table HIV.3-40 
Summary of Risk Quantitatioo (radionuclides) 

Target Receptor: Off-Property Farm Resident (Child) 
Via External Radiation 

= (DR X EFX ED X mi X(l-SH,)] +[DR X EFX ED X ETo X (l-SHJ] 

Fraction of year spent exposed 
Exposure duration 
Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

0.96 (unitless) 
6 Year 

0.92 (uni tless) 
0.08 (uni tless) 
0.5 (unitless) 

0 (unitless) 
(see table below) 

NA P(% 
NA P G k  
NA P W  

NA P W  
NA PWi3 

1.50E-02 po lg  
2.50E-01 po/g 

2.978+00 pO/g 

1.32E+00 pO/g 
2.19E-02 pO/g 

CDI CSF ILCR 
(year pCi/g) 

NA 
NA 
NA 
4.67E-02 
7.78E-01 

NA 
NA 
9.248+00 
6.81E-02 
4.11E+00 

(g/pCi-year)-' 

2.00E-06 
6.00E-06 
1.20E-09 

6.00E-13 
5.608-06 
8.50E-06 , 
3.00E- 11 
2.408-07 
5.10E-08 

NA 

(unit less) 

NA 
NA 
NA 

4.678- 13 
NA 
NA 
2.77E- 10 
i . 6 3 ~ - 0 8  
2.098-07 

2.268-07 - I ILCR Summation - 
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Table H.lV.3-42 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: &-Property Farm Resident (Adult) 
Via Inhalation of Gases and Particulates 

list Equatioo 

IR 
EF 
ED 
ca 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in air 

C a X E F X E D X I R  

20 m31day 
3-50 daystyea 
70 Year 

(see table below) 

1.268-07 
7.928-07 
1.078+01 
7.908-08 
1.598-07 
9.968-07 
8.00E-09 
5.808-06 

NA 
3.186-06 

CDI CSF ILCR 
tadionuclides ( p a )  

6.178-02 
3.888-01 
5.248+06 
3.878-02 
7.798-02 
4.888-01 
3.92E-03 
2.848+00 

NA 
1.56E+00 

(pCi)-l 

1.908- 11 
7.00E-09 
7.308- 13 
6.20E- 11 
8.30E- 12 
7.808-08 
1.108-07 
2.608-08 
2.508-08 
2.408-08 

(unit less) 

1.17E- 12 
2.728-09 
3.838-06 
2.408- 12 
6.47E- 13 
3.818-08 
4.318-10 
7.398-08 

3.748-08 
NA 

3.988-06 - I ILCR Summatioo - 



. .  





Summary of Risk Quantitation (radionuclides) 
Reference Receptor: On-Property Farm Resident (Adult) 

Via Incidental Ingestion of  Soil 

- tisk Equation - 

IRS 
EF Exposure 6equency 
ED Exposure Duration 
FI Fractional Intake 
cs 

Ingestion rate ofsoil (RAGS. 1989) 

Concentration of radionuclides in soil 

CS X EFX ED X FI XIR 

180 mg/day 
350 daysiyear 
70 Year 

1 (unitless) 

1.36E-04 
3.84E-04 

1.19E-04 
2.50E - 04 
4.28E-04 
3.17E- 05 
5.4OE-03 

2.77E-03 

NA 

NA 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/nig 
pCi/nig 
pCi/mg 
pCi/mg 
pCi/nig 
pCi/mg 
pCi/mg 

CDI CSF ILCR 
Radionuclides (pCi) 

6.00E+02 
1.69E+03 

5.25E+M 
l.lOE+O3 
1.89E+O3 
1.4OE+O2 
2..78E+04 

1.22E+04 

NA 

NA 

(pCi1-I (unitless) 

2.80E - 1 1 
7.80E- 10 
1.4OE- 12 
3.60E - 11 
l..WE- 12 
5.50E- 11 
1.7OE-10 
1.60E-11 
1.60E- 11 
2.00E- 11 

1.GSE-08 
1.32E- OG 

1.89E- 08 
1.43E- 09 
1.04E-07 
2.388 - 08 
3.81E-07 

2.44E-07 

N A  

NA 

I 
2.11E-06 - I ILCR Summation - 
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Table H.IV.3-47 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Adult) 
Via Ingestion of Drinking Water 

kist Equation 

IR 
EF 
ED 
FI 
cw 

CW X EF X ED X FI X IR - - 

Ingestion rate of groundwater (RAGS. 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA 

NA 
3.288- 10 

2.838-02 
1.68E+01 

NA 
NA 
NA 
1.33E-01 
3.01E+00 

2 Vday 

70 Year 
350 dayslyear 

1 (Unities) 
(see table below) 

CDI CSF ILCR 
ladionuclides ( p c i )  (pci)-' (unitless) 

%7+ld NA 2.80E- 11 NA 
R%m+ad 1.6 1 E-05 7.80E- 10 1.2SE- 14 
b222 NA 1.40E- 12 NA 
%+id 1.398+03 3.60E- 11 4.998-08 
Tcpg 8.2 1 E+O5 1.30E- 12 1.07E-06 
Th228+7d NA S.SOE- 1 I NA 
%+lM NA 1.70E- 10 NA 
urn NA 1.60E- 11 NA 
%3sR36 6.528+03 1.60E- 11 1.04E-07 
%38+u 1.478+05 'HOE- 1 1  2.956-06 

4.17E-06 - I ILCR Summation - 
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list Equaiioa 

IR 
FI 
EF 
ED 
Cf 

Table I-LIV.3-M 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: &-Property Farm Resident (Adult) 
Via Ingestion of Meat Products 

Cf X EF X ED X FI X 1R - - 

Ingestion rate of meat 
Fraction ingested from contaniinated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in ineat 

1.228-02 
1.20E-04 

NA 
4.478-03 

1.398-06 
1.038-07 
9.998-04 
1.338-06 
5.438-04 

1.02E+00 

0.1 kg/day 
0.75 (Unitless) 
3.W daysbear 
70 Year 

CDI CSF ILCR 
!adion uc li des (PO) (PO)-' (unit less) 

6.298- 10 %37+1d 2.25E+01 2.80E- 11 
RaZm+Rd 2.21E-01 7.80E- 10 1.72E- 10 
b 2 2 2  NA 1.40E- 12 NA 
%+ld 8.228+00 3.60E- 11 2.968- 10 
%9 1.878+03 1.308- 12 2.438-09 
lh?x3+7d 2.568-03 5.50E- 11 1.41E-13 
lhZ32,lOd 1.90E-04 1.708- 10 3.228- 14 
J, 1.84E+00 1.60E- 11 2.948-11 
Jns, 2.448-03 1.608- 1 I 3.91E- 14 
JnS+2d 9.978-01 2.00E- 11 1.99E- 11 

3.5RE-09 - 1 ILCR Summation - I 
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l i s t  Equation 

IR 
FI 
EF 
ED 
Cp 

Table H.IV.3-52 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resideot (Adult) 
Via Ingestion of Dairy Products 

Cp X EFX EDX FIX IR - - 

Ingestion rateof dairy produce 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration o f  radionuclides in  animal products 

0.4 Vday 
0.75 (Unitles) 
3M daysbar 
70 Year 

4.288+00 

NA 
2.16E-01 

2.248+01 
1.20E+03 
1.16E-03 
8.608-05 
3.00E+00 
4.798-03 
1.65E+00 

CDI CSF ILCR 
Radionuclides 
7 

( p a )  

, 3.15E+04 
1.598+03 

NA 
1.6SE+05 
8.81E+06 
8.528+00 
6.328-01 
2.208+04 
3.528+01 
1.21 E+04 

ivC-X-1 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

(unit less) 

8.828-07 
1.24E-06 

NA 
5.938-06 
1.15E-05 
4.698- LO 
1.07E- 10 
3.52E-07 
5.63E- 10 
2.428-07 

2.01 E-05 - I ILCR Summation - 
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Risk muation 

IR 
Fl 
EF 
ED 
cv 

Table H.IV.3-54 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Farm Resident (Adult) 
Via Ingestion of Vegetables and Fruits 

CvX EFX ED X FI X IR - - 

Ingestion rate of fruits or vegetables 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in vegetables 

0.122 kg/day 
0.5 (Unitless) 
3.70 dayslyear 
70 Year 

4.08E+00 
5.77E-01 

3.03E+01 
5.128+02 
3.738-02 
2.708-03 
2.16E+Ol 
7.01E-01 
2.698+01 

N A  

CDI CSF ILCR 
d i o n u c l i d e s  ( p a )  (pCi)-l (unitless) 

%7+ld 6.10E+03 2.80E- I1 1.71E-07 
%Js+sd 8.628+02 7.808- 10 6.73E-07 
%z NA 1.40E- 12 NA 
jr,+1d 4.538+04 3.60E- 11 1.638-06 
rc, 7.6SE+05 1.30E- 12 9.95 E - 07 
b + 7 d  5.58E+01 5.SOE- 11 3.078-09 
%U+lOd 4.04E+00 1.70E- 10 6.878- 10 
Jm 3.238+04 1.60E- 11 S.17E-07 
J235L36 1.05 E+03 1.60E- I1 1.688-08 
Jm+u 4.038+04 2.008- 11 8.058-07 

4.8 1 E-06 - I ILCR Summation - 



- 

Table KlV.3-55 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On- Property Farm Resident (Adult) 
Via External Radiation 

l i s t  Equation 

EF 
ED 
ET; 
E T 0  
SH; 
SH, 
DR 

= [DR X EFX ED X ETi X(1-SH,)] +[DR X EFX ED X EToX(l.-SHo)] 

Fraction of year spent exposed 
Exposure duration 
Fraction of day spen t indoors 
Fraction ofdayspentoudoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

0.96 (unitless) 

0.76 (unitless) 
0.24 (uni [less) 

0.5 (uni tless) 
0 (uni tless) 

70 Year 

(see table below) 

1.36E-01 pG/g 
3.848-01 pG/g 

1.19E-01 pCi/g 
2.SOE-01 pG/g 
4.288-01 pO/g 
3.178-02 pG/g 

NA P a 3  

S.40E+00 pG/g 

2.77E+00 pG/g 
NA P W  

C D I  C S F  ILCR 

Q 

Radionuclides 

%7+ld 
R%26+Sd 
kzn 
SrSO+kl 
T% 

%232+lOd 
b 4  
~ T 3 5 N a  
U236+2d 

%+7d 

(year pCi/g) 

S.678+00 
1.60E+01 

NA 
4.968+00 
1.04E+01 
1.78E+01 
1.32E+00 
2.258+02 

1.1SE+02 
NA 

~~ ~~~ 

(g/pCi -year)-' (unitless) 

2.00E-06 
6.00E-06 
1.20E-09 

NA 
6.00E- 13 
5.608-06 
8.50E-06 
3.00E- 11 
2.408-07 
S.10E-08 

1.13E-OS 
9.60E-OS 

NA 

6.258- 12 
9.99E-05 
1.12E-05 
6.7.5E-09 

NA 
S.898-06 

2.24E-04 - I ILCR Summation - 
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Table lXIV.3-57 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: *-Property Farm Resident (Child) 
Via Inhalation of Gases and Particulates 

C a X E F X E D X I R  - Risk Equation - 

IR 
EF Exposure frequency 
ED Exposure duration 
ca 

Inhalation rate of gases (RAGS. 1989) 

Concentration of radionuclides in air 

1.268-07 pan? 
7.92E-07 pCiltd 

7.908-08 pan? 
1.59E-07 pO/n?' 
9.968-07 pCiln?' 
8.00E-09 p G / d  
5.808-06 pant '  

3.18E-06 polnr) 

1.07E+01 p a n ?  

NA pCi/nt' 

12 m'lday 
350 dayslyear 

6 Year 
(see table below) 

CDI CSF ILCR 
ladionuclides ( p a )  

3.188-03 
2.00E-02 

1.998-03 
4.01 E -03 
2.51E-02 
2.02E-04 
1.46E-01 

8.01E-02 

2.70E+O5 

NA 

(pCi)-' 

1.90E- 11 
7.00E-09 
7.30E- 13 
6.20E- 11 
8.30E- 12 
7.808-08 
l.lOE-07 
2.608-08 
2.508-08 
2.408-08 

(unit less) 

6.03E- 14 
1.40E- 10 
1.97E-07 
1.23E- 13 
3.33E- 14 
1.968-09 
2.228- 11 
3.80E-09 

1.92E-09 
NA 

2.058-07 - I ILCR Summation - 
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Table H.IV.3-59 
Summary of  Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Incidental Ingestion of  Soil 

Risk Equation 

IRS 
EF 
ED 
FI 
cs 

- - CS X EFX EDX FI XIR 

Ingestion rate of soil (RAGS. 1989) 
Ekposure kequency 
Eposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

% 3 7 + l d  
R??26+ &I 
Rnzzz 

TC99 

%32+1, 
u 2 3 4  

UZ,, 

sr90+ld 

T h a R + 7 d  

%3R+2d 

1.36E-04 
3.84E-04 

1.19E-04 
2.5OE-04 
4.28E-04 
3.17E-05 
5.4OE-03 

2.77E-03 

NA 

NA 

pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCiImg 
pCi/mg 
pCiImg 
pCi/mg 
pCi/mg 

200 mg/day 
350 daydyear 

G Year 
1 (unitless) 

CDI CSF ILCR 
ladionuclides (pCi) 

%l37+ld 
R??26+&I 

e"uz 
?2+ld 
b R + 7 d  
b 3 2 + 1 ,  
5234 

h t 2 ,  
&3R+2d 

5.71ES01 
l.GlE+m 

NA 
5.00E+01 
1.05E+o2 
1.8OE+o2 
1.33E+O1 
2.27E+03 

l.lGE+03 
NA 

(pCi1-l 

2.80E- 11 
7.80E- 10 
1.4OE-12 
3.GOE-11 
1.3OE- 12 
5.50E- 11 
1.70E- 10 
1.GOE-11 
1.GOE-11 
2.OOE-11 

~~ 

(uni tless) 

1.GOE - 09 
1.2GE-07 

1.80E-09 
1.37E- 10 
9.89E-09 
2.2GE-09 
3.63E-08 

2.33E - 08 

NA 

NA 

2.01E-07 - [ ILCR Summation - 
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Risk Equation 

IR 
EF 
ED 
FI 
cw 

Table ELIV.3-62 
Summary of Risk Quaotitatioo (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
V i  Ingestion of Driokiog Water 

- - C w X E F X E D X F I X I R  

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

1 Vday 
350 dayslyear 

6 Year 
1 (Unitles) 

(see table below) 

NA 

NA 
3.288- 10 

2.838-02 
1.68E+01 

NA 
NA 
NA 
1.33E-01 
3.01E+00 

Ladionuclides ( p a )  (pa)-'  (unit less) 

%17+ld NA 2.80E- 11 NA 
h m + s a  6.89E-07 7.80E- 10 5.37E- 16 
%x2 NA 1.40E- 12 NA 
% 3 + 1 d  5.948+01 3.60E- 11 2.148-09 
k9 3.52E+04 1.30E- 12 4.578-08 
b + 7 d  NA 5.50E-11 NA 
k U + l O d  NA 1.70E-10 NA 
Jrn NA 1.60E-11 NA 
Jmm 2.79E+02 1.60E- 11 4.47E-09 
J2$8+2d 6.32E+03 2.00E- 11 1.26E-07 

1.798-07 - I ILCR Summation - 
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Risk Equation 

1R 
Fl 
EF 
.ED 
Cf 

Table ILIV.3-65 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
V i  Ingestion of Meat Products 

Cf X EFX ED X FIX IR - - 

Ingestion rate of meat 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

0.039 kg/day 
0.75 (Unitless) 
3.33 daystyear 

6 Year 

1.228-02 
1.20E-04 

4.478-03 
NA 

1.02E+00 
1.39E-06 
1.03E-07 
9.998-04 
1.33E-06 
5.43E-04 

CDI CSF ILCR 
( p c i )  

7.51E-01 
7.378-03 

2.75E-01 

8.55E-05 
6.348-06 
6.148-02 
8.178-05 
3.338-02 

NA 

6.25E+01 

(pci)-' 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E-11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E-11 
1.60E- 11 
2.00E- 11 

(unit less) 

2.10E- 11 
5.75E- 12 

9.90E- 12 
8.13E- 11 
4.70E- 15 
1.08E- IS 
9.828- 13 
1.31E-15 
6.67E- 13 

NA 

1.20E- 10 - ILCR Summation - 
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Table H.lV.3-67 
Summary of Risk Quaotitation (radionuclides) 

Reference Receptor: On-Property Farm Resident (Child) 
Via Ingestion of Dairy Products 

isk Equation Cp X EFX EDX FIX IR 

IR 
FI 
EF Exposure frequency 
ED Exposure duration 
Q 

Ingestion rate of dairy productF 
Fraction ingested from contaminated source 

Concentration of  radionuclides in animal products 

0.9 Ilday 
0.75 (Unitless) 
350 daysbear 

6 Year 

4.28E+00 polkg 
2.16E-01 p a k g  

NA P a k g  
224E+01 pWkg 
1.20E+03 pWkg 
1.16E-03 pCi/kg 
8.608-05 pci/kg 

4.79E-03 p a k g  
3.00E+00 pCi/kg 

1.65E+00 pG/kg 

CDI CSF ILCR 
Ladionuclides ( p a )  

6.07E+03 
3.06E+02 

NA 
3.18E+04 
1.70E+06 
1.64E+00 
1.22E-01 
4.258+03 
6.798+00 
2.338+03 

( p a ) - '  

2.80E-11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

(unitless) 

1.70E-07 
2.398-07 

NA 
1.14E-06 
2.21E-06 
9.04E- 11 
2.07E- 11 
6.808-08 
1.09E- 10 
4.678-08 

- - 3.888-06 1 ILCR Summation 
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Table H-IV.3-69 
Summary of Risk Quantitation (radionuclides) 

Reference Reaptor: On- Property Farm Resident (Child) 
Via Ingestion of Vegetables and Fruits 

t i s t  Equation 

IR 
R 
EF 
ED 
cv 

CvX EF X ED X Fl X I R  - - 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclaes in vegetables 

0.106 kg/day 
0.5 (Unitles) 
350 daysbear 

6 Year 

4.08E+00 
5.77E-01 

NA 
3.03E+01 
5.12E+02 
3.73E-02 
2.708-03 
2.16E+01 
7.01E-01 
2.698+01 

CDI CSF ILCR 
tadionuclides ( p a )  

4.54E+02 
6.42E+01 

NA 
3.37E+03 
5.70E+04 
4.15E+00 
3.01E-01 
2.408+03 
7.80E+01 
3.00E+03 

( p a ) - '  

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

~~~~~ 

(unitless) 

1.278-08 
5.01E-08 

NA 
1.21E-07 
7.41 E-08 
2.288- 10 
5.11E- 11 
3.85E-08 
1.258-09 
6.00E-08 

3.588-07 - 1 ILCR Summation - 



. . .  

- 

CDI CSF ILCR 
:adionuclides [year pCilg) (g/pCi-year)-l [unitless) 

~~ 

Risk Equation 

EF 
ED 
ET; 
ET0 
SH; 
SHO 
DR 

Table XIV.3-70 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: &-Property Farm Resident (Child) 
Via External Radiation 

= [DR X EFX ED X ET, X(l-SH;)] +[DR X EFX ED X EToX (1-SH,)] 

Fraction of year spent exposured 
Exposure duration 
Fraction of day spent indoors 
Fraction of day spent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

0.96 (unitless) 
6 Year 

0.92 (unitless) 
0.08 (unitless) 
0.5 (unitless) 

0 (unitless) 
(see table below) 

1.36E-01 po/g 
3.84E-01 po/g 

1.19E-01 po/g 
2.50E-01 po/g 
4.28E-01 po/g 
3.17E-02 pG/g 

NA Pci/p 

5.40E+00 pG/g 

2.77E+00 pcilg 
NA PWg 

%37+ld 

%?6+Sd 
in222 
%+ld 
rc99 
113228+7d 

'234 
JZ3SLW 
Jm+u 

b + l M  

4.2E-01 
1.2E+00 

NA 
3.7E-01 
7.8E-01 
1.3E+00 
9.98-02 
1.7E+01 

8.6E+00 
NA 

2.OE-06 
6.OE-06 
12E-09 

6.OE- 13 
5.6E-06 
8.58-06 
3.OE- 11 
2.4E-07 
5.1E-08 

NA 

8.5E-07 
7.2E-06 

NA 

4.7E- 13 
7.58-06 
8.4E-07 
5.OE- 10 

4.48-07 
NA 

1.7E-US - I ILCR Summation - 
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Lisk Equation 

IR 
FI 
EF 
ED 
Cf 

Table H.IV.3-72 
Summary of Risk Quaotitatioo (radioouclides) 
Reference Receptor: Milk and Meat Consumer 

Via Ingestion of Meat Products 

CfX EFX ED X Fl X IR - - 

Ingestion rate of meat 
Fraction ingested fromcontaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

1.228-02 
1.20E-04 

NA 
4.47E-03 

1.39E-06 
1.03E-07 
9.99E-04 
1.338-06 
5.43E-04 

1.02E+00 

0.1 kg/day 
0.75 (Unitless) 
350 daysbear 
70 Year 

CDI CSF ILCR 
Radionuclides ( p a )  (pa)- '  (uni t  less) 

2.258+01 
2.21E-01 

NA 
8.22E+00 
1.87E+03 
2.56E-03 
1.90E-04 

2.44E-03 
9.97E-01 

1.84E+00 

2.80E- 11 
1.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E-10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

t 
6.298- 10 
1.72E- 10 

NA 
2.968- 10 
2.438-09 
1.41E-13 
3.228- 14 
2.948-11 
3.91E-14 
1.99E- 11 

L 
3.58E-09 - I ILCR Summation - 
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lisk Eqoation 

IR 
FI 
EF 
ED 
cp 

Table H.IV.3-74 
Summary of Risk Quantitation (radionuclides) 
Reference Receptor: Milk and Meat Consumer 

Vi Ingestion of Dairy Products 

Cp X EF X EDX FIX IR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

0.4 Ilday 
0.75 (Unitless) 
350 daysfyear 
70 Year 

4.288+00 

NA 
2.248+01 
1.20E+03 

2.16E-01 

1.16E-03 
8.60E-05 

4.79E-03 
3.00E+00 

1.65E+00 

CDI CSF ILCR 
( p c i )  

3.15E+04 
1.59E+03 

NA 
1.658+05 
8.818+06 
8.528+00 

2.208+04 
3.52E+01 
1.21 E +04 

6.32E-01 

(pci)-l  

2.80E- 11 
7.80E- 10 
1.40E-12 
3.60E- 11 
1.30E- 12 
5.5OE- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

(unitless) 

8.82E-07 
1.248-06 

5.938-06 
1.15E-05 
4.698- 10 
1.07E- 10 
3.528-07 
5.63E- 10 
2.428-07 

NA 

2.01 8-0s - I ILCR Summatioo - 
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d i s t  Equation 

IR 
EF 
ED 
ca 

Table I-LlV-3-76 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Commercial/hdustrial User 
Via Inhalation of Gases and Particulates 

Ca X EFX ED X IR = 

Inhalation rate of gases (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Concentrationof radionuclides in air 

4.7E-08 
1.4E-07 

4.8E-08 
1.4E-07 
1.8E-07 
4.OE-09 
1.7E-06 

1.8E+00 

NA 
3.OE-06 

20 m'lday 
250 daysfyear 
25 Year 

(see table below) 

%7+ld 5.9E-03 
Rat26+8d 1.8E-02 

%O+ld 6.OE-03 
*% 1.7E-02 
Th228+7d 2.38-02 
%+lOCl 5.OE-04 
urn 2.1E-01 

uns+2d 3.7E-01 

h2, 2.3E+05 

U23SKkS NA 

1.9E- 11 
7.OE-09 
7.3E- 13 
6.2E- 11 
8.3E- 12 
7.8E-08 
l . lE-07 
2.6E-08 
2.58-08 
2.4E-08 

1.1E-13 
1.2E- IO 
1.7E-07 
3.7E- 13 
1.4E- 13 
1.8E-09 
5.5E- 11 
5.58-09 

8.9E-09 
NA 

ME-07 - I ILCR Summation - 



I- < 
X 

3, 

~ 

Y 

5 
.- 
E 

E .- 
e 
E 

P 
Li 

p 
n 

ci 

- c I  - - N N  

0 0  I 1  0 0 0 0 8 8  I l l  1 4 . 1  H H H  



L. 



Risk Equation 

IRS 
EF 
ED 
FI 
CS 

Table H.IV.3-78 
Summary of Risk Quaotitation (radionuclides) 

Reference Receptor: Commercial/Industrial User 
Via  Incidental Ingestion of Soil 

CS X EFX EDX FI X IR - - 

Ingestion rate of soil (RAGS. 1989) 
EKposure kequency 
Exposure duration 
Fractional Intake 
Concentration of radionuclides in soil 

100 mg/day 
250 daysbear 
25 Year 

1 (unitless) 
(see table below) 

%37+ld 
Ra226+ed 
Rn2p 

T% 

Th2,2+lod 
u234 
u23,, 

Sr90+ld 

%R+7d 

u23R+2d 

1.36E-04 
3.84E-04 

1.19E-04 
2.5OE-04 
4.2SE-04 
3.17E-05 
5.4OE-03 

2.77E-03 

NA 

NA 

pCimg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

CDL CSF ILCR 
Radionuclides (pCi) 

8.50E+01 
2.4OE+02 

7.44E+O1 
1.5GE+02 
2.68E+02 
1.98E +01 
3.38E+03 

1.73E+03 

NA 

NA 

(pCi)-‘ 

2.8OE-11 
7.80E- 10 
1.4OE- 12 
3.GOE- 11 
1 3 E -  12 
5.5OE-11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.OOE-11 

(unitless) 

2.38E - 09 
1.87E-07 

2.G8E - 09 
203E- 10 
1.47E-08 
3.37E-09 
5.4OE-08 

3.4GE-08 

NA 

NA 

2.99E - 07 - I ILCR Summation - 
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tisk Equation 

EF 
ED 
mi 
ET, 
SH; 
S H O  
DR 

Summary of Risk Quantitation (radionuclides) 
Reference Receptor: CommercidAndustrial User 

Via External Radiation 

= [DR X EFX ED X mi X'(l-SH;)] +[DR X E F X  ED X EToX (1-SH,)] 

Fraction of year spent exposed 
Exposure duration 
Fraction of day spent indoors 
Fractionofdayspent outdoors 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific dose concentrations 

0.68 (uni tless) 
25 Year 
0.8 (unitless) 
0.2 (unitless) 
0.5 (uni tless) 

0 (unitless) 
(see table below) 

1.368-01 pWg 
3.848-01 pWg 

1.198-01 pWg 
2.50E-01 pGlg 
4.288-01 pWg 
3.178-02 pWg 

NA Pwg 

5.408+00 pWg 

2.778+00 pWg 
NA Pwg 

CDI CSF ILCR 
tadionuclides 

%7+ld 
R?226+8d 

srSO+ld 

%28+7d 

%n 

T% 

ThzQ+lOd 
urn 
UPSnSa 
urn+&! 

(year pCi/g) 

1.398+00 
3.928+00 

NA 
1.21E+00 
2.558+00' 
4.378+00 

5.51E+01 

2.838+01 

3.238-01 

NA 

(g/pCi-year)-' 

2.00E-06 
6.00E-06 
1.20E-09 

6.008- 13 
5.608-06 
8.508-06 
3.008- 11 
2.408-07 
5.10E-08 

NA 

(unitless) 

2.778-06 
2.35E-05 

NA 
NA 
1.538- 12 
2.448-05 
2.75E-06 
1.658-09 

NA 
1.448-06 

I ILCR Summation - - 5.498-05 







Table XIV3-82 
Summary of Intake and Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Inhalation of Gases and Particulates 

otake Equation 

IR 
ED 
ET 
EF 
CA 

= C A X E F X E D X I R X E T  

Inhalation rate of gases 
Exposure duration 
Exposure time 
= p u r e  frequency 
Concentration of radionuclides in air 

senoir 
c h i l d - f i m  

083 083 083 083 m h o u r  
6 12 38 14 years 
4 4 4 2 hourlday 

64 104 40 40 daplyear 
(see table below) 

4.70E-08 
1.428-07 
i a 4 ~ + 0 0  
~ ~ O E - O B  

I ~ O E - O ~  
138E-07 

4.00 E- 09 
169E-06 

NA 
296E-06 

pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 
pcim’ 

CDI CSF ILCR 
Ladioouclides (pCi) (pCi)-’ 

536E-04 
162E-03 

5.478-04 
157E-03 
2.05 E-03 
456E-05 
193E-02 

337E-02 

2.10E+04 

NA 

190E- 11 
7.00E-09 
730E-13 
6.20E- 11 
830E-12 

l.lOE-07 
2608-08 
250E-08 
2.408-08 

~ ~ O E - O B  

(unitless) 

1.02E-14 
1.13E-11 
153E-08 
3398- 14 
131E-14 
1.60E-10 
5.01E- 12 
5.01E- 10 

8.09E- 10 
NA 

1.68 E-08 - I ILCR Summation - 
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Table H.IV.3-84 
Summary of Intake and Risk Quaotitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion of Soil/Sediment 

Make Equation 

IR 
EF 
ED 
FI 
CS 

= C S X E F X E D X F I X I R  

Ingestion rate of soil 
Exposure frequency 
Exposure duration 
Fractional Intake 
Concentration of chemicals in soil 

1.36E - 04 
3.848-04 

NA 
1.19E -04 
2.508-04 
4.28E -04 
3.17E - 05 
5.40E-U3 

NA 
2.77E-03 

pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 

senoir - child youlh e 
50 25 25 13 mg/day 
64 104 40 40 dayslyear 
6 12 38 14 year 
1 1 1 1 (unitless) 

(see table below) 

CDI CSF ILCR 
Ladionuclides (pCi) (pCi)-' (unitless) 

2.80E- 11 3.64E- 16 CSlS+ICi 1.30E-05 
R%+W 3.67E-05 7.80E- 10 2.87E- 14 
Rn, NA 1.40E- 12 NA 
srW+ld 1.14E-05 3.60E- 11 4.10E- 16 

2.39E-05 1.30E- 12 3.11E-17 
-28 + 7d 4.10E-05 5.50E- 11 2.25E- 15 
b + l M  3.038-06 1.70E- 10 5.16E - 16 
434 5.17E-04 1.60E - 11 8.27E- 15 
h35, NA 1.60E- 11 NA 
U?38+2d 2.658-04 2.00E- 11 5.30E- 15 

4.5PE- 14 - I ILCR Summation - 
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ntate Eqnation 

IRsw 
EF 
ED 
c s  

Table H.IV.3-88 
Summary of Intake and Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via Incidental Ingestion while Wading 

= CSXEFXEDXIRsw 

Ingestion rate of suface water 
Exposure frequency 
Exposure duration 
Concentration of radionuclides insurface water 

cs137+ld 
'??.26+8d 

Sr50+ld 

%+7d 
%D+lOd 

'2lKu6 

en.2 

TCPP 

u 2 w  

u233+zd 

NA 

NA 

NA 
NA 

NA 

1.45E - 03 

1.09E+00 

1.66E-04 

7.458-03 
1.68E-01 

PCfl, 
pcin 
p C i  
pcin 
pcin 
p C i  
p C i  
p C i  
p C i  
p C i  

child - 
senoir 

y o u t h a d u l t a d u l t  

0.035 Vday 

12 Y-S 

52 dayslyear 

(see table below) 

Cs137+ld 
%26+8d 

&W+ld 

%+7d 
%D+lOd 

Rn222 

TCPP 

Uzr 

u238+2d 
U23Xf36 

NA 

NA 

NA 
NA 

NA 

3.17E-02 

238E+01 

3.63E-03 

1.63E-01 
3.67E+00 

280E- 11 
7.80E- 10 
1.40E- 12 
3.60E-11 
1.3OE- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

NA 

NA 

NA 
NA 

NA 

247E- 11 

8.578- 10 

6.16E- 13 

260E- 12 
7.348- 11 

9.588- 10 - I I X R  Summation - 



Risk Equation 

EF 
ED 

ETi 
SH, 

CR 

ET. 

SHO 

T a b l e  H.IV.3-89 
Summary o f  Risk Quantitation (radionuclides) 

Reference Receptor: Developed Park User 
Via External Radiation 

= [ C R X  EFX EDX EToX (l-SHJ]+[CRX EFX ED X ETiX (1-SH)] 

Fraction of year spent exposed 
Exposure duration 
Fraction of day spent outdoors 
Fraction of day spent indous 
Shield factor indoors 
Shield factor outdoors 
Radionuclide specific concentrations 

Cs137+ld 

R??26+8d 

Sr90+ld 

%28+7d 
%a+ 10d 

R n ,  

=c, 

4 3 4  
u2.3sfns 
u233+2d 

1.36E-01 PCVg 
3.848-01 pCVg 

NA PCi/B 
1.19E-01 pCig 
2.50E-01 pCVg 
4.28E-01 pCVg 
3.17E-02 pCVg 
5.40E+00 pCVg 

2.77E+00 pCVg 
NA PCi(g 

senoir 
- child youth +J 
0.18 0.28 0.11 0.11 (unidess) 

6 12 38 14 years 
0.17 0.17 0.17 0.08 (unidess) 
NA NA NA NA NA 
0.5 0.5 0.5 0.5 ( unidess) 

( unitless) 
(see table below) 

C D I  C S F  I L C R  
Zadiouuelides (year pCilg) (g/pCi-year)-l (unitless) 

cs137+ld 
Ra226+8d 
R n ,  

Tc99 

u234 

UZJs+2d 

Sr90+ld 

%28+7d 
%Z+lOd 

" 2 W 6  

216E-01 
6.10E-01 

1.89E-01 
3.97E-01 
6.80E - 01 
5.04E - 02 

NA 

8.58E+00 

4.40E+00 
NA 

2.00E-06 
6.00E-06 
1.1J)E-09 

NA 
6.00E- 13 
5.60E-06 
8.5OE-06 
3.00E- 11 
2.40E-07 
5.10E-OS 

4.32E-07 
3.668-06 

NA 
NA 
2.388- 13 
3.8 1 E - 06 
4.288-07 
2.57E- 10 

NA 
2.24E - 07 

8.5.58-06 - I ILCR Summation - 
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Table H.IV3-91 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Inbalation of Gases and Particulates 

tisk Equation 

IR 
ED 
ET 
EF 
CA 

= C A X E F X E D X I R X E T  

Inhalation rate of gases 
Exposure duration 
Exposure time 
Exposure frequency 
Conczntration of radionuclides in air 

%7+ld 
R%S+, 
R n ,  

TC, 

urn 
U v a m  

srW+ld 

%+7d 
-2 + lOd 

UUs+2d 

4.708-08 
1.428-07 
IME+OO 
4808-08 

I ~ O E - O ~  
138 E-07 

41)OE-09 
169E-06 

NA 
2968-06 

senoir 
c g - a d u l t m  

083 083 083 083 m3/hour 
6 12 38 14 years 
1 2 2 1 hour/day 

26 39 52 26 daysbear 
(see table below) 

CDI CSF ILCR 
tadionuclides (pCi) 

%7+ld 2.11E-04 
%la+8d 6378-04 

sr50+ld 2.15E-04 
TC, 6.19E-04 
h + 7 d  8.08E-04 

urn 7598-03 

UZlg+2d 133E-02 

R n ,  8.268+03 

%32+lOd I ~ O E - O ~  

~Z%, NA 

(pCi)-' 

190E-11 
7.OOE-09 
730E- 13 
6.20E- 11 
830E-12 
7808-08 
l.lOE-07 
2608-08 
250E-08 
2.408-08 

(unitlcss) 

4.01 E- 15 
4.468-12 
6.03 E-09 
1348-14 
5.14E- 15 
630E-11 
1988-12 
1.97E-10 

NA 
3.19E-10 

6.61 E-09 - [ILCR Summation - 
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list Equation 

IR 
EF 
ED 
FI 
cs 

Table H.IV.3-93 
Summay of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Incidental Ingestion of Soil/Sediment 

= C S X E F X E D X F I X I R  

Ingestion rate of soil 
Exposure frequency 
Exposure duration 
Fractional Intake 
Concentration of chemicals in soil 

1.368-04 
3.84E-04 

1.19E-04 
2.508-04 
4.288-04 
3.17E-05 
5.40E-03 

NA 

NA 
2.77E-03 

pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 
pCimg 

senoir 
c h i l d & * *  

13 6 mglday 12 13 
26 39 52 26 daystyear 
6 12 38 . 14 year 
1 1 1 1 (unitless) 

(see table below) 

CDI CSF ILCR 
Ladionuclides (pCi) (pCi)-' (unitless) 

4.87E+00 
1.38E+01 

4.268+00 
8.968+00 
1.53E+01 
1.14E+00 
1.93E+02 

9.92E+O 1 

NA 

NA 

2.80E-11 
7.80E- 10 
1.40E- 12 
3.60E-11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E-11 
1.60E-11 
2.00E-11 

1.36E- 10 
1.07E-08 

NA 
1.53E- 10 
1.16E- 11 
8.438- 10 
1.93E- 10 
3.10E-09 

NA 
1.988-09 

1.71E-08 - I ILCR Summation - 
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list Equation 

IRsw 
EF 
ED 
cs 

Table H.IV.3-97 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve User 
Via Incidental Ingestion while Wading 

= CSXEFXEDXIRW 

Ingationrate of suface water 
Exposure kequemy 
Exposure duration 
Concentration of radionuclides in surface water 

Cs131+ld 
R?126+8d 

Sr90+ld 

%+7d 
%P+lOd 

u23S/Z36 

R n ,  

=%9 

UZW 

"233+zd 

NA 

NA 

NA 
NA 

NA 

1.45E-03 

1.09E + 00 

1.66E-04 

7.45E-03 
1.68E-01 

pcin 
pcin 
pcill 
pcin 
pCM 
pcin 
p C i  
pcin 
pcin 
pcin 

senoir 
* y o u t h w w  

0.035 Vday 
52 dayslyear 
12 Y W S  

(see table below) 

CDI CSF I L C R  
.adionuclides (pCi) (pCi)-' (unitless) 

%f7+ld NA 2.80E- 11 NA 
%l6+8d 3.178-02 7.80E- 10 2.47E- 11 

NA 1.40E- 12 NA 
:"??z 2 3 a ~ + o i  3.60E- 11 8.578- 10 "%l+ld 

NA 1.30E- 12 NA 
NA 5.50E- 11 NA 

k ? P + l O d  3.638-03 1.70E- 10 6.16E- 13 
b + l d  

JZN NA 1.60E- 11 NA 
J23Sf136 1.63E-01 1.60E- 11 2.60E- 12 
J238+2d 3.67E + 00 2.00E- 11 7.348- 11 

%9 

9.588- 10 - IILCR Summation - 



Table H.IV.3-98 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Wildlife Reserve U s e r  
Via External Radiation 

List Equation 

EF 
ED 

ET1 
ET. 

SHi 
SH, 
CR 

= [CR X EFX ED X ET, X (l-SHJ]+[CR X EFX ED X ET, X (1-SHi)] 

senoir 
u y o u l h w -  

Fraction of year spent exposed 0.07 0.11 0.14 0.07 (unitless) 
Exposure duration 6 12 38 14 years 
Fraction of day spent outdoors 0.04 0.08 0.08 0.04 (unitless) 
Fraction of day spent indous NA NA NA NA NA 
Shield factor indoors 0.5 0.5 0.5 0.5 (unitless) 
Shield factor outdoors (unitless) 
Radionuclide specific concentrations (see table below) 

cs137+ld 
R%6+8d 

srllg+ld 

%28+7d 
% P + l O d  

"2%?6 

R n ,  

=%9 

'234 

'233+2d 

1.36E-01 pCVg 
3.84E-01 pCVg 

1.19E-01 PCVg 
2.50E-01 pCVg 
4.28E-01 pCVg 
3.17E-02 PCVg 

NA PcVg 

5.40E+00 pCVg 
NA . pCi/g 
2.77E+00 pCi/g 

CDI C S F  ILCR 
ladionuclides (year pCilg) (dpCi--year)-' (unitless) 

CS137+ld 
R%6+8d 

sr90+ld 

%28+7d 
%P+lOd 

'239236 

R n ,  

Tc99 

"234 

'ZsS+2d 

7.998-02 
225E-01 

6.99E-02 
1.47E-01 
251E-01 
1.86E-02 

NA 

3.17E+ 00 
NA 
1.63E+00 

2.00E-06 
6.00E-06 
1.20E-09 

NA 
6.00E- 13 
5.608-06 
8.50E - 06 
3.00E- 11 
2.4OE- 07 
S.10E-08 

1.60E-07 
1.35E- 06 

NA 
NA 
8.81E- 14 
1.4 1 E - 06 
1.588-07 
9.51E-11 

NA 
8.30E-OB 

3.168-06 - 1 ILCR Summation - 
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l ist  Equation 

1R 
EF 
ED 
ET 
CA 

Table I-LIV.3-100 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via Inhalation of Gases and Particulates 

= C A X E F X E D X I R X E T  

Inhalation rate of gases 
Exposure frequency 
Exposure duration 
Exposure time 
Concentration of radionuclides in air 

4.708-08 
1.428-07 
1.84E+00 
4.808-08 
1.38E-07 
1.80E-07 
4.00E-09 
1.69E-06 

NA 
2.96E-06 

0.83 0.83 djhour 
110 40 dayslyear 
12 32 Year 
2 1 hour/day 

(see table below) 

CDI CSF ILCR 
Ladionuclides ( p a )  (pCi)-l (unitless) 

1.53E-04 
4.62E-04 
5.998+03 
1.568-04 
4.498-04 
5.86E-04 
1.30E-05 
5.508-03 

9.638-03 
NA 

1.90E-11 
7.00E-09 
7.30E- 13 
6.20E- 11 
8.30E-12 
7.80E-08 
l.lOE-07 
2.608-08 
2.50E-08 
2.408-08 

2.91E-15 
3.238- 12 
4.378-09 
9.688- 15 
3.738- 15 
4.57E- 11 
1.43E- 12 
1.43E- 10 

NA 
2.31E-10 

4.798-09 - I ILCR Summation - 
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. IR 
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Table H.IV.3- 102 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via Incidental Ingestion of SoWSediment 

= C S X E F X E D X F I X I R  

Ingestion rate of soil 
Exposure frequency 
Exposure Duration 
Fractional Intake 
Concentration of radionuclides in soil 

1.36E-04 
3.848-04 

NA 
1.19E-04 
2.5OE-04 
4.288-04 
3.17E-05 
S.40E -03 

NA 
2.77E-03 

p C h g  
pCi/mg 
pCi/mg 
pCilmg 
pCi/mg 
pCVmg 
pCi/mg 
pCi/mg 
pCi/mg 
pCi/mg 

y o u l h &  

12.5 12.5 mg/day 
110 40 dayslyear 

1 1 (unitless) 
32 Year 

(see table b e l w )  

12 

CDI CSF ILCR 
Ladionuclides [pCi) [pCi)-' [ unitless) 

2.80E- 11 1.24E- 10 '$37, Id 4.42E+OO 
R%?26+, 1.25E+01 7.80E - 10 9.738-09 
Rn222 NA 1.40E- 12 NA 
srw+ Id 3.87E+OO 
rc99 8.13E+00 

3.60E- 11 1.39E- 10 
1.30E- 12 1.06E- 11 

n226+ 7d 1.39E+O1 5.50E- 11 7.65E- 10 
n232+ loll 1.03E +00 1.70E - 10 1.75E- 10 
u2.34 1.76E+02 1.60E - 11 2.81E-09 
bwm NA 1.60E- 11 NA 
UL%+2d 9.00E+01 2.00E- 11 1.80E - 09 

1.S6E-08 - I ILCR Summation - 
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tist Equation 

IRsw 
EF 
ED 
Fl 
cs 

Table I-LIV.3-106 
Summary of Risk Quantitation (radionuclides) 

Via Incidental Ingestion while Wading 
. Reference Receptor: Expanded Trespasser 

= CSXEFX EDX FIX IRsw 

Ingestion rate of surface water 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

NA 

NA 

NA 
NA 

NA 

1.45E-03 

1.09E+00 

1.66E-04 

7.45E-03 
1.68E-01 

0.035 Vday 
52 dayslyear 
12 Year 

1 1 (Unitless) 
(see table below) 

CDI CSF ILCR 
Ladionuclides (PCI) (pCi)-' (unit less) 

%7+ld NA 2.80E- 11 NA 
R%ix+ad 3.17E-02 7.80E- 10 2.478- 11 
h . 2 2  NA 1.40E- 12 NA 
%+Id 2.38E+01 3.60E- 11 8.57E- 10 
%9 NA 1.30E- 12 NA 
% 1 + 7 d  NA 5.50E- 11 NA 
%SZ+lOd 3.638-03 1.70E- 10 6.16E-13 
urn NA 1.60E-11 NA 
~7SSR36  1.63E-01 1.60E-11 2.60E- 12 
uns+2d 3.678+00 2.00E- 11 7.348- 11 

9.58E- 10 - I ILCR Summation - 



Table H.IV.3-107 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Expanded Trespasser 
Via External Radiation 

Risk Equation 

EF 
ED 
ET, 
S H O  
CR 

= [CR X EFX ED X mo X (1 -SH,)] 

Fraction of year spent exposed 
Exposure duration 
Fraction of day spent outdoors 
Shield factor outdoors 
Radionuclide specific concentrations 

1.36E-01 pG/g 
3.848-01 pcilg 

1.19E-01 pG/g 
2.50E-01 pG/g 
4.28E-01 pG/g 
3.17E-02 pWg 

NA P o / g  

5.40E+00 pG/g 

2.77E+00 pGIg 
NA P Gli3 

0.3 0.11 (unitless) 
12 32 Year 

0.08 0.04 (uni tless) 
0 I 0 (unitless) 

(see table below) 

Ladionuclides 

%37+ld 
b 6 + 8 d  
b 2 2 2  

%28+7d 
%u+, 
4 3 4  
UPZL36 
um+u 

sr%l+ld 

(year pCi/g) 

5.83E-02 
1.65E-01 

5.10E-02 
1.07E-01 
1.84E-01 
1.368-02 

NA 

2.328+00 
NA 
1.19E+00 

(g/pCi -year)-' 

2.00E-06 
6.00E-06 
1.20E-09 

6.00E-13 
5.608-06 
8.508-06 
3.00E- 11 
2.40E-07 
5.10E-08 

NA 

(u nit less) 

1.17E-07 
9.888-07 

NA 
NA 
6.438- 14 
1.03E-06 
1.16E-07 
6.958- 11 

6.06E-08 
NA 

2.318-06 - 1 ILCR Summation - 
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tisk Equation 

IR 
FI 
EF 
ED 
Cf 

Table H.IV.3- lo9 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Meat Products 

CfX EFX ED X FIX IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

Cs137+ld 
R%+8d 
R n m  

Tcw 

u234 
U23SR36 
U238+M 

"W+ld 

%U8+7d 
n232+ 1M 

NA 

NA 
9.21E-10 

l.llE-06 
9.488-04 

2.538- 12 

6.618-09 
1.498-07 

NA 

NA 

0.101 kg/day 
0.75 (Unitless) 
350 daystyear 
70 Year 

&137+ld 
R%+8d 

srW+ld 

nIh228+7d 

R n m  

TCw 

n232+ 1M 
u234 
u235R36 
"2U)+M 

NA 

NA 
1.71E-06 

2.07E- 03 
1.76E+00 

4.708-09 

1.23E-05 
2.778-04 

NA 

NA 

2.80E- 11 
7.80E- 10 
1.408- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.008- 11 

NA 

NA 
1.33E- 15 

7.448- 14 
2.298-12 

NA 

NA 
7.998- 19 

1.96E- 16 
5.53E- 15 

2.378-12 - 1 ILCR Summation - 
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Table H.IV.3-111 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Dairy Products 

Zisk Equation 

IR 
FI 
EF 
ED 
CP 

CpX E F X  ED X FIX iR - - 

Ingestion rate of dairy products 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in animal products 

NA 

NA 
1.998-06 

6.698-03 
1.34E+00 

2.53E-09 

2.38E-05 
5.36E-04 

NA 

NA 

0.4 Ifday 
0.7s (Unitless) 
3SO dayslyear 
70 Year 

CDI csq I LCR 
tadioauclides (pCi) (pCi)- (unitless) 

Cs137+ld NA 2.80E- 11 NA 
R%?b+8d 1.46 E - 02 7.80E- 10 1.14E-11 
Rn, NA 1.40E-12 NA 
sr90+ Id 4.9 1 E+01 3.60E- 11 1.778-09 
-% 9.83E+03 1.30E- 12 1.288-08 
%28+7d NA 5.50E- 11 NA 
%32+ 1od 1.86E- 05 1.70E- 10 3.16E- 15 
u234 NA 1.60E- 11 NA 
U23sm 1.75E-01 1.60E- 11 2.80E- 12 

2.00E- 11 7.89E-11 u238+2d 3.94E+Oo 

1.468-08 - I ILCR Summation - 
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Table H.IV.3-113 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Agricultural) 
Via Ingestion of Vegetables and Fruits 

Cv X EF X ED X Fl X IR - lisk Equation - 

1R 
FI 
EF Exposure frequency 
ED Exposure duration 
Cv 

Ingestion rate of fruits or vegetables 
Fraction ingested from contaminated source 

Concentration of radionuclides in vegetables 

O137+ld  
RaZ26+8d 
Rnm 

TCW 

%32+ 1od 
u234 
UZ3SR36 
uzu)+zd 

SrW+ Id 

%28+7d 

NA pCi/kg 

NA pCi/kg 
1.50E+00 p c i i g  
1.83E+01 p C i g  

4.14E-05 pCi/kg 
NA pCi/kg 

7.858-02 pCi/kg 

3.828-04 p C i g  

NA P C W  

3.488-03 p C i g  

0.122 kg/day 
0.5 (Unitless) 
3SO daystyear 
70 Year 

CDI CSF I LCR 
.adionuclidcs (pCi) (pCi)-' (unitless) 

l 1 3 7 + l d  
%26+8d 
%zz 

rc99 

%32+ ltki 
J234 
J23sm 
Jzu)+2d 

;'90+ id 

lhzL8+7d 

NA 

NA 
5.71E-01 

2.258+03 
2.738+04 

NA 

NA 
6.19E-02 

5.21E+00 
1.178+02 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E- 11 
2.00E- 11 

NA 

NA 
4.458- 10 

8.098-08 
3.558-08 

NA 

NA 
1.OSE- 11 

8.338- 11 
2.358-09 

1.19E-07 - I ILCR Summation - 
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kist Equation 

IR 
EF 
ED 
FI 
cw 

Table H.IV.3- 115 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Residential) 
Via Ingestion of Drinking Water 

- - Cw X EFX ED X FI X IR 

Ingestion rate of groundwater (RAGS, 1989) 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in groundwater 

NA pCiA 
7.37E-05 p C i  

NA p C i  
7.438-02 pCiA 
2.23E+00 pCiA 

NA p C i  
8.448-06 pCiA 

NA pCiA 
6.61E-04 pCiA 
1.498-02 pCiA 

2 Vday 

70 Year 
350 daysbear 

1 (Unitless) 
(see table below) 

CDI CSF ILCR 
Radionuclides (pCi) (pci1-l (unitless) 

NA 

NA 
3.61E+00 

3.64E+03 
1.09E+05 

NA 

NA 
4.14E-01 

3.248+01 
7.308+02 

2.80E- 11 
9 7.80E- 10 

1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E-11 
1.60E-11 
2.00E- 11 

NA 

NA 
2.828-09 

1.31 E-07 
1.428-07 

7.03E- 11 

5.18E- 10 
1.468-08 

NA 

NA 

2.91 E-07 - I ILCR Summation - 



0 s - 

II 



L 

d 



Y) a m  .. 
9 9  ? 



Y i  
E 
.1 . 

r 
a 

T 
E 
E 
E : - 

0 w m m N N  - a m m m -  0 0 0 0 0 0  0 0 0 0 0 0  
I I I I I I  I I I I I I  

m Dam * 0 0 0  0 



tisk Equation 

IR 
FI 
EF 
ED 
Cf 

Table H.IV.3-118 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Recreational) 
Via Ingestion of Fish 

Cf X EFX ED X FI X IR - - 

Ingestion rate of meat 
Fraction ingested from contaminated source 
Exposure frequency 
Exposure duration 
Concentration of radionuclides in meat 

0.054 kg/day 
1 (Unitless) 

122 dayshear 
30 Year 

(%37+ld 
R%26+8d 

"90+ld 

%28+7d 
n232+10d 

'235t236 
%38+2d 

h 2 2 2  

TC99 

u234 

NA 

NA 
3.GSE-OG 

223E-03 
33E-02 

253E - 07 

1.32E-OG 
298E-05 

NA 

NA 

pcincg 
pcincg 
pcincg 
pcincg 
pcincg 
pcincg 
pCi/kg 
pcincg 
pcincg 
pCi/kg 

CDI CSF t ILCR 
Radionuclides (pCi) (pCi)-' 

(%37+ld 
R%26+8d 

sr90+1d 

Th228+7d 

h 2 2 2  

Tc99 

Th232+10d 
u234 
U23.5t236 
%8+2d 

NA 

NA 
7.28E-04 

4.41E-01 
6.61E+00 

NA 

NA 
5.00E - 05 

261E-04 
5.89E-03 

2.80E- 11 
7.80E- 10 
1.4OE-12 
3.6OE-11 
1..3OE- 12 
5.50E- 11 
1.70E- 10 
1.GOE- 11 
1.6OE- 11 
2.00E- 11 

(uni tless) 

NA 

NA 
5.GSE- 13 

1.59E- 11 
8.59E- 12 

8.51E- 15 

4.18E- 15 
1.18E-13 

NA 

NA 
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Table H.IV.3- 120 
Summary of Risk Quantitation (radionuclides) 

Reference Receptor: Great Miami River User (Recreational) 
Via Incidental Ingestion while Wading 

Risk Esuation 

I R w  
EF 
ED 
R 
cs 

Cs X EFX ED X FI X 1R 

Ingestion rate of surface water 
Exposure frequency 
Exposure duration 
Fractional intake for radionuclides 
Concentration of radionuclides in surface water 

cs137+ld 
R%+8d 
Rn, 

TCW 

%32+ 1od 
u234 
*235/?36 
Um+ai 

sr90+ld 

%228+7d 

NA 

N A  
7.37E-05 

7.438-02 
2.23E+OO 

8.448-06 

6.6 1 E- 04 
1.49E- 02 

NA 

NA 

pCiA 
p C i  
p C i  

p C i  

P C i  
pCiA 
pCi4 
pCiA 

pCiA 

PC? 

0.035 Vday 

30 Year 
7 dayslyear 

1 (Unitless) 

CD I CSF I LCR 
tadionuclides (pCi) (pCi)-' 

NA 

NA 
5.42E-04 

5.46E-01 
1.64E+01 

6.208-05 
NA 

NA 
4.868-03 
l.lOE-01 

2.80E- 11 
7.80E- 10 
1.40E- 12 
3.60E- 11 
1.30E- 12 
5.50E- 11 
1.70E- 10 
1.60E- 11 
1.60E-11 
2.00E- 11 

(unitless) 

NA 

NA 
4.238- 13 

1.97E-11 
2.13E- 11 

NA 

NA 
1.OSE- 14 

7.778- 14 
2.19E- 12 

4.37E-11 - I ILCR Summation - 
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149 H.V. EVALUATION OF RELATIVE RISKS FROM DECAYED AND UNDECAYED 
RADIOACTIVE CONTAMINANTS 

An estimate of the impact of decay was made using the currently identified radioactive contaminants 
found at the site. Three cases were evaluated: risk from external radiation based on residual soil 
concentrations given in Attachment H.111 (Table H.111-1 l), risk from incidental ingestion of soil based 
on the same soil concentrations, and risk from inhalation of particulates and volatiles based on 
residual air concentrations given in Section H.3.6 (Table H.3-4). The impact of taking decay 
fractions into account was done by multiplying the contaminant concentration at 1000 years times the 
cancer slope factors (CSF) from HEAST @PA 1994a). Consequentially, the values presented are not 
true risk values, because the other factors required in risk calculations (such as inhalation rates, 
exposure duration, unit conversion factors, etc.) were not taken into account. This approach was 
taken because the exposure parameters would be identical for each radionuclide evaluated and 
therefore would not impact the results. Unit conversion factors were also not taken into account 
because the residual concentrations and the toxicity factors were treated as fractions of the numbers 
presented. 
relative impact of each radionuclide on human health. 

Nevertheless, the calculated values provide a basis of comparison that includes the 

Table H.V-1 gives the radiodecay fractions taken from RadDecay.4.0 (Grove Engineering 1991) for 
each residual airborne radionuclide given in Table H.3-4. The first column lists the relatively long- 
lived subchain parent, the next column lists the short-lived daughters associated with each subchain 
parent, as described in HEAST (EPA 1994a). For each residual radionuclides present, shown as 
"Residual Contaminant," the Concentration of interest is given in across the top. Some of the residual 
radionuclides lead to duplicate subchains of decay, and are shown separately in the columns under 
"Residual Contaminant." The final decay fractions are summed across the table to include the 
contributions from the various parents. 

Table H.V-2 contains the "relative risk" comparisons for exposure via inhalation. The radionuclides 
identified in the first column of Table H.V-2 are the radioisotopes evaluated in the CRARE without 
taking decay into account. The second column indicates the daughters identified in Table H.V-1 as 
potentially significant contributors, based on HEAST (EPA 1994a). These values are then multiplied 
by the CSFs for inhalation and the "relative risk" is summed for the undecayed "residual 
contaminants" and the decayed radionuclides. 

Table H.V-3 gives the radiodecay fractions, taken from RadDecay 4.0 (Grove Engineering 1991), for 
each radionuclide identified as a residual concentration above background (see Attachment H .III, 
Table H.111-11). Table H.V-4 gives the "relative risks" for external radiation exposure, calculated in 
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the same manner as discussed for Table H.V-2, but using the CSFs for external exposure instead of 
the CSFs for inhalation. Table H.V-5 gives the "relative risks" for ingestion calculated in the same 
manner as discussed for Table H.V-2, but using the CSFs for ingestion instead of those for 
inhalation. 

The evaluations indicate that taking decay into account will increase the risk by 20 percent for 
external radiation, and will decrease the risks by a factor of three for ingestion. The inhalation 
pathway yielded the same results when decay is included as when it is not. Radionuclides such as Cs- 
137 and Sr-90 will have decayed completely at lo00 years. This is offset somewhat by a buildup of 
daughters. 

The factor of "overestimation" for incidental ingestion of soil and the factor of "underestimation" for 
external exposures, are within the estimated uncertainty expected from the dose models and pathways 
parameter variability, which were discussed in Section H.5.0 and Table H.5-1. 
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TABLE H.V-2 

COMPARISON OF IMPACT OF DECAYED RADIONUCLIDE ACTIVITIES 
TO UNDECAYED, AT lo00 YEARS 

CSF Residual Air Res. Air x CSF Decayed Dec. Quantity 
b a y  inhalation Quantity x CSF 

d a U g h t C r S  (ria WpCi) @Ci/m? (.risk.) @ci/m3) (1) (.risk-) 

Pb-2 10 

Ra-226 

Tc-99 

Th-228 

Th-230 

Th-232 

u-234 

U-2351236 

U-238 

Totals 

+ 2 d  

+ 8d 

+ 5d 

Pb-210 + 2d 

+ 7d 

+ lOd 

no d 

Ra-228 + Id 

Th-228 + 7d 

Th-230 

Ra-226 + 5d 

Pb-210 + 2d 

+ Id 

Pa-23 1 

Ac-227 + 9d 

+ 2 d  

u-234 

Th-230 

Ra-226 + 5d 

Pb-210 + 2d 

4.0 x 109 

7.0 x 1 0 9  

3.0 x 1 0 9  

SA 

8.3 x IO" 

7.8 x IO' 

2.9 x IO' 

1.07 x IO' 

2.8 x IO' 

6.9 x 10" 

SA 

2.6 x IO' 

SA 

SA 

SA. 

2.5 x IO' 

3.6 x 10' 

8.8 x io' 
2.4 x IO' 

SA 

SA 

SA 

SA 

0.0 

8.2 x 107 

1.4 x 107 

0.0 

1.3 x 106 

6.0 x 107 

0.0 

4.6 x IO' 

3.6 x 106 

1 Assumes no daughters exist at year 0 
2 Contribution included as total in the first listing of that radionuclide 
SA = See above listed value for that radionuclide 
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0.0 

5.7 x 

1.2 x 10" 

0.0 

3.8 x 101' 

1.7 x IO" 

0.0 

1.2 x 10'' 

8.6 x IO'' 

1.5 x 1013 

0 

1.80 x 1020 

0 

1.16 x IO" 

4.68 x i w 4  

1.33 x 10" 

1.68 x lo1* 

4.14 x loa6 

0 

2.55 x IOn6 

0 

1.18 x 1 0 I S  

3.53 x 1017 

8.18 x 1017 

8.40 x IO" 

1.50 x IO" 
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TABLE H.V-4 

COMPARISON OF IMPACT OF DECAYED RADIONUCLIDE ACTIVITIES TO 
UNDECAYED, AT lo00 YEARS, EXTERNAL RADIATION EXPOSURE CASE 

Decay CSF external Residual Res. Soil Decayed Dec. Quantity 
d a U g h t C r S  Soil x CSF Quantity ('I x CSF 

(risWpCi) @ C W )  ('risk") @Cilkg) (-risk*) 

Ra-226 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

u-234 

U-2351236 2 

U-238 

Totals 

+ 8d 

+ 5d 

Pb-210 + 2d 

+ Id 

+ 7d 

+ lOd 

no d 

Ra-228 + Id 

Th-228 + 7d 

no d 

Th-230 

Ra-226 + 5d 

Pb-210 + 2d 

+ Id 

Pa-23 1 

Ac-227 + 9d 

+ 2 d  

u-234 

Th-230 

Re-226 + 5d 

Pb-210 + 2d 

6.0 x 106 

6 . 0 ~  106 

1.6 x IOao 

0 

6.0 x 10" 

5.6 x 106 

5.4 x 10" 

8.5 x 106 

2.6 x IO" 

2.9 x 106 

(1) 

3.0 x IO" 

(2) 

(2) 

(2) 

2.5 x IO' 

2.6 x IO' 

8.5 x IO' 

5.1 x IO' 

(2) 

(2) 

(2) 

(2) 

3.8 x IO-' 2.3 x 106 

1.2 x 10-1 0.0 

2.5 x 1 0 '  1.5 x IO1' 

0.0 0.0 

6.5 x I O 1  

3.2 x I O 2  

3.5 x I O "  

2.7 x IO' 

0.0 0.0 

0.0 0.0 

2.8 x 10' 1.4 x IO'  

2.7 x IO6 

4.8 x 10.' 

4.7 x IO' 

0 

2.5 x IO-' 

3.2 x 10" 

7.8 10-3 

3.2 x 10' 

3.2 x I O 2  

7.8 10-3  

0.0 

0.0 

0.0 

2.8 x 100 

2.9 x IO6 

7.5 x I O "  

0.0 

1.5 x 1 0 "  

1.8 x 10" 

4.2 x I O "  

8.3 x IO-" 

9.3 x I O 8  

2.3 1 0 1 3  

0.0 

0.0 

0.0 

1.4 x IO' 

3.3 x 106 

1 Contribution included as total in first listing for radionuclide 
2 Assumes all U-235 
3 Assumes no daughters at year 0 
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TABLE H.V-5 

COMPARISON OF IMPACT OF DECAYEL) RADIONUCLIDE ACTIVITIES TO 
UNDECAYED, AT lo00 YEARS, INGESTION EVALUATION 

CSF Residual Soil Res. Soil Decayed Dec. Quantity 
daughters ingestion , x CSF Quantity 3 x CSF 

(per pCi) @CWd ("risk") (pCilkg) ('risk") 

Decay 

Ra-226 

Sr-90 

Tc-99 

Th-228 

Th-230 

Th-232 

u-234 

U-2351236 2 

U-238 

Totals 

+ 8d 

+ 5d 

Pb-210 + 2d 

+ Id 

+ 7d 

+ lOd 

nod 

Ra-228 + Id 

Th-228 + 7d 

no d 

Th-230 
Ra-226 + 5d 

Pb-210 + 2d 

Id 

Pa-23 1 

Ac-227 + 9d 

+ 2 d  

u-234 

Th-230 
Ra-226 + 5d 

Pb-210 + 2d 

7.8 x 10'" 

1.2 x 10'0 

6.6 x 10" 

3.6 x 10" 

1.3 x 10" 

5.5 x IO" 
1.3 x 10" 

1.7 x 10" 

1.2 x 10" 

1.0 x 1 0 ' O  

(1) 

1.6 x 10" 

(2) 

(2) 

(2) 

1.6 x 10" 

9.2 x 10" 

3.5 x 10'0 

2.0 x IO" 

(2) 

(2) 

(2) 

(2) 

3.8 x 10.' 

1.2 x IO' 
2.5 x IO1 

0.0 

6.5 x 10' 

3.2 x IO' 

0.0 

0.0 

2.8 x 100 

1 Contribution included as total in tint listing for radionuclide 
2 Assumes all U-235 
3 Assumes no daughters at year 0 
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3.7 x 1 O ' O  

H-V-9 

3.0 x 10" 

4.3 x IO1' 
3.3 x 10"  

0.0 

8.5 x IO" 
5.4 x I O "  

0.0 

0.0 

5.6 x IO" 

4.8 x 10' 5.8 x 10" 

0 0.0 

2.5 x 10' 3.3 x 10" 

1.0 x 1013 

3.2 x IO' 1.8 x IO" 

7.8 x IO' 

3.2 x 10' 3.8 1 0 1 3  

3.2 x 10' 3.2 x IO1' 

0.0 0.0 

0.0 0.0 

0.0 0.0 

2.8 x I@ 5.6 x 10" 

1.2 x 1Ol0 
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1.1.1 PURPOSE 

1.1 .O INTRODUCTION 1 

2 

This appendix provides a cumulative assessment of the impacts that would result from implementing 3 

the Operable Unit 5 representative alternative (i.e., the alternative most likely to be selected based on 
the feasibility study [FS] evaluation), with the preferred alternatives or leading remedial alternatives 
(LRAs) for each of the remaining four operable units at the Fernald Environmental Management 

J 

5 

6 

Project (FEMP) site. 7 

Preliminary LRAs for Operable Units 1 through 5 were developed in the Site-wide Characterization 
Report (SWCR) (DOE 1993) and are considered LRAs until they are analyzed in an FS document. 
For the purpose of an FS evaluation, the term representative alternative is used. Representative 
alternatives are those alternatives analyzed in the FS document that are likely to be selected based on 
preliminary information. The term preferred alternative identities those alternatives selected in the 
proposed plan based on detailed analysis in the FS. 

This assessment provides the reader with the most current information on how the potential impacts 
from Operable Units 1, 2, 3, and 4 relate to the potential impacts of Operable Unit  5. This appendix 
is an update of the cumulative impact analysis provided in the Operable Unit  4 Feasibility 
Study/Proposed Plan-Environmental Impact Statement (FS/PP-EIS) and the Operable Units 1 and 2 
Feasibility Shdy/Proposed Plan (FS/PP). The description of the Operable Unit  5 representative 
alternative has changed slightly from those evaluated in the Operable Units I ,  2, and 4 documents; 
therefore, this appendix is being updated for the Operable Unit 5 evaluation. 

In this evaluation, efforts have been made to further quantify impacts in the cumulative impact 
analysis. After the identification of the preferred alternatives for Operable Units I .  2, and 4, and the 
representative alternative for Operable Unit 5, impacts to wetlands, biotic resources, etc.. can now be 
more accurately quantified. The original cumulative impact analysis for the Operable Unit  
4 FS/PP-EIS evaluated cumulative impacts based on preliminary LRAs identitied in the SWCR. which 
assumed on-site disposal for all operable units. 

In addition, analysis related to noise impacts and transportation has been added, because it appears 
that more of the remedial activities will involve off-site transportation than t int  envisioned. It is 
important to note that for Operable Unit 3, this cumulative assessment is still based on the preliminary 
LRA, consistent with the Implementation Plan for the National Environmental Policy Act (NEPA) 
process at the FEMP site (DOE 1994a). Additional data will be collected and analyzed for Operable 
Unit 3 as this operable unit progresses through the Comprehensive Environmental Response, 
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Compensation, and Liability Act (CERCLA) remedial investigation/feasibility study (RUFS) process. 
As additional information becomes available and/or the leading remedial alternative changes, revisions 
to this appendix will be presented in the FS Report for Operable Unit  3. 

I. 1.2 NEPAKERCLA INTEGRATION APPROACH AT THE FEMP SITE 
It is DOE policy to integrate NEPA values into the CERCLA process wherever practical. Integration 
is intended to (1) avoid duplicate effort and additional resources that would be needed to implement 
both NEPA and CERCLA separately, (2) avoid conflicts in analysis and the selection of a remedial 
alternative, and (3) minimize the risk of delaying remedial actions on procedural grounds. The 
primary instrument for DOE'S NEPAKERCLA integration is the RI/FS process, supplemented as 
needed to address NEPA values. The tinal product is to be a single integrated set of documents--a R1 
Report, a FS Report. and a PP that satisfies the requirements of CERCLA and addresses NEPA 
values. 

The notice of intent (NOI) for the NEPAKERCLA integration approach was published in the Federal 
Register and concluded that (1) a FS/PP-€IS was the appropriate level of NEPA documentation for 
the lead operable unit (i.e., Operable Unit 4) and (2) NEPAKERCLA integration is also to be 
provided in the remaining four operable unit FS/PP reports. The FS/PP for Operable Units 1 and 2 
contain a discussion of common issues and potential cumulative impacts, referencing the Operable 
Unit 4 FS/PP-EIS as the lead document. All subsequent operable unit reports, such as this 
cumulative impact analysis for the Operable Unit 5 FS, also reference the material presented in the 
Operable Unit 4 FS/PP-EIS. This evaluation will update available information, as appropriate. and 
contain adequate operable unit-specific data to support the complete NEPA impact analyses to be 
contained in each operable unit FS. 

On June 13, 1994, DOE issued a revised policy for NEPA compliance. The revised policy, 
"Secretarial Policy Statement of National Environmental Policy Act," allows for only the values of 
NEPA to be integrated into the development of CERCLA RI/FS documentation. The revised policy, 
which is contingent upon stakeholder approval, would allow for reliance on the CERCLA process to 
meet the procedural requirements of NEPA. Therefore. DOE has supplemented the evaluations 
contemplated by RI/FS guidance to accommodate the evaluation of NEPA values in the preparation of 
this FS. This information is also summarized in the Operable Unit 5 Proposed Plan. Additional 
details on this integration process for addressing NEPA values in the RI/FS process cdn be found in 
Section 1.4 of this document. 
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I. 1.3 REPORT ORGANIZATION 

March 1-1. 1995 

The descriptions of proposed remedial alternatives for Operable Unit 5 are contained in the main text 
of this FS Report; environmental impact analyses of Operable Unit 5 alternatives are contained in the 
detailed analysis of alternatives in Section 4.0. The SWCR contains the baseline data required for 
analyses of potential impacts of site-wide remediation. including a baseline ecological risk assessment. 
The Operable Unit 5 PP presents the preferred alternative and summarizes the impacts of 
implementation. Section 1.2.0 contains a description of the preferred alternative or LRA for each 
operable unit. The cumulative environmental impacts of proposed on-property actions are described 
in Section 1.3.0, which analyzes the potential impacts on the environment from concurrent 
implementation of remedial activities for the operable units and site-wide facilities. 

Federal, state, and local agencies consulted during the compilation of data for the FS/PP-NEPA 
evaluation and the relationship of remediation at the FEMP site to the objectives of local, state, 
regional, and federal land use plans, policies, and controls, are described in Section 1.4.0. An 
updated discussion of irreversible and irretrievable commitment of resources resulting from remedial 
activities at the FEMP site is in Section 1.5.0. 

1.1.4 SCOPE OF CUMULATIVE IMPACT ANALYSIS 
,The detailed evaluation in this cumulative impact analysis has been limited to impacts on and 
immediately adjacent to the FEMP site. The activities on adjacent lands which are not related to the 
FEMP site will not impose significant cumulative impacts to the environment when combined with 
remediation activities at the FEMP. These activities will be addressed in this section. The 
cumulative impacts of remediating Operable Units 1 through 5 will be addressed in Section 1.3.0. 

a 

The specific sites separate from the FEMP site that warrant some discussion of cumulative impacts 
include: 

A CERCLA site immediately south of the FEMP site (approximately one mile) that is 
undergoing the RI/FS process for an organic contamination plume in the Great Miami Aquifer. 
Two other sites are being evaluated as potential CERCLA sites but their proximity to the FEMP 
site does not justify or warrant a discussion. 

A small quarry located less than a mile from the eastern boundary of the FEMP site. 

The potential for disposal of waste at an off-property location. The remaining areas around the 
FEMP site are primarily used for agricultural (Le., cultivated tields) and limited residential 
domains. 

Groundwater remediation at the Fernald site and the CERCLA site south of the Fernald site resulted 
in the evaluation of potential increases in contaminant loading to the Great Miami River and the 
possibility of land subsidence due to groundwater extraction. The contaminant loading in the Great 
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Miami River will be nondetectable to minimal due to the treatment of the extracted groundwater 
before discharge. The groundwater does not act as a physical support mechanism in this geologic 
structure; therefore, the possibility of land subsidence is remote. 

Activities at the quarry east of the site involve some excavation and movement of soil and rock and is 
in the prevailing wind direction from the FEMP site. However, the quarry operation is on a 
relatively small scale when compared to the overall remediation of the FEMP site. In addition, 
cultivated tields are the predominant land use downwind of both the quarry site and the FEMP site. 
Therefore, the cumulative impacts associated with dust emissions from the quarry and the site will be 
minimal. 

Fugitive dust from cultivated tields adjacent to the site, in combination with that associated with the 
excavation and transportation to and from the site, pose a very limited potential for cumulative 
impacts. These cumulative impacts to air quality will be minimal since (1) the dust remains 
suspended for a limited time and (2) the number of downwind receptors is limited. The focus of the 
detailed analysis in this appendix will, therefore, be limited to the concurrent response actions for the 
five operable units carried out at the FEMP site because their cumulative impacts to the environment 
and residents in the region are distinctly greater than those in combination with other activities in the 
area. 

Efforts have been made throughout the cumulative impact analysis to quantify impacts to the. extent 
possible. For example, impacts to wetlands and habitats have been quantitied (i.e., estimation of 
acres disturbed) wherever possible. In addition, the overall impacts of the FEMP remedial activities 
on the local socioeconomic structure have been quantified to the extent possible. Due to the timing of 
the remedial activities, quantitative information was not available in all cases. In these situations. a 
qualitative evaluation of potential impacts has been provided. 

I. 1.5 SITE-WIDE ECOLOGICAL RISK ASSESSMENT 
A preliminary site-wide ecological risk assessment in the SWCR estimated the potential and hture 
baseline risks of FEMP contaminants to ecological receptors. The U.S.  Environmental Protection 
Agency (EPA) and U.S.  Department of Energy (DOE) agreed that the next iteration would be done as 
part of the Operable Unit 5 RI Report. The Site-Wide Ecological Risk Assessment, Appendix B of 
the Operable Unit 5 RI'Report (DOE 1995), assesses the possible risks from current concentrations of 
site contaminants to ecological receptors inhabiting on- and off-property areas not presently targeted 
for remediation based on human health concerns. 
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1.2.0 LEADING REMEDIAL ALTERNATIVES 1 

This section contains descriptions of each of the operable units at the FEMP site and identities the 2 

leading remedial alternatives for Operable Units 1, 2, 3, and 4. For Operable Unit 5, this section 
summarizes the description of the representative alternative, which is presented in detail in the FS and 
PP evaluations. The no-action alternative for the site was evaluated in detail in the SWCR 

1 

4 

5 

6 (DOE 1993) and the cumulative impact analysis (Appendix I) of the Operable Unit 4 FS/PP-EIS 
(DOE 1994b). 7 

The FEMP site was divided into tive operable units under the original 1990 Consent Agreement. 
However, the definitions of the operable units have been revised under the Amended Consent 

operable units and their revised detinitions are presented helow: 

X 

Y 

Agreement, and the possibility of a comprehensive site-wide operable unit has been added. The tive 10 

I I  

ODerable Unit I - Waste Pits I through 6, the Clearwell, the burn pit, berms. liners. and 
associated contaminated soil within the operable unit boundary 

1'1 

I3 

Ouerable Unit 2 - the active and inactive tlyash piles. the South Field. the lime sludge ponds. 
the solid waste landtill, berms, liners. and associated contaminated soil within the operable unit 

I 4  

15 

boundary 16 

Ouerable Unit 3 - the former production area and production-associated facilities and equipment 17 

(includes all above- and below-grade improvements) including, but not limited to. all in 
structures, equipment, utilities, drums, tanks, solid waste, waste, product, thorium, eftluent 
lines, K-65 transfer line, waste water treatment facilities, tire training facilities, scrap metal 
piles, feedstocks, and the coal pile 

19 

20 

21 

ODerable Unit 4 - Silos 1, 2, 3, and 4, berms, the decant sump tank system, and associated 
contaminated berms and soil within the operable unit boundary 

22 

3 

Ouerable Unit 5 - perched and regional groundwater, surface water, soil not associated with 
other operable units, sediment. tlora, and fauna. 

ZJ 

1 

1.2.1 OPERABLE UNIT 1 26 

27 Operable Unit 1 includes six low-level'radioactive waste storage pits. the Burn Pit, and the Clearwell, 

liquid and solid wastes that were generated by the various operations at the FEMP site and disposed 
of before 1987. ,The Operable Unit 1 waste units are described below. A detailed description of the 

(DOE 1994~). 32 

all 'located west of the former production area (Figure 1.2-1). The pits contain large quantities of 3n 
. .  

39 

30 

31 nature and extent of contamination associated with Operable Unit 1 is provided in the RI Report 
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Waste Pit I - constructed in 1952 into existing native clay and then lined with an additional 
4 feet (ft) of clay. The pit has  a maximum depth of 29.5 ft. Contents of the waste pit include 
48,500 cubic yards of waste and 19,900 cubic yards of contaminated cap and soil liner. Waste 
Pit 1 has been out of service since 1959, when it was backtilled, covered with clean soil, and 
graded to provide surface drainage into the Clearwell. 

Waste Pit 2 - constructed in 1957 and lined with native clay with a 13.8-ft average design 
depth and a maximum depth of 23.5 ft. Contents of the waste pit include 24,200 cubic yards 
of waste and 13,200 cubic yards of contaminated cap and liner soil. Waste Pit 2 has been out 
of service since 1964, when it was backfilled and covered with clean soil. - 

Waste Pit 3 - constructed in 1958 by excavating into underlying glacial till and then adding a 
clay liner along the pit walls and bottom. The pit has a maximum depth of 42.0 ft. The 
contents of the waste include 204.100 cubic yards of waste and 103.400 cubic yards of 
contaminated cap and liner soil. Waste Pit 3 has been out of service since 1977. when it was 
backfilled and covered with clean soil. 

Waste Pit 4 - clay-lined pit constructed in 1960 with a 32 ft maximum depth. Contains an 
estimated 23,500 pounds (Ibs) of barium chloride in addition to radioactive wastes. In 1984. 
an interim cap providing an additional cover of compacted clay overlain by a 45-mil-thick 
Hypalon chlorosulfanated reinforced polyethylene (CRP) liner was installed to hrther ensure 
segregation of encapsulated materials from surface water during the interim period prior to 
implementation of a final remedial action. Contents of the waste pit include 
55,100 cubic yards of waste and 17.700 cubic yards of contaminated cap and liner soils. In 
1986, it was backtilled and covered with clean soil. 

Waste Pit 5 - constructed in 1968 and served as a settling pond for slurried waste from various 
production processes. It is a maximum 29 ft-deep pond lined with a 60-mil-thick Royal-Seal 
ethylene-propylenediene monomer (EPDM) elastomeric membrane. When heavy rainfall 
occurs, storm water overflow from Pit 5 tlows by gravity from the pit to the Clearwell. 
Contents of the waste pit include 97,900 cubic yards of waste covered with water. Waste Pit 5 27 

has been out of service since 1987. . 28 
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Waste Pit 6 - constructed in 1979, this pit is a 24 ttdeep pond lined with a 60-mil-thick 
Royal-Seal EPDM elastomeric membrane. The pit has  been out of service since 1986 and has 
not been covered. The waste pit contains 9600 cubic yards of waste and standing water 
remains trapped within the berms of the pit. When heavy rainfall occurs, storm water 
overflow from Pit 6 flows to Pit 5 and then to the Clearwell. 

The Burn Pit - excavated in 1957 as a clay borrow pit for lining Waste Pits 1 and 2. The 
depth and size of the pit are not precisely known, but it is estimated to be approximately 30 tt 
deep. The pit was subsequently used for the disposal and burning of laboratory chemicals. 
waste oils, and other low-level radioactivity-contaminated materials such as wooden pallets. 
The pit contains 30,300 cubic yards of mixed waste and soil. 

The Clearwell - constructed in 1959 and served as a settling basin for process water and storm 
water runoff from the waste pits. The Clearwell contains 4300 cubic yards of sludge and 
contaminated liner soil. Most recently, the Clearwell was used as a tinal settling basin for 
process water that passed through Waste Pit 5 before its discharge to the Great Miami River 
via the National Pollutant Discharge Elimination System (NPDES) permitted discharge. This 
use was terminated in March 1987 when Waste Pit 5 was removed from the process water 
treatment scheme. The Clearwell currently receives surface water runoft’ from the majority of 
the surfaces of Waste Pits I ,  2, and 3 and from the entire surface of Waste Pit 5. Water of 
varying depth remains in the Clearwell at all times. The sediment resulting from material 
deposition were removed on at least one occasion during the period of operation. The depth of 
sediment remaining in the Clearwell is estimated at 27 ft. 

1.2.1.1 Preferred Alternative for ODerable Unit 1 
The preferred alternative (as identified in the Operable Unit 1 FS/PP) for Operable Unit 1 involves 
the removal and treatment of materials from Waste Pits 1 through 6, the burn pit, and the Clearwell 
to achieve risk-based preliminary remediation goals (PRGs) and applicable or relevant and appropriate 
requirements (ARARs). The excavated area will be backfilled with clean soils. The excavated 
materials will be treated (dried) and transported by rail to a commercial disposal facility. This 
alternative also includes continued federal ownership of the land to control t’uture land use. The 
following actions would occur: 

0 Removal and Treatment of Standing Water - Waste Pits 5 and 6 and the Clearwell have 
standing water requiring treatment by a wastewater treatment facility. The eftluent from this 
facility will be discharged to the Great Miami River and will meet all surface water PRGs and 
ARARs . 
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Waste Removal and Segregation - Pit wastes and soil will be mechanically or hydraulically 
removed to attain risk-based PRGs and ARARs. 
employed to facilitate waste handling, treatment, packaging, and disposal. 

i 

7 

Waste segregation technologies will be 2 

Waste Treatment - Excavated waste materials will be processed before treatment. Stable waste 
materials such as concrete construction rubble and debris will be crushed, shredded, and sent 
directly for disposal. Pit waste will be dried and transported. Soil will be removed down to 
3 ft below the pit liners, treated, and disposed along with the pit waste material. Pit waste, 
caps, and liners will be excavated and transported to a controlled stockpile where the waste 
streams can be blended and directed into a shredder which feeds the dryers. The dried waste 
will be transferred to an operational storage silo above the rail siding. The rail siding will load 
the rail cars, which will transport the treated waste to a commercial disposal facility in Clive, 
Utah (see Attachment 1.11 for a description of the representative commercial facility). The top 
6 inches (in) of soil throughout the entire area of Operable Unit 1 will be removed. contained, 
and turned over to Operable Unit 5 for treatment and final disposition. Clean soil will be used 
as backfill to reestablish grades and promote proper runoff and drainage control. A cover 
system consisting of a vegetative layer, a drainage layer, and a dried composite intiltration 
barrier (synthetic and natural materials) would then be used to complete the seal of the waste 
pit area. 

CaminP; - The waste pit area will be backtilled with clean soil and graded before installation of 
a multimedia cap. The tloodplain will be regraded to the original elevation. Any displacement 
of bank material in Paddys Run would be restructured and returned to its original slope. 

Runoff/Run-on Control - Runoff control features would remove storm water from the operable 
unit area, and run-on control features would direct storm water away from the closed facility. 
Surface water would be routed through the waste pit area storm water runoff control system 
and pumped to the advanced wastewater treatment (AWWT) facility for treatment. Control can 
be accomplished by using site contour grading, vegetation, diversion and collection ditches, and 
various physical devices including silt traps and sedimentation basins. 

1.2.2 OPERABLE UNIT 2 
Operable Unit 2 includes the following waste units: the solid waste landtill, the lime sludge ponds, 
an inactive flyash pile, an active flyash pile, and the South Field, an area located between and 
adjacent to the flyash areas (Figure 1.2-2). The contents of the waste units are described below. A 

detailed description of the nature and extent of contamination associated with Operable Unit 2 is 
provided in the Operable Unit 2 RI Report (DOE 1994d). 

Solid Waste Landtill - located on a 1.5-acre tract at the northeast corner of the waste storage 
area and northwest of the former production area. The solid waste landtill was used through 
early 1986 for the disposal of cafeteria wastes, rubbish, and other wastes from nonprocess 
areas. Materials that reportedly have been disposed of at the landfill include: nonburnable, 
nonradioactive solid wastes generated on site; nonradioactive, construction-related rubble; 
nonradioactive asbestos (double-bagged and bulk quantities); medical wastes; radioactively 
contaminated construction rubble; and radioactively contaminated soils used to cover exposed 
wastes. 
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Lime Sludge Ponds - consist of two ponds, north and south. The north pond is an active, 
unlined pond located southeast of the waste storage area with approximate dimensions of 125 ft 
by 225 ft by 5.3 ft deep. This pond is approximately 90 percent full, with a freeboard depth of 
2 ft, and is partially covered with vegetation. Standing water that accumulates in the north 
pond is periodically pumped from the pond to the general sump. Spent lime sludges (primarily 
lime-alum and boiler plant blowdown) from the FEMP site water treatment plant operations 
have been conveyed to this active pond. Records do not indicate the routing of any hazardous 
chemicals or radioactive materials to this pond. 

South Lime Sludge Pond - is an inactive, dry, unlined pond located directly south of the north 
pond with approximate dimensions of 125 feet by 225 feet by 11.2 feet deep. This pond is 
retired and overgrown with vegetation. The use of this pond was similar to that of the north 
pond. Records again do not indicate the routing of any hazardous chemicals or radioactive 
materials to this pond. 

Active Flvash Pile - formerly received tlyash from the coal-tired boiler plant at the FEMP site. 
This disposal area is located east of the running track and on the east side of the south 
construction road (Figure 1.2-2). The active tlyash pile is a roughly hexagonal area of 
approximately 87,120 square feet (ft’) with a maximum height of 40 ft. The storm sewer 
outfall ditch runs along the southeast side of the area. 

Inactive Flvash Pile - located approximately 3000 ft south/southeast of the waste storage area, 
northwest of the active tlyash pile, and west of the South Field. The inactive tlyash pile, 
which is no longer used, covers approximately 130,680 ft2 and is sparsely covered with soil 
and vegetation. 

South Field - located between the inactive and active tlyash piles where construction rubble was 
dumped on the surface of the glacial overburden. The thickness of the fill increases at the 
western and southern edges of the area to approximately 20 ft because material was dumped 
down the natural slope of an old meander scar. A review of the shallow trenches through the 
fill indicates that the material is predominantly soil with some rock and concrete and only 
occasional pieces of wood. The construction rubble deposited in the South Field contained low 
levels of radioactive materials. Results of trenching activities indicate that the buried materials 
are within the top 4 feet of soil. 

Data gathered in Operable Unit 2 indicate that the areas hold large volumes of solid waste into which 
small volumes of radiological and/or chemical wastes may have been co-disposed. A review of the 
RI/FS sampling data for the active and inactive tlyash piles and the South Field indicates 
concentrations of uranium-238 in all media (DOE 1994d). 
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1.2.2.1 Preferred Alternative for Onerable Unit 2 
Contaminated material with concentrations above the. expanded trespasser and on-property resident 
farmer cleanup levels would be excavated and segregated according to radiological contamination. 
The contaminated material would be placed in an on-site disposal cell in the southeast corner of the 
FEMP site. Any tiring range soil that fails the Resource Conservation and Recovery Act (RCRA) 
toxicity characteristic leaching procedure (TCLP) test would be managed as a RCRA hazardous waste 
and disposed of at an off-site mixed waste disposal facility. Water would be collected and pumped to 
a treatment facility, as necessary. Institutional controls would include physical barriers and 
groundwater monitoring. 

1.2.3 OPERABLE UNIT 3 
Operable Unit 3 includes the former production area and all above-ground and below-ground 
production-associated facilities and equipment, encompassing structures, utilities, drums, tanks, solid 
waste, waste, product, thorium, eftluent lines, wastewater treatment and tire training facilities, scrap 
metal piles, feedstock, and coal pile. 

The production of uranium metal products at the FEMP site involved a series of chemical and 
metallurgical conversions that occurred in nine specialized plants within Operable Unit 3. A number 
of other buildings housed support operations. Each of these facilities had a distinct purpose. resulting 
in important differences in the process operations. chemical forms. and types of individual 
conveyance, storage, and containment units associated with the respective facilities. The potential 
contaminants resulting from production activities are listed in Table 1.2-1. Solid waste materials 
associated with uranium metals production are presently stored on property in steel drums, awaiting 
further processing or off-property disposal at approved facilities. These wastes include oils, sludges. 
contaminated combustibles, tilter cake, off-specification uranium or thorium tetratluoride, and reject 
uranium trioxide. The drums sit on various pads or in warehouses and are inspected weekly. 
Contents of deteriorated drums are repackaged. Other drummed wastes on contained surfaces include 
spent degreasing solvents and material contaminated with polychlorinated biphenyls (PCBs). 
Estimated volumes of potentially contaminated materials are listed by component in Table 1.2-2. 

1.2.3.1 Leading Remedial Alternative for Operable Unit 3 
The LRA for Operable Unit 3 involves the removal, treatment/ decontamination, and disposal of 
contaminated buildings and structures to reduce the potential for contaminant migration. 
Decontamination and treatment residues would require further treatment and disposal. Contaminated 
materials will be disposed of in an on-property, engineered above-ground disposal facility, and clean 
materials will be free released for reuse or recycling. The selection of this leading remedial 
alternative is based on limited characterization and engineering study data and may change. This 
alternative also includes continued federal ownership of the land to control future land use. 
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Radionuclides 
Isotopic uranium 
Isotopic thorium 
Isotopic plutonium and 241 
Radium-226 and 228 
Neptunium-237 
Americium-241 
Cesium-137 
Strontium-90 

Polonium-210 
Technetium-99 
AlphaIBeta Screening 

TAL Organics 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 

Lad-210 

Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
zinc 
Cyanidea 

TCL Semivolatile Organics 
1,2-Dichlorobenzene 
1,2,CTrichlorobenzene 
1,3-Dichlorobenzene 
1 +Dichlorobenzene 
2-Chloronapthalene 
2-Chlorophenol 
2-Methylnaphthalene 

TABLE 1.2-1 
OPERABLE UNIT 3 RI/FS ANALYTE LIST 

TCL Semivolatile Organics 
{Continued) 
?-Methylphenol 
2-N itroanilene 
2-N itrophenol 
2,2-Oxybis-( 1-chloroprane) 
2,CDichlorophenol 
2.4-Dimethylphenol 
2,CDinitrophenol 
2,CDinitrotoluene 
2.4.5-Trichlorophenol 
2.4.6-Trichlorophenol 
2.6-Dinitrotoluene 
3-Nitroaniline 
3.3-Dichlorobenzidine 
4-Bromophenyl-phenyl ether 
4-C hloro-3-inethylphenol 
4-C hloroaniline 
4-Chlorophenyl-phenyl ether 
CMethy lphenol 
4-Nitroaniline 
4-Nitrophenol 
4.6-Dinitro-2-methylphenol 
Acenaphthene 
Acenaphthy lene 
Anthracene 
Benzo(a)an thracene 
Benzo(a)pyrene 
Benzo(b) fluo ranthenr: 
Benzo(g , h ,i)pery lene 
Benzo(k)fluoranthene 
bis(2-Chloroethyl) ether 
bis(2-Chloroethoxyl) methane 
bis(2-Ethylhexy1)phthalate 
Butylbenzylphthalate 
Carbazole 
Chrysene 
Dibenzofuran 
Dibenzo(a, h)anthracene 
Diethylphthalate 
Dimethylphthalate 
Di-n-buty lphthalate 
Di-n-octylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
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TCL Semivolatile Oreanics 
[Continued) 
Hexachloroethane 
Ideno( 1.2.3-cd)pyrene 
Isophorone 
Napthalent 
Nitrobenzene 
N-Nitroso-di-n- 
dipropy lanine 
N-Nitrosodiphenylamine 
Pentachlorophenol 
Phenanthrene 

TCL PCBs 
Phenol 
Pyrene 
Aroclor- 10 16 
Aroclor-1221 
Aroclor- 1232 
Aroclor- 1242 
Aroclor- 17-48 
Aroclor- 1254 
Aroclor- 11-60 

1-2-9 

TCL Volatile Orzanics 
I .I-Dichloroethane 
I ,  I-Dichloroethene 
I ,  I ,  1-Trichloroethane 
I ,  I .l-Trichloroethane 
I, 1 .I,l-Tetrachlorocthane 
I .I-Dichloroethane 
I .I-Dichloroethene (total) 
I ,I-Dichloropropane 
?-Butanone 
',-Hexanone 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
C hlo robenzene 
C hloroethane 
Chloroform 
Chloromethane 
cis-I ,3-Dichloropropene 

TCL Volatile Orcanics 
(Continued) 
Dibroinocliloroinetliane 
Ethyl benzenc 
Methylene chloride 
Styrene 
TetracIiloroctlicncToluene 
Total xylenes 
trans- 1,3-Dichloropropene 
Trichloroethene 
Vinyl chloride 

TCLP Metals 
Arsenic 
Barium 
Cadmium 
Cliroiniuin 
Lead 
Mercury 
Selenium 

TCLP Semivolatile Ortlanics 
Silver 
I ,4-Dichlorobenzene 
1.4-Dinitrotoluene 
Hexachlorobenzene 
Hexachloroethane 
Hexachloro- I ,3-butadirne 
N itrobenzene 
Pentachlorophenol 
Pyridine 
2 .4,5-Tricliloroplienul 
2.4.6-Trichlorophenol 
o-Cresol 
in-Cresol 
p-C reso 1 

TCLP Volatile Orrranics 
Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
?-Butanone 
1 .I-Dichloroethane 
I ,  I-Dichloroethylene 
Tetrachloroethylene 
Trichloroethylene 
Vinyl chloride 
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TABLE 1.2-2 

ESTIMATED VOLUMES OF OPERABLE UNIT 3 COMPONENTS 

Material Category Volume (ft7 

Concrete 

Accessible metals 

3,307,087 

83,663 

Inaccessible metals 151,929 

Process related metals 2.157.416 

Painted light gauge metals 22,118 

Nonregulated asbestos containing 55,969 
material 

Regulated asbestos containing 12.323 
material 

Miscellaneous 185,936 

Total 5.976.441 

The following processes would occur: 

Removal - Buildings and structures will be mechanically removed in a health protective fashion 
and in compliance with ARARs. Waste segregation technologies will be employed to facilitate 
waste handling, treatment, packaging, and disposition/disposal. Limited in-place 
decontamination is anticipated for all materials exhibiting gross removable contamination in order 
to reduce worker exposures and minimize off-property release during demolition/dismantlement. 
Soil will be removed using mechanical equipment and processed as described in the Operable 
Unit 5 representative alternative (Section 1.2.5.1). Equipment, drums, waste, and product will 
be removed, treated, and/or packaged to meet risk-based PRGs and ARARs. 

Waste Treatment/Decontamination - Treatment options for containerized waste and bulk soil 
materials include the application of a wide range of technologies commensurate with the large 
quantities and types of waste and product materials in Operable Unit 3. Treatment options for 
containerized waste and bulk material include soil washing, cement-based stabilization, and 
vitrification. Equipment and building materials will be decontaminated, employing a range of 
available technologies including dry concrete scabbling, acid washing, and grit blasting. Soil 
will be treated as described in the Operable Unit 5 representative alternative. Ongoing 
treatability programs for the other four FEMP site operable units may provide important 
information pertinent to a number of the envisioned Operable Unit 3 waste types. Additional 
treatability studies are envisioned to support Operable Unit 3 to demonstrate the effectiveness of 
specific treatment and decontamination options. 
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On-Pronertv Disnosal - Following treatment, volume reduction. and/or packaging, the resultant 
stable waste will be transferred from a temporary holding area to an on-property disposal facility 
at the FEMP site. The disposal facility would include a series of above-grade reinforced 
concrete vaults, which will be underlain by a leachate collection and detection system and 
covered by a multimedia cap. 

Free Release/Recvcle - Decontamination will be employed to the extent practical to maximize 
reuse and recycling of materials and minimize the requirement for disposal. Materials meeting 
free release criteria of DOE Order 5400.5 may be distributed for recycling or reuse to 
commercial vendors or disposed of at public landfills. Some. materials may be released to other 
DOE facilities for controlled recycling and reuse. 

1.2.4 OPERABLE UNIT 4 

Waste units in Operable Unit 4 consist of two earthen-bermed concrete silos (Silos I and 2) 
containing K-65 residues (high-specitic-activity radium-bearing residues resulting from the pitchblende 
refining process), one concrete silo containing metal oxides (Silo 3), and one unused concrete silo 
(Silo 4). All the silos are located south of the waste pit area (Figure 1.2-1). The domed waste 
storage silos measure 80 ti in diameter, 36 ti high to the center of the silo dome. and 27 ti to the top 
of the vertical walls. The walls are 8 inch thick concrete as are the outer part of the domes, which 
taper to 4 in in thickness at the center. Silos 1 and 2 are surrounded by an earthen berm to a height 
of approximately 26 ft, while Silos 3 and 4 are freestanding. 

Silos 1 and 2 received radium-bearing residues, formed as by-products of uranium ore processing, 
from 1952 to 1958. Waste raffhates were pumped into the silos where the solids would settle. The 
free liquid was decanted through a series of valves placed at various levels along the height of the silo 
walls. Settling and decanting continued until the silos were tilled to approximately 4 ft below the top 
of the vertical walls. Table 1.2-5 details the volumes and types of wastes associated with Operable 
Unit 4. 

Corrective actions have been performed to maintain the integrity of Silos 1 and 2. These included 
repairing the walls, constructing a berm on a 1.5 to 1 slope (mid-l960s), and enlarging the berm to a 
3 to 1 slope in the early 1980s. In 1985, a structural assessment was performed which revealed that 
the walls and base slab were structurally stable and could hnction as a containment of dry solids for a 
period of 10 to 15 years. However, the center 20-ft section of the dome was determined to he 
structurally unsound for a load greater than the existing static load. Remedial actions taken since 
1985 include placement of protective covers constructed of steel and plywood over the center portion 
of each silo dome. A 3 in. layer of rigid polyethylene foam, topped by a 45-mil waterproof, 
ultraviolet-resistant, urethane-finish coating, was placed over each silo dome in 1987 to provide 
weather protection and insulation. A radon treatment system was implemented for this project to 
reduce radiation exposure to the workers during the installation process. In 1991, a layer of bentonite 0 
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clay was inserted over the residues in Silos 1 and 2 to reduce radon levels in the silos and to provide 
protection in the event of silo dome collapse (this was done under a removal action). 

Silos 3 and 4 were constructed in 1952 and were designed to receive dry materials only. Waste 
raftinate slurries from retinery operations were dewatered in an evaporator and spray calcined to 
produce a dry waste form for storage in the silo. The waste was blown in under pressure to till 
Silo 3. Silo 4 was never used and, except for rainwater intiltration. remains empty. 

1.2.4.1 Preferred Alternative for Operable Unit 4 

There are three preferred alternatives for the remediation of Operable Unit 4. Two of the preferred 
alternatives, for the contents of Silos 1 and 2 and for Silo 3, involve the removal of the silo contents, 
stabilization by vitritication, and oft'-site disposal at the Nevada Test Site (NTS). In the third 
alternative, the silo structures (including Silo 4), berms, subsoil beneath Silos I and 2, decant sump 
tank, process piping, and process piping trenches would be removed. decontaminated. and disposed in 
an on-property disposal facility. Additional details on these alternatives are provided in Section 4.0 
of the FS Report for Operable Unit 4 (DOE 1994a). 

I 

7 

8 

Y 

I O  

I 1  

12 

15 

14 

FER\CRUS\APXS\APP-l\I-TMnMon-h 18. 1995 3:33pin 1-2- 12 
a .  . 

. b'. . 
I 



- 
- 61'32 

FEWP-05FS-5 DRAFT FINAL 
March 22. 1995 

v) 

'f) 
Y 

FER\CRUS\APXS\APP-I\1-~~3/18/95. 3:33pm 

N 
v) 

0 
c 
3 

CI 
v) 

0 
\o 
d 

c 

CI 
v) 

0 2 
s 

v) 

2 

t rz 

f 
0 Y 

U 
C m 

3 
0 
b) a 
- z 

6 

m 
C 

m 
C 

.- 
E 
Y 'p- m 

Y 

c-" 

Y 
C 
m 
u 
b) 
U 
U 
C m 

1-2- 13 



a FEMP-O5FS-5 DRAFT FINAL 
March 22. 1995 

1.2.5 OPERABLE UNIT 5 I 

The components of Operable Unit 5 include groundwater. perched water. surface water. soil. 
sediment, tlora, and fauna and are described in detail in the SWCR (DOE 1993). Estimates of 
quantities of groundwater and soil requiring remediation are provided in this FS Report. 1 

1.2.5.1 Representative Alternative for Ooerable Unit 5 
The representative alternative for Operable Unit 5 involves the extraction of contaminated 
groundwater, treatment at an on-property facility, and discharge of the treated eftluent to the Great 
Miami River through the newly constructed eftluent line. The representative alternative also involves 
the excavation of contaminated sediment/soil necessary to meet risk-based PRLs and ARARs, and 

DOE 1, 

7 

X 

I 

transport of soil/sediment to an on-property engineered disposal facility. I O  

Id I I  

0 This alternative also assumes continued tederal ownership of the land I.’ 

to control future land use. The following processes would occur: I? 

Groundwater Extraction - Five recovery wells, installed in the regional aquifer as part of the 
South Plume removal action, will be supplemented with several additional wells. Each well is 

1.8 

I> 

b estimated to produce an average tlow rate of 650 gallons per minute (gpm). Groundwater 
extraction will continue until risk-based PRGs and ARARs for the regional aquifer are met. 

Perched groundwater will be extracted using french drains. a wellpoint system. and extraction 

perched groundwater are met. 

I X  

I 9 

3 I 

wells. Perched groundwater extraction will continue until  risk-based PRGs and ARARs for 

Groundwater Treatment - Groundwater treatment will include a carbon adsorption pretreatment 
step, followed by precipitation for metals removal, ion exchange for uranium removal, and 
sludge dewatering. The system may be designed to process up to 8000 gpm. reducing 
contaminant concentrations to levels necessary to meet risk-based PRGs and ARARs. 
treated water will be discharged to the Great Miami River. The sludge generated by the 
treatment system will be stabilized as necessary and disposed of in an on-property disposal 
facility. :7 

?I 

-9 _ _  
-? 

The 2.1 

1 

Ih 

Soil Removal - Soil will be excavated using traditional heavy construction equipment and 
techniques. Some deviations from standard excavation techniques may be necessary for 
excavation around and under facilities that may remain after Operable Unit 3 remediation. 
in the contaminated zones will. be excavated to meet risk-based PRGs and ARARs. The 
excavated soil that contains constituents below the remediation goals (based upon analysis) will 
be separated and used as backtill. 

28 

2’) 

.w 
71 

Soil 

7 1  ._ 

73 

On-Property DisDosal - Following treatment, volume reduction. and packaging. the resultant 
stable waste will be transferred from a temporary holding area to an on-property disposal 

74 

75 

facility. The disposal facility is envisioned to include a series of above-ground reinforced 
concrete vaults, which will be underlain hy a leachate collection and detection system and 
covered by a multimedia cap. It is estimated that approximately 13.800.000 yd’ will be disposed i )  
of on property. 3Y 
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Off-Propertv Disposal - Waste/soil which does not meet the waste acceptance criteria for the on- I 

property disposal facility will be transported via truck to an oft'-property disposal site. It is 

disposal. .I 

estimated that approximately 2,840,000 yd3 of material will be transported oft' property for 3 
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1.3.0 CUMULATIVE IMPACTS OF PROPOSED ON-PROPERTY ACTIONS 

Current scheduling indicates that all of the operable units have potential for concurrent 
implementation during some portion of the remediation activities (Figure 1.3-1). A discussion of the 
more significant environmental cumulative impacts due to concurrent implementation of. remedial 
activities follows. 

1.3.1 SOIL AND GEOLOGY 
The mechanical and/or hydraulic removal of pit wastes. soil, buildings, and other structures from the 
former production area poses a potential short-term threat of releases through subsurface soil to 
groundwater. Adverse impacts could result if there is a breach of a pit liner during the removal 
process or if loose contamination is released from the structures. If contaminants remain on the 
ground surface for extended periods of time, intiltration of rainwater o r  storm water runoff could 
cause migration of the contaminants into the subsurface soil. However, appropriate excavation 
techniques and controls such as routine covering of excavated areas will minimize the potential for 
these impacts. 

The preferred alternative for Operable Unit 1 would result in the temporary disturbance of 
approximately 36.4 acres of land due to the excavation of the waste pits and associated soil. 
However, these areas would be regraded and evaluated to promote positive drainage. Furthermore, 
the preferred alternative for Operable Unit 1 does not involve on-property disposal, thereby resulting 
in no long-term impacts to soil and geology. 

The preferred alternative for Operable Unit 2 involves on-property disposal for all tive waste units 
comprising Operable Unit 2. This would result in temporary impact to approximately 75 acres and 
the permanent commitment of approximately 23 acres for on-property disposal. The construction of a 
storm water control channel associated with the disposal cell would result in approximately 35 acres 
of permanent land commitment. 

Removal of wastes from Operable Unit 4 would temporarily distkb approximately 8.0 acres of soil. 
Disturbed areas would be regraded and returned to their previous elevations following remediation. 
Construction of a disposal facility for silo structures and berm soil would result in the permanent 
disturbance of approximately 1 1.6 acres of soil. 

When the preferred alternatives selected in the Operable Units 1, 2, and 4 FS reports are combined 
with the leading remedial alternative for Operable Unit 3 and the representative alternative for 
Operable Unit 5, it is likely that approximately 517.2 acres will be disturbed during remediation, with 
208 acres permanently committed to disposal. 
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Adverse impacts on surface soil could occur during waste removal, segregation, and treatment. There 
is the potential for spills to occur during the handling and packaging of waste as well as during 
transport to the treatment facility. Spills would be expected to affect only localized areas. and surface 
soil contaminated by a spill could be excavated and disposed of with the waste material. Therefore, 
impacts on surface soil from spills would likely be minor. Appropriate spill prevention and response 
procedures will ensure impacts related to spills are negligible. 

? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . DOE The removal of contaminated structures from the former production area 
along with waste treatment and decontamination 
have beneficial long-term. effects on both surface and subsurface soil due to the removal of 
contaminant sources. Pumping and treatment of the contaminated perched and regional groundwater 
should stop contaminant migration in the subsurface soil. No impacts are anticipated on the regional 
geology of the area as a result of operable unit remedial activities. 

1.3.2 WATER QUALITY AND HYDROLOGY 
Adverse impacts to both the perched groundwater and the regional aquifer would not be increased by 
concurrent remedial activities. The possibility of contaminant migration to the aquifer exists during 
any remedial activity, whether the activities are performed individually or concurrently. The rate at 
which contaminants are supplied to the regional aquifer may be increased with concurrent remediation 
activities, but the overall contaminant load would remain the same. The EPA proposed drinking 
water standard for uranium in drinking water is 20 parts per billion (ppb) (EPA 1986). 

DOE Groundwater monitoring will continue throughout remedial actions and upon completion of remedial 
actions to ensure that areas exceeding the standards are identified and appropriate response actions are 
implemented. Long-term groundwater quality should improve through implementation of the 
preferred and leading remedial alternatives since FEMP wastes will be eliminated and/or isolated from 
rainwater and storm water runoff, preventing the potential intiltration of these contaminants to 
perched groundwater and the regional aquifer. Any waste disposal facility would comply with the 
requirements specified in the facility permit for the uppermost aquifer underlying the waste 
management area beyond the point of compliance. The concentration of chemicals in groundwater 
should not exceed background levels of the listed maximum concentration of the constituent for 
groundwater protection (10 Code of Federal Regulations [CFR] 264.94). 

The findings of the Operable Unit 5 Comprehensive Response Action Risk Evaluation (CRARE) 
(Appendix H) identified the consumption of drinking water obtained from wells drilled into the 
groundwater as the greatest pathway of exposure to a hypothetical on-property resident farmer. 
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Groundwater modeling in the CRARE predicted that the highest cancer risk in this pathway would be 
associated with arsenic leaching from site-wide soil. However, the carcinogenic risk levels associated 
with the groundwater pathway under the Case 7 land use scenario are within the target risk range of 
10" to lo4 to the undeveloped park users and off-property resident farmer receptors. 

Groundwater monitoring will continue throughout and upon completion of remedial actions to ensure 
that areas exceeding the standards are identitied and appropriate response actions are implemented. 

1.3.2.1 Surface Water 
The simultaneous implementation of remedial alternatives would potentially increase surface water 
quality impacts over those which would normally be expected from implementation of a single 
project. Impacts to surface water quality in Paddys Run could result during removal of Operable Unit 
2 waste units; during removal and treatment 

activities may include contaminated runoff entering Paddys Run; erosion of exposed wastes and the 
subsequent influx of contaminated soil into the stream during waste removal; and increased stream 
turbidity resulting from excavation of contaminated sediment and relocation of portions of the stream. 
However, appropriate engineering controls would be implemented to control runoff and other impacts 
to Paddys Run. The use of silt fences, straw bales, and other drainage and erosion control measures 
would be particularly critical as part of the remedial activity for the inactive tlyash pile (Operable 

DOE 

; and during the removal of 
. Short-term impacts resulting from these 

Unit 2) and 1. 

Over the long term, surface water quality in Paddys Run should improve since FEMP wastes will be 
isolated from rainwater and storm water runoff, thus eliminating the potential migration of 
contaminated material into Paddys Run. No cumulative impacts on the Great Miami River are 
anticipated from the simultaneous implementation of the remedial alternatives. All eftluents produced 
by the remedial alternatives will be treated to comply with FEMP NPDES permit limits and 
conditions before discharge to the Great Miami River. 

1.3.3 AIR OUALITY 
Cumulative air quality impacts will be based on projected emissions from the remedial alternatives for 
each of the operable units at the FEMP site. The emissions of primary short- and long-term concern 
with respect to ambient air involve the reentrainment of radiologically contaminated fugitive dust and 
the volatilization of toxic chemicals. 
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DOE 
. 

Remedial alternatives that involve substantial waste handling, excavation, ground clearing, demolition, 
cut-and-till operations, loading/unloading trucks, or heavy equipment traffic have the potential to 
generate radiologically contaminated dust and other waste constituents. During these activities, 
periods of turbulent wind conditions can resuspend particles of disturbed surface materials (e.g., 
contaminated soil) in ambient air and transport them to on- and/or off-property receptors. The 
amount of dust resuspended depends on wind speed and other site conditions such as soil moisture, 
particle size, and vegetative cover. Is 
. . . . . . . . . . . . . . . . . . . ALA&$ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,...._ . . . . . . . . . . . ... . . .. ..... 

Additional potential airborne pollutants associated with remedial activities at the FEMP site include 
inorganic constituents, volatile organics, semivolatiles, PCBs. dichlorodiphenyl trichloroethane 
(DDT), herbicides, radionuclides, and radon. Emissions of these pollutants could result from the 
removal and handling of volatile or semivolatile wastes, waste segregation activities, and vitrification 
processes. 

In the past, radon has been a significant portion of the annual dose to the public adjacent to the FEMP 
site. Until remedial activities are complete, DOE Order 5400.5 regulates radon concentrations in the 
atmosphere above facility surfaces or openings at and adjacent to the FEMP. When added to 
background levels, the concentrations mandated by DOE Order 5400.5 must not exceed an annual 
average concentration of 30 picocuries per liter @Ci/L) at the facility and 3 pCi/L at or above any 
location outside the facility. Once remedial activities have been completed. the National Emissions 
Standards for Hazardous Air Pollutants (NESHAP) Subpart Q standard (40 CFR 61 Subpart Q) of 
20 pCi/m2/s for radon-222 will be applied to site storage and disposal areas for radon-producing 
wastes. An active monitoring system has  been in place at the FEMP site since the early 1980s. As a 
point of comparison, the average site boundary total radon concentration of 0.57 pCi/L in 1992 was 
about 29 percent of the average indoor radon concentration (2.0 pCi/L) for homes in the Cincinnati 
area. Monitoring will continue throughout the remedial activities and upon completion of remedial 
activities (as appropriate) to ensure that radon levels remain in compliance with all applicable 
regulations. 

0 

Guidelines for concentrations of radionuclides other than radon-222 are also established by DOE 
Order 5400.5. These concentrations, referred to as derived concentration guidelines (DCGs). are 
concentrations of radionuclides that, under conditions of continuous exposure for one year by one 
exposure mode, would result in a dose of 100 rem. In addition to the DCGs, radiologic emissions to 
the ambient air from the FEMP site will also be subject to the NESHAP Subpart H standard 
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(40 CFR Part 61 Subpart H), which stipulates that radiological emissions from the site cannot exceed 
those amounts that might cause any member of the public to receive an annual effective dose 
equivalent (EDE) of 10 rem per year. Monitoring of the air pathway for radionuclides during the 
FEMP site remedial activities will continue to ensure that emission levels do not exceed applicable 
DCGs or the NESHAP Subpart H standard. 

DOE The impacts associated with the generation of fugitive dust and the volatilization of toxic chemicals 
tend to be short term. Cumulative air quality impacts that would occur during phases of remedial 
activity at the FEMP site would include pollutants generated off property as well as those generated 
on property. Although there are no major sources of pollutants in the vicinity of the FEMP site, 
there would be an increase of transportation-related particulates generated off property by the large 
number of trucks necessary to supply construction materials for the disposal facility 

. In addition to particulates generated on property by disposal facility construction, tilling. 
avation and closure, the cumulative air quality impact would also depend on: 1) the remedial 

alternatives chosen, 2) the remediation schedule (e.g., the extent of simultaneous remedial activities 
across the FEMP site), 3) the mitigating measures or controls chosen. and 4) their effectiveness. 
Typical control methods for various remedial activities and qualitative evaluations of their 
effectiveness, advantages, and disadvantages are included in the Operable Unit  4 FS Report, 
Appendix I, Attachment 1.1, Table 1.1-3 (DOE 1994a). 
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1.3.4 BIOTIC RESOURCES 
Cumulative impacts on vegetation could result from shod- and long-term removal and disturbance of 
habitat associated with remediation of contaminated soils and waste units; construction of staging 
areas, support facilities, and the disposal facility; and general physical disturbance of soil. The 
removal of Operable Unit 2 waste areas would result in the permanent disruption of approximately 
15.8 acres of introduced grassland, managed field, and old tield habitats. Construction of on-property 
disposal facilities for Operable Units 3, 4, and 5 could also disturb introduced grasslands, old tield, 
and mid-successional and riparian woodland habitats. Construction of on-property disposal facility(s) 
for Operable Units 3, 4, and 5 would result in a total loss of approximately 196 acres. Construction 
of support facilities would have a similar impact, although restoration may be possible once wastes 
are removed from the FEMP site. 
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Concurrent implementation of remediation activities could have impacts on wildlife primarily through 
the short- and long-term removal and disturbance of habitat as described above. with correlated 
reductions in local wildlife populations. Cumulative impacts on wildlife would differ from the 
impacts of these same preferred or leading remedial alternatives considered separately. For example, 
if remedial activities were spread out over time, adjacent undisturbed areas could provide refuges for 
displaced wildlife. These "safe" areas would not be available if activities are conducted 
simultaneously. Cumulative project-related noise and increased levels of human activity could disrupt 
nearby wildlife. However, it is not expected that wildlife will be permanently displaced from the site. 

Cumulative impacts on aquatic organisms from remedial actions involve the potential contamination of 
Paddys Run, the Great Miami River, and various drainageways, tloodplains and wetland areas. 
Potentially affected aquatic organisms include tish, invertebrates, amphibians, reptiles, and 
semiaquatic species such as muskrats. Loss of habitat or contaminant exposure could also lead to a 
reduction in species biodiversity. 

Levels of contaminants could increase in Paddys Run and wetland drainage areas from soil erosion 
and runoff during concurrent waste removal, stabilization. and isolation activities. Additionally, 
disruption of aquatic habitat in these areas from the excavation of contaminated sediments for 
Operable Unit 5 could adversely affect organisms residing in this area. Small affected areas in 
Paddys Run and the wetland drainages resulting from isolated remedial actions would probably 
recover quickly, but recovery from simultaneous impacts over a larger area would likely require a 
much longer time to restabilize. Adverse cumulative impacts on aquatic organisms could be 
substantially mitigated by diversion and collection of runoff and by performing removal activities 
when tlow in Paddys Run and the storm sewer outfall ditch is low or nonexistent. 

DOE Waste removal, stabilization, and isolation activities conducted for Operable Unit 1. would likely 
result in short-term adverse cumulative impacts on the organisms in the wetland drainages in this 
area. Long-term, negative effects on aquatic organisms would be minimized if the areas were 
revegetated to prevent erosion after completion of the activities. Of particular concern is the 26-acre 
tract of forested wetlands in the northern portion of the FEMP site. This area would be avoided as 
much as possible. The cumulative effects would be bepeficial in the long term by reducing or 
eliminating exposure to wastes. 

1.3.4.1 Threatened and Endangered SDecies 
Cumulative impacts on threatened and endangered species potentially include the potential loss of 
habitat, disruption of breeding activities, and loss of individuals. Disturbances in the riparian corridor 
along Paddys Run could result in impacts to the Sloan's craytish (Orconecres sloclnii) and habitat of 
the Indiana bat (Myotis sodulis). The use of relocation and erosion control measures will be 

. 

i 

3 

4 

5 

6 '  

7 

8 

14 

15 

I(, 

17 

in 

I 'J 

20 

? I  

22 

?u 

31 

i? 

-33 

34 

FER\CRUS\APXS\APP-I\l-~~Mnrch 18. I995 3: 33pm 1-3-7 

, . _  i,. , . 



FEMP-05FS-5 DRAFT FINAL 
March 77,  1995 

employed to minimize short-term adverse impacts on Sloan's crayfish. In the long term, the 
cumulative impacts of FEMP site remedial activities will be beneticial due to the prevention of 
releases of contaminants into the environment. 

1.3.5 WETLANDS AND FLOODPLAINS 
A site-wide delineation was conducted in February 1993 in accordance with the 1987 Army Corps of 
Engineers Wetlands Delineation Manual and approved on August 12. 1993. The purpose of the 
delineation was to determine the extent of jurisdictional wetlands and waters of the United States at 
the FEMP site and to avoid or minimize impacts to these resources during future activities. Results 
from the site-wide delineation indicate a total of 35.9 acres of jurisdictional freshwater wetlands on 
the FEMP site. Wetland impacts as a result of remedial activities would be minimized by 
implementing best management practices during and following remediation. Proper notification and 
mitigative measures would be executed if impacts are expected to occur. 

Cumulative wetland impacts may also arise from the implementation of the remedial alternatives. 
particularly in the forested wetland in the northern part of the site and the various emergent wetlands 
associated with site drainage ditches. The greatest wetland impact could result from siting a disposal 
facility and from excavation during waste removal and construction activities. Proposed DOE actions 
in these wetlands would tirst be evaluated for potential adverse effects to the wetlands 
(10 CFR 1022), and consideration would be given to natural and beneticial values provided by the 
wetlands when considering mitigation alternatives to offset the impacts. Appropriate federal register 
notitications as required under 10 CFR 1022 would take place for all actions affecting wetlands. 

Floodplains within the FEMP property are contined to the north-south corridor containing Paddys 
Run. Outside the boundaries of the FEMP, the 100- and 500-year tloodplain of the Great Miami 
River extends west of the big bend to an elevation near the eastern boundary of the facility. 
The 100- and 500-year tloodplain of the river also extends northward along Paddys Run from the 
confluence of the two streams to a point north of the northern boundary of the FEMP. During 
remediation, some impact to the 100-year and 500-year tloodplain of Paddys Run may occur due to 
excavation activities. In extreme cases, the relocation of Paddys Run and the tloodplain may be 
necessary. During remedial action, engineering controls (e.g., silt fences and berms) will be used to 
minimize floodplain impacts. In cases where relocation is required, the tloodplain will be 
reestablished to near original condition. 
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1.3.6 SOCIOECONOMICS AND LAND USE 
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g$@'& Trans oflation .. .*. . ................................ ..................... 

Possibly the greatest environmental impact both on site and to local residents from concurrent 
implementation of operable unit remediations at the FEMP site is from the increase in traffic tlow. 
Transportation routes off property will be impacted by four categories of shipments: (1) transport of 
waste for off-site disposal either at the NTS or a commercial disposal facility, (2) bringing backtill 
and construction materials from off-site regional sources, (3) movement of waste and material within 
site boundaries, and (4) a variety of wastes, hazardous materials, laboratory, and treatability samples 
which are to be disposed of during CERCLA removal actions. Included are: RCRA wastes, 
hazardous wastes, mixed waste, low-level waste, PCB-contaminated waste (currently stored o n  site 
and awaiting tinal disposal), and hazardous materials which resulted from past production operations 
(e.g. , low-level residues, high-grade residues, orange oxide [UO,], green salt [UFJ, uranium derbies, 
and refinery feedstock currently awaiting tinal disposition). Facilities that are to receive and ship the 
waste, hazardous materials, and samples 'include, but are not limited to, the following: privately 
owned, licensed treatment and disposal facilities; privately owned laboratories; privately owned 
nuclear facilities; and federal facilities (e.g., other DOE sites). 

TransDort of Waste for Off-Site DisDosal 
. . . . . .  
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DOE 

ns I .60 grams/miIe. carbon 
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. . . . . . . . . . .  %3;:622 Communitv Services ................. ................ ................. . . .  

Community services that could be affected by remedial activities include schools, health care 
facilities, housing, emergency and protective services, and water and wastewater treatment systems. 
Impacts to these services would primarily arise from relocating large numbers of workers during 
major activities such as the remediation. Because the employment requirements for FEMP site 
remediation are not expected to result in a major influx of workers during remedial activity, due in 
part to the work being spread over time, no long-term impacts on these services are anticipated. ' 

1.3.7 CULTURAL RESOURCES 
Any federal activity that may adversely affect a site or structure that is listed in the National Register 
of Historic Places (NRHP) or is considered eligible for inclusion in the NRHP must undergo rigorous 
scrutiny to ensure that the adverse effect is avoided. This examination is also necksary to determine 
potentially significant sites such as uncovered archaeological remains. To ensure that no resources 
will be affected by remedial activities in the other operable units, an archaeological survey of the 
property would be performed. The rainbow arch bridge over Paddys Run on Willey Road may be 
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affected by transport of materials to the FEMP site. The Ohio Historic Preservation Oftice and the 
Ohio Department of Transportation would be contacted for consultation. Any additional construction 
proposed beyond the boundaries of the FEMP site would require an archaeological survey and 
consultation with state and national preservation officials before initiation. 
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1.4.0 AGENCIES CONSULTED AND RELATIONSHIP TO OBJECTIVES OF LOCAL, 
STATE, REGIONAL, AND FEDERAL LAND USE 

PLANS, POLICIES, AND CONTROLS 

During the development of the lead FS/PP-EIS for Operable Unit 4, a number of federal, regional. 
state, and local organizations were contacted for information or assistance. This information has been 
referenced herein for the Operable Unit 5 FS/PP-NEPA evaluation. Some of these agencies were also 
contacted for consultation under 40 CFR 1502.16, which requires.a discussion of "possible conflicts 
with the objectives of state, federal, regional, and local land use plans, policies, and controls" in 
environmental documents. Agencies were contacted under this provision to determine whether any 
conflicts would arise as a result of remedial activity at the FEMP site. No agency or organization 
that was contacted considered future remedial actions at the FEMP site to be in conflict with its land 
use plans, policies, or controls in the area. The following organizations were contacted: 

Federal 

U.S. Environmental Protection Agency 
U.S. Department of the Interior 
U.S. Department of Transportation 
Bureau of Land Management 
U.S. Fish and Wildlife Service 
Federal Emergency Management Agency 
Army Corps of Engineers, Louisville, Kentucky District 

Ohio Environmental Protection Agency 
Ohio Department of Natural Resources, Wildlife Division 
Ohio Department of Transportation 
Ohio Department of Natural Resources, Division of Natural Areas and Preserves, Parks 
Department 
- Soil Conservation Service 
- Ohio Historic Preservation Oftice 
- Ohio Department of Commerce, Data Users Center 
- Ohio Department of Rehabilitation and Correction 

County 

Hamilton County Planning Commission 
Hamilton County Park District 
Hamilton County Engineer 
Hamilton County Cooperative Extension Service 
Butler County Planning Commission 
Butler County Park District 
Butler County Engineer 
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Butler County Cooperative Extension Service 
Butler County Treasury Office 
Hamilton County Treasury Oftice 
Warren County Auditors Oftice 
Clermont County Accounting Oftice 
Brown County Auditors Oftice 
Boone County (Kentucky) Auditors Office 
Gallatin County (Kentucky) Auditors Oftice 
Kenton County (Kentucky) Treasury Oftice 
Grant County (Kentucky) Treasury Oftice 
Campbell County (Kentucky) Payroll Office 
Pendleton County (Kentucky) Auditors Office 
Dearborn County (Indiana) Auditors Office 
Ohio County (Indiana) Treasury Oftice 

Regional 

a 

a 

a 

a 

a , 

- Local 

Ohio-Kentucky-Indiana Regional Council of Governments - A regional planning agency 
involved in a variety of areas including water resources, solid waste management. population 
studies, public services management, transportation, and land use in the Greater Cincinnati 
area. 

Ohio River Valley Sanitation Commission - A group responsible for monitoring and reporting 
the water quality of the Ohio River and its major tributaries. 

Water Management Association of Ohio - An organization dedicated to supporting the 
development, conservation, control, protection, and use of Ohio’s water resources for 
beneficial purposes. 

Miami Conservancy District - A water conservation subdistrict responsible for the observation 
and evaluation of water resources in the area between Hamilton and New Baltimore. 

Miami Purchase Association for Historic Preservation 

Hillside Trust - A nonprofit organization dedicated to promoting the preservation and 
thoughtful use of the hillsides in the Greater Cincinnati area. 
Hamilton County Prisons 
Great Rivers Council, Girl Scouts of America 
Ross Township Trustees 
Crosby Township Trustees 
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1.5.0 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

The implementation of the remedial alternatives for Operable Units 1 through 5 will result in the 
commitment of land, economic resources, and regional raw materials. The alternatives will require a 
commitment of resources to retain wastes on property. These alternatives could result in the 
restricted use of the land for thousands of years. The commitment of raw materials, economic 
resources, and some land is unavoidable for any alternative at the FEMP site. The irretrievable 
commitment of the site as a permanent waste facility needs to be examined carefully in terms of 
DOE’S future policies in the waste management program. 

The following paragraphs will analyze these commitments, using information available at this time. 
Alternatives for Operable Unit 3 are in preliminary planning stages, and the total resources required 
for remedial alternatives are not developed. Therefore, the cumulative commitment of resources 
cannot be completely quantitied at this time. The Operable Unit 3 FS report will update and expand 
this analysis. The purpose of the evaluation of resource commitment is to outline the major issues 
and tradeoffs to be considered in the final selection of remedial and waste management alternatives for 
the FEMP site. 

Each remedial alternative will require some commitment of land, economic resources, and regional 
raw materials. The alternatives that require excavation, on-property treatment. and on-property 
disposal will require the highest commitment of land, economic resources. and regional raw materials. 
At least 517.2 acres of land would be disturbed during remediation operations. The waste that is 
removed (with the exception of most Operable Unit 4 and all Operable Unit 1 material) will be placed 
in an on-property disposal facility, which will require 208 acres of land at the 1050-acre site. 

Approximately 208 acres would be irretrievable and committed to the DOE waste management 
program and DOE ownership as a result of on-property disposal. The remaining 842 acres of site 
property could be made available for restricted use such as industrial or recreational (developed or 
undeveloped park). 

As part of the commitment of land at the FEMP, the subsequent loss of various types of habitat will 
likely occur. It is likely that a portion of the acreage committed to on-property disposal will be in the 
form of wetlands and various habitats. In addition, managed tield habitat in the solid waste landfill 
would be lost as a result of containment activities. 
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. If the FEMP site were to remain a permanent waste facility and part of the DOE waste management 
program, there would be a commitment to retain most of the wastes stored on property in a stabilized 
form. Some of the FEMP site will not be returned to its original agricultural condition. The t'acility 
will be monitored and the land will be controlled for an indefinite period of time. .I 
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1.1.0 DESCRIPTION OF OFF-SITE DISPOSAL AREAS 

1.1.1 Nevada Test Site 
The selected alternative for the Operable Unit 4 waste material calls for the disposal of wastes at an 
existing government facility located in an arid western environment. This facility is currently 
operating and accepting many types of U.S. DOE waste. An Environmental Impact Statement for 
waste disposal activities at the Nevada Test Site (NTS) is currently in process to satisfy the 
requirements of the National Environmental Policy Act (NEPA). Several disposal technologies are 
currently utilized at NTS (e.g., shallow land burial, burial in trenches, and disposal in largediameter 
augured shafts). However, only shallow land burial is utilized for low-level waste, and mixed waste 
is not currently accepted at the facility. Because the facility is located in an area with an arid climate 
far from any population centers and significant water sources, it offers many advantages from a 
long-term risk standpoint. An interim on-site storage facility can be a part of this process option if 
the administrative and regulatory issues for off-site waste disposal have not been resolved at the start 
of remediation. The wastes could be transported to the facility by truck or rail as discussed elsewhere 
in this appendix. 

Human habitation of the NTS area ranges from as early as 10,000 B.C. to the present. Various 
aboriginal cultures occupied the NTS area over this extended period, as evidenced by the presence of 
artifacts at many sites and more substantial deposits of cultural material in several rock shelters. This 
period of aboriginal occupation was sustained primarily by a hunting and gathering economy based on 
temporary campsites and shelters. The area was occupied by Paiute Indians at the time of the first. 
known outside contact in 1849 (DOE 1991). 

. 

The NTS, operated by the DOE, has been the primary location for testing the nation’s nuclear 
explosive devices, including nuclear weapons, since January 1951. It is located in Nye County, 
Nevada, with the southeast corner lying about 65 mi northwest of the city of Las Vegas, Nevada. 
The NTS encompasses about 1350 mi2, an area larger than the State of Mode Island. The 
dimensions of the NTS vary from 28 to 35 mi in width (eastern to western border) and from 40 to 
55 mi in length (northern to southern border). The NTS is surrounded on the east, north, and west 
sides by public access exclusion areas consisting of the Nellis Air Force Base (NAFB) Bombing and 
Gunnery Range and the Tonopah Test Range. These two areas comprise the NAFB Range Complex, 
which provides a buffer zone between the test areas and public lands. The combination of the NAFB 
Range Complex and the NTS is one of the larger unpopulated land area in the United States, 
comprising some 5470 mi2. -Mercury, Nevada, located at the southern end of the NTS, is the main 
base camp for worker housing and administrative operations for the site. Area 12 base camp, located 
at the northern end of the site, is the other major worker housing and operations support facility. 
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The NTS topography is typical of much of the basin and range physiographic province of Nevada, 
Arizona, and Utah. North-south-trending mountain ranges are separated by broad, tlat-tloored, and 
gently sloped valleys. Elevations range from about 3000 ft above mean sea level (MSL) in the south 
and east, rising to 6900 ft in the mesa areas towards the northern and western boundaries. The slopes 
on the upland surfaces are steep and dissected, whereas the slopes on the lower surfaces are gentle 
and alleviated with rock debris from the adjacent highlands. The principle effect upon the terrain 
from nuclear testing has been the creation of numerous dish-shaped surface subsidence craters, 
particularly in Yucca Flat. There are not continuously flowing streams on the NTS. Surface 
drainages from Yucca Flat and Frenchman Flat are in closed-basin systems, which drain onto the dry 
lake beds (playas) in each valley. The remaining area of the NTS drains via arroyos and dry 
streambeds that carry water only during unusually intense or persistent storms. Rainfall or snow melt 
typically infiltrates quickly into .the moisturedeficient soil, or it runs off in normally dry channels, 
where it evaporates or seeps into permeable sands and gravel. During extreme conditions, flash 
floods may occur. The northwest portion (Pahute Mesa) of the NTS has integrated channel systems 
which carry runoff beyond NTS boundaries into the Kawich Valley and Gold Flat on the NAFB 
Range Complex. The western half and southernmost part of the NTS have channel systems which 
carry Anoff from intense storms towards the southern boundary of the NTS and off site towards the 
Amargosa Desert (DOE 1991). 

. 

In general, the geology consists of three major rock units. These are (1) completely folded and 
faulted sedimentary rocks of Paleozoic age overlain at many places by (2) volcanic tuffs and lavas of 
Tertiary age, which (in the valleys) are covered by (3) alluvium of late Tertiary and Quaternary age. 
The sedimentary rocks of Paleozoic age are many thousands of feet thick and are comprised mainly of 
carbonate rocks (shale and quartzite). The volcanic rocks are relatively underformed, and dips are 
generally gentle. The alluvium is derived from erosion of the nearby hills of tertiary and Paleozoic 
rocks. The volcanic rocks of Tertiary age are predominantly tuffs, which erupted from various 
volcanic centers and lavas, and are mostly rhyolitic in composition; The aggregate thickness of the 
volcanic rocks is many thousands feet, but in most places, the total thickness of the section is far less 
because of erosion or nondeposition. These materials erupted before the collapse of large volcanic 
centers known as calderas. Alluvial materials f i l l  the intermountain valleys and cover the adjacent 
slopes. This sediment attains thickness of 2000 to 3000 ft  in the central portions of the valleys. The 
alluvium in Yucca Flat is vertically offset along the prominent north-south-trending Yucca fault. 

Depths to groundwater beneath the NTS vary from about 515 ft beneath the Frenchman Flat playa 
(DOE 1991) in the southern-part of NTS to more than 2000 ft beneath part of Pahute Mesa. In the 
eastern portions of the NTS, the water table occurs generally in the alluvium and volcanic rocks 
above the regional carbonate aquifer. The flow in the shallower parts of the groundwater body is 
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generally toward major valleys (Yucca and Frenchman) where it deflects downward to join the 
regional drainage to the southwest in the carbonate aquifer. The hydrogeologic units at the NTS 
occur in three groundwater subbasins in the Death Valley groundwater basin. Groundwater beneath 
the eastern part of the NTS is in the Ash Meadows subbasin defined by discharge through 
evapotranspiration along a spring line in Ash Meadows (south of the NTS). Most of the western NTS 
is in the Alkali FladFurnace Creek Ranch subbasin, which discharges by evapotranspiration at Alkali 
Flat and by spring discharge near Furnace Creek Ranch. Groundwater beneath the far northwestern 
corner of the NTS may be in the Oasis Valley subbasin, discharging by evapotranspiration in the 
Oasis Valley. 

A long-term hydraulic monitoring program was instituted in 1972 to be operated by the EPA under an 
interagency agreement. Groundwater was monitored on and around the NTS, at eight sites in other 
states, and at two locations off property in Nevada in 1991 to detect the presence of any radioactivity 
in the groundwater. No radioactivity was detected in the groundwater sampling network around NTS. 
The NTS groundwater monitoring network currently utilizes wells that were drilled for water supply 
or exploratory purposes. Therefore, an extensive program to install groundwater monitoring wells 
has been implemented. The program will involve the installation of approximately 90 wells on or 
near NTS. 

Precipitation levels at the NTS are low, runoff is intermittent, and the majority of the active testing 
a 

areas on the NTS drain into closed basins on the site. The NTS mesas receive an average annual 
precipitation of 9 in., which includes, winter snow accumulations. The lower elevations receive 
approximately 6 in. of precipitation annually, with occasional snow accumulations lasting only a 
matter of days. Predominating winds are southerly during summer and northerly during winter. The 
prevailing wind direction during winter months is from north-northeast; during summer months, 
winds prevail from the south. In Yucca Flat, the average annual wind speed is 7 miles per hour 
(mihr). The prevailing wind direction during the winter months is north-northwest and during 
summer months is south-southwest. At Mercury, the average annual wind speed is 8 mihr, with a 
prevailing wind direction of northwest during the winter months and southwest during the summer 
months. 

The greater part of the NTS is vegetated by various associations of desert shrubs typical of the 
Mojave or Great Basin Deserts or the zone of transition desert between these two. There are areas of 
desert woodland (pinon and juniper) at higher elevations. Even there, typical Great Basin shrubs, 
principally sagebrush, are a conspicuous component of the vegetation. Although shrubs (or shrubs 
and small trees) are the dominant forms, herbaceous plants are well represented in the flora and play 
an important role in supporting animal life. a 
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Extensive floral collection has yielded 71 1 taxa of vascular plants within or near the boundaries of the 
NTS (DOE 1991). Associations of creosote brush (Larrea rridenruru), which are characteristic of the 
Mojave Desert, dominate the vegetation mosaic on the dajadas of the southern NTS. Between 4000 
and 5000 ft  elevations in Yucca Flat, transitional associations are dominated by hopsage/desert thorn 
(Gruyia spinosaLyciwn andersonii) associations, while the upper bajadas support Cofeogyne types. 
Above 5000 ft, the vegetation mosaic is dominated by sagebrush associations of Arfernisia rridentura 
and Artemisia arbuscufa ssp. nova. Above 6000 ft, pinon pine and juniper mix with the sagebrush 
associations where there is suitable moisture for these trees. No plant species located on the NTS is 
currently on the federal endangered species list; however, the state of Nevada has placed Asrrugufus 
beatZeyae on its critical species list. Most mammals on the NTS are small and secretive (often 
nocturnal in habitat), hence not often seen by casual observers; larger mammals include horses, 
burros, deer, mountain lions, bobcats, coyote, kit foxes, and rabbits. Reptiles include four species of 
venomous snakes; bird species are mostly migrants or seasonal residents. In terms of distribution or 
relative abundance, rodents are the most important group of mammals on the NTS. Most nonrodent 
mammals have been placed in the "protected" classification by the state of Nevada. In 1989, the 
desert tortoise (Gopherus agussizii) was placed on the endangered species list by the U.S.  Department 
of Interior and was relisted as threatened in 1991. Tortoise habitats on the NTS are found in the 
southern third of NTS, outside the current areas of nuclear test activities in Yucca Flat, Rainer Mesa, 
and Pahute Mesa (DOE 1991). 

There are many archaeological sites on the Pahute and Rainer Mesas testing areas and there are also 
some sites of historical interest on the NTS. The principle sites include the remains of primitive stone 
cabins with nearby corrals at three springs, a natural cave containing prospector's paraphernalia in 
Area 30, and crude remains of early mining and smelting activities. 

In 1991, 17 preactivity surveys were conducted for archeological sites on the NTS, and reports on the 
findings were prepared. These preactivity surveys identified 56 sites containing previously unknown 
archeological information. These sites were added to the cultural resources inventory tiles and site 
records, and all artifacts collected from the NTS were processed for storage. Due to avoidance of all 
potentially significant sites by activities at the NTS, no test excavations, data recovery plans, or 
data-recovery projects were undertaken in 199 1. 
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Excluding Clark County, the major population center (approximately 741,000 in 1990) near the NTS, 
the population density within a 150-kilometer radius of the NTS is about 0.5 persons per square 
kilometer. In comparison, the 48 contiguous states (1990 census) had a population density of 
approximately 29 persons per square kilometer. The estimated average population density for Nevada 
in 1990 (including Clark County) was 2.8 persons per square kilometer. The off-site area within 
80 kilometers of the NTS control point is predominantly rural. CP-1 (a building at the control point) 
historically has been the point from which distances from the NTS are determined (DOE 1991). 

Several small communities are located in the area, the largest being in the Pahrump Valley. This 
growing rural community, with an estimated population of 15,000, is located 80 kilometers south of 
CP-1. The Amargosa Farm area, which has a population of about 950, is located about 50 kilometers 
southwest of CP-1. The largest town in the near off-site area is Beatty, which has a population of 
about 1500 and is located approximately 65 kilometers to the west of CP-I. The Mojave Desert of 
California, which includes Death Valley National Monument, lies along the southwestern border of 
Nevada. The National Park Service (DOE 1991) estimated that the population within the monument 
boundaries ranges from a minimum of 200 permanent residents during the summer months to as many 
as 5000 tourists and campers on any particular day during "Death Valley Days" in the month of 
November. The largest nearby population in this desert is the Ridgecrest-China Lake area, about 
118 mi southwest of the NTS, with a population of about 28,000. The next largest population is in 
the Barstow area, located 165 mi southwest of the NTS with a 1991 population of 21,000. The 
Owens Valley, where numerous small towns are located, lies 31 mi west of Death Valley. The 
largest town in the Owens Valley is Bishop, located 140 mi northwest of the NTS, with a population 
of 3500. 

Recreational areas lie in all directions around the NTS and are used for such activities as hunting, 
fishing, and camping. In general, the camping and fishing sites to the northwest, north, and northeast 
of the NTS are used throughout the year except for the winter months. Camping and fishing 
locations to the southwest, south, and southwest are used throughout the entire year. The peak 
hunting season is from September through January. 

1.1.2 Commercial DisDosal Facilitv at Clive. Utah 
The preferred alternative for waste material of Operable Unit 1 calls for the disposal of wastes at a 
commercial disposal facility in Clive, Utah. The facility is located on the eastern edge of the Great 
Salt Lake Desert, 3 mi west of the Ceder Mountains. Owned by the State of Utah, the 10 mi area 
around the site is rarely used due to its remoteness from urbanized areas. The area is uninhabitated 
by humans and only occasionally used for grazing and off-road vehicles. The only other land use 
within the 10 mi radius is for transportation. The Interstate 80 highway and the Union Pacific 
railway pass 2.5 mi and 1 mi north, respectively, of the site. Because the facility is located in an 
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area with an arid climate far away from any population centers, the lack of human habitation offers 
many advantages from a long-term risk standpoint. 

The commercial disposal facility site has probably been used for grazing since the days of the early 
settlers. No events of historical significance are known to have occurred at the site. The Donner 
Trail probably passed north of the site, but the trail's exact location is unknown. A cultural resource 
inventory for the facility was performed in August 1981, by the Archaeological Environmental 
Research Corporation (DOE 1984). No cultural resource sites were found. The ground to air 
pilotless aircraft launch site and blockhouse is listed in the National Register of Historic Places and is 
approximately 10 mi west of the facility. The Gosepa Settlement Cemetery is located approximately 
23 mi southeast of Clive. 

The proposed disposal site is located in the basin and range physiographic province which covers 
nearly all of Nevada and parts of California, Oregon, Idaho, Arizona, New Mexico, and Texas. It is 
characterized by broad, flat basins occasionally interrupted by small mountain ranges. The area 
within a 10 mi radius is typical of this province. Because of the tlatness of the terrain, vistas of 
30 mi are common. The Visual Resource Inventory and Evaluation System (DOE 1984) was used to 
rate the scenic quality of the disposal facility relative to the physiographic province.. This system 
employs a scale of 0 to 33, with higher ratings (19 or above) indicating that special management 
attention is required. The combination of landform, vegetation, water, color, intluence scarcity, and 
cultural modification variables were used to derive a total score of 12 for the area surrounding the 
disposal facility. This low-to-medium rating for scenic quality indicates no special management 
attention is required for the site. 

The commercial disposal facility is located within a relatively tlat area along the eastern edge of the 
Great Salt Lake Desert, which extends approximately 60 mi from the Nevada border on the west to a 
series of north-south-trending mountain ranges on the east. The eastern edge of the desert in the 
vicinity of the site is formed by the Ceder Mountains, which rise to elevations of approximately 
7700 ft, approximately 3500 ft above the desert floor. The proximity of this mountain range results 
in a generally westward slope to the site, with drainage into the Great Salt Lake Basin. The site has a 
topographic relief of less than 11 ft. 

Because of the lack of detailed subsurface data concerning the bedrock, the exact depth to and 
relationships among various units at the disposal facility are unknown (DOE 1984). Lone Mountain, 
located 3 mi east of the site,' has a core of Paleozoic rocks. These include, from west to east, the 
Grandeur Member of the Park City Formation, an unnamed Permian formation, and Unit 5 of the 
Oquirrh Formation. These well-indurated limestones and sandstones strike slightly east to north and 
dip steeply (72 to 74 degrees) to the west. Lone Mountain represents the west limb of a 
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north-trending anticline, which is in turn located on the upper plate of the Lone Mountain Thrust 
Fault, a slightly northwest-trending Lararnide (early Tertiary) low-angle fault. 

The scattered, low hills about 1.5 mi west of the disposal facility site also contain outcrops of 
Paleozoic Oquirrh Formation (DOE 1984). These rocks may represent the northern extent of a 
slightly northeast-trending overturned anticline. The facility may be located in the syncline between 
this anticline and the Lone Mountain anticline to the east. The Grayback Hills 3.5 mi northwest of 
the disposal facility (just north of Interstate 80) are formed by remnants of Late Tertiary basalt and 
basaltic andesite flows (DOE 1984). These flows are the only apparent evidence near the site of Late 
Tertiary tectonism. 

The commercial disposal facility site lies in a region which contains active faulting. Seismogenic 
sources include zones of faulting along the east flank of the Ceder Mountains, the east tlank of the 
Newfoundland Mountains, the west flank of the Stansbury Mountains, and within Puddle Valley. The 
density of possible seismogenic sources is considerably less than along the Wasatch Front located 
about 65 mi east of the disposal facility. The site is located within the Great Basin in the 
basin-and-range Province (BAR) in western Utah, lying in a transition zone between exposed horsts 
and grabens (mountain ranges and valleys) to the east and buried horsts and grabens to the west. The 
surrounding area does not have recorded historical seismicity, but nearby seismogenic areas and 
geologic structures could pose a hazard to the site. 

Surface and subsurface conditions at the disposal facility and vicinity were evaluated through the 
drilling, logging, and sampling of 13 exploration borings. The logs of the exploration borings are 
available in the Uranium Mills Tailings Radiation Control Act project offke in Albuquerque, New 
Mexico. Surficial soil encountered in the 13 exploration borings generally consist of light brown to 
tan, sandy to clayey silt. This soil was classified as either stiff or very stiff and was noted to contain 
a small pinhole structure and bedding layers that range from approximately .06 to 12 ft (DOE 1993). 

An interlayered lacustrian deposit, ranging from relatively clean fine-and medium-grained sands to 
silty clays, underlies the surficial material. This interlayered soil sequence appears to be random and 
no definite pattern or predominant material type could be correlated among individual borings. The 
soil is layered but varied in thickness and is generally clakified as stiff to very stiff while the 
cohesionless materials are generally medium dense to dense. This interlayered sequence extends to 
depths between 45 and 51 ft. 
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No surface water bodies are present in the commercial disposal site area. The nearest stream channel 
ends about 2 mi east of the site and is typical of all the drainages along the transportation corridors 
within about 20 mi. The site lies to the west of the Ceder Mountains in a relatively tlat basin. The 
streams within the area do not reach the site; the channels end 2 mi east of the site. This indicates 
that flows normally infiltrate or evaporate before reaching the site. 

There are two major groundwater systems in the area: (1) the valley till and (2) the alluvial fans 
bordering the desert. The recharge area for the alluvial fill occurs in the mountains bordering the 
desert. Direct infiltration of incident precipitation is not a significant component of the total 
groundwater regimen. Groundwater monitoring wells indicate groundwater lies 20 to 30 ft below 
ground surface. The principle direction of groundwater flow within the disposal site region is to the 
west. Locally, however, the direction of the groundwater tlow is moditied by both the surface 
topography and by the stratigraphy at depth. The direction of groundwater movement appears to be 
mainly to the northeast. The hydraulic gradient in this direction is small, approximately 3 tt per mile. 

Regional temperatures range from 27°F in January to 79°F in July. Normal extremes range from 
nighttime lows of 19°F in January to daytime highs of 92°F in July. The average rainfall is only 
5 in. per year. Thunderstorms occur in the summer and occasional snowfall occurs in the winter. 
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Soil at the disposal facility site is characterized as having a horizon of clay and alkali (sodium) 
accumulation. The soil lacks moisture for plant growth for long periods and is low in organic matter 
(DOE 1984). The dry subsurface soil is powdery and easily dispersed in the air by traffic of any 
kind. This highly saline, slowly permeable soil in this extremely arid location is unsuitable for 
reestablishing a lasting, self-sustaining vegetation to protect the soil covering the disposed materials. 
Even if the low precipitation could be overcome by irrigation, the nature of the soil would impose 
insurmountable problems that would prevent satisfactory plant cover within 10 to 20 years (DOE 
1984). Soil with these characteristics will act as a barrier to all but the most shallowly rooted plant 
species, and density of the clay will deter burrowing by small animals. 

The vegetation of the disposal facility site is a homogeneous, semidesert low shrubland, primarily 
composed of shadscale (Atripfa confertifoliu). The shrubland is part of the Northern Desert Shrub 
Biome of the Cold Desert Formation (DOE 1984). Plant communities identified on the site are 

20 

21 

22 

?3 

24 

2.5 

26 

27 

2a 

29 

30 

31 

32 

3 3  



FEMP-05FS-5 DRAFT FINAL 
March 22, 1995 

Shadscale-Gray Molly (Kochiu umericunu vur. vestitu), a transitional community type of 1 

Shadscale-Gray Molly-Black Greasewood (Surcobatus vermiculutus), and Black Greasewood-Garder 2 

Saltbush (Afriplex nunullii). Vegetation patterns at the site are correlated with soil salinity and 
corresponding shifts in presence or abundance of species. All three communities are low in species 
diversity. Seep-weed or inkweed (Suuedu forreyunu) and scattered perfoliate pepperweed (hpidium 
pevoliufum) are the only prominent understory species of the Shadscale-Gray Molly community. This 
community occurs over most of the site, although black greasewood becomes prominent enough on 
the eastern quarter to form a Shadscale-Black Greaseweed-Gray Molly community (DOE 1984). 

Animal species using the shadscale flats and greasewood as habitat typically include the black-tailed 
jackrabbit @pus culifornicus), the deer mouse (Peromyscus municulurus), the horned lark 
(Eremophila alpestris), and the desert horned 1 izard (Phrynosomu plutyrhinos); species diversity is 
low. All of these animal species could use the site for breeding or nesting. Aquatic ecosystems do 
not occur on the disposal site nor do any threatened or endangered species reside in the area. 

The commercial mixed waste disposal facility is located in Toole County, Utah. The county 
encompasses 700 square miles within the state and had a population in 1990 of 26,000, representing 
approximately 1.5 percent of the population of Utah. (The population of Utah was 1,723,000 in 
1990). The population in Toole County has increased on the average of 3.2 percent between 1970 
and 1980; however, it remained constant over the past ten years at approximately 26,000. 

Most lands within a 10 mi radius of the site are used very rarely because of their remoteness from 
urbanized areas and because of the poor spill, occasionally muddy conditions, and sparse vegetation 
that are characteristic of the region. Sheep grazing and recreational-vehicle driving are the primary 
uses of the area, but such uses are apparently light. Although no reports on land uses in the vicinity 
could be found, numerous trails in the area indicate that it has been used on occasion for recreational 
vehicle purposes, and much of the vicinity may be used on occasion for hunting. The only other land 
use within a 10 mi radius is for transportation, specifically Interstate 80 and the Union Pacitic railway 
system. 
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J.1.0 INTRODUCTION 

The Fernald Environmental Management Project (FEMP) is divided into five distinct operable units. 
This feasibility study (FS) concerns Operable Unit 5 ,  which consists of environmental media -- 
groundwater, surface water, soil, sediment, flora, and fauna. The Operable Unit 5 FS evaluates the 
range of available remedial action alternatives addressing final disposition of Operable Unit 5 wastes. 
The primary objective of the Operable Unit 5 remedial action is to protect human health and the 
environment by implementing long-term cleanup solutions. 

This appendix covers the floodplain/wetland assessment. Executive Order 1 1990 (Protection of 
Wetlands) and Executive Order 11988 (Protection of Floodplains), which are implemented by U.S. 
Department of Energy (DOE) Regulation 10, Code of Federal Regulations (CFR) 1022, "Compliance 
with FloodplainNetlands Environmental Review Requirements," specifies the requirement for a 
floodplain/wetland assessment in cases where the DOE is responsible for providing federally 
undertaken, financed, or assisted construction and improvements that may impact floodplains or 
wetlands. Pursuant to 10 CFR 1022.5 and 1022.11, the DOE has determined that a 
floodplain/wetland assessment is applicable for the representative alternative being considered for 
Operable Unit 5. A floodplain/wetland notice of involvement will be issued in the Federal Register to 
satisfy public notice requirements of 10 CFR 1022.14. 
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5.2.0 PURPOSE AND NEED 

Facilities and environmental media at the FEMP site contain radioactive and chemical constituents at 
levels which exceed certain federal and state standards for protecting human health and the 
environment. 

The purpose of the Operable Unit 5 FS is to evaluate and select a .remedial action alternative for 
Operable Unit 5 to preclude potential impacts to human receptors and the environment in the future. 
The alternatives evaluated in the FS would require activities that would impact wetlands and 
floodplains. Therefore, the DOE is preparingthis floodplain/wetland assessment. 
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5.3.0 DESCRIPTION OF THE REPRESENTATIVE ALTERNATIVE 

The representative alternative (Alternative 3A, Case 7) for Operable Unit 5 involves groundwater 
treatment, soil/sediment excavation, on-property disposal, and off-property disposal at the Nevada 
Test Site (NTS). Soil/sediment would be excavated and placed in an on-property engineered disposal 
cell or transported off site by truck to NTS, depending on contaminant concentrations. Soil/sediment 
that exceed remediation goals based on protection of the expanded trespasser, recreational user of an 
undeveloped park, the off-property farmer, and the Great Miami Aquifer would be contained within 
the on-property disposal facility. Soil and sediment that does not meet the on-property disposal 
facility waste acceptance criteria would be transported off property to NTS. All excavated areas 
would be backfilled with clean fill and revegetated. 

Groundwater from the Great Miami Aquifer exceeding contaminant levels suitable for drinking water 
and perched groundwater zones exceeding remediation goals based on protection of the on-property 
resident farmer would be removed. Groundwater would be extracted, treated at the advanced 
wastewater treatment (AWWT) facility, and discharged to the Great Miami River. On-property storm 
water, remediation systems wastewater, and perched groundwater recovered from excavated soil 
would also be treated by the AWWT facility before discharge to the Great Miami River. Waste 
sludges generated by the water treatment processes would be dewatered at the AWWT dewatering 
system and transported off property for disposal. Spent treatment media (e.g., exhausted ion 
exchange resin and activated carbon) and concentrated contaminant residues would be cement 
stabilized and transported off property for disposal. 

a 

The disposal facility would be sited to take advantage of the most favorable geology. The disposal 
facility, along with the remainder of the FEMP property, would remain under federal ownership. At 
the discretion of the federal government, areas of FEMP property outside the disposal facility area 
would be released for alternate uses including industrial development or recreational use. 
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5.4.0 FLOODPLAIN/WETLAND EFFECTS 

J.4.1 FLOODPLAINS 
Floodplains within the FEMP site property are confined to the north-south corridor containing Paddys 
Run, which has also been designated as a water of the United States and the State of Ohio (Figure 
J.4-1). Outside the boundaries of the FEMP site, the 100- and 500-year floodplain of the Great 
Miami River extends west of the "big bend" area and northward along Paddys Run, from the 
confluence' of the two streams past the southern boundary of the FEMP site (Figure 5.4-2). The 100- 
year floodplain has been estimated to entail 1600 acres from river mile 19 to river mile 24 of the 
Great Miami River (DOE 1991). 

J.4.1.1 FloodDlains Within ODerable Unit 5 
A study by Parsons (1993) examined the 100- and 500-year floodplain along Paddys Run. The results 
of this study predicted a 100-year flood flow of approximately 315.8 cubic meters per second (1 1,150 
cubic feet per second). Elevations range from 542 feet above mean sea level (MSL) at the southern 
boundary of the floodplain study area to 567 feet above MSL at the northern tip (Figure J.4-1). 
Within Operable Unit 5, the 100- and 500-year floodplain are contiguous due to the relatively steep 
slopes along the banks of Paddys Run. 0 
J.4.1.2 FloodDlain ImDacts 
The representative alternative of Operable Unit 5 would result in excavation and grading activities in 
the 100- and 500-year floodplain of Paddys Run. Direct impacts to the floodplain would occur in the 
short term during the operation of heavy construction equipment resulting in the excavation of 
contaminated soil within the floodplain. Upon completion of excavation, the excavated areas would 
be backfilled with clean soil and regraded to near original contours. 

Indirect impacts to the floodplain could occur from remedial activities, resulting in sediment 
deposition into the floodplain. Measures to minimize or eliminate these adverse impacts may include 
the use of silt fences, straw bales, and dust suppressants. Remedial activities could result in short- 
term impacts to the floodplain of Paddys Run. However, positive long-term impacts would occur as a 
result of contaminant removal and containment. 

J.4.2 WETLANDS 
J.4.2.1. Wetlandswithin ODerable Unit 5 
A jurisdictional wetland delineation has been approved by the U.S. Army Corps of Engineers' (COE) 
Louisville District, which establishes jurisdictional wetland boundaries and waters of the United States 
at the FEMP (EBASCO Environmental 1993). The delineation was prepared using the routine 
determination, on-site inspection method, in accordance with the 1987 Corps of Engineers Wetland 
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Delineation Manual, which revealed a total of 36 acres of freshwater wetlands. These wetlands are 
comprised of the following types within Operable Unit 5: 27 acres of palustrine forested wetlands, 
7 acres of drainage ditches/swales, and 2 acres of isolated persistent emergent and scrub/shrub 
wetlands (Figure J.4-3). Wetlands were delineated using routine on-site methods. 

J. 4.2.2 Wetland ImDacts 
Implementation of the representative alternative would result in the loss of 7 acres of drainage 
ditchlswales and 2 acres of isolated persistent emergent and scrub/shrub wetlands. The total wetland 
area that would be impacted measures 9 acres. 

523 Direct impacts would occur from continuous equipment traffc, soil removal, and construction 
activities resulting in physical disturbance and filling of wetland areas. Indirect impacts would 
include the migration of eroded soil, sediment deposition, and dispersion of fugitive dust to the 
wetland areas. Engineering controls would be implemented during all remedial activities to minimize 
indirect impacts. Controls would include use of silt fences, straw bales, and dust suppressants. 
Mitigation for wetland impacts will be determined using. the 404 (b) (1) guidelines of the Clean Water 
Act, in consultation with the COE, U.S. Environmental Protection Agency, and Ohio Environmental 
Protection Agency. 
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J.5.0 ALTERNATIVES CONSIDERED 1 

The activities discussed in the previous sections were selected from seven possible alternatives. The 
major alternatives were no action, on-property disposal (including a disposal cell or consolidated 
area), and off-property disposal. Groundwater treatment is the same for all alternatives, as previously 
discussed in Section J.3.0. 

J.5.1 NO-ACTION ALTERNATIVE 
Under this alternative, all environmental media would remain in place. The no-action alternative 
would not impact wetlands in the short term; however, no further action could result in impacts to all 
wetlands within the FEMP boundaries from the migration of Operable Unit 5 contaminants. 
Floodplains would remain in place but potentially would become increasingly contaminated as a result 
of contaminant migration. Furthermore, the no-action alternative is not protective of human health 
and the environment, does not comply with applicable or relevant and appropriate requirements 
(ARARs), and does not provide long-term effectiveness and permanence. Therefore, the no-action 
Alternative was not selected. 

J.5.2 ON-PROPERTY DISPOSAL 
Alternatives 2A (Cases 1 and 2), 2C (Case 2), 3A and 3C (Cases 3-7), and 4A and 4C (Cases 8 and 
9) involve excavation and on-property disposal (disposal cell or consolidation) of soil. 

Alternatives 2A (Case 2), 2C (Case 2), and 3A and 3C (Case 3) would result in the loss of 6.5 acres 
of palustrine forested wetlands, 7 acres of drainage ditchkwales, 2 acres of isolated persistent 
emergent and scrubhhrub wetlands, and 1.5 acres of miscellaneous wetland types from construction 
equipment movement. The total wetland area that would be impacted measures 17 acres. Short-term 
impacts would occur to the 100- and 500-year floodplain of Paddys Run as a result of soil removal. 
Upon completion of excavation, the excavated areas would be backfilled with clean soil and regraded 
to near original contours. Therefore, remedial activities would not alter flow patterns or uses of the 
floodplain. 

Alternatives 3A and 3C (Cases 4 through 7) and 4A and 4C (Cases 8 and 9) would result in the loss 
of 7 acres of drainage ditchhwales and 2 acres of isolated persistent emergent and scrubkhrub 
wetlands. Total wetland areas to be impacted are 9 acres. Short-term impacts would occur to the 
100- and 500-year floodplain of Paddys Run as a result of soil removal. Upon completion of 
excavation, the excavated areas would be backfilled with clean soil and regraded to near original 
contours. Therefore, remedial activities would not alter flow patterns or uses of the floodplain. 
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Alternative 2A (Case 1) would result in the loss of 27 acres of palustrine forested wetlands, 7 acres of 
drainage ditch/swales, and 2 acres of isolated persistent emergent and scrub/shrub wetlands. The total 
impacted wetland area measures 36 acres. Short-term impacts would occur to the 100- and 500- year 
floodplain of Paddy Run and the Great Miami River as a result of soil removal. 

Wetland impacts for all on-property disposal alternatives would be long term and direct from 
continuous equipment traffic and soil removal, resulting in physical disturbance and filling of wetland 
areas. 

J.5.3 OFF-PROPERTY DISPOSAL 
Alternatives 1 (Cases 1 and 2) and 2C (Case 1) involve off-site disposal of waste to an off-property 
commercial disposal facility. Impacts to wetlands from Alternatives 1 and 2C (Case 1) are the same 
as Alternative 2A (Case 1). Impacts to wetlands from Alternative 1 (Case 2) are the same as 
.Alternative 2A (Case 2). 

Wetland impacts would be long term and direct from continuous equipment traffic and soil removal, 
resulting in physical disturbance and filling of wetland areas. 

13 

Impacts to the floodplain of Paddys Run for these alternatives would be similar to the on-property 
disposal alternatives. In addition, these alternatives would also impact the floodplain of the Great 
Miami River. 
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528 

K.l.O OVERALL ESTIMATE BASIS 

The cost estimate basis provides the backup data, assumptions, and information used to prepare the cost 
estimates for the Operable Unit 5 remedial alternatives. The cost estimates are based on the detailed 
descriptions of the components as contained in Appendix AL and general information about Fernald 
Environmental Management Project (FEMP) activities. Pricing is from vendor quotes, Means, 
Richardsons, USACOE, and Factory Quote, tempered by estimator experience. The labor rates applied 
against manhours in the estimate are the FEMP Craft Wage rates elYective March 1. 1994. 

Component and alternative cost estimates do not include site overhead costs - the cost for typical daily 
operations (e.g., labor, utilities, supplies) not specitically for remedial activities. 

K. 1 . 1  METHODOLOGY 
Fourteen remedial alternatives were retained for detailed analysis as described in Section 4.0. As part of 
the detailed analysis, the cost of each remedial alternative will be evaluated. To develop remedial 
alternative cost estimates, the methodology described in the following sections was developed. Figure 
K. 1-1  provides a graphical representation of the methodology. 

K. 1 . 1 . 1  Identifv Common Remedial Components 
A review of the retained remedial alternatives reveals that there are a number of remedial components 
which are common to two or more remedial alternatives. These remedial components comprise the 
building blocks of the remedial alternatives. 

The following common remedial components were identified: 

Soil Excavation 
Soil Washing 
Off-Site Disposal 
Stabilization 
Consolidation 
On-Property Disposal 
Backfill 
Long-Term Environmental Monitoring 
Great Miami Aquifer Groundwater Extraction 
Groundwater and Wastewater Treatment 
Central Storage Facility 
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i 

Appendix L contains a detailed description of each remedial component. These detailed descriptions were 

2.0, results of the Great Miami Aquifer Groundwater Modeling (Appendix F), general information about 

provide the engineering basis for developing the component cost estimates. 

developed based upon the strategies for remediating various contaminated media as described in Section 

FEMP activities, and general industry and engineering practices. The detailed component descriptions 

3 

4 

5 

6 

K. 1.1.3 Identifv Kev Assumptions 7 

152 
524 They are listed below: 9 

Key assumptions were made to establish a consistent approach to developing the component cost estimates. ' 8 

DOE 

DOE 
152 
524 

Groundwater remediation will start in the year 2000 following a 5-year construction 
period (1995- 1999). Operating periods for groundwater-related remedial components 
are as follows: 
- Great Miami Aquifer groundwater extraction will occur for 27 and 75 

years (including the 5-year construction period) for the MCL and 10" 
clean-up goals, respectively. 
Great Miami Aquifer groundwater will be treated by interim and/or excess existing 
treatment systems between 1995 and 1999. Full treatment capacity will be available in the 
year 2000. Treatment will then occur for 15 and 70 years for the MCL and IO6 clean-up 
goals, respectively. 

- 

The existing site environmental monitoring program will continue unchanged until 1998. 
Additional environmental monitoring, including groundwater, air, and surface water 
monitoring, will occur in three phases starting in 1998 as follows: 
- 

- 

. clean-up goals, respectively. 
- 

The construction monitoring period will last for 22 years, the duration of soil remediation 
activities 
The postconstruction continued groundwater remediation period will last approximately 5 
or 50 years following closure of the on-property disposal facility for the MCL and lo6  

The post-closure long-term monitoring period will last for an assumed period of 50 years. 

All large process and material handling equipment required for soil remediation 
activities will be purchased by the construction ~ ~ # ~ ~ ~ ~ ~ ~ ~ g  ......... . ........._ ..... . ......................... . . contractor, and are 
included in the direct construction equipment costs. The acquisition of large scale 
process equipment required for treatment technologies (Le., soil washing and 
stabilization) will be procured by the site operating contractor and installed by the 
construction contractor. 
containers if required will be purchased prior to the initial start of operations. 
These costs are considered acquisition costs, not operating costs. 

... . . .. :. . . . . . . .. . . . . . .. .. . . . 

All such equipment and the purchase of material handling 
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Remedial operations and maintenance will be performed by the site operating 
contractor. Workers will be employed by the operating contractor and work will 
take place on a yearly basis for processing and material handling type activities. 
However, annual operations and maintenance activities for soil excavation, backfill, 
on-site disposal facility construction, and consolidation area construction will be 
performed by a construction contractor. 

For simplicity, annual costs are distributed uniformly throughout the life cycle 
duration. 

Boundaries are established for each component to distinguish when construction 
ends and operations begin. Cost breakdowns are based on these boundaries. 
Reference the key assumptions for individual components in Section K . 3 . 0  for 
further detail. 

A base cost estimate was prepared for soil treatment components (Soil Washing and 
Stabilization) based on a 20 tons/hour treatment rate. Since the soil remediation period 
is fixed at 22 years, equipment sizes and treatment capacities will change depending on 
the total volume of soil treated. To address the changes in equipment capacities and 
the impacts to construction costs, a six-tenths factor rule is applied to provide a 
multiplying factor for the variations in volume. The factor is applied to the component 
construction costs only. Changes in equipment requirements during the operations and 
maintenance phase are increased or decreased proportionately. 

ates : 

K. 1.1.4 Develop ComDonent Cost Estimates 
Cost estimates were developed for each remedial component based on the detailed descriptions of each 
component and the key'assumptions identified. All component costs are estimated in 1995 constant 
dollars. The Component Cost Summary include construction costs, operations and maintenance costs, post 

remediation costs, risk budget and contingency, and the total project cost. Life cycle construction, 

operation and maintenance, and postremediation costs, less risk budget and contingency, are provided as 
constantdollar cash flows for the planning horizon for the component. Each of these costs is discussed in 

greater detail below. 

DOE 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12 

I? 

14 

IS 

16 

17 

18 

19 

21 

22 

23 

?'I 

25 

26 

. .  
27 

23 

2Y 

30 

31 

32 

33 

34 

35 

36 

- 
39 



. .  
FEMP-05FS-5 DRAm FINAL . '  3 -, :  I . 

March 22, 1995 0 Construction Costs 
Construction costs include expenditures for the equipment, labor, materials, and indirect costs necessary to 
install remedial actions. 

Construction costs include engineering design cost plus direct and indirect tield labor and materials to 
construct the facility. Indirect labor includes contractor supervision (tield of ice  overhead), equipment 
rental, temporary facilities, health physics, CERCLA training, payroll burden and benefits and overhead and 
profit. Other associated costs such as site c~ntractor~s purchased equipments and material, waste 
characterization, transportation, direct burial of materials, sales tax on materials, project management and 
construction management, are also included. 

Ouerations and Maintenance Costs 
Operations and maintenance costs are post-construction costs necessary to remove, treat, and/or dispose of 
contaminated media. 

Operations costs include the cost of labor and staff required to operate the remediation facilities, utility 
costs such-.as electrical power and sewer, fuel costs, material handling costs, disposal costs, supplies, and 
sampling and analysis. 

Maintenance cost includes repair or replacement of equipment and structures, maintenance personnel, and 
spare parts. 

Postremediation Costs 
Postremediation costs include decommissioning of remedial facilities and equipment after remediation goals 
have been met, and the associated long-term monitoring and maintenance of on-property disposal facilities. 

Risk Budget and Contingency 
A budget risk analysis was performed for each component using a computer program based on Monte Carlo 
simulation. The program input was developed as follows: 

1. Within each remedial component, major cost elements related to construction, operations and 
maintenance, and postremediation were identified. 

2. Each cost element was then weighed against cost driver factors, such as Labor Efficiency, 
Material Pricing, Class (and extent) of Contamination, New Technology, New Laws and 
Regulations, Quantity Variation, and Project Definition. . Low and high percentage ranges were 
assigned to each cost driver factor. The low and high cumulative totals were then used as input 
to the computer simulation. 
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The computer simulation output showed: 1 -  

1. The Risk Budget and Overrun Analysis Output reflecting the chances of overrun 
percentage versus the percentage‘of risk budget of base estimate. 

2. The frequency histogram of Project Cost Distribution for 2000 samples. 

3. The Cumulative Overrun Curve representing the probability of cost overrun versus 
project cost. 

Risk budget and overrun analysis were developed separately for each component. The risk budget 
percentage was based on a 50 percent chance of overrun. The contingency was then derived from the 
difference between the 5 percent and 50 percent chance of overrun of the base estimate. 

The risk budget and contingency percentages were then applied to the sum of component construction, 
operations and maintenance, and postremediation costs. 

Total Proiect Cost 
The total project cost is the sum of the construction, operations and maintenance, and postremediation costs 
for each component and includes risk budget and contingency. 

_. . 

K. 1.1.5 DeveloD ComDonent Cost Curves 
A cost curve is provided for each soil-related component. Cost curves are not provided for groundwater- 
related components since the Great Miami Aquifer groundwater extraction and treatment rate are based on 
computer modeling results. In addition, cost curves for soil washing and stabilization are not provided since 
these components have been screened out as primary remediation technologies. The curve represents a 
relative correlation between cost and a given soil volume. Supplemental cost estimates were prepared to 
develop the appropriate number of points for the component cost curves. Component construction and 
operational strategies were developed for costing purposes. Different volume scenarios were selected and 
costed for addressing contaminated soils of 1,500,000 yd3, and 2,000,000 yd3. The curve is then fitted to 
the points to present a smooth curve. Two curves are plotted for each component. The lower curve 
represents the raw cost versus volume. Raw cost includes construction, operations and maintenance. and 
postremediation costs as previously described. The upper curve represents raw cost plus risk budget and 
contingency versus volume. The shaded area between each curve represents the cost range versus volume. 

Environmental monitoring is required during construction of remediation facilities. In addition, long-term 
environmental monitoring is required for remedial components which include leaving contaminated media on 
site (e.g., Consolidation, On-Property Disposal Facility). These environmental monitoring costs are 
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DOE 

included with the applicable remedial components. However, the cost of site-wide environmental 
monitoring during remediation is included at the alternative cost estimate level. 

Soil excavation includes contamination surveys. Contamination surveys are required to determine the extent 
of soil contamination, guide soil excavation, and certify excavated areas meet clean-up goals. 
Contamination survey costs are based on the areal extent of contamination and can't be tied to a 
contamination volume. Therefore, the cost of contamination surveys is included at the alternative cost 
estimate level. 

K. 1.1.6 Perform Present Worth and Escalation Analvsis 
Component cost estimates were developed in constant €993 dollars. The anticipated annual costs over the 
study period for each component are summarized and represented in the "Life-Cycle Cost Analysis" 
estimate sheets for each component. To evaluate the FS alternatives. Present Worth Analysis is conducted 
on the annual expenditures of each component. The Present Worth Analysis utilizes the "Real Discount" 
rates established by the Office of Management and Budget, which include the adjustments for varying 
interest rates on annual constant-dollar cash tlows. "Net Present Worth" costs are presented at the 
Alternative Cost Summary level adjacent to the total costs for the remedial components for each alternative. 
A Discount Rate of 2.8 percent has been used for the component Present Worth Analysis for specitic 
planning periods. 

In addition to the Present Worth Analysis, the total annual constant-dollar expenditures for each component 
have been escalated to present the affects of inflation (real dollars) in the year the costs are actually 
incurred. An average escalation rate of 3.7 percent was used in the analysis. The rate is based on the 
August 1994 Economic Escalation Indices for DOE construction projects established by the Oftice of 
Infrastructure Acquisition. 

K. 1.1'.7 Contaminated Soil Volumes 
Contaminated soil volumes were calculated for each case of each remedial alternative as described in Section 
2.0. Table K. 1-1 provides the total soil volumes associated with each remedial component of each remedial 
alternative and case. The volumes in Table K.1-1 also include 175,000 yd3 of gravel which would be 
excavated from the former production area. 

K. 1.1.8 Preuare Alternative Cost Estimates 
The cost of each remedial alternative is composed of the costs of its remedial components. Similar to the 
remedial component costs, remedial alternative costs consist of construction costs, operations and 
maintenance costs, postremediation costs, and risk budget and contingency. 
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Using the component cost curves and calculated contaminated soil volumes described previously, a cost is e 
determined for each component of each alternative. For example, Alternative 2A, Case 2, consists of the 
following remedial components: 

526 

Soil Excavation 
On-Property Disposal Facility 
Off-Site Disposal 
Backfill 
Great Miami Aquifer Groundwater Extraction 
Groundwater and Wastewater Treatment 
Central Storage Facility 
Environmental Monitoring 

Table K. 1-1 provides the following contaminated soil volumes for Alternative 2A. Case 2: 

Soil Excavation = 2,740,000 yd3 
Disposal Facility = 2,370,000 yd3 
Off-Site Disposal = 25,000 yd3 
Backfill = 1,370,000 yd3 

- 

Using the cost curves developed for each remedial component, Alternative 2A, Case 2, costs for 
excavation, disposal facility, off-site disposal, and backfill were determined. The component costs for 
construction, operations and maintenance, postremediation, risk budget and contingency, present worth, 
and escalated costs were determined for Alternative 2A, Case 2, using mathematical interpolation. 

Great Miami Aquifer Groundwater Extraction and Groundwater and Wastewater Treatment costs for 
Alternative 2A, Case 2, were determined based on an MCL clean-up goal (6,300 gpm groundwater 
pumping and treatment rate) as described in Section L.O. 

The Central Storage Facility cost. is included for Alternative 2A, Case 2, for storing and packaging 
contaminated soil and treatment residue for off-site shipment and disposal. 

Site-wide environmental monitoring costs incurred during the active remediation period (not associated with 
construction of remedial facilities) are included in the alternative cost estimate. Long-term environmental 
monitoring associated with on-property disposal units are included in the respective remedial component 
cost estimates. 

The cost of contamination surveys to determine the areal extent of contamination, guide soil excavation 
activities, and certify the achievement of clean-up goals are dependent upon the area and depth of 
excav-ation - not the volume of contaminated media. Therefore, contamination survey costs are included in 
the alternative cost estimate. 
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K.2.0 COST ESTIMATE FORMAT i 

The following sections describe the component and alternative cost estimate summary formats. 

K.2.1 COMPONENT COST SUMMARY 
Table K.2-1 provides an example of a Component Cost Summary (in this case for Groundwater 
Treatment). The following sections provide a line-by-line description of the Component Cost Summary. 
For the component cost estimates, it is assumed there is no distinction between the general construction 
contractor and construction subcontractors. 

K.2.1.1 Construction Direct Costs 
Construction Direct Costs include the cost of labor and materials required to construct facilities and install 
equipment for each component prior to the start of remedial operations. Construction Costs also include 
the cost to purchase and install major equipment within and around (roadways. etc.) facilities. Some 
facility utility systems (Le., fire protection, electrical. lighting, tire alarms. etc.) were priced by the square 
foot based on historical cost data. 

Construction radiological considerations and other non-productive items (not identitied at the indirect 
Component Summary level) that may impact labor productivity are considered in the construction direct 
costs. Where applicable, a radiological adjustment factor of 1.30 was applied to the labor hours for that 
item to account for lost time due to the handling of hazardous materials. For the most part, site clearing 
and grubbing, erection of facilities, etc., will occur in clean areas, requiring little or no radiological 
adjustments to construction. Normal non-productive considerations (e.g. instruction. clean-up. etc.) were 
also applied to the appropriate construction estimate. 

K.2.1.2 Construction Indirect Costs 
The following sections describe general contractor and subcontractor indirect cost categories for each 
component estimate. The indirect costs are applied only at the component estimate level. 

Contractor SuDervision Field Office Overhead1 
This category includes the labor costs for general contractor and subcontractor administrative support staff. 
Examples include general superintendent, administrator, tield office and material manager, construction 
accounting clerk, timekeeper, materials manager, cost engineer, construction inspector, etc. This markup 
is applied at 17 percent Construction Direct labor dollars. 
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TABLE K.2-1 

COMPONENT COST SUMMARY EXAMPLE 

CODE ITEM DESCRIPTION 
GROUND WATER TREATMENT 
AWWTSLURRY DEWATERING SYSTEM 

CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLSICONSUMABLES 
CONTRACTOR EQUIPMENT RENTAL(1NCL SLR DWTR SYS ) 
TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 
JOB CLEAN- UP 
CONTRACTOR SAFETY 
HEALTH PHYSICS (RAD CHECK INTERRUPTIONPROT CLOTHING) 
CERCLA (SITE ACCESS TRAINING) 
PAYROLL BURDENS & BENEFITS 
OVERHEAD & PROFIT(GC & SUBCONTRACTORS) 
BOND 

CONSTRUCIlON DIRECT & INDIRECT COSTS 
SAMPLING/ WASTE CHARACTERIZATION 

CONSTRUCTION INDIRECT COSTS 

COMPONENT COST SUMMARY 

LABOR MATERIAL TOTAL 
M/H COST COST COST 
56,000 1,129,400 1,251,100 2,380,500 
41,080 823,800 766,600 1,590,400 

97.080 1,953,200 2,017,700 3 , 9 7 0 , 9 r  
332,044 332,044 

117,192 117,192 
325,700 325,700 

117,192 41,017 76,175 
20,509 38,087 58,596 

76,175 117,192 41,017 
20,509 38,087 58,596 
96,970 96,970 

145.300 52,800 198,100 
1,378,294 1,378,294 

362,597 246,772 609,370 
43,915 29,887 73,801 

2.482.1 72 1.000.876 3.4a3,047 
4,435,400 3,0ia,600 7,453,900 

78,500 78,500 

REV. I: 

2,821,474 CONTAINERSlOPERAT CONTR. PURCHASED EQUIP (INCL SLR SYS.) 

CONSTRUCTION MANAGEMENT 4.00% 

ARCHITECTURALENGINEERING SUBCONTRACT 10.00% I 
ENGINE ERING COSTS 
SALES TAX 

SUB-TOTAL REMEDIATION O&M COSTS 
SUB-TOTAL POST-REMEDIATION O&M COSTS 

a .  UPPORT 

600% OF FIELD MATERIAL AND OPER CONTRACTOR PURCHASED EQUIP 

SUB-TOTAL CONSTRUCTION COSTS 

2 

2,821,474 

298,200 
4,026,474 

745,390 
745,390 
352,624 

110,010,831 
14,388,200 

i2,57a,38a 

TOTAL PROJECT COST 1 204,507,300 

TOTAL COSTS (CON!XRUCTION, REMEDIATION O&M, POST-REMEDIATION O&M) 
RISK BUDGET I 19.0% 
CONTINGENCY I 30.3% 

DRAFT 
FINAL 

136,977,419 
26,025,710 
41,504,158 

K-2-2 
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Small Tools and Consumables 
e 

This category includes material costs of tools and construction consumables, such as shovels, concrete 
buckets, welding equipment, pumps, hose, weld rod, etc. This markup is applied at 6 percent of 
Construction Direct labor dollars. 

Contractor Eaubment Rental 
This category includes material costs of construction equipment used on the project, such as pickup trucks, 
forklifts, backhoes, dozers, heavy cranes, manlifts, etc. Construction equipment is not subject to sales tax . 
since the sales tax is normally applied in the contractor lease agreement. It is assumed that all construction 
equipment will be furnished by the general contractor and the subcontractors. 

- 
TemDorarv Facilities 
This category includes the labor and material costs for temporary buildings and structures, such as ofice 
trailers, tool sheds, break or change trailers, etc. This markup is applied at 6 percent of Construction 
Direct labor dollars and is distributed at 35 percent to labor and 65 percent to material costs. 

TemDorar? Facilities Mook-UD) 
This category includes the labor and material costs for utility (Le., electrical power, domestic water, 
sanitary sewer, etc.) hook-ups to office trailers and other temporary structures. This markup is applied at 6 
percent of Construction Direct labor dollars and is distributed at 35 percent to labor and 65 percent to 
material costs. 

a 
Job Clean-UD 
This category includes the labor and material costs associated with the daily cleaning of the work area to 
maintain a safe and clean work area. This category is not intended to address the wash-down of 
contaminated areas. This markup is applied at 6 percent of Construction Direct labor dollars and is 
distributed at 35 percent to labor and 65 percent to material costs. 

Contractor Safetv 
This category includes general and subcontractor labor and material costs to conduct safety inspection- 
related meetings and purchase supplies. This markup is applied at 6 percent of Construction Direct labor 
dollars and is distributed at 35 percent to labor and 65 percent to material costs. 

Health Phvsics 
This category includes the labor- costs of worker time for periodic radiological monitoring surveys and 
worker physicals. Labor costs will vary depending on the site. conditions and job size. Health Physics 
typically includes the cost to purchase worker protective clothing. However, it is assumed that most new 
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facility construction activities will be performed in a clean area, requiring little or no personal protective 
clothing. 

CERCLA (Site Access Training) 3 

This category includes the labor and material costs of contraetor personnel CERCLA training and testing 
requirements. All construction craftsmen are required to have safety training prior to working on site. 

4 -  

5 

ti They must undergo medical examinations (entry and exit) and bioassay testing as well as annual refresher 
training for the duration of the construction project. It is assumed that 20 percent of the work force will be 7 

affected by attrition, and additional CERCLA costs will therefore be incurred against the project. 8 

- Pavroll Burdens and Benefits 9 

I This category includes the labor payroll and benefit costs the general contractor and subcontractors will 
incur in addition to the base salary for each construction craftsman. This markup is applied at 52 percent 
of Construction Direct labor dollars plus all previously listed Construction Indirect labor dollars. 

10 

I 1  

12 

Overhead and Protit 13 

This category includes general contractor and subcontractor home office labor and material costs and profit. IJ 

This markup is applied at 9 percent of all previous Construction Direct and Construction Indirect labor and 
material costs. 

Bond 17 

This category includes the labor and material costs for the general contractor and subcontractor to bond the 

Construction Indirect labor and material costs. 

18 

projects. A markup of 1 percent is applied against the total of all previous Construction Direct and I9 

r) 

K.2.1.3 Construction Direct and Indirect Costs 11 

This line item sums the Construction Direct and Construction Indirect labor, material, and total costs. 22 

K.2.1.4 Field SuDuort Costs 15 

The following categories address the site operating contractor's field support material costs for each 
component cost summary. These costs are applied only at the component estimate level. 

24 

3 

26 

Not all of the 
following field support costs are included with each component cost estimate. 

SamDlindWaste Characterization 27 

This category includes the material cost to conduct a survey to veri@ the boundaries of excavation, 28 

determine whether sufficient quantities of contaminated soil have been removed to meet the established 
PRLs during excavation, and certify that cleanup goals have been attained. The surveys address both the 
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radiological and non-radiological contaminants of concern in the soil. Costs for contamination surveys are 
also shown separately at the alternative estimate level. 

Containers/ODeratine Contractor-Purchased EauiDment 
This category includes material costs of the site operating contractor’s initial purchase of material handling 
and construction equipment prior to the operations period, including strong-tight containers for final burial. 
These costs are construed as initial capital acquisition costs and are therefore included in the construction 
estimate. In cases where annual remediation activities will be performed by a construction contractor (Le., 
soil excavation, backfill, on-site disposal facility, and consolidation area), it is assumed that the acquisition 
of required construction equipment will be the sole responsibility of the contractor, and it will be included 
in the Contractor Equipment Rental Construction Indirect costs. Periodic replacement costs for this 
equipment are shown at the operations and maintenance level (if appropriate). 

Proiect Management 
This category includes the cost of the operating contractor’s home oftice, project managers, oftice support, 
etc. All construction contractors’ Construction Direct and Construction Indirect costs and site contractor’s 
purchasedequipment are subject to an 8 percent markup. 

0 Construction Management 
This category includes the cost of field management support. All Construction Direct-and Construction 
Indirect costs are subject to a 4 percent markup. 

K.2.1.5 Engineering Costs 
Engineering includes the cost that will be applied to each component estimate for engineering design 
services. 

ArchitecturaVEnPineering Subcontract 
Engineering costs include development of Title I and I1 project design drawings and specifications, and 
providing Title I11 engineering services. Engineering design costs are applied at 10 percent of total direct 
and indirect construction costs. Backfill engineering costs are applied at 4 percent. All engineering costs 
are assumed to be incurred for one year, and will be completed in 1996. 

K.2.1.6 Sales Tax 
Sales tax is assumed to be 6 percent and is applied to the Construction Direct material cost and 
Construction Indirect material costs except Contractor Supervision, Payroll Burdens and Benefits, Overhead 
.and Profits, and Bond costs. Sales tax is also applied to Containers/Operating Contractor’s Purchased 0 Equipment costs. 
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K.2.1.7 Remediation Operations and Maintenance Costs 
The following sections provide a description of the various cost categories for Remediation Operations and 
Maintenance. Operations and maintenance is a variable cost that is calculated on an annual basis. All 
operations and maintenance will commence in the year 1998. Durations will be 22, 25, or 70 years, 
depending on the component operational strategy. There win be no variation in operating durations for an 
increase or decrease in worker requirements or shortening of schedule. It is assumed that all costs will be 
incurred by the Site Operating Contractor, and that each worker will be paid for 8 hours per day regardless 
of the production need or worker productivity. Therefore, no radiological adjustments to labor are applied. 
However, employee personal protective equipment costs are also included with system operating and 
maintenance costs. Personal protective equipment costs are based on the information in Table K.2-2. 

Annual ODerations Costs 
The following breakdown represents the categories costed for annual operations. Depending on the 
individual component operational strategies, some items may not apply. Reference the Key Assumptions 
for individual components in Section K.3.0 for hrther detail. 

1 .  

2. 

3. 

4. 

' System Operating Personnel: The number of workers required to perform excavation, 
processing, material handling, or transportation and burial activities depending on 
component objectives. Costs include all the necessary payroll burdens and benetits (52 
percent) that will be incurred by the operating contractor. In addition, 15 percent is added 
to account for sick time, vacations, etc. 
operating schedules for each component. 
personnel might be: 

Annual costs are dictated by the established 
A sample calculation for system operating 

8 hours 

(No. of workers) ( day (260 days ) (-) $16 
worker year hour 

(1.52) (1.15) 

plus worker personal protective clothing requirements. Operating personnel are also marked up 
an additional 8 percent for the site operating contractor's project management costs. 

Diesel Fuel: Includes the cost of diesel he1 for operating equipment and/or heating. 

Sewer Allowance: An allowance for operating on-site sewage treatment plants or otherwise. 
The allowance attempts to allocate costs to the appropriate component for operation of the 
centralized sewage treatment plant. 

Drinking Water (Potable): Includes the cost of providing drinking water to various on-site 
locations i 

a 
3 

4 -  

5 '  

6 

7 

8 

9 

IO 

I I  

I? 

13 . 

14 

15 

16 

IX 18 
19 

20 

21 

22 

3 . .  

24 

25 

26 

27 

28 

29 

FWOU5FS/APXS/APP-WAPPKTMT/Morch 17,1995 8: 16pm K-2-6 



t .  

TABLE K.2-2 

PERSONNEL PROTECTION EQUIPMENT 
(260 DAYS/YR) 
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Item Quantity Unit Unit Cost Total Cost 

Tyvek or Saranex Suits. 
Complete suit includes boots, 
hooded suit, duct tape, gloves. 
$20.00 each - 4 changes daily. 260 Days $80 

HEPA Cartridges - 2 per 

Half mask - 1 per worker, 
replace every 4 months. 3 Each $60 

Mask wash - 7 per worker per 

worker per day. 260 Days $20 

month. (Allowance) 1 L.S. $100 

- 

$20,800 

$5,200 

$180 

$100 

Total - 
$26,300 

per worker 
per year 

Disposal of suits - 50 per barrel 
Barrels $40.00 each (55-gallon drum) 
Training - 74 hrs per worker x $25.00 
CERCLA (where required) - $1500 per worker 
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Chemicals: If applicable, import costs based on chemical usage requirements for a given 
process (i.e., stabilization, soil washing, groundwater treatment). Depending on the 
chemical requirements, a sample calculation for the amount of Na_ C 0 3  for soil washing 
might be: 

(235 tons/year) ($140/ton) 

Process Water: Process water requirements for treatment of soils for stabilization and soil 
washing processes. 

Transportation and Burial: Includes the cost to transport materials to staging areas. In the case 
of Off-Site Disposal, is included the cost of transportation and disposal of materials off site in 
addition to on-site handling costs. 

Electrical Consumption: Electrical energy costs at $0.035 per kilowatt-hour (KWH) to operate 
electrical machinery total load. A demand factor (ratio of the maximum demand on the 
electrical system to the total connected load of the system) is typically applied at 70-80 percent. 
Since equipment is usually rated in horsepower- (hp), a sample calculation for electrical energy 
might be: 

0.746 KW 24 hours) (260 days $0.035 (-1 (0.70) 
day year kwh > (  

1 hP 
(No. of hP) ( 

Environmental Monitoring and Contamination Surveys: If applicable, annual analytical and 
labor costs are included to conduct radiological and non-radiological sampiing of soils and 
localized environmental monitoring. To comply with the Waste Acceptance Criteria at an 
off-site disposal facility, laboratory sampling will be required prior to off-site shipment of 
waste. All environmental monitoring and contamination survey operational and maintenance 
costs are shown separately at the alternative cost level. Localized environmental monitoring 
costs are shown as a separate category for soil excavation backfill, on-site personnel, and 
consolidation at the component level. 

Annual Maintenance Costs 
The following breakdown represents the categories costed for annual maintenance. Depending on the 
individual component operational and maintenance strategies, some items may not apply. Reference the 
Key Assumptions for individual components in Section K.3.0 for further detail. 

1. System Maintenance Personnel: The number of workers required to perform routine 
maintenance on equipment. Costs include all the necessary payroll burdens and benefits and 
sick time, vacations, etc. (52 percent and 15 percent, respectively) that will'be incurred by 
the operating contractor. Annual costs are dictated by the established schedules for each 
component. (Reference the sample calculation for system*operations personnel .) 

a 
2 

3 

'l 

5 -  

6 

7 

8 

Y 

10 

I I  

12 

13 

14 

15 

17 

i n  

I Y  

-3 

21 

11 _- 
23 

2. Spare Parts: -Includes the cost to carry inventory. For simplicity, the cost for spare parts is 33 

3 4 0  

included under maintenance and repair costs. 
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3. Maintenance and Repair: The material and labor cost of providing normal and emergency i 

maintenance on equipment and systems, including the cost of spare parts. Annual 
maintenance and repair costs are calculated at 5 percent of the initial purchase cost. 

2 

3 

Redacement Costs J 

Replacement costs will vary depending on the component. Equipment will be replaced periodically during 

project. Reference the Key Assumptions for individual components in Section K.3 .0  for further detail. 

5 

6 

7 

its operating life. Replacement costs are calculated at full replacement cost over the operating life of the 

K.2.1.8 Postremediation Operations and Maintenance Costs 
The following sections provide a description of the various categories required for Postremediation 
Operations and Maintenance. Postremediation activities will include long-term monitoring, process facility 
and support structure decontamination and decommissioning, and miscellaneous operations and 
maintenance. Activities will start when operations and maintenance activities are completed (removal, 
treatment, and disposal of waste). Durations will vary depending on the component and its operational and 
postremediation strategies. Reference the Key Assumptions for individual components in Section K.3  .O for 
hrther detail. 

Decontamination and Decommissionin 
The costs for decontamination and de:mmissioning of facilities and equipment are based on historical data 
and actual take-oft'. Unit costs are applied where applicable. Salvage value of equipment is not considered 
in this analysis. 

8 

9 

10 

11 

12 

13 

14 

15 

Operations Costs 20 

Annual costs for periodic general up keep of grounds (e.g., mowing, etc.) and will include inspection, 
sampling, and testing of equipment. 

21 

22 

Maintenance Costs 
Annual costs for periodic maintenance and repair of equipment. 

23 

24 

Replacement Costs ?5 

Costs for periodic replacement of equipment based on its expected length of life. Replacement frequency 
will vary depending on the equipment type and operational requirements. 

2.5 

27 

K.2.1.9 Risk Budget Contingencv 
153 29 

M 

31 
. . . . . . . . . . . . . . . . . . . . . 

28 
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ides the ri ntingen ges fur 

K.2.2 ALTERNATIVE COST SUMMARY 
Table K.2-3 provides an example of an Alternative Cost Summary (in this case for Alternative 2AI Case 
2). The Alternative Cost Summary includes the construction, operations and maintenance, postremediation, 
and total costs for each component of the selected alternative. Net Present Worth Costs are provided for 
each component. The Total Escalated Cost is also provided for each alternative. The Alternative Cost 
Summaries are created by interpolating the costs from the component cost curves (where applicable) at the 
corresponding media volume. 

525 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . .. . . .  . . . . . . . . . . . 

The Alternative Cost Summaries include both risk budget and contingency at ti111 levels. 
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TABLE K.2-3 

a- 

ALTERNATIVE COST SUMMARY EXAMPLE 

ENVIRONMENTAL MONITORIN0 0 72,000,000 0 72.000.000 50.544.00C 

W N T A M l N A T l O N  SURVEYS 1.598.500 121.1 84.500 0 122,743,000 83.885.00C 

554.4  18,000 417 .0eo .300  8 4 , 3 2 7 . 8 0 0  i . 0 5 5 . a 3 4 , i o o  718.087.30C 

: 
T O T A L  C O S T S  ( A L T E R N A T I V E  2.4 - 2 )  

T O T A L  E S C A L A T E D  COST 2 . 5 7 8 . 8 4 4 . 1 0 0  

ALTERNATIVE: 2 A  

LOCATION:  FEMP 

CASE NO. 2 

A L T E R N A T I V E  C O S T  S U M M A R Y  

SHEET:  1 

DATE: 14 - Mar- 9: 

ESTD.  B Y :  E S T .  OEP’  

CHKD.  B Y :  F .  FLOYC 

EST.  FILE: ALTPAC: 

I Note: Al l  coats includes R i s k  Budget  and Concingcnsy 

.DRAFT 
FINAL 
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K.3.0 COMPONENT COST ESTIMATES 

DOE As stated previously, all the remedial alternatives are composed of a combination of common remedial 
components. Alternative costs were developed by applying the volume of contaminated media obtained 
from modeling to the component cost curves to determine the component cost for each alternative. The 
following sections outline the major cost elements of each component, identify the key assumptions for 
each component, provide the generated component cost curve, and present the component cost summaries. 
In the interest of avoiding excessive document size and a large amount of technical repetition, component 
cost summaries are provided for 1,500,000 yd3 and 2,000,000 yd3 soil volumes only. Great Miami Aquifer 
Groundwater Extraction and Groundwater and Wastewater Treatment component cost estimates are 

i 

1 

3 .  

4 -  

5 

6 

7 

8 

Y 

10 

Boundaries between construction, operations and maintenance, and postremediation are explained in the 
narrative for each component. It is assumed, however, that annual remediation activities for the soil 
excavation, backfill, on-site disposal facility. and consolidation area will be performed by a construction 
contractor, and are therefore subject to the contractor appropriate indirect markups, as well as site 
operating eontractor field support and engineering. 

I I  

12 

13 

14 

IS Annual costs are estimated in the usual manner as 
explained in Section K.2.1.7. It is assumed that there will be contractor turnover every two years, and that 16 0 full mobilization and demobilization costs will be incurred. 17 

K.3.1 SOIL EXCAVATION 18 

The soil excavation component includes construction, operations and maintenance, and postremediation 
costs (as applicable) for; verification surveys of potential contamination zones, excavation and segregation 
of contaminated soils, excavation of on-property perched groundwater zones. excavation control surveys. 
stormwater controls, certification surveys of excavated areas, pre-treatment of RCRA waste-contaminated 

off-site disposal staging facility. Zd 

19 

20 

? I  

21 

soils, and transportation of contaminated soils directly to the on-site disposal facility, consolidation area, or 3 

K.3.1.1 Kev Assumptions 
Construction 

1. Excavation activities will start in 1998. 

2. Excavation activities will be performed by a construction contractor. 

3. Construction activities include initial site preparation (cleaning and grubbing, etc.), 
the upgrade of all sitewide roadways, and other site improvements, as necessary. It 
is assumed that the construction of the roadways will not occur in contaminated 
areas, and therefore no radiological adjustments will be necessary. 

25 

26 

27 

18 

1 Y  

30 

11 

12 
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Included in the contamination survey cost at the alternative level are capital 
acquisition costs for a mobile laboratory and other analytical equipment to perform 
sample analysis. 

Given the commonality of soil excavation to all remediation components, the 
installation of all gravel and asphalt roadways are placed in the Soil Excavation 
Component. 

Labor costs are based on the worker requirements for the various volumes of in situ 
soils. Costs are estimated for 8 hours per day, 5 days per week, and 52 weeks per 
year. For the excavated volume, a work force of 1 1  to 16 must be available during 
operations. A maintenance staff of two has been included to conduct routine 
maintenance on equipment. 

Localized annual environmental monitoring costs are included during the excavation of soils. 
- 

Soils containing RCRA hazardous waste will be treated at the point of excavation. 
Vendor-supplied mobile units will be purchased for the treatment of RCRA 
hazardous waste. After the soils are treated (e.g., the soil no longer contains the 
RCRA hazardous waste above the remediation levels), they will be dispositioned in 
accordance with the PRLs. If soils are below PRLs. they will be stockpiled for later 
use as backtill material. If the soil exceeds PRLs, it will be dispositioned according 
to the selected remedial alternatives (Le., disposal facility, consolidation. off-site 
disposal). 

It is assumed that heavy earth moving equipment will require full replacement once in 22 years 
of operation. Since it is difticult to predict when failures will occur, it was decided to show the 
replacement costs in the eleventh year of operation. Replacement costs for equipment are the 
sole responsibility of the operating contractor. 

1 

2 

3 

4 .  

5 -  

6 

7 

8 

9 

10 

11 

12 

13 

I 4  - 

1.5 

16 

17 

18 

20 “0 
21 , 

22 

23 

24 

Postremediation 3 

1 .  Soil excavation postremediation activities for the specitied volume variations includes the 26 

7-7 decontamination of earth moving equipment. No salvage value on equipment is considered. 

D&D activities will start in the year 2020 and will be completed in the same year. 2. 38 

3. D&D activities will be performed by a construction contractor. 
subject to all construction contractor markups. 

All costs will therefore be 29 

30 

K.3.1.2 Soil Excavation Cost Curve and Cost Summaries 31 

Figure K.3-1 provides the cost curve for soil excavation. Figures K:3-2 and K.3-3 provide the Soil 12 

33 Excavation Component Cost Summaries for 1,500,000 yd3 and 2,000,000 yd3, respectively. 
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/ CODE 

COMPONENT COST SUMMARY 

ITEM DESCRIPTION M/H COST COST i COST 
PROCESS BUILDING 8,252 166,300 212,400 i 378,700 
ROADWAYS 31 1 6,400 105,000 1 1 1  1,400 

COMPONENT 
TITLE: SOIL EXCAVATION 
LOCATION: FEMP 
VOLUME: 1.500.000 CUBIC YARDS 

SITE PREPARATION 
I CONSTRUCTION DIRECT COSTS 
i CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 

SHEET: 1 
DATE: 02-NOV-94 
ESTD. BY. J.ADAMS 
CHKD. BY 6. NEMADE 
EST. FILE COMPlB3 

2,416 49,700 15,500 i 65.200 

37.808 I 37.808 
10,979 222.400 332.900 I 555,300 

1 __- REV.#: 

LABOR I EST. F I L ~  TOTAL 

1 SMALL TOO LSIC 0 NSU M A BLES 
CONTRACTOR EQUIPMENT RENTAL 

, TEMPORARY FACILITIES 
I TEMPORARY FACILITIES (HOOK-UP)  
I JOBCLEAN-UP 
I CONTRACTOR SAFETY 
I HEALTH PHYSICS (RAD CHECK INTERRUPTIONIPROT CLOTHING) 
I CERCLA(SITE ACCESSTRAINING) 
I PAYROLL BURDENS & BENEFITS 

1 BOND 
I CONSTRUCTION INDIRECT COSTS 

1 OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 

CONSTRUCTION DIRECT & INDIRECT COSTS 

1 I 13344 ' 13344 - 
I 65.600 1 65600 I 

4.670 5 8674 1 13344 1 

2.335 1 4 337 6 672 
4,670 1 8674 , 13 344 
2.335 I 4337 6672 J 

13,700 I 13700 , 
39800 1 25 000 I 14,800 1 

157,414 I I 157.413 

5,015 I 5.045 1 10061 
284,161 176,668 I 460,828 : 

I 506.600 509,600 1 1,016,100 

41,412 I 41.658 83070 * 

I CONTAINERSOPERATING CONTRACTOR PURCHASED EQUIP 1,731,700 I 1 731 700 
I PROJECT MANAGEMENT 8 00% 
I CONSTRUCTION MANAGEMENT 4 00% 

1 TOTAL PROJECT COST 1 97.319.057 

21 9 800 
I 40 600 ' 

DRAFT 
FINAL 

I FIELD SUPPORT 
I ARCHITECTURAUENGINEERING SUBCONTRACT 
I ENGINEERING COSTS 

FIGURE K.3-2 - SOIL EXCAVATION COMPONENT COST SUMMARY (1.5 MILLION YD3) 
K-3-4 

0 6 iBI-3 9 2 

I 1.932.100 
lOOO%l I 101 600 

I 101,600 

SUB-TOTAL POST-REMEDIATION O&M COSTS 384,400 1 

I RISKBUDGET I 13.00% 
I CONTINGENCY I 23.30% 

1 9.282:082 1 
16,636 347 
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CODE 

COMPONENT COST SUMMARY 

~- 
LABOR EST. FILE TOTAL , 

PROCESS BUILDING 8,252 166.300 212.400 I 378.700 I 

ROADWAYS 31 1 6.400 105,000 I 111.400 I 

ITEM DESCRIPTION M/H COST COST 1 COST 

L 1 SITE PREPARATION 
CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLSICONSU MABLES 

TE.M PORARY FACILITIES 
i CONTRACTOR EOUIPMENTRENTAL 

' TEbfPORARY FACILITIES (HOOK-UP) 
1 JOB CLEAN-UP 
I CONTRACTOR SAFETY 
i HEALTH PHYSICS (RAD. CHECK INTERRUPTIONIPROT CLOTHING) 

CERCLA (SITE ACCESSTRAINING) 
PAYROLL BURDENS t BENEFITS 
OVERHEAD & PROFIT (GC t SUBCONTRACTORS) 
BOND 
CONSTRUCTION INDIRECT COSTS 

DRAFT 
FINAL 

REV.#: 1 

2.416 49,700 15,500 I 65.200 

37.808 37.808 
13.344 13.344 
65,600 65,600 

13.344 4.670 I 8.674 , 
I 2.335 1 4,337 6.672 

4.670 1 8,674 , 13,344 
2,335 I 4,337 6,672 

13,700 I I 13.700 
I 14,800 I 25,000 39,800 

157,414 I I 157,414 
41,412 i 41,658 83.070 
5,015 i 5,045 10,061 

284.161 176.668 : 460,828 

10,979 222700 33-00 ' 5557300- 

- 

FIGURE K.3-3 - SOIL EXCAVATION COMPONENT COST SUMMARY (2 MILLION YD3) 
K-3-5 

I CONSTRUCTION-DIRECT & INDIRECT COSTS I .  I 506,600 
CONTAINERSIOPERATING CONTRACTOR PURCHASED EQUIP 

509,600 I 1,016,100 8 

1.794.100 I 1 794.100 
' 1  PROJECT MANAGEMENT 

1 CONSTRUCTION MANAGEMENT 
I 
I ARCHmCTURAUENGINEERING SUBCONTRACT 
I ENGINEERING COSTS 

I 8.00% 224.800 
4 00% I 40,600 

lOOO%f i 101 600 
I 101,600 

FIELD; 2,059,500- 
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1 

The soil washing component includes construction, operations and maintenance, and postremediation costs 

interim storage of clean soils, stabilization, containerization, and interim storage of treatment 
(as applicable) for interim storage of contaminated soils, physicaVchemica1 treatment of contaminated soils, 

wastedresidues, and transportation of stabilized wastedresidues. 

3 

J 

5 

K.3.2.1 Kev Assumptions 6 

Construction 7 

1 .  

2. The construction estimate includes site preparation, facility construction costs, and capital 

Construction activities will start in 1998 and be completed in the same year. 

acquisition costs (e.g. , purchase of equipment). 

8 

9 

10 

3. Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. 

11 

13 

4. Equipment capacities are based on processing 20 tons of soil per hour. The sixth-tenths rule 13 

14 is applied to the construction costs for the volume variations as explained in Section 
K.l .  1.3. I S  

- 

5.  Construction is assumed to be in a clean area and hence no radiological factors are applied. 16 

ODerations and Maintenance 17 

1 .  

2. 

3. 

4. 

5.  

O&M activities will commence in 1998 and will continue for 22 years, into 2019. 

It is assumed that all O&M activities will be performed by the Site Operations Contractor 

Operations and maintenance labor costs are based on the worker requirements for soil 
washing. Costs are estimated for 24 hours per day, 7 days per week, and 365 days per 
year. Production capacity is based on 66.7 percent efficiency. A worker force of 161 must 
be available during operations. An additional 27 workers have been identitied to operate 
portable stabilization units for residues from soil washing. It is practical to assume there 
would be some overlap of responsibilities. For this estimate, however. a conservative 
approach is taken by not overlapping responsibilities. 

A maintenance staff of 25 has been included to conduct routine maintenance on equipment. 
Maintenance costs include the cost of labor, repair, and cost of carrying inventory and spare 
parts for the 22-year period. Annual maintenance is estimated at 5 percent of the original 
purchase cost of equipment. 

Power requirements are based on the estimated load with a demand factor of 80 percent. 
Costs are calculated-at 3.5 cents per kilowatt-hour. 

Chemical reagent costs are based on the usage requirements for soil washing. Chemicals 
will be received by truck. 

in 

19 

20 

21 

22 

23 

24 . '  

25 

26 

27 

211 

29 

33 

31 

32 

_. 73  

. jJ. . 
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6. It is assumed that 30 percent of the equipment at the interim soil storage facility will require 
full replacement every 7 years. These costs are included in the "Replacement" column of 
the Remedial Operations category. 

Postremediation 
1. D&D activities will start in the year 2020 and will be completed in the same year. 

2. D&D activities will be performed by a construction contractor. All costs will therefore be 
subject to all construction contractor markups. 

K.3.2.2 Soil Washing ComDonent Cost Curve and Cost Summaries 
Figure K.3-4 provides the cost curve for soil washing. Figures K.3-5 and K.3-6 provide the Soil Washing 
Component Cost Summaries for 1,500,000 yd' and 2,000,000 yd', respectively. 

K.3.3 OFF-SITE DISPOSAL 
The off-site disposal component includes construction, operations and maintenance, and postremediation 
costs (as applicable) for; construction of a staging facility and rail spurs, loading of bulk soils and stabilized 
waste into-rail cars, transportation to an off-site disposal facility, and waste disposal. 

K.3.3.1 Kev Assumptions 
Construction 

1. 

2. 

3. 

4. 

Construction activities will start in 1998 and be completed in the same year. 

The construction estimate includes site preparation and facility construction costs, including 
the addition of 2100 feet of rail spur to accommodate off-site transportation and erection of 
the staging facility; capital acquisition costs (e.g., purchase of equipment) are included in 
the construction estimate. Excluded from this estimate are the costs for off-site infra 
structure improvements and rail car storage yard upgrades. Considering the potential for a 
greater amount of rail traffic, it is assumed that all improvements, scheduling, and other 
logistical concerns will be negotiated in the contract. 

Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. 

Construction is assumed to be in a clean area, and hence no radiological factors are applied. 

Ouerations and Maintenance 
1 .  O&M activities will commence in 1998 and will continue for 22 years, into 2019. 

2. It is assumed that all O&M activities will be performed by the Site Operations 
Contractor. 

1 

2 

3 

4 

5 

6 

7 

n 

9 

I O  

I I  

12 

13 

14 
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16 

17 
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21 

22 
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a 

a 

I 
CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLSIC 0 N S U MA B LES 
CONTRACTOR EQU IPM ENT RENTAL 
TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 
JOB CLEAN-UP 
CONTRACTOR SAFETY 
HEALTH PHYSICS (RAD. CHECK INTERRUPTIONIPROT CLOTHING) 
CERCLA (SITE ACCESS TRAINING) 
PAYROLL BURDENS & BENEFITS 
OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 
BOND 
CONSTRUCTION INDIRECT COSTS 
CONSTRUCTION DIRECT & INDIRECT COSTS 

COMPONENT COST SUMMARY 

I 
~. 

300,793 5,920,435 I 8 , 8 0 7 , 2 3 3 7 - 1  4 T 7 2 r 6 6 T j  
1,006,474 I i 1,006.474 

355,226 I 355,226 
891,223 ! 891,223 

124,329 230,897 I 355,226 
62.165 115,448 I 177,613 I 

124,329 230,897 1 355,226 , 
62,165 115,448 1 177,613 

433,089 I 715.000 -- ~ 1,148,089 

1,057,872 1,031,524 i 2,089,396 
128,120 124,929 253,049 

7,019.695 3,810,593 1 10,830,288 
12,940,100 12,617,800 1 25,558,000 

I 

I 4,021,152- 4,021,152 I I 

. _ _ ~  
I 

I 
i 

! 
i 

SAMPLING1 WASTE CHARACTERIZATION 
TRANSPORTATION & BURIAL (HANDLING) 
CONTAINERSIOPERATING CONTRACTOR PURCHASED EQUIP 

COMPONENT 
TITLE: SOIL WASHING 
LO CAT1 ON: FEMP 
VOLUME: 1,500,000 CUBIC YARDS 

78,500 I 78,500 

13,593,077 13,593,077 

SHEET: t i  
DATE: 08-Nov-94 j 
ESTD. BY: D.MALOlT- 1 
CHKD. BY F.FLOYD 
EST. FILE COMP3C1 j ' 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 
FIELD SUPPORT 
ARCHITECTURAUENGINEERING SUBCONTRACT 
ENGINEERING COSTS 

8.00% 2,044,600 
4.00% I 1,022,300 

16,738,477 
10.00% I 2,555,800 

2,555,800 

I 

FIGURE K.3-5 - SOIL WASHING COMPONENT COST SUMMARY (1.5 MILLION YD3) 
K-3-9 oc?o:j9"/ 

SALES TAX 

SUB-TOTAL CONSTRUCTION COSTS 
6 00% O F  FIELD MATERIAL AND OPER CONTRACTOR PURClfASED EOlJlP 1,503,285 

46,355,562 ' 

SUB-TOTAL POST-REMEDIATION O&M COSTS 13,686,857 4 



COMPONENT COST SUMMARY 

BOND 
CONSTRUCTION INDIRECT COSTS 
CONSTRUCTION DIRECT & INDIRECT COSTS 

COMPONENT 
TITLE: SOIL WASHING 
LOCATION: FEMP 
VOLUME: 2,000,000 CUBIC YARDS 

157,434 151,848 ' 309,282 
8,637,267 4,552.854 1 13,190,121 

15,900,900 15,336,600 I 31,237,500 

! 
SHEET: 1 :  

ESTD. BY: D. MALOIT- 
DATE: 

CHKD. BY F.FL0YD j 
COMP3D1 j EST. FILE 

SAMPLING/ WASTE CHARACTERIZATION 
TRANSPORTATION & BURIAL (HANDLING) 

78,500 I 78,500 
I 

FIGURE K.3-6 - SOIL WASHING COMPONENT COST SUMMARY (2 MILLION YD3) 
K-3-10 

CONTAlNERSlOPERATlNG CONTRACTOR PURCHASED EQUIP. 15,839,553 I i~,a39.553 I 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 
FIELD SUPPORT 
ARCH ITECTU RALIENG I N  EERI NG SUBCONTRACT 
ENGINEERING COSTS 

2.499.000 8.00% 
4.00% 1,249,500 I 

19,666,553 ' 

10.00% I 3,123,750 4 

3,123,750 

SUB-TOTAL CONSTRUCTION COSTS 
SUB-TOTAL REMEDIATION O&M COSTS 
SUB-TOTAL POST-REMEDIATION O&M COSTS 

TOTAL COSTS (CONSTRUCTION, REMEDIATION O&M, POST-REMEDIATION O&M) 
RISK BUDGET I 17.00%1 
CONTINGENCY 1 50.00%( 

55,8 1 4,076 
636,791 ,+76 I 

16,404,480 I 

120,531,649 I 
354,504,850 j 

709,009.700 



FEMP-OSFSJ DRAFT FINAL 
March 12. 1995 

DOE 

Rail Transportation 
1. Excavated (bulk) soils, stabilized residues from groundwater treatment, and contaminated 

demolition rubble will be transported off site by rail car to a representative permitted 
commercial disposal facility in Utah. The number of shipments (rail cars) per volume 
scenario are based upon an assumed density of 100 pounds per t? for soil, 35 pounds per t? 
for demolition rubble, and the use of 55-gallon drums for stabilized residues. 

2. Rail car calculations are based on the utilization of 100-ton net capacity cars to transport 
waste materials off site. Normally, trains can consist of 50 to 100 cars. Given the fact that 
there may be limited space available at the FEMP to accommodate the storage of 100 cars, 
rail shipments are based on a train of 50 cars. 

3. Rail cars will be leased through the rail company. It is assumed that maintenance of the rail 
cars and associated equipment repair will be performed by the operating rail company. 

4. Off-site transportation costs include material handling, packaging (loading of rail cars at the 
FEMP), rail transportation, and disposal costs to an off-site facility. Transportation costs 
are calculated at $2.50 per rail-mile, and marshalling costs are included at $10 per rail car. 
Disposal costs are estimated at $8/ft3. An additional work force of 12 is included for 
miscellaneous handling activities at the FEMP. The estimated distance traveled to the off- 

- site disposal facility is 1900 miles by rail. 

5. 

6. 

7 .  

8. 

9. 

1 

2 

3 

4. 

5 

6 

7 

n 

Y 

10 

11 

12 

13 

Id 

15 

16 

17 

18 

The off-site shipment of contaminated soils will occur for 22 years. 

Operations and maintenance labor costs are based on the worker requirements for off-site 
disposal. Costs are estimated for 8 hours per day, 5 days per week, and 52 weeks per year. 

The maximum production rate for rail car filling operations is tive cars per day. At this rate, 

the 2 million yd3 scenario. Overtime or a larger work force will be required. 
have therefore been adjusted accordingly for the 2 million yd3 option. 

parts for the 22-year period. Annual maintenance is estimated at 5 percent of the original 

It is assumed that rail car maintenance will be performed by the railroad operating company. 

IY 

33 

21 

22 

demand can be met with the established work force for the given volumes with the exception of I? 

Labor hours 14  

3 

Maintenance costs include the cost of labor, repair, and cost of carrying inventory and spare 26 

27 

purchase cost of equipment. 28 

29 

10. It is assumed that the equipment at the staging facility will require hill replacement once in 22 
years and building roof replacement once in 22 years. These costs are included in the 
"Replacement" column of the Remedial Operations category. 

11. All operations and maintenance activities will be performed by the Site Operating Contractor. 

12. Off-site disposal soil volumes not exceeding 50,000 yd3 total will be transported off-site by 
truck. 

- Costs are based on unit costs obtained from other transportation studies. 
- Truck transportation and disposal costs are applied at the alternative level. 

30 

31 

32 

33 

34 

35 

36 

31 
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- The unit costs are applied to operations and maintenance costs only. 
- A 2 yd’ strong tight container will be used for truck shipment with each 

- Truck transportation costs are based on $648 per yd’. The cost includes the purchase 
.container costing $700. A tlat-bed truck will be used to transport the containers. 

of containers, packaging and other handling requirements, and transportation. 
Given the smaller quantities, it is assumed mat disposal costs are $10 per yd’. 

be used for staging and packaging soil volumes not exceeding 50,000 yd’ total. 

3 

J 

5 

- 
6 .  

- No off-site disposal staging facility will be constructed. The central storage facility will 7 

LI 

Postremediation 9 

1. Demolition of the Off-Site Disposal Staging Facility will occur in 2020. I O  

2 .  D&D activities will be performed by a construction contractor. All costs will therefore be 
subject to all construction contractor markups. 

I I  

I2 

K.3.3.2 Off-Site Disuosal ComDonent Cost Curves and Cost Summaries 13 

Fjgure K.3-7. provides the cost curve for off-site disposal. Figures K.3-8 and K.3-9 provide the Off-Site 
.Disposal Component Cost Summaries for 1,500,000 yd’ and 2,000,000 yd’, respectively. 

I 4  

15 

- .  

17 lb. 

18 

K.3.4 STABILIZATION 
The stabilization component includes construction, operations and maintenance, and postremediation costs 
(as applicable) for interim storage of contaminated soils, construction of a stabilization facility and process 
and rail spur, and packaging and transportation of stabilized soils. 19 

K.3.4.1 Kev Assumntions 3 

Construction . 21 

1. 

2. 

3. 

4. 

5 .  

6. 

Construction activities will start in 1998 and be completed in the same year. 

The construction estimate includes site preparation, facility construction costs, and capital 
acquisition costs (e.g., purchase of equipment). 

Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. 

Equipment capacities are based on processing 20 tons of soil per hour. The sixth-tenths rule 
is applied to the construction costs for the volume variations. 

The construction cost estimate includes the cost of extending 2100 feet of rail spur to the 
stabilization plant location. 

Construction is assumed to be in a clean area, and hence no radiological factors are applied. 

22 

13 

2d 

2s 
26 

27 

2s 

29 

30 

31 
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COMPONENT COST SUMMARY 

COMPONENT 
TITLE: OFF-SITE DISPOSAL 
LOCATIO N : FEMP 
VOLUME: 1,500,000 CUBIC YARDS 

SHEET: 1 
DATE: 09-Mar-95 
ESTD. BY: B.NEMADE 
CHKD. BY F. FLOYD 
EST. FILE COMP4CSM 

DRAFT 
FINAL 

FIGURE K.3-8 - OFF-SITE DISPOSAL COMPONENT COST SUMMARY (1.5 MILLION YD3) 
K-3-14 

Oef302 



COMPONENT COST SUMMARY 

COMPONENT 

LOCATION: FEMP 
VOLUME: 2,000,000 CUBIC YARDS 

TITLE: OFF-SITE DISPOSAL 
SHEET: 1 
DATE: 09 - Mar-95 
ESTD. BY: B.NEMADE 
CHKD. BY F. FLOYD 
EST. FILE COMP4DSM 

DRAFT 
FINAL 

. . .  

FIGURE K.3-9 - OFF-SITE DISPOSAL COMPONENT COST SUMMARY (2 MILLION YD3) 
K-3-15 
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Operations and Maintenance 0 
1. O&M activities will commence in 1998 and will continue for 22 years, into 2019. 

2. It is assumed that all O&M activities will be performed by the Site Operating Contractor. 

3. Operations and maintenance labor costs are based on the worker requirements.for 
stabilization. Costs are estimated for 24 hours per day, 5 days per week, and 250 days per 
year. Production capacity is based on 66.7 percent efficiency. A work force of roughly . 

159 must be available during operations for 2,000,000 yd3 of in situ soils. A maintenance 
staff of 24 has been included to conduct routine maintenance on equipment. Maintenance 
costs include the cost of labor, repair, and cost of carrying inventory and spare parts for the 
22-year period. Annual maintenance is estimated at 5 percent of the original purchase cost 
of equipment. 

4. Power requirements are based on the estimated load with a demand factor of 80 percent. 
Costs are calculated at 3.5 cents per kilowatt-hour. 

5. Chemical reagents will be received by train. Chemical costs are based on the usage 
requirements for stabilization. Cement will be received from off site. The Active Flyash 
Pile at the FEMP will be used as a source of flyash for the stabilization process; at which 
only material handling costs are considered. 

6. It is assumed that 30 percent of the equipment at the staging facility will require full 
replacement every 7 years. 

Postremediation 
1. D&D activities will start in the year 2020 and be completed in the same year. 

2. D&D activities will be performed by a construction contractor,. All costs will therefore be 
subject to all construction contractor markups. 

K.3.4.2 Stabilization ComDonent Cost Curve and Cost Summaries 
Figure K.3-10 provides the cost curve for stabilization. Figures K.3-11 and K.3-12 provide the 
Stabilization Component Cost Summaries for 1,500,000 yd3 and 2,000,000 yd-', respectively. 
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J -  
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7 
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IO 

I I  

I? 

13 
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COMPONENT COST SUMMARY 

i , 

COMPONENT 
TITLE: STABILIZATION 
LO CAT1 ON: FEMP 
VOLUME: 1,500,000 CUBIC YARDS 

SHEET: 1 1  
DATE: 08-Nov-94 1 
ESTD. BY. D. MALOlT 1 

COMP5C 1 EST. FILE 
CHKD. BY F.FLOYD- 

- DRAFT 
FINAL 

FIGURE K.3-11 - STABILIZATION COMPONENT COST SUMMARY (1.5 MILLION YD3) 
K-3- 18 
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LABOR MATTRTAL TOTAL 

6.277.507 PROCESS BUILDING 445,870 8,461,345 
PROCESS ELECTRICAL 20,667 414,638 
PROCESS EQUIPMENT 45,868 901,449 1 19,252 
PROCESS INSTRUMENT 7,105 143,040 855,000 I 998,040 I 

PROCESS PIPE 15,974 340,171 224,656 564,827 ~ 

505,839 , ROADWAYS 7,111 145,699 360,140 i 
SITE PREPARATION 10,574 476,539 443.186 1 91 9,725 

CODE ITEM DESCRIPTION M/H 

~~ ~- 

I --_- 

I 
CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLSICONSUMABLES 
CONTRACTOR EQUIPMENT RENTAL 
TEMPORARY FACILITIES 

JOBCLEAN-UP 
CONTRACTOR SAFETY 

CERCLA (SITE ACCESS TRAINING) 
PAYROLL BURDENS & BENEFITS 
OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 
BOND 
CONSTRUCTION INDIRECT COSTS 

TEMPORARY FACILITIES (HOOK - U P) 

HEALTH PHYSICS (RAD. CHECK INTERRUPTIONIPROT. CLOTHING) 

COMPONENT COST SUMMARY 

I I 

553,i 69 1 0,882,881 I 8,8 1 o ,26o/i9,693,14 1 
1,850,090 I I 1,850,090 : 

652,973 ~ 652.973 
1,078,769 1 1,078,769 

228,541 424,432 I 652.973 

228,541 424,432 I 652.973 
114,270 212.216 1 326.486 

601,317 1 857,500 ' 1,458.81 7 
7,290,353 I 1 7,290,353 
1,917,924 1 1,140.552 ' 3,058,475 

232,282 I 138,134 i 370.415 
12,577,587 1 5,141,224 I 17,718,811 

1 14,270 212,216 I 326,486 

r , 

COMPONENT 
TITLE: STABlUZATlON 
LO CAT1 ON: FEMP 
VOLUME: 2,000,000 CUBIC YARDS 

SAMPLING1 WASTE CHARACTERIZATION . 
TRANSPORTATION & BURIAL (HANDLING) 
CONTAINERSIOPERATING CONTRACTOR PURCHASED EQUIP. 
PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 
FIELD SUPPORT 
ARCHITECTU RALIENG INEERING SUBCONTRACT 
ENGINEERING COSTS 

1 
j 
I 
f 

i 

ESTD. BY D. MALOIT- i 

! 

DATE: 08-NOV-94 I 

SHEET: 

CHKD. BY F FLOYD ! 
EST. FILE COMPSD I 

78,500 

8.00% 'Il 19,967,510 I 19,967,510 

26,139.110 I 

3,741,200 I 

4.00% I 1,496,500 

10.00%1 3,741,200 

SUB-TOTAL POST-REMEDIATION O&M COSTS 
TOTAL COSTS (CONSTRUCTION, REMEDIATION 0&M, POST-REMEDIATION O&M) 
RISK BUDGET I 21.00%1 
CONTINGENCY 1 30.00%) 
TOTAL PROJECT COST 

16,794,507 
670,657,200 I 

140,838,612 
201,197,160 i 

1,012,692,400 ' 

DRAFT 
FINAL 

FIGURE K.3-12 - STABILIZATION COMPONENT COST SUMMARY (2 MILLION YD3) 
K-3-19 
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K.3.5 CONSOLIDATION 
The consolidation component includes construction by an outside contractor for placement of bulk o r  
treated soils, construction of an earthen cover or multilayer cap, and security fencing. Postremediation will 
include long-term maintenance, long-term environmental monitoring, and stormwater controls. This 
component also includes construction of a staging facility/area for cap material. 

K.3.5.1 Kev Assumntions 
Construction 

1. Construction activities will start in 1998 and will continue for 22 years into 2019. 

2. Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. Annual consolidation area 
construction will be performed by a construction contractor as well. 

3. The area chosen for consolidation will require some site preparation and security 
fencing prior to the start of operations. 

4. The installation of long-term groundwater monitoring wells (numbers as specitied) 
I for each volume variation are included in the construction costs. 

5. 

6 .  

7 .  

8. 

Stormwater collection will be required. Stormwater run-off will also be diverted 
around the consolidated area to minimize infiltration during and after construction. 
Ditches and silt fences will be utilized to capture suspended solids in stormwater 
runoff. 

Contaminated soils will be disposed of in the consolidation area with an earthen 
cover with 12 inches of compacted soil, topsoil, and seeding the disturbed area. 

Stabilized soil will be disposed of in a consolidation area with a multi-layer cap. 
Cap costs are based on the following assumptions: 

- The site contractor’s manpower varied from 10 to 15 as the volume of consolidation 
pile increased. This additional manpower is for moving stabilized blocks, setting in 
place geosynthetic materials in the cap, and handling additional construction 
equipment. 
This option assumes clean soil will be borrowed from off site for slope protection. - 

The construction contractor’s labor costs are based on the worker requirements for 
consolidation. Production assumes that 600 yd3 per day of material will be available 
for the consolidation pile from the 1,000,000 yd3 volume. It could be easily 
assumed that worker requirements would increase or decrease proportionately for 
the other volumes. However, as noted in Section K.2.1.7, workers are paid for a 
full day’s work. Costs are therefore estimated for 8 hours per day, 5 days per 
week, and 250 days per year. A work force of 12 will be required during 
operations for the 2,000,000 yd3 scenario. Maintenance crews have been included 
to conduct routine maintenance on earth moving equipment. A maintenance crew of 
five workers is required for the 2,000,000 yd3 volume. Maintenance costs include 

FWOUSFSIAPXSIAPP-WAPPKTMnMarch 17.1995 8: 16pm K-3-20 
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the cost of labor, repair, and cost of carrying inventory and spare parts for the 22- 
year period. Annual maintenance is estimated at 5 percent of the original purchase 
cost of equipment. 

9. The cost to operate long-term monitoring wells is included in the annual construction cost. 
A M U ~  long-term monitoring labor costs are based on two man days/well/year. Annual 
construction costs are distributed at 80 percent of the total monitoring operating costs. and 20 
percent for maintenance. It is assumed that 30 percent of the wells will require hll replacement 
during this period. Replacement costs are therefore calculated at 30 percent of the total 
installation costs and are distributed uniformly throughout the 22-year operating period. 

J 

5 

10. Consolidation construction remediation activities include the cost for heavy equipment 
installations, construction of the consolidation pile, and periodic pumping of long-term 
monitoring wells. 12 

IO 

I I  

Operations and Maintenance 
1. Construction of the consolidation pile will be performed by a construction contractor. 

13 

14 

Postremediation IS 

IO  

17 

1. Continued sampling of monitoring wells from year 23 to year 120 (an additional 98 years), until 
. - the year 21 18. It is assumed that environmental monitoring requirements will be re-evaluated at 

that time. 

K.3 S .2  Consolidation Comoonent Cost Curve and Cost Summaries 19 

Figure K.3-13 provides the cost curve for consolidation with an earthen cover. Figures K.3-14 and K.3-15 3 

provide the Consolidation (Earthen Cover) Component Cost Summaries for 1,500,000 yd3 and 2,000,000 
yd3, respectively. 12 

21 

Figure K.3-16 provides the cost curve for consolidation with a RCRA cover. Figures K.3-17 and K.3-18 
provide the Consolidation (RCRA Cover) Component Cost Summaries for 1,500,000 yd3 and 2,000,000 
yd3, respectively. 2.5 

23 

34 

K.3.6 ON-PROPERTY DISPOSAL FACILITY 26 

The on-property disposal facility component includes construction by an outside contractor. 

W h  ,an appropriate liner and multilayer cap and security fencing. Postremediation will be done by site 
operating forces and will include long-term maintenance, long-term environmental monitoring, and 

Costs also 27 

include construction of a staging facility to store capping materials. The engineered cell will be constructed 7-8 

29 

30 

stormwater controls. 31 
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L 

CODE 

I 

01 I 

LABOR M A T E T - ; =  
ITEM DESCRIPTION MIH COST COST 

COMPONENT COST SUMMARY 

1 SITE PREPARATION 
1 CONSTRUCTION DIRECT COSTS 

CONTIW(T0R SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOWCONSUMABLES 
CONTRACTOR EQUIPMENTRENTAL 
TEMPORARY FACILITIES 

I TEMPORARY FACILITIES (HOOK-UP) 

1 CONTTWaORSAFETY 
I 

- I JOBCLEAN-UP 

HEALTH PHYSICS (RAD. CHECK NfERRUPTION/PROT. CLOTHING) 
1 CERCW (SITE ACCESS TRMWNG) 
1 PAYROLL BURDENS & BENEFlTS 
I 

I 

j COMPONENT I TITLE: C 0 NSOLl OAT1 0 N (EARTHEN COVER) 
LO CAT1 0 N : FEMP 
VOLUME: 1,500,000 CUBIC YARDS I 

I 

7,628 152,158 656.973 --8_09,131 
152.1 58 656,973 1 809,131 7,628 

9,129 ! 9,129 
118.440 I 118,440 

3,195 5,934 I 9.129 
1,598 2,967 I 4,565 
3.195 5,934 I 9,129 
1,598 1 2.967 1 4.565 
7,608 I 105,200 j 1 12.808 

16,000 1 I 16.000 
109,834 

25,867 I 25,867 

109,834 i 
I , 

SHEET: 1 
DATE: 02-NOV-94 
ESTO. BY: 6. NEMAOE 
CHKD. BY F.FLOY0 
EST. FILE COMP6CSl - 

I OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 
I BOND 
f CONSTRUCTION INDIRECT COSTS 

28,895 1 81,679 I 110,574 
3,499 I 9892 i 13,392 

201,289 342,143 I 543,432 
1 CONSTRUCTION DLRECT & LNDIRECT COSTS I I 353,400 
I C O N T A I N E R S I O P E R G  CONTRACTOR PURCHASED EQUIP. 

1 SUB-TOTAL CONSTRUCTION OPERATIONS COSTS 

TOTAL PROJECT COST 

999,100 1 1,352,600 

DRAFT 
FINAL 

PROJECT MANAGEMENT 
CONSTRU(SII0N MANAGEMENT 

FIGURE K.3-14 - CONSOLIDATION (EARTHEN COVER) COMPONENT COST SUMMARY 
(1.5 MILLION YD') 

I 920.025 I 920.025 
8.00% I 181,800 
4 00% 54 100 
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COMPONENT COST SUMMARY 

CODE 

COMPONENT 
TITLE: CONSOLIDATION (EARTHEN COVER) 
LOCATION: FEMP 
VOLUME: 2.000.000 CUBIC YARDS 

L A B m p m ; ? L  1 T O T ~  
ITEM DESCRIPTION M/H COST COST 

i 
! 

S I T E  PREPARATION 
CONSTKUCTION DIRECT COSTS 

CONTRACTOR SUPERVISION (OFFICE OVERHE,-\D) 
SMALL TOOLSKONSUMABLES 
CONTRACTOR EQUIPMENTRENTAL 
TEMPORARY FACILITIES 
T E M P O M Y  FACILITIES (HOOK-UP) 
JOB CLEW-UP 
CONTRACTOR SAFETY 
HE.4LTI-i PHYSICS (RAD CHECK UVl€RRUPTION/PROT. CLOTHING) 
CERCIA (SITE ACCESS TRAINING) 
PAYROLL BURDENS 8 BENEFITS 

, 

8,533 170.197 795,088 I 965,285 
8,533 170,197 7 9 5 . 0 8 8 7 - 9 c 5 2 8 F  

28,933 I 28,933 , ' 
I 10,212 I 10,212 

139,046 I 139 046 

1,787 1 3,319 1 5.106 

1,787 I 3,319 5 106 
I 8,510 I 105.200 113,710 

16,000 I I 16 000 
121 869 

3.574 I 6,638 I 10,212 ' 

3.574 I 6,638 I 10 212 

t 
121.869 I 

SHEET: 1 :  
DATE: 02-N~v-94 
ESTD. BY: B. NEMAOE 
CHKD. BY F.FLOYD 
EST. FILE COMP6OS1 - 

OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 
BOND 
CONSTRUCTLON INDIRECT COSTS 

128,312 1 32.061 1 96,251 
3,883 I 11,657 ' 15 540 

I 221,978 I 382,279 I 604,257 

CONTAINERSlOPERATING CONTRACTOR PURCHASED EQUIP. 
PROJECT MANAGEMENT 

CONSTRUCTION MANAGEMENT 
FIELD SUPPORT 
ARCHlTECTURAUENGINEERING SUBCONTRACT 
ENGINEERING COSTS 

SUB-TOTAL SITE WORKS CONSTRUCTION COSTS I 3,027,844 

SUB-TOTAL CONSTRUCTION OPERATIONS COSTS 1 89.261.187 

920,025 I 920,025 
8.00% 199,200 
4.00% 62,800 

1,182,025 
1 O.OO%l 156,950 

156,950 - 

DRAFT 
FINAL 

FIGURE K.3-15 - CONSOLIDATION (EARTHEN COVER) COMPONENT COST SUMMARY 
(2 MILLION YD') 

. .  
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COMPONENT COST SUMMARY I 

TITLE: 
LOCATION: FEMP 

CONSOLIDATION ( RCRA COVER ) 

I 
SHEET: ' I  

I 
DATE: 02-NOV-94 
ESTD.BY: 8.NEMAOE 
CHKD. BY F.FLOY0 : 
EST. FILE CMPGCBSl . 

DRAFT 
FINAL 

FIGURE K.3-17 - CONSOLIDATION (RCRA COVER) COMPONENT COST SUMMARY 
(1.5 MILLION YD') 

K-3-26 



. i 

REV. #: _ _ _  1 
. .  LABOR MATFRIXT-~--~I~$- 

CODE ITEM DESCRIPTION M/H COST COST 
PROCESS BUILDING 11,623 232,088 677,173 I 909,261 
S I T E  PREPARATION 8,533 170,197 795,088 i 965,285 _,_ 

' CONSTRUCTION DIRECT COSTS 20,156 402.285 1.472.261 I 1.874.546 i ....... .-__- 

CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 68,388 i -  68,388 . j 
S W L  TOOLSKONSUMABLES 24,137 I 24.137 

COMPONENT COST SUMMARY 

1 CONTRACTOR EQUIPMENTRENTAL 
TEMPORARY FACILITIES 

I TEMPORARY FACILITIES (HOOK-UP) 
i JOBCLEAN-UP 
1 CONTIWCTORSAFETY 

HE.4LTI-I PHYSICS (RAD. CHECK INTERRUPTIONPROT. CLon-llNG) 
rCD P7 3 / C I T E  A P r t C C  713 A MWC\ 

I COMPONENT 
TITLE: 
LOCATION: FEMP 
VOLUME: 2,000,000 CUBIC YARDS 

CONSOLIDATION ( RCRA COVER ) 

139,150 i 139,150 
8.448 15,689 ! 24.137 
4,224 7,845 12.069 1 
8,448 I 15,689 I -- 24.137 
4,224 1 7.845 ! 12.069 j 

20,114 I 105.200 125,314 : 
icnnn I i ~ n n n  ! 

SHEET: 1 
DATE: 02-NOv-94 
ESTD. BY: 8. NEMAOE 
CHKD. BY F.FLOYD 
EST. FILE CMP6OBS1 

L L L . L m ~ 4 L L L c L L L L J a  ,r-u.,,.u, 

PAYROLL BURDENS & BENEFITS 
I OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 

BOND 
CON STRU CTI ON IN DIRECT COSTS 

lV,UVV , I V,"UU 

276.708 I 276,708 , 
72.796 160,903 I 233.699 
8,816 19,487 I 28.304 

488,167 495,945 I 984.1 12  
CONSTRUCTION DIRECT & INDIRECT COSTS I 890,500 
CONTAINERSIOPERATING CONTRACTOR PURCHASED EQUIP. 1 

DRAFT 
FINAL 

I 1,968,200 1 2,858,700 
920.025 1 920.025 

FIGURE K.3-18 - CONSOLIDATION (RCRA COVER) COMPONENT COST SUMMARY 
(2 MILLION YD') 

PROJECT MANAGEMENT I 8.00% 
CONSIRUCITON MANAGEMEm 1 4.00% 
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' K.3.6.1 Key AssumDtions 
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i 

Construction 
1. Construction activities will start in 1998 and will continue for 22 years into 2019. 

2. Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. Annual on-property disposal 
facility construction will be performed by a construction contractor as well. 

3. The area chosen for the on-property disposal facility will require some extensive cut and till 
operations, site preparation, and security fence prior to the start of operations. 

4. The installation of long-term groundwater monitoring wells (numbers as specified) for each 
volume variation are included in the construction costs. 

5. Contaminated soil and stabilized wastes will be dispo&l of in the on-property disposal facility. 
Costs are based on: 

The cell will be constructed in modules over 22 years. Each module will have 
capacity equal to 1/22 of the total soil volume. The berm around the cell is 
constructed approximately 5 percent size each year till the entire perimeter area is 
completed in 22 years. Hence it is assumed that the construction contractor has to 
periodically visit the site and construct the continuing berm before waste placing 
operation begins each year. The cross section of the typical cell describes the 
thickness of each layer. 

' 

6.  The disposal facility will not be completed until the last of the waste has been placed. A 
portion of the berms and the linear system will be constructed in the northeast corner of the 
cell footprint. Once this portion of the liner is completed, placement of waste begins and 
continues until the earthen capping is completed. The new section of liner is then 
constructed by the construction contractor and placement of waste resumes. 

7.  The construction contractor's labor costs are based on the worker requirements for on-site 
disposal. Operations costs are estimated at 8 hours per day; 5 days per week; and 250 days 
per year. A worker force of 12 will be available during operations for the 2,000,000 yd3 
scenario. A maintenance crew has been included to conduct routine maintenance on earth 
moving equipment. 
Maintenance costs include the cost of labor, repair, and cost of carrying inventory and spare 
parts for the 22 year period. Annual maintenance is estimated at 5 percent of the original 
purchase cost of equipment. 

A crew of 5 workers is required for the 2,000,000 yd3 volume. 

8. The cost to operate long-term groundwater monitoring wells is included in the annual 
construction costs through the last year of construction. Annual long-term monitoring well 
costs are based on 2 man-days/well/year. Annual long-term monitoring labor costs are 
based on 2 man-days/well/year. Annual construction costs are distributed at 80 percent of 
the total monitoring-operating costs, and 20 percent for maintenance. It is assumed that 30 
percent of the wells will require tidl replacement during this period. Replacement cost are 
therefore calculated at 30 percent of the total installation costs and are distributed at 7 year 
intervals. Long-term environmental monitoring costs past year 22 are included as 
postremediation operations and maintenance costs. 
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Onerations and Maintenance 
1 .  Construction of the on-property disposal facility will be performed by a construction 

contractor. 

Postremediation 
1. Continued sampling of monitoring wells from year 23 to 120 (additional 98 years) until the 

year 2118. It is assumed that environmental monitoring requirements will be re-evaluated at 
that time. 

2. The cap material staging facility/area will be demolished in the year 2020. 

3; Demolition rubble will be packaged appropriately and shipped off site for tinal disposal. 

4. D&D activities will bcperformed by a construction contractor. All costs will therefore be 
subject to all construction contractor markups. 

K.3.6.2 On-ProDertv Disnosal Facilitv Comnonent Cost Curve and Cost Summaries 
Figure K.3-19 provides the cost curve for the on-property disposal facility. Figures K.3-20 and K.3-21 
provide the On-Site Disposal Component Cost Summaries for 1,500,000 yd3 and 2,000,000 yd', 
respectively 

K.3.7 BACKFILL 
The backfill component includes construction by an outside contractor. In situ backfilling will include the 
excavation of backfill from on-property borrow areas or stockpiles, placement of backfill in excavated 
areas, topsoil placement, and revegetation. 

K.3.7.1 Kev Assumntions 
Construction 

1 .  

2. 

3. 

4. 

Construction activities will start in 1998 and will continue for 22 years into 2019 

Construction activities will be performed by a construction contractor. All costs are therefore 
subject to all construction contractor markups. Annual backfilling construction will be 
performed by a construction contractor as well. 

Backfilling construction will continue for 22 years for 8 hours per day; 5 days per week; 52 
weeks per year. Given the relationship between excavation and backfilling, it is assumed the 2 
worker maintenance crew will be available to perform routine maintenance on backtill 
equipment. 

Backfill is borrow4 from on-property areas or stockpiles to replace the voided space from soil 
excavation greater than 1.5 feet deep. All other excavated areas (less than 1.5 feet) will be 
regarded for positive drainage away from on-property disposal areas. Borrowed volumes for 
the replacement of soils were calculated using "swell" at 27 percent above the in situ volumes. 
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COMPONENT COST SUMMARY 

I 
j CODE 
i 

1 COMPONENT 
’ TITLE: 
i LOCATION: FEMP I VOLUME: 2.000.000 CUBIC YARDS 

ON-SITE DISPOSAL CELL (SOILS) 

I TOTAL LABOR I MATETAL 
M/H COST 1 COST , COST ITEM DESCRIPTION 1 

426,282 I _ _  2.566 5 1,306 374,976 ! ROADWAYS 

I 

l /  

i 
i 

01-NOV-94 ~ 

SHEET: 
DATE: 
ESTD. BY B.NEMADE 
CHKD. BY FFLOYD. 
EST. FILE COMP7DS1 

SITE PREPARATION 
1 CONSTRUCTION DIRECT COSTS 
1 CONTRACTOR SUPERVlSlON (OFFICE OVERHEAD) 
1 SMALL TOOLSICONSUMABLES 
I CONTRACTOR EQUIPMENTRENTAL 
1 TEMPORARY FACILITIES . 
1 TEMPORARY FACILITIES (HOOK-UP) 
j JOB CLEAN-UP 
i CONTRACTOR SAFETY ’ 
I CERCLA (SITE ACCESS TRAINING) 
1 PAYROLL BURDENS 8t BENEFlTS 

! OVERHEAD C PROFIT (GC L SUBCONTRACTORS) 
1 BOND 
I CONSTRUCTION IN DIRECT COSTS 

HEALTH PHYSICS (RAD CHECK INTERRUPTIONIPROT. CLOTHING) 1 

23,189 467,106 925t1 07-L-..--. 1,392,213 -: 
25.755 5 1’8,4 1 2 1,300~O837---1;8-18,495-i 

31.105 I 31,105 j 
88.130 I 88,130 I 

235.920 I 235,920 : 
10,887 1 20,218 i - 31,105 
5.443 I 10,109 ’ 15,552 

10,887 1 20.218 I 31,105 
5.443 10,109 15,552 

25.921 I 25.921 
24.000 24,000 

358,344 i 358.344 
94,272 [ 146.499 , 240,771 
11,417 I 17,743 29,160 

634,744 1 491,920 I 1,126,664 

I 

DRAFT 
FINAL 

I FIELDSUPPORT 

1 ENGINEERING COSTS 
i ARCHITECTURAUENG~NEERING SUBCONTRACT 

FIGURE K.3-21 - ON-SITE DISPOSAL COMPONENT COST SUMMARY (2 MILLION YD’) 
K-3-32 

: 1,913,374 
294.520 

294.520 
10.00% I 



L 

K-3-33 



5.  

6.  

7. 

8. 

9. 

No consideration was taken for the two CG&E right-of-ways ( 38k 

FEMP-05FS-5 DRAFT FINAL 
March 12, 1995 

I, 238 kV) which traverse 
the on-property borrow area. No cost for pilings/concreteretaining walls, sloping earth, etc., 
was added. 

No buildings are constructed by this estimate. Assume the equipment will be left at the 
excavations or returned to the main site each evening. 

The estimate assumes that the laboratory within the "Excavation" component can be used for 
soil classification work. The estimate also assumes that 1/3 more personnel, material, etc. will 
be required for this work. 

The estimates assumes that no "post-remedial" expenses will be incurred. 

The estimate assumes that the seeding and fertilizing of 82,000 yd2/yr will be performed by the 
contractor. 

ODerations and Maintenance 
1. Backfilling operations will be performed by a construction contractor. 

K.3.7.2 Backfill Comnonent Cost Curve and Cost Summaries 
Figure K.3-22 provides the cost curve for backfill with on-site borrow material. Figures K.3-23 and K.3- 
24 provide the Backfill (On-Site Borrow) Component Cost Summaries for 1,500,000 yd3 and 2,0001000 
yd3, respectively. Figure K.3-25 provides the Backfill (Stockpiled Soils) Component Cost Summary for 
500,000 yd3. 

K.3.8 LONG-TERM ENVIRONMENTAL MONITORING 
The long-term environmental monitoring component includes construction, operations and maintenance, and 
postremediation costs (as applicable) for long-term (postremediation) monitoring of air, groundwater. and 
surface water. It includes installation of groundwater monitoring wells and sampling sites, routine 
sampling and analysis, and long-term maintenance. Site-wide environmental monitoring costs from years 0 
through 22 are included at the alternative cost level. 

Groundwater monitoring is a support technology used only for those remedial alternatives leaving 
contaminated media on site (on-property disposal facility and consolidation area). Therefore, the cost of 
groundwater monitoring is included in the respective component cost estimates. Environmental monitoring 
costs required during construction are also included in the component cost estimates. 
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COMPONENT COST SUMMARY 
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FIGURE K.3-23 - BACKFILL (ON-SITE BORROW) COMPONENT COST SUMMARY 
(1.5 MILLION YD’) 
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L 

LABOR MATFRIAL i T O T  

COMPONENT COST SUMMARY 

CODE ITEM DESCRIPTION 
1 EXCAVATE BACKFILL. BACKFILL 
1 SITE PREPARATION 

CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLSKONSUMABLES 

TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 
JOB CLEAN-UP 
CONTRACTOR S A F E R  
HEALTH PHYSICS (RAD. CHECK INTERRUPTION) 
C E R C M  (SITE ACCESS TRAINING) 
PAYROLL BURDENS 9r BENEFlTS 
OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 
BOND 
CONSTRUCTION INDIRECT COSTS 
CONSTRUCTION DIRECT & INDLRECT COSTS 
PROJECT MANAGEMENT 8.00% 
CONSTRUCTION MANAGEMENT 4 00% 

CONTRACTOR EQUIPMENT RENTAL 

REV. #: 1 

M/H COST COST / COST 
148.577 2,930,125 1.928.454 i 4 858,579 

2,618.000 L- 2650.824 
150,172 2,962.949 4,546,454 I 7,509,403 

! 503,701 
I I 177,777 177,777 

-- 1,595 32,824 

503.70 1 

I 11.555 796 11.555.796 1 

62,222 115.555 i 177.777 - I 
31,111 57,778 I 88,888 
62,222 115.555 I 177.777 
31,111 57,778 88.888 

37,543 740,737 I ' 710.737 
8,800 j 173,627 330.000 I 503,627 _J 

1 2,375,194 2,375,194 I 
1 624,859 1,526,102 2 150.961 1 

75.677 184828 I 260,505 i 
1 4,680,462 14,121,168 '18,801,630 1 
1 7,643,400 18,667,600 126,311,000 J 

I 2,104,900 
I 1,052,400 -1 

DRAFT 
FINAL 

SALES TAX 1 01 7.400 
SUB-TOTAL. CONSTRUCTION COSTS '31,275,030 
SUB-TOTAL REMEDIATION O&M COSTS ! 0 
SUB-TOTAL POST-REMEDIATION 0 & M  COSTS 0 
TOTAL COSTS (CONSTRUCTION, REMEDIATION O&M, POST-REMEDIATION O&M) 131,275,030 
RISK BUDGET 1 12.10%1 ! 3,784,279 
CONTINGENCY I 11.90%1 1 3,721,729 

TOTAL PROJECT COST I 38,781,000 

6.00% OF RELD MATERIAL AND OPER. CONTRNXOR PURCHASED EQUIP 

FIGURE K.3-24 - BACKFILL (ON-SITE BORROW) COMPONENT COST SUMMARY 
(2 MILLION YD') 

' 
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COMPONENT COST SUMMARY 

CODE 

COMPONENT 
TITLE: BACKFILL (STOCKPILED SOILS) 
LOCATION: FEMP 
VOLUME: 500,000 CUBIC YARDS 

LABOR ESTXE: T O T T  
ITEM DESCRlPTlON M/H COST COST COST 

SHEET: 1 
DATE: 02-NOV-94 
ESTD. BY J.ADAMS 
CHKD. BY 8. NEMADE 

EST. F1 LE: STOCKPI LE 

STOCKPILED BACKFILL 
CONSTRUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 
SMALL TOOLSICONSUMABLES 
CONTRACTOR EQUIPMENT RENTAL 
TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK - UP) 
JOBCLEAN-UP 
CONTRACTOR SAFETY ' 
HEALTH PHYSICS (RAD. CHECK INTERRUPTIONIPROT. CLOTHING) 
CERCLA (SITE ACCESS TRAINING) 
PAYROLL BURDENS & BENEFITS 
OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 
R n N n  

10,354 213,000 100 ! _-2ll3,100 
10,354 213,000 ' 100 1 2 - 1 - 3 r  

36,210 I 36,210 
12.780 I 12.780 
86,000 I 86,000 

4,473 8.307 12.780 
2.237 I 4,154 6,390 

13.100 I 13,100 
592 12.000 ! 12.000 24.000 

149,619 I i 149,619 
39,361 I 12,222 I 5 1,583 

47fi7 I 1 A R n  ' fi  747 
I-. - (. -. 
CONSTRUCTION INDIRECT COSTS I 10,946 I 268.477 
CONSTRUCTION DIRECT & INDIRECT COSTS I 1 481.500 

, -- -.- . 
149.403 I 417,880 
149,500 I 631,000 , I 

PROJECT MANAGEMENT 
CONSTRUCTION MANAGEMENT 
FIELD S U P P O R T  

DRAFT 
FINAL 

8.00% 50,500 
4.00% 25.200 

I 75 700 

FIGURE K.3-25 - BACKFILL (STOCKPILED SOILS) COMPONENT COST SUMMARY 

ENGINEERING COSTS 

. .  

I 0 ,  

(500,000 YD') 
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- 
K.3.9 GREAT MIAMI AOUIFER GROUNDWATER EXTRACTION 

DOE The Great Miami Aquifer extraction component includes construction, operations and maintenance, and 
postremediation costs (as applicable) for installation of extraction wells, pumps, piping, and groundwater 

... . . .  

g on the cleanup requirements, life cycle costing is provided for pumping at 
There are a total of 28 wells required for the 

io, and 31 wells for the 7500 gpm (3 ppb). Each well requires its own s 
1 building. The tally in each case includes 5 existing wells from the South Plume area. Therefore, a 

re for operating the South Plume wells only. All wells 
gpm case and 70 years for 7500 gpm. 

total of 23 and 26 and 7500 gpm, respectively) new wells will need to be installed. The operations 

K.3.9.1 Kev Assumptions 
Construction 

DOE 1. Construction activities will start in €996 and will be completed in 1999 

2. Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. 

3. Construction cost includes the requirements for drilling wells and the installation of 
materials and equipment, as necessary. 

4. The control building construction costs include site clearing, equipment. and other systems 
installation (Le., electrical, instrumentation, roadways, site preparation). 

5. Additional roadways have been costed for access to well and control building areas. 

6. Construction is assumed to take place in clean areas and hence no radiological factors are 
applied. 

ODerations and Maintenance 
DOE 1. O&M activities for the existing South Plume wells will start in 1995 and continue for 27 or 

75 years. O&M activities for new wells will start in 2000 and will continue for 22 or 70 
years in which groundwater will be pumped and treated at the Great Miami Aquifer 
groundwater treatment facility. 

. 2. It is assumed that all O&M activities will be performed by the Site Operating Contractor 

3. Great Miami Aquifer extraction operations and maintenance labor costs are based on the 
worker requirements 10 man-days per well annually. Worker requirements are distributed 
at 30 percent for operations and 70 percent for maintenance. 
at 24 hours per day; 7 days per week; and 365 days per year with an anticipated demand 
factor of 60 to 80 percent of the total connected load. Energy costs are estimated at 3.5 
cents per kilowatt-hour. Annual maintenance is estimated at 5 percent of the original 
purchase cost for the equipment amortized equally over the 22 or 70 year period. It is 

Electrical costs are calculated 
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gsumed that 30 percent of the Great Miami Aquifer extraction wells and equipment will 
require replacement every 10 years. Replacement costs are estimated at 3 0 ~ p t k e n t  of the 2 

5 total installation cost and they too are distributed uniformly over the 30 or 70 year period. 

Postremediation J 

DOE 1 .  Well abandonment and control buildings demolition activities will start and will tinish in the 5 

year 2023 for the 4000 gpm equipment, and 2070 for 7500 gpm. Each extraction well will 
be plugged in accordance with all regulations. 

6 

7 

2. Demolition rubble will be packaged appropriately and shipped off site for tinal disposal. n 

3. D&D activities and tinal seeding will be performed by a construction contractor. 
will therefore be subject to all contractor markups. 

All costs 9 

10 

K.3.9.2 Great Miami Aauifer Groundwater Extraction Comaonent Cost Curve and Cost Summaries 
Figure K.3-26 provides the cost curve for Great Miami Aquifer groundwater extraction. Figures K.3-27 
and K.3-28 provide the Great Miami Aquifer Groundwater Extraction Component Cost Summaries for 
clean-up to the and 3 ppb, respectively. 

K.3.10 GROUNDWATER AND WASTEWATER TREATMENT 
The groundwater and wastewater treatment component includes construction, operations and maintenance, 
and postremediation costs (as applicable) for carbon adsorption and ion exchange treatment of Great Miami 
Aquifer groundwater, stabilization, packaging and transportation of treatment wastes and spent media, and 
discharge of treated water. In addition, costs are also provided for construction, operations and 
maintenance, and postremediation of the AWWT Slurry Dewatering Facility, periodic sediment removal 
and liner repair of the existing storm water retention basin (SWRB), and operations and maintenance and 
postremediation of the AWWT Phases I and I1 facility. The groundwater treatment cost analysis is based 
on a design of 
period for the 

DOE 

- 

DOE 

and 7500 gpm of tr 
gpm facility will be 

ent capacity depending on clean-up levels. The operating 
ears while the 7500 gpm facility will operate for 70 years. 

K.3.10.1 Kev AssumDtions 
Construction 

1. Construction activities will start in 1997 and be completed in 1999. 

2. Construction activities will be performed by a construction contractor. All costs are 
therefore subject to all construction contractor markups. 
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3. Construction activities for the Great Miami Aquifer Groundwater Treatment System and 30 

31 AWWT Slurry Dewatering Facility will only consist of site clearing and grubbing, as well 
as, the erection of the building and installation of equipment. Portable stabilization units are 
purchased for treating spent media from the groundwater treatment process. 

i: . 
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COMPONENT 
TITLE: GMA EXTRACTION (20 PPB) 
LOCATION: FEMP 
VOLUME: 4,000 GPM 

DATE: 14-Mar-95 
SHEET: 

ESTD. BY: B. NEMADE 
CHKD. BY F. FLOYD 
EST. FILE EXSM4000 

' - 1  
1 

DRAFT 
FINAL 

FIGURE K.3-27 - GREAT MIAMI AQUIFER GROUNDWATER EXTRACTION 
COMPONENT COST SUMMARY (20 PPB) 
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i ! 

1 CODE 
I 

I 
I 

I 
I 

! COMPONENT COST SUMMARY I 

LABOR MATtHl (5TAI_-i 
ITEM DESCRIPTION M/H COST COST AL I >OST I 

PROCESS BUILDING I 
PROCESS ELECTRICAL 9,569 I 192.549 57,293 ; 249,842 3 

PROCESS EQUIPMENT f 

ROADWAYS 3,519 72.400 99,000 I 171 400 ' 
49,218 I 1,024,357 1.501,049 I 2,525,406 ' SITE PREPARATION 

PROCESS INSTRUMENT 740 15,125 I 1,300 I 16,425 i 

COMPONENT 
TITLE: GMA EXTRACTION (3 PPB) 
LOCATl ON : FEMP 
VOLUME: 7,500 GPM 

CONSIXUCTION DIRECT COSTS 
CONTRACTOR SUPERVISION (OFFICE OVERHEAD) 

I SMALL TOOLSICONSUMABLES 
' CONTRACTOR EQUIPMEYT RENTAL 

TEMPORARY FACILITIES 
TEMPORARY FACILITIES (HOOK-UP) 
JOB CLEAN -UP 
CONTRACTOR SAFETY 
HEALTH PHYSICS (RAD CHECK INTERRUPTIONIPROT CLOTHING) 
CERCLA (SITE ACCESSTRAINING) 

I PAYROLL BURDENS & BENEFITS 
I OVERHEAD & PROFIT (GC L SUBCONTRACTORS) 
1 BOND 

CONSIXUCTION INDIRECT COSTS 

SHEET: 1 
DATE: 02-NOV-94 
ESTD. BY: 0. MALOlT 
CHKD. BY F. FLOYD 
EST. FILE COMP11E 
REV.#: 1 

63,046 1,304,431 1,658,642 i 2 . 9 - W T 7 r  
221.753 I 221.753 , I 1 78,266 78,266 , 

836,349 I a36349 ! 
220,024 188.003 I 4 o a o n  
26.647 22,769 I 4 9 4 1 7  

99,900 I 99,900 
78,266 

27,393 50,873 7a 266 

27,393 50,873 
13,697 25,436 39.133 I 

13,697 25,436 I 39,133 ! 

99,500 1 99500 1 

0 0 '  0 

1,386,953 641.057 I 2,028,010 I 

1 CONTAINERSIOPERATING CONTRACTOR PURCHASED EQUIP 
1 PROJECT MANAGEMENT 
1 CONSTRUCTION MANAGEMENT 
1 FIELD SUPPORT 

I ENGINEERING COSTS 
i ARCHITECTURAUENGINEERING SUBCONTRACT 

DRAFT 
FINAL 

1665,390 I 1665.390 
a 00% ; 532.500 
4 00% 199 600 

, 2,397.490 I 

i 499,110 i 
10.00% 1 I 499 110 

FIGURE K.3-28 - GREAT MIAMI AQUIFER GROUNDWATER EXTRACTION 
COMPONENT COST SUMMARY (3 PPB)' 

K-342 
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4. Construction is assumed to take place in a clean area and hence no radiological factors are 
appl ied. 

ODerations and Maintenance 
DOE 1. The Great Miami Aquifer Groundwater Treatment Facility will operate for 22 o r  70 years. 

O&M activities will start in 2000 During the O&M remediation activities. the SWRB will 
be kept in service. Periodic maintenance and repair of the liner and the activities associated 
with the removal of sediments will take place. 

2. The AWWT Phases I and I1 will operate from the year 1995 through 2021. 

3. The AWWT Slurry Dewatering Facility will operate from the years 2000 through 2021. 

4. It is assumed that all plant operations and other activities will be performed by the Site 
Operating Contractor. 

5. Operational labor (process and material handling) costs for the Groundwater Treatment 
Facility are calculated based on the worker requirements of I15 shifts per week. Power 
requirements are calculated for 24 hours per day: 7 days per week; and 365 days per year 

connected load. Electrical energy costs are then estimated at 3.5 cents per kilowatt-hour. 
Other costs for operations include the receival and handling of chemicals. spent media 
disposal, personnel protective clothing, CERCLA training, etc. 

6 .  Maintenance labor costs for the Groundwater Treatment Facility are calculated for 98 shifts 
per week. Added are repair materials and spare part inventory estimated at 5 percent of the 
original purchase cost for the equipment. and is distributed uniformly over the 27 year 
period. 

- of operation. Electrical costs are based on a demand factor of 80 percent of the total 

7.  It is assumed that 40 to 50 percent of the Groundwater Treatment Facility operating 
equipment will require replacement every 25 years. Replacement costs are estimated at 
30 percent of the initial installation cost. The costs are distributed uniformly over the 25 
year period. 

8. Labor costs for operations and maintenance for the AWWT Phases I and I1 and Slurry 
Dewatering System are based on worker requirements of 27 and 3. respectively. 

Postremediation 
1. Postremediation will consist of the demolition and decommissioning of all plant buildings 

and equipment, as well as, the disposal of demolition rubble. It is assumed that 25 percent 
of facility structures and equipment is considered contaminated and will require size 
reduction, wrapping, boxing, and transport to an acceptable disposal facility. The remaining 
75 percent is considered clean and it is assumed these materials can be disposed at a local 
landfill, 
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2. At the completion of soil remedial operations in 2020, the SWRB will be remediated, 
contaminated soils will be removed, and the basin will be backfilled. 

K.3.10.2 Groundwater and Wastewater Treatment Comuonent Cost .Curve and Cost Summaries 
Figure K.3-29 provides the cost curve for groundwater and wastewater treatment. Figures K.3-30 and 
K.3-31 provide the Groundwater and Wastewater Treatment Component Cost Summaries for groundwater 
clean-up to 20 ppb and 3 ppb, respectively. 

K.3.11 CENTRAL STORAGE FACILITY 
The Central Storage Facility will be constructed as a tension support structure (40,000 ft') and will be used 
to temporarily store contaminated soils until final disposal. The cost of a wheel washing facility is also 
included with the purpose of washing the transport vehicle wheels that exit the process area. 

K.3.11.1 Kev Assumutions 

i 

2 

3 

4 -  

5 

6 

Construction 12 

1 .  -Construction activities will start in 1997. It is assumed the construction period for the Central 13 

l4 0 Storage Facility will take approximately 9 months to complete. 

2. Construction activities will be performed by a construction contractor. All -costs are therefore I S  

16 subject to all construction contractor markups. 

3. Construction is assumed to take place in a clean area and hence no radiological factors are 17 

applied. 18 

Ouerations and Maintenance 
1. O&M activities will commence in 1998 and will continue for 22 years, into 2019. 

19 

zo 

2. It is assumed that all O&M activities will be performed by the Site Operating Contractor. 21 

K.3.11.2 Central Storage Facility Cost Summaw 22 

Figure K.3-32 provides the Central Storage Facility Cost Summary. 23 
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FIGURE K.3-30 - GROUNDWATER AND WASTEWATER TREATMENT 
COMPONENT COST SUMMARY (20 PPB) 
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COMPONENT COST SUMMARY 

COMPONENT SHEET: 1 
TITLE: GROUNDWATER & WASIEWATER TREATMENT DATE: 1 4- Mar- 95 
LOCATION: FEMP ESTD.BY J.ADAMS . 
VOLUME: 7500 GPM CHKD. BY B.NEMADE 

EST. FILE COMPl3GS1 
REV. #: 2 

CONSTRUCTION INDIRECT COSTS 5,125.535 2.442.594 7.568.1 29 
CONSTRUCTION DIRECT & INDIRECT COSTS 9,330.400 9,308,300 18,638,700 
SAMPLING1 WASTE CHARACTERIZATION 1,578,500 1,578,500 
CONTAINERSIOPERATING CONTRACTOR PURCHASED EQUIP .10,563,200 10,563,200 
PROJECT MANAGEMENT 8.00% 2,462,400 
CONSTRUCTION MANAGEMENT 4.00% 745,500 

ARCHITECTURALIENGINEERING SUBCONTRACT 10.00% 1 1- 1,863,870 
EN G LNEERl N G COSTS 1,863,870 
SALESTAX 1,141,092 
SUB-TOTAL CONSTRUCTION COSTS 36,993,262 
SUB-TOTAL REMEDIATION O&M COSTS 483,219,856 
SUn-TOTAL POST-REMEDIATION O&M COSTS 18,989,500 

TOTAL COSTS (CONSTRUCTION, REMEDIATION O&M, POST-REMEDIATION O&M) 539,202,618 
RISK BUDGET I 20.0% 107,840,524 
CONTINGENCY 1 24.2% 130,487,034 

~~ 

FIELD suw0R-r ----753~m-- 

6 00% OF FIELD MATERIAL AND OPER. CONTRACTOR PURCHASED EQUIP 

TOTAL PROJECT COST I 777.530.200 

DRAFT 
FINAL 

FIGURE K.3-31 - GROUNDWATER AND WASTEWATER TREATMENT 
COMPONENT COST SUMMARY (3 PPB) 
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COMPONENT COST SUMMARY 

COMPONENT 
TITLE: CENTRAL STORAGE FACILITY 
LOCATION : FEMP 

SHEET: 1 
DATE: 01 -NOV-94 
ESTD. BY B.NEMADE 
CHKD. BY F.FLOYD 
EST. FILE PO2OCSFS 
REV. #: 1 

MA E-RIAL I - T O T  
CODE ITEM DESCRIPTION M/H " " " 1 0 S T  COST ! COST 

658.774 
908.324 I 1,278,427 

!WHEEL WASH F.4CILITY 2,721 65,185 I 138,239 I 203,424 

SITE WORKS 10,458 251,060 I 407.714 I 
CEKIRAL STORAGE FACILITY 16.040 370.103 1 __ 

CONSTRUCTION DIRECT COSTS 29,219 686,348 1 , 4 5 4 , 2 7 7 7 3 4 0 , 6 2 5 -  
COKIRACTOR SUPERVISION (OFFICE OVERHErUl) 116,679 ! 116.679 I 

SMALL TOOLS/CONSUMABLES 41,181 I 41,181 
CONTRACTOR EQUIPMENT RENTU 102.267 a 102.267 
TEMPORARY F.4CILITIES I 12.413 26.768 1 41.181 , 
TEMPORARY FACILITIES (HOOK- UP) 7,207 1 13.384 20,590 
JOB CLE...W-UP 14.413 I 26.768 I 4i.181 

HFL4LTI-I PHYSICS (RAD. CHECK INTERRUPTIONIPROT. CLOTHING) 102.952 1 102.952 
28.000 CERCLA (SITE ACCESS TRAINING) ! 28.000 ' 

PAYROLL BURDENS & BENEFITS 508.154 1 508.154 
OVERHEAD & PROFIT (GC & SUBCONTRACTORS) 1 133,684 I 151.022 284.706 
BOND 16,191 I 18.290 , 34.481 
CONSTRUCTION INDIRECT COSTS I 948,899 393,063 I 1,341.963 
CONSTRUCTION DIRECT & INDIRECT COSTS I 1,635,200 1,847,300 I 3.482.600 

158,000 CONTAINERS/OP~TING CONTRACTOR PURCHASED EQUIP. 158,000 I 

PROJECT MANAGEMENT I 8.00% 1 291,200 
139,300 CONSTRUCIION MANAGEMENT 4 00% 

FIELD SUPPORT i 588,500 
10.00% I 1 348 260 ARCHITECIURNXNGINEERING S U B C O N T U f l  

ENGINEERING COSTS , 348,260 

CONTRACTOR S A F E R  7,207 i 13.384 ' 20 590 

I 
- 

SALESTAX 6.00% OFFIELD MATERIAL AND OPER. COKITWCTOR PLIRCASED EQUIP 1 110 200 

FIGURE K.3-32 - CENTRAL STORAGE FACILITY COST SUMMARY 
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K.4.0 ALTERNATIVE COST ESTIMATES 1 

This section provides the remedial alternative cost summaries and life-cycle cost breakdowns generated for 
each remedial alternative case. 

K.4.1 ALTERNATIVE COST SUMMARIES 
Using the costs developed from the component cost estimates established for the 1.5 and 2.0 million cubic 
yard volumes, alternative costs were determined through mathematical interpolation or extrapolation for 
each component’s construction, O&M, postremediation, present worth, and escalated costs. 

Construction, O&M, and postremediation total costs were adjusted for each component to include the risk 
budget and contingency. Annual cash flows at the component level were also adjusted to include the 
affects of risk budget and contingency. The Present Worth Analysis was then developed using the Real 
Discount Rate of 2.8 percent on the adjusted annual cash flows. Net Present Worth costs for each 
component are then summarized to provide the total Net Present Worth costs for each alternative. Total 
escalated costs are based on using a rate of 3.7 percent compounded annually as noted in Section K. 1.1.6. 
and are shown as a one line entry for each alternative. 

Life cycle costs are presented for each alternative. An attempt was made to spread the extrapolated dollar 
amounts based on the specified planning periods for each component. Please note thatactual Net Present 
Worth costs were not determined from the Alternative Cost Summaries Life Cycle costs, since the 
distribution of costs may not be as accurately portrayed as they were at the component level. 

The following sections provide the cost summaries and life-cycle cost tables for each remedial alternative 
and its associated cases. 

K.4.1.1 Alternative 1 Cost Summaries and Life-Cvcle Costs 
Figures K.4-1 and K.4-2 provide the cost summaries for Alternative 1, Cases 1 and 2, respectively. Tables 
K.4-1 and K.4-2 provide the life-cycle costs for Alternative 1, Cases 1 and 2, respectively. 

K.4.1.2 Alternative 2A Cost Summaries and Life-Cycle Costs 
Figures K.4-3 and K.4-4 provide the cost summaries for Alternative 2A, Cases 1 and 2, respectively. 
Tables K.4-3 and K.4-4 provide the life-cycle costs for Alternative 2A, Cases 1 and 2, respectively. 

K.4.1.3 Alternative 2C Cost Summaries and Life-Cycle Costs 
Figure K.4-5 provides the cost summary for Alternative 2C, Case 2. Table K.4-5 provides the life-cycle 
costs for Alternative 2C, Case 2. The Cost Summary and life-cycle costs for Alternative 2C, Case 1, are 
identical to Alternative 1, Case 1. 
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A L T E R N A T I V E  C O S T  S U M M A R Y  

ALTERNATIVE:  1 SHEET:  1 

C A S E  N O .  1 E S T D .  B Y :  EST. OEPl 
L O C A T I O N :  FEMP D A T E :  15-  M a r -  95 

CHKD. B Y :  F. FLOYC 

N o t e :  Al l  c o s t s  i n c l u d e s  Risk B u d g e t  a n d  C o n t i n g e n c y  

DRAFT 
FINAL 

FIGURE K.4-1- ALTERNATIVE 1, CASE 1, COST SUMMARY 
K 4 2  
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A L T E R N A T I V E  C O S T  S U M M A R Y  

k L T E R N A T I V E :  1 

L O C A T I O N :  FEMP 

C A S E  N O .  2 

S H E E T :  1 

D A T E :  14 - Mar-  95 

EST. D E P l  ESTD.  ay:  

C H K D .  B Y :  F.  FLOYC 
E S T .  FILE: ALTl  C: 

147.712.800 i48.43o.aoo 105.847.4OC 

OMA E X I R A C l l O N ( 4 ~ O P M )  10.431.800 1 1.878.700 

24. iaa.700 

E N V I R O N M E N T A L  M O N I l U R I N O  72 000 000 

Yore:  All  coats  i n s l u d e a  R i r k  B u d g e t  a n d  C o n t i n g e n c y  

DRAFT 
FINAL 

. . .  

FIGURE K.4-2 - ALTERNATIVE 1,  CASE 2, COST SUMMARY 
K-4-3 
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TABLE K.4-1 
ALTERNATIVE 1, CASE 1, LIFECYCLE COSTS 

1994 
1995 
1996 
1997 
1998 
1999 
Uxr) 
2001 
m 
2003 
2004 
ux)S 
2006 
2007 
2x08 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2oZo 

w2.2 
zou 
2oL4 
M25 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
,2062 
2063 
2064 
2065 
2066 
2067 
to68 
2069 
m 

zozr 

9.627.m 
74.742900 
73.154800 
20.490100 
52.664.700 

52.664.700 

52,664,700 

52,664,700 

52,664,700 

52.664.700 

52.664.700 

52,664,700 

52,664,700 

52.664;100 

3.042.- 
3.042.400 
3.042.400 

222,751J00 
222,751300 
232,829300 
232,829300 
232,mm 
232.829300 
232.829300 
23.,829300 
232.829300 
243.949600 
232.829300 
232.829300 
m.829300 
232.829300 
232.829200 
232.829300 
232.829300 
232,829300 
232.829300 
232.829300 
243.949600 
232.829300 
10.427600 
10.427600 
10,427600 
10.427600 
10,427600 
10.427600 
10.427600 
10.427600 
21.547900 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 
21.547900 
10.427600 . 
10,427600 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 
21.547900 
10.427600 
10.427600 
10.427600 
10,427600 
10,427600 
10.427600 
10.427600 
10.427600 
10.427600 
21.547900 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 
10,427600 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 

~ 1 . 3 7 7 ~ 0 0  

26.870100 

1.950.4)o 

3.042.400 
12.670200 

295.905900 
243241200 
285.494poO 
232,829300 
285.494poO 
232.829200 
285.494m 
232.829300 
ZE5.494poO 
243.949600 
285.494poO 
232.829300 
285.4941X)O 
232.829300 
285.494poO 
232.829300 
285.494poO 
232.829300 
285.4941xx) 
232.829300 
2%.614300 
232.829300 
48,804,700 
10.427600 
37.297.700. 
10.427600 
10.427600 
10.427600 
10.427600 
10.427600 
21,547900 
10.427600 
10.427600 
10,427600 
10,427600 
10.427600 
10,427600 
10.427600 
10.427600 
10.427600 
21.547900 
10.427600 
10.427600 
10.427600 
10.427600 
10,427600 
10.427600 
10,427600 
10.427600 
10.427600 
21.547900 
10.427600 
10.427600 
10,427600 
10,427600 
10,427600 
10,427600 
10,427600 
10.427600 
10,427600 
21.547900 
10.427600 
10.427600 
10,427600 
10.427600 
10.427600 
10,427600 
10,427600 
10.427600 
10.427600 
10.427600 
10.427600 
1.950.4M 

77.785300 
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TABLE K.4-2 
ALTERNATIVE 1, CASE 2, LIFECYCLE COSTS 

L I F e - c Y C L E  COST FOR ALTERNATIVE 1-2 

(CONSTANT) 

Year (DOLLARS) 

1994 

1995 7.345.800 7.345.800 
1996 2.564.300 7.345.800 9.910.100 
1997 42.105.100 7.345.800 49.450.900 
1998 16.306.100 63.898.000 80.204.100 
1999 15.568.600 63.898.000 79.466.600 
2000 15.118.300 66.972.100 82,090.400 
2001 66.972.100 66,972.100 
2002 15.118.300 71.184.600 86.302.900 
2003 66.972.100 66,972,100 
2004 15.118.300 66.972.100 82.090.400 
2005 67.013.500 67.013.500 
2006 15.118.300 69.495.000 84.613.300 
2007 67.013.500 67,013,500 
2008 15.118.300 67.013.500 82.131.800 
2009 67,013.500 67.013.500 

82.213.200 2010 15.1 18.300 67.094.900 
2011 71.307.400 71,307,400 
2012 15,118.300 67,094.900 82.213.200 
2013 67,094,900 67.094.900 
2014 15,118.300 69.576.400 84.694.700 

64.577.000 2015 64.577.000 
20r6 15,118.300 64.577.000 79.695.300 

64.577.000 2017 64.577.000 
2018 15.118.300 64.577.000 79.695.300 
2019 64.577.000 64.577.000 
2020 280.700 11.995.100 12,275.800 
2021 280,700 280.700 
2022 23.320.800 23.320.800 

PPPPPP/=PPPPPPPPPP=P_Dp=PPPP=PPP~P=P3D==lPi===========P==P~====,P========P=P=========:================= 

S1.755.113,300 TOTALS $227,727,100 fl,492,070.300 $35,315,900 .......... ............................................................................................................................................................. 

---------------------.--------------------------------------------------------------------------------.-------------------- 
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A L T E R N A T I V E  C O S T  S U M M A R Y  

ALTERNATIVE:  2A 

L O C A T I O N :  FEMP 
C A S E  N O .  1 

S H E E T :  1 

D A T E :  15-  Mar-  9: 

E S T D .  B Y :  EST. DEP' 

C H K D .  B Y :  F .  F L O Y [  
E S T .  F ILE:  A L T2'A C 

Note: All  coats includes Riak  B u d g e t  and C o n t i n g e n c y  

- 
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FIGURE K.4-3 - ALTERNATIVE 2A, CASE 1, COST SUMMARY 
K-4-6 



A L T E R N A T I V E  C O S T  S U M M A R Y  

4LTERNATIVE:  2 A  

- 0 C A T I O N :  FEMP 

Z A S E  NO.  2 

S H E E T :  1 

D A T E :  14  - Mar-  9 5  

EST. OEPl  E S T D .  B Y :  
F .  F L O Y C  C H K D .  B Y :  
ALTPAC; E S T .  FILE: 

voce: Al l  costs includes R i s k  Budget  and  Contingency 
- .. 

DRAFT 
FINAL 

FIGURE K.4-4 - ALTERNATIVE 2A, CASE 2, COST SUMMARY 
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. L  TABLE K.4-3 
ALTERNATIVE 2A, CASE 1, LIFE-CYCLE COSTS 

LIFE-CYCLE COST FOR ALTERNATIVE ?.A-1 
(Combined Costs) IS-Mar-95 

CONSTRUCTION REMEDIAL POST- REMEDIAL TOTAL 
OPERATIONS 8 MAINTENANCE OPERATIONS & MAINTENANCE ANNUAL 

COST 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
LO55 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 
2064 
2065 DRAFT 

FINAL 

21.234.600 
133.739.000 
183.822.500 
21.239.000 

162.583.500 

162.583.500 

162.583.500 

162.583.500 

162.583.500 

162.583.500 

162,583.500 

162.583.500 

162.5 83.500 

162.5 83,500 

5,086.100 
5,086.100 
5,086.100 

34.921.500 
34.921.m 
45.682.100 
45.682.100 
45.682.100 
45.682.100 
45.682.100 
45.682.100 
45.682.100 
56.802.400 
45.682.100 
45.682.100 
45.682.100 
45.682.100 
45,682,100 
45.682.100 
45.682.100 
45.682.100 
45.682.100 
45.682.100 
56.802.400 
45.682.100 

8,048.000 
8.048.000 
8,048,000 
8.048.000 
8.048.000 
8.048.000 
8.048.000 
8.048.000 

19.168.300 
8.048.000 
8.048.000 
8.048.000 
8.048.000 
8.048,000 
8,048,000 
8.048.000 
8.048.000 
8.048.000 

19.168.300 
8.048.000 
8.048.000 
8.048.000 
8.048.000 
8.048,W 
8.048.000 
8.048.000 
8.048.000 
8.048.000 

19.168.300 
8.048.000 
8.048.000 
8,048.000 
8.048.000 
8.048.000 
8.048.000 
8.048.000 
8.048.000 
8.048.000 

19.168.300 
8,048,000 
8.048.000 
8,048,000 
8.048.000 
8.048.000 
8.048.000 
8.048.000 

K48 

6.003.900 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2,258,000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2,258,000 
2,258,000 
2.258.000 
2.258.000 
2.258.000 
2,258.000 
2.258.000 
2.258,000 
2.258.000 
2.258.000 
2,258,000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2,258,000 
2.258.000 
2,258,000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 
2.258.000 

5.086.100 
26.320.700 

138.825.100 
218.744.000 

56.160.500 
208.265.600 
45.682.100 

208.265.600 
45.682.100 

208.265.600 
45.682.100 

208.265.600 
56.802.400 

208.265.600 
45.682.100 

208.265.600 
45.682.100 

208.265.600 
45,682.100 

208.265.600 
45.682.100 

208265.600 
45.682.100 

119.385.900 
45.682.100 
14.051.900 
10,306,000 
10.306.000 
10.306.000 
10.306.000 
10.306.000 
10.306.000 
10.306.000 
21.426.300 
10.306.000 
10,306.000 
10.306.000 
10.306.000 
10.306.000 
10.306.000 
10.306.000 
10.306.000 
10.306.000 
21.426.300 
10.306.000 
10,306.000 
10.306.000 
10.306.000 
10,306,000 
10.306.000 
10.306.000 
10.306.000 
10.306.000 
21.426.300 
10,306,000 
10,306.000 
10.306.000 
10,306.000 
10.306.000 
10.306.000 
10.306.000 
10.306.000 

' 10,306,000 
21.426.300 
10.306.000 
10,306.000 
10.306.000 
10.306.000 
10,306,000 
10.306.000 



TABLE K.4-3 (Continued) 

LIF’E-CYCLE COST FOR ALTERNATIVEZA-1 
(Combined Costs) 

(CONSTANT) 
Year (DOLLARS) 

2066 8.048.000 2258.000 10.306.000 
2067 8.048.000 2.258.000 10.306.000 
2068 8.048.000 2.258.000 10.306.000 
2069 8.048.000 2,258.000 10.306.000 

2071 2,258.000 2.258.000 

2073 2.258.000 2,258.000 
2074 2.258.000 2.258.000 
2075 2.258.000 2258.000 
2076 2.258.000 2.258.000 
2077 2.258.000 2.258.000 
2078 2.258.000 2.258.000 
2079 2.258.000 2.258.000 
2080 2.258.000 2256.000 
2081 2.258.000 2,258,000 
2082 2.258.000 2.258.000 
2083 2.258.000 2.258.000 
2084 2,258.000 2.258.000 
2085 2.258.000 2.258.000 
2086 2,258.000 2.258.000 
2087 2,258,000 2.258.000 
2088 2.258.000 2.258.000 
2089 2.258.000 2,258.000 
2090 2.258.000 2.258.000 
2091 2.258.000 2.258.000 

2093 2.258.000 2.258.000 
2094 2.258.000 2.258.000 
2095 2.258.000 2.258.000 
2096 2.258.000 2.258.000 
2097 2.258.000 2.258.000 
2098 2,258,000 2.258.000 
2099 2.258.000 2.258.000 
2100 2,258.000 2.258.000 
2101 2.258.000 2.258.000 
2102 2.258.000 2.258,000 
2103 2,258,000 2.258.000 
2104 2.258.000 2.258.000 

2106 2.258.000 2.258.000 
2107 2258.000 2.258.000 
2108 2.258.000 2,258,000 
2109 2.258.000 2.258.000 
2110 2.258.000 2.258.000 
2111 2.258.000 2.258.000 
2112 2.258.000 2.258.000 
2113 2.258.000 2.258.000 
2114 2.258.000 2.258.000 
2115 2.258.000 2,258,000 

2117 2,258,000 2.258.000 
2118 2.258.OOo 2.258.000 

S3.712.815.900 

-------Y-----------------------------.--------_______.____________-----------------------.-.---------------___________---. 

2070 34.050.800 34,050.800 

2072 2,258.000 2,258,000 

2092 2.258.000 2,258.000 

2105 2.258.000 2,258,000 

2116 2,258.000 2.258.ooo 

PPPPPPPPPPPPPPPPP1-IPPP=IPP3=PPPPPPPP===PPPPIPPPf===PP=PPPPPPPPPPPPOPPPPP:IPP===5=======PP====P===l 

TOTALS S1.985.870.100 S1.467.865.100 S259.080.700 .........................................................................*........*...................*...................*......................*.................* 

DRAFT 
FINAL 
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TABLE K.4-4 
ALTERNATIVE 2A, CASE 2, LIFECYCLE COSTS 

L I F E - C Y C L E  C O S T  F O R  A L T E R N A T I V E  2A-2 
(Combined Costs) 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
z o n  
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 a 2060 
2061 
2062 
2063 
2064. 

DRAFT 2065 

FINAL 

2.414.800 
45.760.300 
46.021.900 

46.021.900 

46.021.900 

46.021.900 

46.021.900 

46.021.900 

46.021.900 

46.021.900 

46.021.900 

46.021.900 

46.021.900 

2.437.800 
2.437.800 
3.936.300 
9.422.100 
9.422.100 

18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.20 7.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
18.207.000 
12.647.100 
12.647.100 

4627,600 
575.300 

23.896.100 
575.300 
575,300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575,300 
575.300 
575.300 
575.300 
575.300 
575.300 
575,300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575,300 
575,300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 

2.437.800 
4.852.600 

49.696.600 
55.444.000 
9.422.100 

64.228.900 
18.207.000 
64.228.900 
18.207.000 
64.228.900 
18.207.000 
64.228.900 
18.207.000 
64,228.900 
18.207.000 
64.228.900 
18.207.000 
64.228.900 
18.207.000 
64.228.900 
18.207.000 
64,228,900 
18.207.000 
64.228.900 
18.207.000 
17.274.700 
13222.400 
23.896.100 

575.300 
575.300 
575,300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575,300 
575.300 
575.300 
575.300 
575.300 
575,300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575,300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 
575.300 



TABLE K.4-4 (Continued) 

(WNSTANT) 

Year (DOLLAR) ---__-_-_----------------------------.---------------.-----------.------------------------.-.-----------------------------. 
2066 575.300 575.300 
2067 575.300 575.300 
2068 575.300 575.300 
2069 575.300 575.300 
2070 575.300 575.300 
2071 . 575.300 575.300 
2072 575.300 575.300 
2073 575.300 575,300 
2074 575.300 575.300 
2075 575,300 575.300 
2076 575.300 575.300 
2077 575.300 575.300 
2078 575.300 575,300 
2079 575.300 575.300 
2080 575.300 575.300 
2081 575.300 575.300 
2082 575.300 575.300 
2083 575.300 575.300 

2085 575.300 575.300 
2086 575.300 575.300 
2087 575.300 575.300 
2088 575.300 575.300 
2089 575.300 575.300 
2090 575.300 575.300 
2091 575.300 575.300 

2084 575.300 575.300 

2092 575.300 575.300 
2093 575.300 575.300 
2094 575.300 575.300 
2095 575.300 575.300 

2097 575.300 575.300 

2100 575.300 575.300 
2101 575.300 575.300 

2103 575.300 575.300 

2106 575.300 575.300 
2107 575.300 575,300 
2108 575.300 575.300 
2109 575.300 575.300 
2110 575.300 575.300 
2111 575.300 575.300 
2112 575.300 575.300 
2113 575.300 575.300 
2114 575.300 575.300 
2115 575,300 575.300 
2116 575.300 575.300 
2117 575.300 575.300 
2118 575.300 575.300 

2096 575.300 575.300 

2098 575.300 575.300 
2099 575,300 575.300 

2102 575.300 575.300 

2104 575,300 575.300 
2105 575.300 575.300 

PPPPPPPPPPPPPPPPPiPPPPP=PPPP==IP===PPPP=PPP1===P====P,P==P=====PP=PPP===PI=====I============PPPP==: 

TOTALS S554.416,000 S417.090.300 S84.327.800 ..................................................................................................................................................................... S1.055.834.100 

DRAFT 
FINAL 
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A L T E R N A T I V E  C O S T  S U M M A R Y  

A L T E R N A T I V E :  ZC 
L O C A T I O N :  F E M P  

C A S E  N O .  . 2 

S H E E T :  1 

D A T E :  1 4  - Mar-  e! 
E S T D .  B Y :  EST. OEP'  

C H K D .  B Y :  F. FLOYI 

E S T .  F ILE:  ALTPCC: 

Note :  All  c o a t s  i n c l u d e s  Risk B u d g e t  a n d  Contingency 

DRAFT 
-INAL 

FIGURE K.4-5 - ALTERNATIVE 2C, CASE 2, COST SUMMARY 
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TABLE K.4-5 
ALTERNATIVE 2C, CASE 2, LIFECYCLE COSTS 

LIFE-CYCLE COST FOR ALTERNATIVE2C-2 
(Combined Cous) ' 16--Mar-95 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
200s 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
Z O H  
2018 
2019 

. 2020 
2021 
2022 
2023 
2024 
202s 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 
2064 

DRAFT 

3,449.400 
58.706.500 
23.157.000 

23.157.000 

23.157.000 

23.157.000 

23.157.000 

23.157.000 

23,157,000 

23.157.000 

23.157.000 

23.157.000 

23.157.000 

FINAL 

2.437.800 
2.437.800 
3.939.200 

38.614.400 
38.614.400 
41.087.000 
41.087.000 
41.087.000 
41.087.000 
41.087,000 
41.087.000 
41.087.000 
41.087.000 
41.087.000 
41.087.000 
41.087.000 
41.087.000 
41.087.000 
41.087.000 
4 1.087.000 
41.087,000 
41.087.000 
41.087.000 
41.087.000 
41.087.000 
12.647.100 
12.647.100 

K-4-13 . 

9.434.000 
389.100 

23.710.540 
389.100 
389.100 
389.100 
389,100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.1 00 
389.100 
389.100 
389.100 
389.100 
389.100 
389,100 
389,100 

' 389.100 
389.100 
389,100 
389.100 
389.100 
389.100 
389.100 
389.100 
389,100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 

2.437.800 
5,881,200 

62.645.700 
61.771.400 
38,614.400 
64.244.000 
41.087.000 
64.244.000 
41.087.000 
64.244.000 
41.087.000 
64.244.000 
41.087.000 
64.244.000 
41.087.000 
64.244.000 
41.087.000 
64.244.000 
41.087.000 
64.244.000 
41.087.000 
64.244.000 
41.087.000 
64,244.000 
41.087.000 
22.081.100 
13,036,200 
23.710.540 

389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389,100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 

' 389,100 
389.100 

.389.100 
389,100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 
389.100 . . . 
389.100 
389.100 
389.100 
389.100 
389,100 
389.100 
389.100 



TABLE K.4-5 (Continued) 

L I F E - C Y C L E  C O S T  FOR ALTERNATIVE ZC-2 
(Combined Costs) 16-Mar-91 

(CONSTANT) 

Year (DOLLAR) 

2066 389.100 389.100 
2067 389.100 389.100 
2068 389.100 389.100 
2069 389.100 389.100 
2070 389.100 389.100 
2071 389.100 389.100 
2072 389.100 389.100 
2073 389.100 389.100 
2074 389.100 389.100 
2075 389.100 389.100 
2076 389.100 389.100 
2077 389.100 389.100 
2078 389.100 389.100 
2079 389.100 389.100 
2060 389.100 389.100 
2081 389.100 389.100 
2082 389.100 389,100 
2083 389.100 389.100 
2084 389.100 389.100 
2085 389.100 389.100 
2086 389,100 389.100 
2087 389.100 389.100 
2088 389.100 389.100 
2089 389. 100 389.100 
2090 389.100 389.100 

_______-_____________________________I__-----------------------.------------------------.-.-----------------------------. 

2091 
2092 
2093 
2094 389.100 . 389.100 
2095 389.100 389.100 
2096 389.100 389.100 
2097 389.100 389.100 
2098 389.100 389.100 
2099 389.100 389.100 
2100 389,100 389.100 
2101 389.100 389.100 
2102 389.100 389.100 
2103 389.1 00 389.100 
2104 389.100 389.100 
2105 389,100 389.100 
2106 389.100 389.100 
2107 389.100 389.100 
2108 389,100 389,100 
2109 389.100 389.100 
2110 389.100 389.100 
2111 389.100 389.100 
2112 389.100 389.100 
2113 389.100 389.100 
2114 389.100 389.100 
2115 389.100 389.100 
2116 389.100 389,100 
2117 389.100 389.100 
2118 389.100 389.100 

11,320.847.700 
=================Iaan==pp======:======n=====*========a:a*a=========P=PP=n=I===P====ii===iP====n=ilil=: 

TOTALS S316.882.900 1933.077.8 00 f70.887.000 ............................ ....................................................................................................................................... 

389.1 00 
389.100 
389.100 a 389.100 

389.100 
389.100 

DRAFT 
FINAL 
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K.4.1.4 Alternative 3A Cost Summaries and Life-Cycle Costs 0 March 22. 1995 

i 

Figures K.4-6, K.4-7, K.4-8, K.4-9 and K.4-10 provide the cost summaries for Alternative 3A, Cases 
3 through 7, respectively. Tables K.4-6, K.4-7, K.4-8, K.4-9 and K.4-10 provide the life-cycle costs 
for Alternative 3A, Cases 3 through 7, respectively. 

2 

3 

4 

K.4.1.5 Alternative 3C Cost Summaries and Life-Cycle Costs 
Figures K.4-11, K.4-12, K.4-13, K.4-14 and K.4-15 provide the cost summaries for Alternative 3C, 
Cases 3 through 7, respectively. Tables K.4-11, K.4-12, K.4-13, K.4-14 and K.4-15 provide the life- 
cycle costs for Alternative 3C, Cases 3 through 7, respectively. 

K.4.1.6 Alternative 4A Cost Summaries and Life-Cycle Costs 
Figures K.4-16 and K.4-17 provide the cost summaries for Alternative 4A, Cases 8 and 9, 
respectively. Tables K.4-16 and K.4-17 provide the life-cycle costs for Alternative 4A, Cases 8 and 
9, respectively. 

K.4.1.7 Alternative 4C Cost Summaries and Life-Cvcle Costs 
FiguresX.4-18 and K.4-19 provide the cost summaries for Alternative 4C, Cases 8 and 9, 
respectively. Tables K.4-18 and K.4-19 provide the life-cycle costs for Alternative 4C, Cases 8 and 0 9, respectively. 

5 

6 

7 

8 -  
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A L T E R N A T I V E  C O S T  S U M M A R Y  

ALTERNATIVE:  3 A  S H E E T :  1 
L O C A T I O N :  F E M P  

C A S E  N O .  

N o t e :  All costs  include 

DRAFT 
FINAL 

FIGURE K.4-6 - ALTERNATIVE 3A, CASE 3, COST SUMMARY 

K416 0631052 



A L T E R N A T I V E  C O S T  S U M M A R Y  

4LTERNATIVE: 3A 
- 0 C A T I O N :  FEMP 

SASE N O .  4 

S H E E T :  1 

DATE:  1 4 -  M e r - 9 5  

EST. DEPl  E S T D .  B Y :  

C H K D .  B Y :  F. FLOYC 

E S T .  FILE: ALT3ACd 

Vote: Al l  costa includer Rirk B u d g e t  and C o n t i n g e n c y  
_ .  

DRAFT 
FINAL 

FIGURE K.4-7 - ALTERNATIVE 3A, CASE 4, COST SUMMARY 
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4LTERNATIVE:  3A 

- 0 C A T I O N :  FEMP 

: A S €  NO. 5 

A L T E R N A T I V E  C O S T  S U M M A R Y  

S H E E T :  1 

D A T E :  1 4  - M a r - 9 5  

EST. O E P l  E S T O .  B Y :  

C H K O .  B Y :  F.  FLOYC 
ALTSAC! E S T .  FILE: 

R E V  t :  2 -  

T O T A L  C O S T S  ( A L T E R N A T I V E  3 A  - 5 )  447.844.100 368,578,300 74.1 5 2 , 7 0 0  880.573.1  00 807.502.800 

T O T A L  E S C A L A T E D  C O S T  2.1 75 .284.800 

Vote: All cosl i  includes R i s k  B u d g e t  a n d  Conlingcncy 
- .  

DRAFT 
FINAL 

FIGURE K.4-8 - ALTERNATIVE 3A, CASE 5,  COST SUMMARY 
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DRAFT 
FINAL 

A L T E R N A T I V E  C O S T  S U M M A R Y  

ALTERNATIVE: 3 A  

LOCATION:  FEMP 

CASE N O .  e 

SHEET:  1 

DATE:  14  - M a r -  9 5  

EST. DEPT E S T D .  B Y :  

C H K D .  B Y :  F. FLOYC 

E S T .  FILE: A L T 3 A C e 

Note: Al l  c o s t s  i n c l u d e s  R i s k  B u d g e t  a n d  C o n t i n g e n c y  

. .  

FIGURE K.4-9 - ALTERNATIVE 3A, CASE 6, COST SUMMARY 
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A L T E R N A T I V E  C O S T  S U M M A R Y  

4LTERNATIVE:  3A 
- 0 C A T I O N :  FEMP 

ZASE NO. '  7 

S H E E T :  1 

D A T E :  1 4  - Mar- 9 5  

E S T D .  BY:  E S T .  D E P l  
C H K D .  B Y :  F.  FLOYC 
E S T .  F ILE:  ALTSACl 

DRAFT 
FINAL 

FIGURE K.4-10 - ALTERNATIVE 3A, CASE 7, COST SlJMMARsY 
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1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
zooz 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
201-7 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 
2064 

DRAFT 
FINAL 

TABLE K.44 
ALTERNATIVE 3A, CASE 3, LIF'E-CYCLE COSTS 

LIFE-CYCLE COST FOR ALTERNATIVE 3A-3 
(Combined Costs) 16-Mar-95 

5.487.500 
61.123.100 
41.375.100 

41.375.100 

41.375.100 

41.375.100 

41.375.100 

41.375.100 

41.375.100 

41.375.100 

41,375,100 

41.375.100 

41.375.100 

2.437.800 
2.437.800 
3.937.300 
9.928.700 
9.928.700 

15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
15.632.800 
12.689.800 
12.689.800 
12.689.800 
12.689.800 
12,689.800 

K42 1 

4.510.600 
568.200 
568.200 
568.200 
568.200 

23,889,000 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568,200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 

2.437.800 
7.925.300 

65.060.400 
51.303.800 
9.928.700 

57.007.900 
15.632.800 
57.007.900 
15.632.800 
57.007.900 
15.632.800 
57.007.900 
15.632.800 
57.007.900 
15.632.800 
57.007.900 
15.632.800 
57.007.900 
15.632.800 
57.007.900 
15.632.800 
57.007.900 
15.632.800 
57.007.900 
15.632.800 
17.200.400 
13.25 8,000 
13.258.000 
13.258.000 
13.258.000 
23.889.000 

568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568,200 
568,200 
568.200 
568.200 
568,200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568.200 
568,200 
568,200 
568,200 
568.200 
568.200 
568.200 
568.200 
568.200 
568,200 
568.200 
568,200 . . 
568,200 
568,200 
568,200 
568.200 
568.200 
568.200 
568.200 



TABLE K.4-6 (Continued) 

L I F E - C Y C L E  C O S T  FOR A L T E R N A T I V E  3A-3 
(Combined COSIJ) 16-Mar-95 

(CONSTANT) 

(DOLLAR) 

2066 568.200 568,200 
2067 568.200 568.200 
2068 568.200 568.200 
2069 568.200 568.200 
2070 568.200 568.200 
2071 568.200 568.200 
2072 568.200 568.200 
2073 568.200 568.200 
2074 568.200 568.200 
2075 568.200 568.200 
2076 568.200 568.200 
2077 568.200 568,200 
2078 568.200 568.200 
2079 568.200 568.200 
2080 568.200 568.200 
2081 568.200 568.200 
2082 568.200 568.200 
2083 568.200 568.200 
2084 568.200 568.200 
2085 568.200 568.200 
2086 568.200 568.200 
2087 568.200 568.200 
2088 568.200 568.200 
2089 568.200 568.200 
2090 568,200 568,200 
2091 568.200 568.200 
2092 568.200 568.200 

2094 568.200 568.200 
2095 568.200 568.200 
2096 568.200 568.200 
2097 568.200 568.200 
2098 568.200 568.200 
2099 568.200 568.200 
2100 568,200 568.200 
2101 568.200 568.200 
2102 568.200 568,200 
2103 568.200 568.200 
2104 568.200 568,200 
2105 568.200 568.200 
2106 568.200 568,200 
2107 568.200 568.200 
2108 568.200 568.200 
2109 568.200 568.200 
2110 568.200 568.200 
2111 568,200 568.200 
2112 568.200 568.200 
2113 568.200 568.200 
2114 568.200 568.200 
2115 568.200 568.200 
2116 568.200 568,200 
2117 568.200 568,200 
2118 568.200 568.200 

TOTALS 5521,736,700 3404.775.300 383.51S.000 S1.010.027.000 

2093 J68.200 5 6 a . m  

P P P P P P P ~ ~ ~ * P P = ~ ~ D i i = i i ~ P D P P P P P P = = ~ ~ P P P = P P P P ~ : l ~ ~ ~ = ~ ~ P ~ = = = ~ P P 3 = I 3 ~ E = P P P P = P . ~ = ~ = = = ~ = = = = = = = = = = = P = = = = = :  

..........~..........................*.,.........*...~.....................................................,..........................,,......................,.*....~ 
DRAFT 
FINAL 



1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2019 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 

4.753.900 
57.456.700 
35.106.600 

35.106.600 

35.106.600 

35,106.600 

35.106,600 

35.106.600 

35.106.600 

35.106.600 

35.106.600 

35.106.600 

35.106.600 

2.437.900 
2.437.900 
3.937.900 
9.462.200 
9.462.200 

17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.0 8 2,600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
17.082.600 
12.550.600 
12,550,600 

2064 

DRAFT 2065 

FINAL 

4.401.900 
478.700 

23.319.600 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478,700 
478,700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478,700 
478.700 
478,700 

2.437.900 
7.191.800 

61.394.600 
44.568.800 

9,462.200 
52,189.200 
17.082.600 
52.189.200 
17.082.600 
52.189.200 
17.082.600 
52.189.200 
17.082.600 
52.189.200 
17.082.600 
52.189.200 
17.082.600 
52.189200 
17.082.600 
52.189.200 
17.082.600 
52.189.200 
17.082.600 
52.189.200 
17.082.600 
16,952.500 
13.029.300 
23.319.600 

478.700 
478.700 
478.700 
478.700 
478,700 
478.700 
478.700 
478,700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478,700 
478.700 
478.700 
478,700 
478,700 
478,700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478.700 
478,700 
478,700 
478,700 
478.700 
478.700 
478.700 

. <  
, -- h 



TABLE K.4-7 (Continued) 

L I F E - C Y C L E  COST F O R  A L T E R N A T I V E  3A-4  
(Combined Costs) 16-Mar-95 

(CONSTANT) 

(DOLIAR) 
~~ ~ ~~ 

478.700 478.700 
478.700 478.700 

2066 
2067 
2068 478.700 478.700 
2069 478,700 478.700 
2070 478.700 478.700 
2071 478.700 478.700 
2072 478.700 478.700 
2073 478.700 478.700 
2074 478.700 478.700 
2075 478.700 478.700 
2076 478.700 478.700 
2077 478.700 478.700 
2078 478.700 478.700 
2079 478.700 478.700 
2080 478.700 478.700 
2081 478.700 478.700 
2082 478.700 478.700 
2083 478.700 478.700 
2084 478.700 478,700 
2085 478.700 478.700 
20% 478.700 478,700 
2087 478.700 478.700 
2088 478.700 478.700 
2089 478.700 478.700 
2090 . 478.700 478.700 
2091 476.700 478.700 
2092 478.700 J78.700 
2093 478.700 478.700 
2094 478.700 478.700 
2095 478.700 418.700 
2096 478.700 478.700 
2097 478.700 478.700 
2098 478.700 478.700 
2099 478.700 478.700 
2100 478.700 478.700 
2101 478.700 478.700 
2102 478.700 478,700 
2103 478.700 478.700 
2104 478.700 478.700 
2105 478.700 478.700 
2106 476.700 478.700 
2107 476.700 478.700 
2108 478.700 478;700 
2109 478.700 478.700 
2110 478.700 478.700 
2111 478.700 478.700 
2112 478.700 478.700 
2113 478.700 478.700 
2114 476.700 478.700 
2115 478.700 478.700 
2116 478.700 478.700 
2117 476.700 478.700 
2118 478.700 478.700 

P P P ~ P ~ P P ~ ~ ~ P ~ P P P P , P ~ P ~ = ~ P P P = P P P : = ~ ~ I P = i l P = = = ~ : = = = = = = = ~ ~ : ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ = = = = = = ~ = = = ~ = = :  

TOTALS 1448,383,200 1394,491,300 $74.155.400 $917,029.900 ..........~............................*......................................*......................**...,.*.......................................................~ 

DRAFT 
FINAL 

K 4 2 4  



ALTERNATIVE 

LIFE-CYCLE COST FOR ALTERNATIVE 3A-5 
(Combined Coats) 

L 

TABLE K.4-8 
3A,- CASE 5, LIFECYCLE COSTS 

16-Mmr-9J 

Y C S I  

(CONSTANT) 

(DOLLAR) 

- 1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
20.3.3 
2056 
20.37 
2058 
2059 
2060 
2061 
2062 
2063 
2064 

DRAFT 
FINAL 

4,748.500 
5 7.4 2 9, OOO 
35.060.600 

35.060.600 

35.060.600 

35.060.600 

35.060.600 

35.060.600 

35.060.600 

35,060,600 

35,060.600 

35.060.600 

35.060.600 

2.437.900 
2.437.900 
3.936.700 
8.284.300 
8.284.300 

15.904.700 
15.904.700 
15.904.700 
15,904,700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
15.904.700 
12.550.600 
12,550,600 

4.370.100 
474.100 . 

23.794.900 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 

. .  
K425 , 

' . . -  

2.437.900 
7,186,400 

61.365.700 
43.344.900 

8.284.300 
50.965.300 
15.904.700 
50.965.300 
15.904.700 
50.965.300 
15.904.700 
50.965.300 
15.904.700 
50,965,300 
15,904.700 
50.96 5.300 
15,904.700 
50.965.300 
15.904.700 
50.965.300 
15.904.700 
50.965.300 
15.904.700 
50,965,300 
15.904.700 
16.920.700 
13.024.700 
23.794.900 

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474;lOO 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474,100 
474.100 
474.100 
474.100 



TABLE K.4-8 (Continued) 

LIFE-CYCLE COST FOR ALTERNATIVE 3A-S 
(Combined Costs) 16-hi..-95 

----____________------,-------------------------------------------.------------------------.-.-----------------------------. 
CONSTRUCTION REM ED I AL POST- REMEDIAL TOTAL 

OPERATIONS 8 MAINTENANCE OPERATIONS & MAINTENANCE ANNUAL 
COST 

(CONSTANT) 
(DOLLAR) Year 

206s 474.100 474.100 
2066 474.100 474.100 
2067 474.100 474.100 
2068 474.100 474.100 
2069 474.100 474.100 
2070 474.100 474.100 
2071 474.100 474.100 
2072 474.100 474.100 
2073 474.100 474.100 
2074 474.100 474.100 
2075 474.100 474.100 
2076 474.100 474.100 
2077 474.100 474.100 
2078 474.100 474.100 
2079 474.100 474.100 
2080 474.100 474.100 
2081 474.100 474.1 00 
2082 474.100 474.100 
2083 474.100 474.100 
LOW 474,100 474.100 
2085 474.100 474.100 
2086 474.100 474.100 
tom-. 474.100 474.100 
2088 474.100 474.100 
2089 474,100 574.100 
2090 474.100 474.100 
2091 474.100 474.100 
2092 474.100 . 474.100 
2093 474,100 474.100 
2094 474.100 474.100 
2095 474.100 474.100 
2096 474.100 474,100 
2097 474.100 474.100 
2098 474.100 474.100 
2099 474.100 474.100 
2100 474.100 474,100 
2101 474.100 474.100 
2102 474.100 474.100 
2103 474.100 474.100 
2104 474.100 474,100 
210s 474.100 474,100 
2106 474.100 474,100 
2107 474.100 474,100 
2108 474.100 474,100 
2109 474.100 474.100 
2110 474.100 474.100 
2111 474.100 474.100 
2112 474.100 474.100 
2113 474.100 474.100 

474.100 
474.100 

2114 474.100 
2115 474.100 
2116 474.100 474,100 
2117 474.100 474.100 
2118 474.100 474.100 

TOTALS 5447,844.100 . 9368.576.300 $74.152.700 S890.573.100 

--_____-_______------------------------------------------------------------------------.-.-----------~-----------------. 

iPPPPP PPPPPPDPP=PI=IPP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

.................................... ".....*.........*.......................................................*.....*................*.................*..*........... 

DRAFT 
FINAL 

. .  a 
K-4-26 



TABLE K.4-9 
ALTERNATIVE 3A, CASE 6, LIFECYCLE COSTS 

LIFE-CYCLE COST FOR ALTERNATIVE 3A-6 
(Combined Cour) 16-M.r-9J 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2006 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
z o n  
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
205s 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 
2064 

DRAFT 2065 

FINAL 

4.611.800 
56.745.400 
33.891.900 

33.891.900 

33.891.900 

33.891.900 

33.891.900 

33,891,900 

33.891.900 

33.891.900 

33.891.900 

33.89 1.900 

33.891.900 

2.437.900 
2.437.900 
3.937.100 
7.027.100 
7.027.100 

14.647.500 
14,647.500 
14.647.500 
14.647.500 
14.647.500 
14.647.500 
14.647.500 
14.647.500 
14.647.500 
14.647.500 
14.647.500 
14.647300 
14,647.500 
14.647.500 
14.647.500 
14.647.500 
14.647.500 
14.647.500 
14.647.500 
14647.500 
12,549,600 
12.549.600 

4.319.000 
474.100 

23.796.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100' 
474.100 
474.100 
474.100 
474.100 
474.100 

' 474.100 
474.100 
474.100 
474,100 
474.100 

2,437.900 
7,049.700 

60.682.500 
40.919.000 

7,027,100 
48.539.400 
14.647.500 
48.539.400 
14.647.500 
48.539.400 
14.647.500 
48.539.400 
14.647.500 
48.539.400 
14.647.500 
48.539.400 
14.647.500 
48,539.400 
14.647.500 
48.539.400 
14.647.500 
48.539.400 
14.647.500 
48,539.400 
14.647.500 
16.86 8.600 
13.023.700 
23,796,100 

474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 . . . 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 



TABLE K.4-9 (Continued) 

LIFE-CYCLE COST FOR ALTERNATIVE 3A-6 
(Combined Costa) 16-hkt-95 

(CONSTANT) 
Year (DOLLAR) 

2066 474.100 474.100 
2067 474.100 474.100 
2068 474.100 474.100 
2069 474.100 474.100 
2070 474.100 474,100 
2071 474.100 474.100 
2072 474.100 474.100 
2073 474.100 474.100 
2074 474,100 474.100 
2075 474,100 474.100 
2076 474.100 474.100 
2077 474.100 474.100 
2078 474,100 474.100 
2079 474.100 474.100 
2080 474.100 474.100 
2081 474.100 474.100 
2082 474.100 474.100 
2083 474.100 474.100 
2084 474.100 474,100 
2085 474.100 474.100 
2086 474.100 474.100 
2087 474.100 474.100 
2088 474.100 474.100 
2099 474.100 474.100 
2090 474.100 474,100 
2091 474.100 474,100 
2092 474.100 474.100 
2093 474.100 474.100 
2094 474.100 474.100 
2095 474.100 474.100 
2096 474.100 474.100 
2097 474.100 474.100 
2098 474.100 474,100 
2099 474.100 474.100 
2100 474.100 474.100 
2101 474.100 474.100 
2102 474.100 474.100 
2103 474.100 474.100 
2104 474.100 474.100 
210s 474.100 474.100 
2106 474.100 474.100 
2107 474.100 474.100 
2108 474.100 474.100 
2109 474.100 474.100 
2110 474,100 474.100 
2111 474.100 474,100 
2112 474.100 474.100 
2113 474.100 474.100 
2114 474.100 474.100 
2115 474.100 474.100 
2116 474.100 474.100 
2117 474.100 474.100 
2118 474.100 474.100 

TOTALS $434.168.100 5340.916.300 $74.102.800 $849,187,200 

---------_------------------------__-----__---__C______________I__---------~-----------.-,------_____--------__-_______. 

PPOPPPPIPPP~PPPOPIPPPPDPOPPPDOP.PPPPPPPPPPPPlPPPPPPDP~P~PPP~3POPPPPPPOPPOI=PPPP~~PP~PE=iO3PPP=~PP=: 

.................................................................................................................................................................... 
DRAFT 
FINAL 
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TABLE K.4-10 
ALTERNATIVE 3A, CASE 7, LIFECYCLE COSTS 

LIFE-CYCLE COST FOR ALTERNATIVE 3A-7 
(Combined Costs) 16-Mar-95 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
20l7.. 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2034 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 
2064 

DRAFT 206s 

FINAL 

4.609.000 
56.731.600 
33.868.800 

33,866,800 

33.868.800 

33.868.800 

33,868,800 

33.868.800 

33,868.800 

33.868.800 

33.868.800 

33,868,800 

33.868.800 

2.437.900 
2.437.900 
3.937.700 
7.044.800 
7.044.800 

14.665.300 
14.665.300 
14.665.300 
14.665.300 
14.665.300 
14.665.300 
14.665.300 
14.665.300 
14.665.300 
14,665.300 
14.665.300 
14.665.300 
14.665.300 
14,665.300 
14.665.300 
14.665.300 
14.665.300 
14.665.300 
14.665.300 
14.665.300 
12.549.600 
12.549.600 

2.437.900 
7.046.900 

60.669.300 
40.91 3.600 

7,044.800 
48.534.100 
14.665.300 
48.534.100 
14.665.300 
48.534.100 
14.665.300 
48.534.100 
14.665.300 
48.534.100 
14.665.300 
48.534.100 
14.665.300 
48.534,lOO 
14.665.300 
48.534.100 
14.665.300 
48.534.100 
14.665.300 
48.534.100 
14.665.300 

4.319.000 16.868.600 
474,100 13.02 3.700 

23.796.100 ~ 13.796.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474,100 474.100. 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474,100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474,100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474,100 474.100 
474.100 474,100 
474.100 * 474,100 
474.100 474,100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474,100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 
474.100 474.100 . . . 
474.100 474,100 
474.100 474.100 
474.100 474,100 
474.100 474.100 
474.100 474.100 
474.100 474.100 

474.100 :474.100 . - - <  :. :. . .  8(>xf,oEj5 ' .  



TABLE K.4-10 (Continued) 

LIFE-CYCLE COST FOR ALTERNATIVE 3 A - 7  
(Combined C o w )  16-hi..-95 

(CONSTANT) 
Year (DOLIAR) 

---------------------I---------------------------------*---------~------------------------.-.-----------------------------. 

2066 474.100 474,100 
2067 474.100 474,100 
2068 474.100 474.100 
2069 474.100 474,100 
2070 474.100 474.100 
2071 474.100 474.100 
2072 474.100 474.100 
2073 474.100 474.100 
2074 474.100 474.100 
2075 474.100 474.100 
2076 474.100 474,100 
2077 474.100 474.100 
2078 474.100 474.100 
2079 474.100 474.100 
2080 474.100 474.100 
2081 474.100 474.100 
2082 474.100 474.100 
2083 474.100 474.100 
2084 474.100 474.100 
2085 474.100 474.100 
2086 474.100 474.100 
2087 474.100 474.100 
2088 474.100 474.100 
2089- 474.100 474,100 
2090 474.100 474.100 
2091 474.100 474.100 
2092 474.100 474.100 
2093 474.100 474.100 
2094 474.100 . 474.100 
2095 474.100 474.100 
2096 474.100 474.100 
2097 474.100 474.100 
2098 474.100 474.100 
2099 474.100 474.100 
2100 474.100 474.100 
2101 474.100 474.100 
2102 474.100 474,100 
2103 474.100 474.100 
2104 474.100 474.100 
2105 474.100 474.100 
2106 474.100 474.100 
2107 474.100 474,100 
2108 474.100 474,100 
2109 474.100 474,100 
2110 474.100 474.100 
2111 474.100 474.100 
2112 474.100 474.100 
2113 474.100 474.100 
2114 474.100 474.100 
2115 474.100 474.100 
2116 474.100 474.100 
2117 474.100 474.100 
2118 474.100 474.100 

a 

~ a a n a a a a a a a a n n ~ a a i ~ ~ a a ~ a a a a a ~ ~ a : a a a a ~ a a a a a a a ~ a a a a a a ~ ~ ~ : ~ a a a a a ~ : ~ ~ ~ ~ ~ ~ = ~ ~ ~ ~ a : a ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ a a ~ ~ ~ - - - - .  

TOTALS t433.897.400 $341,308,300 . 574.102.800 ............................. ....................................................................................................................................... f849.308.500 

DRAFT 
FINAL 
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A L T E R N A T I V E  C O S T  S U M M A R Y  

C O M P O N E N T  

E S T I M A T E  # C O M P O N E N T  D E S C R I P T I O N  

1 SOIL EXCAVATlON 

2 OFF-SITB DISPaSAL 

3 

4 BACKPILL 

5 OMA BXTRAcTlON (10000PM) 

e 

CONSOLIDATlON A N D  COVER 

GRND. wm a WAS= WTRTRBATMENT i  IS^, GPM > 

ALTERNATIVE:  3C 

L O C A T I O N :  FEMP 

C A S E  N O .  3 

C O N S T R U C T I O N  R E M E D I A L  P O S T - R E M .  T O T A L  N E T  

C O S T S  O B M  C O S T S  C O 5 T S  C O S T S  P W  C O S T S  

128,844,200 0 828.800 1 2a.470.800 92.328.70( 

8,846,800 534,281,400 5.31 1.300 548.448.500 384.638.10( 

72.470.30( a2.ssi .eoo 

ia .eas .aoo  0 0 19,895,800 13.697.40( 

130.45i .aoo 0 37.900.000 

10.436.800 11.878.700 1.839.200 23.951.500 18.839.20( 

204.507.300 147.682.80( 18.779.500 184.248.200 21.481.800 

S H E E T :  1 

15-Mar-95 D A T E :  

E S T D .  B Y :  EST. DEP' 

F. FLOYt C H K D .  B Y :  

E S T .  FILE: ALTJCC: 

7 

8 

a 

CENTRAL SlURAOE PACILIlY 9,201 .OOO 25,032,900 2.98Q.100 34.203.000 24.199.70( 

ENVIRONMENTAL MONI'IURINO 0 72,000,000 0 72.000.000 

io8.8ea.500 110.428.000 CONTAMINATION SURVEYS 1.558.500 

50.544.00( 

0 75.506.00( 

T O T A L  C O S T S  ( A L T E R N A T I V E  3C - 3 )  

T O T A L  E S C A L A T E D  C O S T  

Note :  All cosls includes Risk B u d g e t  a n d  C o o t i n g c n c y  

2e.e.ei 2 .400  e i e . i i e . 7 0 0  7 o . i z i . 8 0 0  i . 2 7 3 . i s e . s o o  8 7 s . ~ a 2 , 2 0 c  

DRAFT 
FINAL 

FIGURE K.4-11- ALTERNATIVE 3C, CASE 3, COST SUMMARY 
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A L T E R N A T I V E  C O S T ' S U M M A R Y  

A L T E R N A T I V E :  3C 

L O C A T I O N :  FEMP 

C A S E  N O .  4 

S H E E T :  1 

D A T E :  15  - Mar- B5 

EST. DEP'  E S T D .  B Y :  
C H K D .  B Y :  F. FCOYC 

E S T .  F I L E :  ALTJCC.  

0te:  All  c o s t s  in_sludes R i s k  B u d g e t  a n d  C o n t i n g e n c y  

DRAFT 
FINAL 

FIGURE K.4-12 - ALTERNATIVE 3C, CASE 4, COST SUMMARY 
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A L T E R N A T I V E  C O S T  S U M M A R Y  

ALTERNATIVE: 3 C  

L O C A T I O N :  FEMP 

C A S E  N O .  9 

S H E E T :  1 

D A T E :  1 5 - M a r - 9 5  

E S T .  DEP' E S T D .  B Y :  

C H K D .  B Y :  F. F L O Y [  
ALTJCC! E S T .  F ILE:  

gote: All costs includer Riak Budget and Contingency 

DRAFT 
FINAL 

FIGURE K.4-13 - ALTERNATIVE 3C, CASE 5, COST SUMMARY 
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a 
ALTERNATIVE:  3C 

LOCATION: .  FEMP 

C A S E  NO. 8 

A L T E R N A T I V E  C O S T  S U M M A R Y  

S H E E T :  

15 - Mar-05 D A T E :  

EST. DEP? E S T O .  B Y :  

C H K D .  B Y :  F.  FLOYC 

E S T .  FILE: ALTJCCE 

1 

ENVIRONMENTAL MONITORIN0 72.000.000 72,000,000 50.544.000 

9 CONTAMlNATlON SURVEYS 1.558.500 45.012.500 0 32,060,000 46,571,000 

T O T A L  C O S T S  ( A L T E R N A T I V E  3C - 6 )  21 5 . 4 8 8 . 8 0 0  8 3 8 . 3 2 1 . 7 0 0  5 2 . 2 4 1 . 7 0 0  1 . 1 0 8 . 0 3 2 . 2 0 0  7 7 1 . 8 0 8 . 3 0 0  

T O T A L  E S C A L A T E D  C O S T  

N o t e :  All  costs includes R i s k  B u d g e t  and C o n t i n g e n c y  - .. 

DRAFT 
FINAL 

.. . 

FIGURE K.4-14 - ALTERNATIVE 3C, CASE 6, COST SUMMARY 
. . .  
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a 
ALTERNATIVE:  3C 

L O C A T I O N :  FEMP 

C A S E  N O .  7 

A L T E R N A T I V E  C O S T  S U M M A R Y  

S H E E T :  1 

D A T E :  2 0 - M a r - S !  

E S T D .  B Y :  EST. DEP 

C H K D .  B Y :  F .  FLOYI 

E S T .  FILE: ALTJCC 

50.544.001 72,000,000 

48,981,000 a CONTAMINATION SURVEYS 1.596.900 45.402.500 0 32.325.00( 

T O T A L  C O S T S  ( A L T E R N A T I V E  3 C  - 7) 2 1  6 ,298,500 6 3 6 . 7 1 1 . 7 0 0  5 2 . 2 4 1 . 7 0 0  1 . 1 0 6 . 2 5 1 . 9 0 0  7 7 1 . 9 6 5 . 6 0 (  

T O T A L  E S C A L A T E D  C O S T  

N o t e :  All costs inc ludes  R i s k  B u d g e t  a n d  C o n t i n g e n c y  

DR,4FT 
FINAL 

FIGURE K.4-15 - ALTERNATIVE 3C, CASE 7, COST SUMMARY 
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-- 6 7 1 2  
TABLE K.4-11 

ALTERNATIVE 3C, CASE 3, LIFE-CYCLE COSTS 

LIFE-CYCLE COST FOR ALTERNATIVE 3C-3 
(Combined Costs) 16-M.r-9J 

REMEDIAL POST- REMEDIAL TOTAL 
OPERATIONS & MAINTENANCE OPERATIONS & MAINTENANCE ANNUAL 

COST 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2014 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 

DRAFT 
FINAL 

3.149.600 
57.136.400 
20,602.400 

20.602.400 

20.602.400 

20.602.400 

20.602.400 

20.602.400 

20.602.400 

20.602.400 

20.602.400 

20.602.400 

20.602.400 

2.437.900 
2,437,900 
3.936.700 

37.560.100 
37.560.100 
40.344,500 
40,344,500 
40.344.500 
40.344.500 
40.344.500 
40,344,500 
40.344.500 
40.344.500 
40.344.500 
4034.500 
40.344.500 
40.344.500 
40.344.500 
40.344.500 
40.344.500 
40.344.500 
40.344.500 
40.344.500 
40.344.500 
40.3+4.500 
12.647.000 
12,647,000 

K436 

9.919.200 
382,800 

23.077.000 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382.800 
382.800 
382,800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382.800 

2.437.900 
5.587.500 

61.07 3.100 
58.162.500 
37.560.100 
60.946.900 
40.344.500 
60,946,900 
40.344.500 
60.946.900 
40.344.500 
60.946.900 
40.344.500 
60.946.900 
40.344.500 
60.946.900 
40.344.500 
60,946.900 
40.344.500 
60.946.900 
40.3-44.500 
60.946.900 
40.344.500 
60.946.900 
40.344.500 
22.566.200 
13.029.800 
23.077.000 

.~ . 

382.800 
382,800 
382.800 
382.800 
382.800 
382.800 
382,800 
382.800 
382,800 
382.800 
382.800 
382.800 
382.800 
382800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 . . . 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 



TABLE K.4-11 (Continued) 

1 .  

LIFE-CYCLE COST FOR ALTERNATIVE 362-3 
(Combined Costs) 16-Mar-95 

2066 
2067 
2068 
2069 
2070 
2071 
2072 
2073 
2074 
2075 
2076 
2077 
2078 
2079 
2080 
2081 
2082 
2083 
2084 
2085 
2086 
2087 
2088 
2089 
2090 
2091 
2092 
2093 
2094 
2095 
2096 
2097 
2098 
2099 
2100 
2101 
2102 
2103 
2104 
2105 
2106 
2107 
2108 
2109 
2110 
2111 
2112 
2113 
2114 
2115 
2116 
2117 
2118 

382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382,800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 

382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382,800 
382.800 
382.800 
382.800 
382.800 
382.800 
382.800 
382,800 
382,800 
382,800 
382.800 
382,800 
382.800 
382,800 
382.800 
382.800 

P P P P P P P ~ P P P P P P ~ ~ P I P P P P P P P P P P P P P : P P ~ I I ~ P o P i ~ ~ : ~ ~ ~ ~ ~ ~ P P P : ~ ~ ~ ~ ~ ~ ~ : P P ~ ~ ~ ~ I ~ p ~ P ~ I P ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ E . ~ ~ P i P :  

TOTALS f286.912.400 1916.116.700 170.127.800 31,273,156,900 .................................... ................................................................................................................................. 

DRAFT 
FINAL 

K-4-37 



TABLE K.4-12 
ALTERNATIVE 3C, CASE 4, LIFE-CYCLE COSTS 

LIFE-CYCLE COST FOR ALTERNATIVE 3C-4 
(Combined Coata) 

FINAL 

16-Mar-95 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017.- 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 
2064 
2065 DRAFT 

2.597.300 
54.230.600 
15.897.100 

15.897.100 

15.897.100 

15,897.100 

15.897.100 

15.897.100 

15.897.100 

15.897.100 

15.897.100 

15.897.100 

15.897.100 

2.437.900 
2.437.900 
3.938.100 

36.575.400 
36.575.400 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39,464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
39.464.100 
12,647.000 
12,647.000 

K438 

9.585.100 
204.600 

22.909.200 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

2.437.900 
5.035.200 

58.168.700 
52.472.500 
36.575.400 
55,361.200 
39.464.100 
55,361.200 
39.464.100 
55,361.200 
39.464.100 
55.36 1.200 
39.464.100 
55.361.200 
39.464.100 
55.361.200 
39.464.100 
55.361.200 
39.464.100 
55.361.200 
39.464.100 
55.361.200 
39.464.100 
55.361.200 
39.464.100 
22.232.100 
12.851.600 
22.909.200 

204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 



TABLE K.4-12 (Continued) 

LIFE-CYCLE COST FOR ALTERNATIVE 3 C - 4  
(Combined Costs) 16-Msr-95 

-----------------------------------------------______.___________._-----------------------.-.---------_-__________________. 
CONSTRUCTION REMEDIAL POST-REMEDIAL TOTAL 

OPERATIONS & MAINTENANCE OPERATIONS & MAINTENANCE ANNUAL 
COST 

(CONSTANT) 

Yew (DOLLAR) 
------_--------------~------------------------_________________I__--------_----------_--.---------_-_____-____-____-__. 

2066 204.600 204.600 
2067 204.600 204.600 
2068 204.600 204.600 
2069 204.600 204.600 
2070 204.600 204,600 
2071 204.600 204.600 
2072 204.600 204.600 
2073 204.600 204.600 
2074 204.600 204.600 
2075 204.600 204.600 
2076 204.600 204.600 
2077 204.600 204.600 
2078 204.600 204.600 
2079 204.600 204.600 
2080 204.600 204,600 
2081 204.600 204.600 
2082 204.600 204.600 
2083 204.600 204.600 
2084 204.600 204.600 
2085 204.600 204.600 
2086 204.600 204.600 
2087 204.600 204.600 
2088 204.600 204.600 
2089 204.600 204.600 
2090 204.600 204.600 
2091 204.600 104.600 
2092 204.600 204.600 
2093 204.600 204.600 
2094 204.600 204.600 
2095 204.600 204.600 
2096 204.600 204.600 
2097 204,600 204.600 
2098 204.600 204.600 
2099 204.600 204.600 
2100 204.600 204.600 
2101 204.600 204.600 
2102 204,600 204.600 
2103 204.600 204.600 
2104 204.600 204.600 
2105 204.600 204.600 
2106 204.600 204,600 
2107 204.600 204.600 
2108 204.600 204.600 
2109 204.600 204.600 
2110 204.600 204,600 
2111 204.600 204.600 
2112 204.600 204.600 
2113 204.600 204.600 
2114 204.600 204.600 
2115 204.600 204.600 
2116 204.600 204.600 
2117 204.600 204.600 
2118 204,600 204.600 

aPPPP=II==DPPP=PP:l=I=P=PPPPPPPIPaPPPPP====:==PPP==ii=====ip===PP===IPPPPI=ii=====~i===a===========: 

TOTALS 9231,696,000 9896,540.700 S52.340.500 S1,180.577,200 ............................ ...................................................................................................................................... 
DRAFT 
FINAL 
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TABLE K.4-13 c 

ALTERNATIVE 3C, CASE 5, LIFE-CYCLE COSTS 

LIFE-CYCLE C O S T  FOR ALTERNATIVE X - 5  
(Combined Coata) 16--Mar-95 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2013 
2018 
2019 
2020 
2021 ' 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059, 
2060 
2061 
2062 
2063 
2064 

DRAFT 2065 

2,594,300 
54.143.600 
15.879.200 

15,879,200 

15.879.200 

15.879.200 

15.879.200 

13,879,200 

15.879.200 

15.879.200 

15,879.200 

15.879.200 

15.879.200 

2.437.900 
2,437.900 
3.936.100 

35.138.900 
35.138.900 
38.079.800 
38.079.800 
38.079.800 
38.079.800 
38.079.800 
38.079,800 
38.079.800 
38.079.800 
38.079.800 
38.079.800 
38,079.800 
38.079.800 
38.079.800 
38,079,800 
38.079.800 
38.079.800 
38.079.800 
38.079.800 
38.079.800 
38.079.800 
12.647.000 
12.647.000 

K-4-40 

9.530.800 
204.600 

22.914.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204,600 
204.600 

2.437.900 
5.032.200 

58.079.700 
51,018,100 
35,138,900 
53,959,000 
38.079.800 
53.959.000 
38.079.800 
53.959.000 
38.079.800 
53.959.000 
38.079.800 
53,959,000 
38.079.800 
53,959.000 
38,079.800 
53.959.000 
38.079.800 
53.959.000 
38.079.800 
53,959,000 
38.079.800 
53.959.000 
38.079.800 
22.177.800 
12.851.600 
22.914.600 

204.600 
204.600 
204.600 
204,600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204,600 
204,600 
204.600 
204.600 
204.600 
204.600 

FINAL 



TABLE K.4-13 (Continued) 

LIFE-CYCLE COST FOR ALTERNATIVE 3C-5 
(Combined Costs) I6-Msr-9J 

Year 
(CONSTANT) 

(DOLLAR) 

2066 204,600 204.600 
2067 204.600 204.600 
2068 204.600 204,600 
2069 204.600 204.600 
2070 204.600 204.600 
2071 204.600 204.600 
2072 204.600 204.600 
2073 204.600 204.600 
2074 204.600 204.600 
2075 204.600 204.600 
2076 204.600 204.600 
2077 204.600 204.600 
2078 204.600 204.600 
2079 204.600 204.600 
2080 204.600 204.600 
2081 204,600 204.600 
2082 204.600 204.600 
2083 204.600 204.600 
2084 204.600 204,600 
2085 204.600 204.600 
2086 204.600 204,600 
2087 204.600 204,600 
2088 204.600 204.600 
2089 204.600 204.600 
2090 204,600 204.600 
2091 204.600 204.600 
2092 204.600 204,600 
2093 204.600 204.600 
2094 204,600 204.600 
2095 204.600 204,600 
2096 204.600 204.600 
2097 204.600 204.600 
2098 204.600 204.600 
2099 204.600 204.600 
2100 204.600 204.600 
2101 204.600 204,600 
2102 204.600 204,600 
2103 204.600 204.600 
2104 204.600 204.600 
210s 204.600 204,600 
2106 204.600 204.600 
2107 204.600 204.600 
2108 204.600 204.600 
2109 204,600 204.600 
2110 204.600 204,600 
2111 204,600 204.600 
2112 204.600 204.600 
2113 204.600 204.600 
2114 204.600 204.600 
2115 204.600 204.600 
2116 204.600 204.600 
2117 204.600 204.600 
2118 204.600 204.600 

TOTALS S231,409.100 1865.979.700 f52.291.600 51,149.680.400 

==PPDP==PPPP~D=PP*==lP=P====i=i:PiS=========~:=========.=========i+=P==i==i=i=================i=I====: 

............................. "...........*........................,..........................*...........................~..............**........................., 
DRAFT 
FINAL 

K-4-41 



TABLE K.4-14 
ALTERNATIVE 3C, CASE 6, LIFECYCLE COSTS 

L I F E - C Y C L E  COST F O R  A L T E R N A T I V E  3C-6 
(Combined Costs) 

' i  

16-Mar-95 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
20t7 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 

DRAFT iz 
FlPlkL 

2.434.900 
53.346.900 
14.517.000 

14.517.000 

14.517.000 

14.517.000 

14.517.000 

14.517.000 

14.517.000 

14.517.000 

14.517.000 

14.517.000 

14,517.000 

2.437.900 
2.437.900 
3.936.500 

33.881.700 
33.881.700 
36,822,600 
36.822.600 
36.822.600 
36.822.600 
36.822.600 
36.822.600 
36.822.600 
36,822.600 
36.822.600 
36.822.600 
36,822.600 
36.822.600 
36.822.600 
36.822.600 
36.822.600 
M.822.600 
36.822,600 
36,822.600 
36.822.600 
36.822.600 
12.647.000 
12.64 7.000 

K442 

9.480.900 
204.600 

22.914.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204,600 
204.600 
204.600 
204.600 
204.600 

.204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

2.437.900 
4.872.800 

57.283.400 
48.398.700 
33.881.700 
51.339.600 
36.822.600 
51.339.600 
36.822.600 

' 51.339.600 
36,822.600 
51.339.600 
36,822,600 
51.339.600 
36.822.600 
51.339.600 
36.822.600 
5 1.33 9.600 
36.822.600 
51.339.600 
36.822.600 
51.339.600 
36.822.600 
51.339.600 
36.82 2.600 
22.127.900 
12.851.600 
22.914.600 

204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
Z04.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

0 93 1 0'7 8 
. .  I . .  . _ _  - .  

I, . , 



TABLE K.4-14 (Continued) 

LIFE-CYCLE COST FOR ALTeRNATlVE 3C-6 
(Combined Costa) IL-Msr-9J 

(CONSTANT) 

Year (DOLLAR) 
--------------------------------------.---------------.-----------b-----------------------.-.-____--_-_-,,,,,,,_,__,,,_,,_. 

2066 204.600 204.600 
2067 204.600 204.600 
2068 204.600 204.600 
2069 204.600 204.600 
2070 204,600 204,600 
2071 204.600 204.600 
2072 204.600 204,600 
2073 204.600 204,600 
2074 204.600 204.600 
2075 204.600 204,600 
2076 204.600 204.600 
2077 204.600 204.600 
2078 204.600 204.600 
2079 204.600 204.600 
2080 204.600 204.600 
2081 204.600 204.600 
2082 204.600 204.600 
2083 204.600 204.600 
2084 204.600 204.600 
2085 204.600 204.600 
2086 204,600 204.600 
2087 204.600 204.600 
2088 204,600 204.600 
2089 204.600 204.600 
2090 204.600 204,600 
2091 204,600 204.600 
2092 204,600 204.600 
2093 204.600 204.600 
2094 204.600 204,600 
2095 204,600 204.600 
2096 204,600 204.600 
2097 204.600 204.600 
2098 204.600 204.600 
2099 204.600 204.600 
2100 204.600 204,600 
2101 204.600 204,600 
2102 204.600 204.600 
2103 204.600 204.600 
2104 204.600 204,600 
2105 204.600 204.600 
2106 204.600 204,600 
2107 204.600 204,600 
2108 204.600 204.600 
2109 204.600 204,600 
2110 204.600 204.600 
2111 204.600 204.600 
2112 204.600 204.600 
2113 204.600 204.600 
2114 204.600 204.600 
2115 204.600 204,600 
2116 204.600 204,600 
2117 204.600 204.600 
2118 204.600 204.600 

TOTALS S215.468.800 1838.321.700 152,241,700 f1.106.032.200 ............................. ......................................................................................... 
PP=IPPIP===PPPPPPIP=P==P=P=PP=Pi=.PPPPP=P====~=========.=========I==PP==II311I===========i==========: 

DRAFT 
FINAL 

K443 

. .  



6772  

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2 m  
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
20u- 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
LOSS 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 

DRAFT ':= 
FINAL 

2.434.900 
53.346.000 
14.501.600 

14,501.600 

14.501.600 

14.501.600 

14.501.600 

14.501.600 

14.501.600 

14.501.600 

14.501.600 

14.501.600 

14.501.600 

2.437.900 
2.437.900 
3.936.500 
33.899.400 
33.899.400 
36.840.300 
36.840.300 
36,840,300 
36,840,300 
36,840.300 
36,840,300 
36.840.300 
36.840.300 
36,840.300 
36.840.300 
36.840.300 
36.840.300 
36,840,300 
36,840,300 
36,840.300 
36.840.300 
36.840.300 
36,840,300 
36.840.300 
36.840.300 
12.647.300 
12.647.300 

K444 

9.480.900 
204.600 

22.914.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 

. 204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 

2.437.900 
4.872.800 
57.282.500 
48.40 1 ,000 
33.899.400 
51.341.900 
36.840.300 
51.341.900 
36.840.300 
51.341.900 
36.840.300 
51.341.900 
36.840.300 
51.34 1.900 
36,840.300 
51,341,900 
36,840.300 
51,341,900 . 

36.840.300 
51.341.900 
36.840.300 
51.34 1.900 
36.840.300 
5 1.34 1.900 
36.84 0.300 
'2.128.200 
12.851.900 
22.914.600 

204.600 
204.600 
204.600 
204.600 
204,600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204,600 
204,600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 . 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204,600 
204.600 
204.600 
204,600 . . . 
204,600 
204.600 
204,600 
204.600 
204.600 
204.600 



TABLE K.4-15 (Continued) 

LIFE-CYCLE COST FOR ALTERNATIVE 3C-7 
(Combined Coats) 20-Mar-95 

--------------------------------------------------~~~.~-~--~--------~~~~~~~~~~~-----~-~~~.~.-~-~----~_-~----_-___________. 
CONSTRUCTION. REMEDIAL POST- REMEDIAL TOTAL 

OPERATIONS & MAINTENANCE OPERATIONS & MAINTENANCE ANNUAL 
COST 

(CONSTANT) 
Year (DOLLAR) 

--_________---------_______I___________y--------------.-----------------------------------.-.-----------------------------. 

2066 204.600 204,600 
2067 204,600 204.600 
2068 204.600 204.600 
2069 204.600 204.600 
2070 204.600 204.600 
2071 204.600 204.600 
2072 204.600 204.600 
2073 204.600 204.600 
2074 204.600 204.600 
2075 204.600 204.600 
2076 204.600 204.600 
2077 204.600 204,600 
2078 204.600 204.600 
2079 204.600 204.600 
2080 204.600 204.600 
2081 204.600 204.600 
2082 204.600 204,600 
2083 204.600 204.600 
2084 204.600 204.600 
2085 204.600 204.600 
2086 204.600 204.600 
2087 204.600 204.600 
2088 204.600 204.600 
2089. 204,600 204,600 
2090 204.600 204.600 
2091 204,600 204.600 
2092 204.600 204.600 
2093 204.600 204.600 
2094 204.600 204,600 
2095 204.600 . 204.600 
2096 204.600 204.600 
2097 204.600 204.600 
2098 204.600 204.600 
2099 204.600 204.600 
2100 204.600 204.600 
2101 204.600 204.600 
2102 204,600 204,600 
2103 204.600 204,600 
2104 204.600 204.600 
2105 204.600 204.600 

' 2106 204.600 204.600 
2107 204.600 204.600 
2108 204.600 204.600 
2109 204.600 204.600 
2110 204.600 . 204,600 
2111 204.600 204.600 
2112 204,600 204,600 
2113 204.600 204.600 
2114 204.600 204.600 
2115 204.600 204.600 
2116 204.600 204.600 
2117 204.600 204.600 
2118 204.600 204.600 

P ~ D = i l I I = I ~ = = P P = P : l 3 P = P = = = = = P = P : = I = = = = = = I = = = , = = = P a = : = = = I P P o D ~ I = = I = = = = = = i i : = = = = ~ i P = = = = = ~ = = = :  

TOTALS $215.298.500 9838.711.700 552.241.700 S1.106.251.900 ........,.~...............................*........~.....................*........................................................................................., 
. _ .  . . 

DRAFT 
FINAL 

K445 



6'772 

A L T E R N A T I V E  C O S T  S U M M A R Y  

A L T E R N A T I V E :  4A 

L O C A T I O N :  F E M P  

C A S E  NO. 8 

S H E E T :  1 

D A T E :  1 5 - M a r - 9 5  

EST.  D E P l  E S T D .  B Y :  

C H K O .  B Y :  F .  F L O Y C  

E S T .  F ILE:  ALT4ACf 

i 8.325.000 23.887.200 

i 8.63e.200 23 ,951 ,500  O M A B X T R A C n O N ( ~ 0 I M )  10,435,800 11.878.700 1.839.200 

34.203.000 

51.532.000 73.932.500 75.1 91.000 

N o t e :  Al l  c o s t s  i n c l u d e r  R i a k  B u d g e t  a n d  C o n t i n g e n c y  

DRAFT 
FINAL 

FIGURE K.4-16 - ALTERNATIVE 4A, CASE 8, COST SUMMARY 

K-446 



A L T E R N A T I V E  C O S T  S U M M A R Y  

A L T E R N A T I V E :  4A 

L O C A T I O N :  F E M P  

C A S E  NO. 0 

S H E E T :  1 

D A T E :  1 5 - M a r - 9 !  

EST.  OEP E S T O .  B Y :  

C H K O .  B Y :  F.  FLOYl 

E S T .  F ILE:  ALT4AC' 

- 

Vote:  All costa includes R i s k  B u d g e t  a n d  C o n t i n g e n c y  

DRAFT 
FINAL 

FIGURE K.4-17 - ALTERNATIVE 4A, CASE 9, COST SUMMARY 

K447 



TABLE KA-16 
ALTERNATIVE 4A, CASE 8, LIFE-CYCLE COSTS 

LIFE-CYCLE COST FOR ALTERNATIVE 4 A - 8  
(Combined Coat.) 

cj 

16-Mar-9) 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 

2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 

201z 

2064 

DRAFT 2065 

4.748.500 
57.429.000 
35.060.600 

35.060.600 

35.060.600 

35.060.600 

35.060.600 

35.060.600 

35.060.600 

35,060,600 

35.060.600 

35.060.600 

35.060.600 

2.437.900 
2.437.900 
3.937.100 
7.260.700 
7.260.700 

16.045.500 
16,045,500 
16.045.500 
16.045.500 
16.045.500 
16.045.500 
16.04 5.500 
16.045.500 
16,04 5.500 
16.04 5.500 
16.045.500 
16.045.500 
16.045.500 
16.045.500 
16.045.500 
16.045.500 
16.045.500 
16.045.500 
16.04 5.500 
16.045.500 
12.647.000 . 
12.647.000 

K-4-48 

4.370.100 
474.100 

23.794.900 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

2.437.900 
7.186.400 

61,356,100 
42.321.300 

7,260,700 
51.106.100 
16.045.500 
51.106.100 
16.04 5.500 
51.106.100 
16.045.500 
51.106.1Qo. 
16,045.500 
51,106.100 
16.045.500 
51.106.100 
16.045.500 
51.106.100 
16.045.500 
51.106.100 
16,045,500 
51,106,100 
16.045.500 
51.106.100 
16.045.500 
17.017.100 
13.121.100 
23,794,900 

474.100 
474.100 
474,100 
474,100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

FINAL 



TABLE K.4-16 (Continued) 

LIFE-CYCLE COST FOR ALTERNATlVE4A-8 
(Combined Coru) 16-Mu-9S 

YSIW 
(CONSTANT) 

(DOLLAR) 

2066 
2067 
2068 
2069 
2070 
2071 
2072 
2073 
2074 
2075 
2076 
2077 
,2078 
2079 
2080 
2081 
2082 
2083 
2084 
2085 
2086 
2087 
2088 

2090 
208! 

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

-474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 

2091 474.100 474.100 
2092 474.100 474.100 
2093 474.100 474.100 
2094 474.100 474,100 
2095 474.100 474.100 
2096 474.100 474.100 
2097 474.100 474.100 
2098 474.100 474.100 
2099 474,100 474.100 
2100 474,100 474.100 
2101 474.100 474.100 
2102 474.100 474.100 
2103 474,100 474.100 
2104 474.100 474.100 
2105 474.100 474.100 
2106 474.100 474,100 
2107 474.100 474.100 
2108 474.100 474.100 
2109 474.100 474.100 
2110 474.100 474.100 
2111 474.100 474.100 
2112 474.100 474.100 
2113 474.100 474.100 
2114 474.100 474.100 
2115 474.100 474.100 . 
2116 474.100 474.100 
2117 474.100 474.100 
2118 474.100 474.100 

TOTALS S447.844.100 5369,538,300 S74.152.700 S891.535.100 ..........................*. ".......*,..*..........,.............~....~......~...............................~.............~................~....~~..~...~.......... 
PPP~PPPPoPPPPPaPPI~PPPPPPPPPPPPI~PPaa~PPPPa~.aaa~Paaaa:aaaPaaa:aaa~a~aaP~aa,aaaaa~~a:aaa~~~~a~~~ai~~a: 
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TABLE K.4-17 
6 7 7 2  
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ALTERNATIVE 4A, CASE 9, LIFE-CYCLE COSTS 

LIFE-CYCLE COST FOR ALTERNATIVE 4A-9 
(Combined Cous) 16-MU-95 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
role 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
20% 
2059 
2060 
2061 
2062 
2063 
2064 
2065 

4.612.800 
56.749.900 
33.900.800 

33.900.800 

33.900.800 

33,900.800 

33.900.800 

33.900.800 

3 3,90 0.800 

33.900.800 

33.900.800 

33.900.800 

33.900.800 

2.437.900 
2.437.900 
3.936.500 
6.003.500 
6,003,500 

14,788,400 
14.788.400 
14.788.400 
14,788.400 
14.788.400 
14.788.400 

14.788.400 
14.788.400 
14.788.400 
14.788.400 
14.788.400 
14.788.400 
14.788.400 
14.788.400 
14.788.400 
14.788.400 
14.788.400 
14.788.400 
14,788,400 
12.647.000 
12.647.000 

14.788.400 

K450 

4.320.200 
474.100 

23.794.900 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 ' 
474.100 
474.100 

2.437.900 
7.050.700 

€4,686,400 
39.904.m 
6.003.500 

48.689.200 
14,788,400 
48.689.200 
14,788,400 
48.689.200 
14.788.400 
48.689.200 
14.788.400 
48.689.200 
14.788.400 
48.689.200 
14.788.400 
48.689.200 
14.788.400 
48,689,200 
14.788.400 
48.689.200 
14.788.400 
48.689.200 
14.788.400 
16.967.200 
13.121.100 
23.794.900 

474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474,100 
474,100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474,100 
474,100 
474,100 
474,100 
474.100 
474.100 
474.100 
474.100 
474.100 
474,100 
474.100 
474.100 
474.100 
474.100 

. .  



TABLE K.4-17 (Continued) 

LIFE-CYCLE COST, FOR ALTERNATIVE 4A-9 
(Combined Costs) 16--Mar-95 

-------------------------------------.------------__---------___I_________-------_____---._.__-------____________________. 
TOTAL 

COST 

CONSTRUCTION REMEDIAL POST- REMEDIAL 
OPERATIONS & MAINTENANCE OPERATIONS & MAINTENANCE ANNUAL 

(CONSTANT) 
(DOLLAR) Year 

2066 474.100 474.100 
2067 474.100 474.100 
2068 474.100 474.100 
2069 474.100 474.100 
2070 474.100 474.100 
2071 474.100 474.100 
2072 474.100 474.100 

474.100 474.100 2073 

2074 474.100 474.100 
2075 474.100 474.100 
2076 474.100 474.100 
2077 474.100 474.100 
2078 - 474.100 474.100 
2079 474.100 474.100 
2080 474.100 474.100 
2081 474.100 474.100 
2082 474.100 474,100 
2083 ' 474.100 474,100 
2084 474.100 474.100 
2085 474.100 474.100 
2086 474.100 474,100 
2087 474.100 474.100 
2088 474.100 474.100 
2089 574.100 574.100 
2090 474.100 474.100 
2091 474.100 474.100 
2097. 474.100 474.100 
2093 474,100 474.100 

2095 474.100 474.100 
2096 474,100 474,100 
2097 474,100 474.100 
2098 474.100 474.100 
2099 474.100 474.100 
2100 474.100 474.100 
2101 474.100 474,100 
2102 474.100 474.100 
2103 474.100 474.100 
2104 474.100 474.100 
2105 474.100 474.100 
2106 474.100 474.100 
2107 474.100 474.100 
2108 474.100 474.100 
2109 474.100 474.100 
2110 474.100 474.100 
2111 474.100 474.100 
2112 474.100 474.100 
2113 474.100 474.100 
2114 474.100 474.100 
2115 474,100 474.100 
2116 474.100 474.100 
2117 474,100 474.100 
2118 474.100 474.100 

P P P ~ P P P P P D P ~ P P P ~ P ~ P P P P P P P P P ~ ~ P P : ~ I p P P P ~ ~ P P ~ = P : ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ ~ ~ ~ ~ = i i p = ~ = = = ~ p ~ = = ~ = :  

TOTALS f434.271.500 S341.881.300 S74.102.800 3850.255.600 ..................................... ................................................................................................................................ 

-----------------------------------------------_________________.__----------------------._.______-_____-________________. 

2094 474.100 . . 474.100 
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E S T I M A T E  8 C O M P O N E N T  D E S C R I P T I O N  

1 SOIL EXCAVATION 

ALTERNATIVE: 4C 

L O C A T I O N :  FEMP 

C A S E  N O .  8 

C O N S T R U C T I O N  R E M E D I A L  P O S T - R E M .  TOTAL N E T  

C O S T S  0 8 M  C O S T S  C O S T S  C O S T S  P W  C O S T S  

118.082.300 0 574.100 118.838.400 84.800.800 

S H E E T :  1 
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233.462.eoo 8 8 e , e 4 1 . 7 0 0  52,201.800 i . i 5 ~ . 8 8 e . 2 0 0  a 0 4 . 8 o i . 0 0 0  

-.  
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FIGURE K.4-18 - ALTERNATIVE 4C, CASE 8, COST SUMMARY 
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FIGURE K.4-19 - ALTERNATIVE 4C, CASE 9, COST SUMMARY 
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TABLE K.4-18 
ALTERNATIVE 4C, CASE 8, LIFE-CYCLE COSTS 

LIFE-CYCLE COST FOR ALTERNATIVE I C - 8  
(Combined Cows) 16-MM-95 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
20l-8 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 

’ 2062 
2063 
2- 

DRAFT 2065 

FINAL 

2,614,700 
55.126.400 
15,973,800 

15,973,800 

15,973,800 

15.973.800 

15,973.800 

15.973.800 

15.973.800 

15.973.800 

15.973.800 

15.973.800 

15,973.800 

2.437.900 
2.437.900 
3.937.100 
35.182.400 
35.182.400 
38.123.500 
38,123.500 
38.123.500 
38.123.500 
38.123.500 
38.123.500 
38,123.500 
38,123,500 
38.123.500 
38.123.500 
38.12 3.500 
38.123.500 
38.12 3.500 
38.123.500 
38.123.500 . 
38.123.500 
38.123.500 
38.123.500 
38.123.500 
38.123.500 
12.647.000 
12.647.000 

K454 

9.530.200 
204.600 

22.91 5.200 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 

2.437.900 
5.052.600 
59.063.500 
51.156.200 
35.182.400 
54.097.300 
38.123.500 
54.097.300 
38.123.500 
54.097.300 
38.123.500 
54.097.300 
38.123.500 
54.097.300 
38.123.500 
54.097.300 
38.12 3.500 
54.097.300 
38.123.500 
54.097.300 
38.123.500 
54.097.300 
38.123.500 
54.097.300 
38.123.500 
22.177.200 
12.851.600 
22.91 5.200 

204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204,600 
204,600 
204.600 
204,600 
204.600 
204,600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204,600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 



TABLE K.418 (Continued) 

LIFE-CYCLE COST FOR ALTERNATIVE 4C-8 
(Combined Cous) 16-Mat-95 

( m N S T - 9  

(DOLLAR) 
~~~~~~~~~~ 

204.600 204.600 2066 
2067 204.600 204.600 
2068 204.600 204.600 
2069 204.600 204.600 
2070 204.600 204.600 
2071 204.600 204.600 
2072 204,600 204.600 
2073 204.600 204.600 
2074 204.600 204.600 
2075 204.600 204.600 
2076 204.600 204.600 
2077 204.600 204.600 
2078 204.600 204.600 
2079 204.600 204.600 
2080 204.600 204,600 
2081 204.600 204.600 
2082 204.600 204.600 
2083 204.600 204.600 
2084 204.600 204,600 
2085 204.600 204.600 
2086 204.600 204.600 
2087 204.600 204.600 
2088 204.600 204.600 
2089 204.600 204.600 
2090 204.600 204.600 
2091 204.600 204.600 
2092 204.600 204,600 
2093 204.600 204.600 
2094 204.600 204.600 
2095 204.600 . 204.600 
2096 204.600 204.600 
2097 204.600 204.600 
2098 204.600 204.600 
2099 204,600 204.600 
2100 204.600 204.600 
2101 204.600 204.600 
2102 204,600 204.600 
2103 204.600 204,600 
2104 204.600 204.600 
2105 204.600 204.600 
2106 204.600 204.600 
2107 204.600 204.600 
2108 204.600 204,600 
2109 204.600 204,600 
2110 204.600 204.600 
2111 204.600 204.600 
2112 204.600 204.600 
2113 204.600 204.600 
2114 204.600 204.600 
2115 204.600 204.600 
2116 204.600 204.600 
2117 204.600 204.600 
z i i 8  204.600 204.600 

==aa=====a====Onnia=-==P=n=a===:aa====a=====:====a====:=====a=.=aa=========:=a~=====.================: 

TOTALS S233.452,900 3866,941,700 SS2.291.600 11.152.686.200 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............................................................................................ 

~~ 
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TABLE K.4-19 
ALTERNATIVE 4C, CASE 9, LIF'E-CYCLE COSTS 

L I F E - C Y C L E  C O S T  FOR A L T E R N A T l V E 4 C - 9  
(Combined Coats) 

67'72 
c 

FINAL 

16-Mar-95 

1994 
1995 
1996 
1997 
1998 
1999 
2000 

' 2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 

2019 
2020 
2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 

. 2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 
2057 
2058 
2059 
2060 
2061 
2062 
2063 

201a 

DRAFT 2064 2065 

2.479.000 
53.567.300 
14.894.000 

14.894.000 

14.894.000 

14,894,000 

14.894.000 

14,894,000 

14.894.000 

14.894.000 

14.894.000 

14.894.000 

14.894.000 

2.437.900 
2.437.900 
3.937.900 

33.925.u)o 
33.925.500 
36,866,300 
36,866,300 
36,866,300 
36.866.300 
36.866.300 
36.866.300 
36.866.300 
36.866.300 
36,866,300 
36.866.300 
35,866,300 
36.866.300 
36.866.300 
36.866.300 
36.866.300 
36.866.300 
36.866.300 
36.866.300 
36.866.300 
)6.866.300 
12.647.000 
12.647.000 

K456 

9.480.300 
204.600 

22.915.200 
204,600 . 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 . 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 

2.437.900 
4,916.900 

57.505.200 
48.819.500 
33.925.500 
51.760.300 
36.866.300 
51.760.300 
36.866.300 
51.760.300 
36.866.300 
51.760.300 
36.866.300 
51.760.300 
36.866.300 
51.760.300 
36.866.300 
51.760.300 
36.866.300 
51.760.300 
36.866.300 
51.760.300 
36.866.300 
51.760.300 
36.866.300 
22.127.300 
12.851.600 
22,915,200 

204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 
204,600 
204.600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204,600 
204,600 
204,600 
204.600 
204.600 
204,600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204.600 
204,600 . .  
204.600 
204,600 
204,600 
204,600 
204,600 
204,600 



TABLE K.4-19 (continued) 

LIW-CYCLE COST FOR ALTERNATIVE4C-9 
(Combined Cour) 16-M.r-9J 

Ye?% 
(CONSTANT) 

(DOLIAR) 

2066 204.600 204.600 
2067 204.600 204.600 
2068 204.600 204.600 
2069 204.600 204.600 
2070 204.600 204.600 
2071 204.600 204.600 
2072 204.600 204.600 
2073 204.600 204.600 
2074 204.600 204.600 
2075 204.600 204.600 
2076 204.600 204,600 
2077 204.600 204.600 
2078 204.600 204.600 
2079 204,600 204,600 
2080 204.600 204,600 
2081 204.600 204.600 
2082 204.600 204,600 
2083 204.600 204.600 
2084 204.600 204.600 
2085 204.600 204.600 
2086 204.600 204,600 
2087 204.600 204,600 
2088 204.600 204.600 
2089 204.600 204.600 
2090 204.600 204.600 
2091 204.600 204.600 
2092 204.600 204,600 
2093 204.600 204.600 
2094 204.600 204.600 
2095 204.600 204.600 
2096 204.600 204.600 
2097 204.600 204,600 
2098 204.600 204,600 
2099 204.600 204,600 
2100 204.600 204.600 
2101 204.600 204.600 
2102 204.600 204,600 
2103 204.600 204.600 
2104 204.600 204.600 
2105 204.600 204.600 
2106 204.600 204.600 
2107 204.600 204.600 
2108 204.600 204.600 
2109 204.600 204.600 
2110 204.600 204.600 
2111 204.600 204,600 
2112 204,600 204.600 
2113 204.600 204,600 
2114 204.600 204.600 
2115 204.600 204,600 
2116 204.600 204.600 
2117 204.600 204,600 
2118 204.600 204.600 

TOTALS S219.880,300 S839.284.700 S52.241.700 S1.111.406.700 
PIPPP~PDPPIPPIPPPIPaP3~~PPP~PoPIPPPPP~PPPaaP.PPPPPPP~aP~~PPPP~PPP~DaPPPP~:P~PPPP~PPa=3PPa=P~PP~==~L 
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OVERVIEW 

The Operable Unit 5 remedial alternatives are comprised of a combination of the following remedial 
components: 

Soil excavation 
Soil washing 
Off-site disposal 
Stabilization 
Consol idat ion 
On-property disposal cell 
Bac kfil 1 
Groundwater monitoring 
Great Miami Aquifer extraction 
Central storage facility 

The remedial component detailed descriptions further define the building blocks of each reiiiedial 
alternative with respect to the technologies to be used and the performance requirements associated 
with those technologies. The detailed descriptions include a functional description of each remedial 
component and a combination of the following preliminary engineering documents: 

Major equipment list 
Site plan 
Cross-section 
Typical well design 

Process or block flow diagram 

The remedial components are described in detail in the following sections. 
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L.l.0 SOIL EXCAVATION i 

Contaminated soil exceeding preliminary remediation levels (PRLs) for each alternative would be 
excavated using conventional earth moving equipment. Figure L. 1-1 presents a flow diagram 
depicting the major activities associated with soil excavation. 

L. 1.1 VERIFICATION SURVEYS 
The objective of the verification survey.is to provide sufficient data to design and implement the soil 
excavation process. The excavation footprints presented in Section 2.0 of the Feasibility Study (FS) 
were based upon a kriging analysis of the available uranium data for soil and sediment collected 
during the Remedial Investigation @I) and other environmental studies conducted at the Fernald 
Environmental Management Project (FEMP). The kriging analysis was supplemented by manual 
interpretations of data for other constituents of concern (COCs), which were presented in the 
Operable Unit 5 RI Report. While this distribution of samples is appropriate to establish the 
approximate limits of excavation and the volumes of material to support the evaluation of the remedial 
alternatives, it is not sufficient to design an effective remediation program. For instance, the data 
points showing FEMP contamination are generally separated by 3000 feet or more. The FEMP has 
estimated that the minimum area of land required to fully develop the resident farmer scenario, used 
for the derivation of PRLs, is from five to 20 acres. The available RI data is insufficient to establish 
the average concentration of contaminants distributed over individual five to 20 acre areas. Such 
resolution is required to ensure that private land which exceeds the risk-based PRLs is adequately 
addressed while areas not contaminated will not be unduly disturbed. 

a 

The cost of excavating and treating or disposing of contaminated soil is very high. Therefore, it is 
vital to the success of the remedial action to be sure that only contaminated materials are removed 
and, at the same time, be sure that all the material exceeding the final remediation levels is removed. 
Further, while the RI Report data indicate the general vertical and lateral extent of contamination in 
sufficient detail to be sure that the materials are present, they do not define the vertical extent of 
contamination sufficiently to be used in directing conventional excavation equipment. The verification 
sampling program, as conceptually outlined here, would provide data at a sufficient level of detail to 
make these decisions. The verification sampling program would be finalized as part of the remedial 
design and remedial action process. 

The nature of the contamination, the method of deposition and the subsurface conditions of the area 
are factors that are involved in the design of the verification sampling. Sampling to determine the 
volume of soil to be excavated in the off-property areas where the contaminants arrived by air 
deposition will be different from sampling in the production area where acidic fluids were spilled. 
Because of such variability, the guidance on statistical sampling approaches and methods for 
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performing such surveys are established within a technical memorandum issued by the U.S.  
Environmental Protection Agency (EPA) entitled "Methods for Evaluating the Attainment of Cleanup 
Standards." Using this guidance, a consistent conceptual approach has been developed for verification 
sampling of affected areas off FEMP property, on-property areas outside the production area and 
waste storage areas, and on-property areas within the production and waste storage areas following 
source removal activities. Generally the strategy would be to survey boundary areas to define the 
limits of the excavation, remove all material within the boundaries, and conduct a certification 
sampling program before an area is backfilled. 

analytical precision levels will be dictated by the establishment of the final remediation levels in the 
Record of Decision (ROD). The collection of quality control samples would be commensurate with 
the analytical procedures and consistent with the Sitewide CERCLA Quality Assurance Project Plan 
(SCQ). Where possible, instrument measurements with hand-held radiological detection instruments 
would be taken at each survey location. When instrument measurements are statistically higher than 
background and bracket PRL concentrations, minimal or no samples would be collected to verify the 
extent of the excavation. Under these conditions, the instrument data would be used to determine the 
area to be excavated. 

As a continuation of the K, investigation, which has indicated that radionuclides present in soil outside 
the FEMP-controlled areas are essentially immobile in the soil, approximately 10 percent of the 
samples collected in the verification sampling will be tested for leachability. This data will be used to 
support the waste characterization for disposal of the excavated material. 

L. 1.1.1 Off-ProDerty Verification Survev 
Verification surveys would be conducted, as required, to focus on the affected soil, sediment and 
other miscellaneous impacted areas located off the FEMP property. The verification program for 
sediment would be focused on Paddys Run and the Great Miami River. The miscellaneous impacted 
areas include the contaminated rubble and soil located adjacent to the FEMP outfall line at the Great 
Miami River and potentially affected soil beneath the retired outfall line. 

- Soil 
RI data suggest that potentially an area as large as 11 square miles off the FEMP property may be 
above the PRLs for soil. The lateral extent of the impacted area is closely linked to the determination 
of the final remediation level. If the final cleanup level is established using the IO6 risk level of 
5 ppm for the resident farmer for affected off-property areas, it is estimated that over five million 
cubic yards of soil distributed over the 11-square-mile area of privately owned land would be 
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affected. The concentration of uranium suspected to reside in the vast majority of this area is 
estimated to be less than 6 to 8 ppm. At a final cleanup level approximating the 10’ residual risk 
level to the resident farmer of 15 pprn, the area of impacted soil is estimated to be immediately 
adjacent to only the eastern and northern property lines of the FEMP. The volume of impacted soil 
at this target cleanup level is estimated to be approximately 400,000 cubic yards. Raising the cleanup 
level to permit approximately 50 ppm of uranium to remain in the affected soil would essentially 
eliminate the need for off-property excavation, with the exception of activities to address soil beneath 
the retired outfall line and the contaminated rubble and soil present adjacent to the outfall line 
discharge point. 

As noted earlier, the appropriateness of specific analytical methods would change with the selection of 
the final cleanup level. For uranium, variations in the method of detection and analysis would be 
required if the PRL was reduced from the approximate 50 ppm level to the near background level of 
5 ppm associated with the risk level for the resident farmer. On the basis of work at the FEMP 
and other cleanup sites, the ability to use hand-held radiological detection instruments becomes 
increasingly difficult as the concentration in soil falls below 100 ppm. The practical limit of currently 
available hand-held, field-proven instruments is approximately 50 ppm for uranium. Detection at this 
level typically requires the use of fully shielded detectors (shielded FIDLER) with each measurement 
requiring a count time of 1 to 10 minutes. The ability to detect uranium in soil at low concentrations 
is affected by many conditions including: the type and distribution of radionuclides present in the 
soil; the efficiency of the detector; the moisture content of the soil; and the detection geometry. 
Therefore, below the range of 50 to 100 ppm of residual uranium in soil, verification sampling must 
be conducted followed by laboratory analysis of samples and statistical interpretation of the results. 
Similar limitations would be confronted in the detection of other radionuclides in soil. The available 
RI data suggest that the concentrations of other radionuclides, including radium and thorium, present 
in soil at the FEMP are generally below the detection capability of hand-held instruments. Some 
limited usage of hand-held radiological instruments may support the removal of impacted soil within 
the Operable Unit 1 and 4 areas. 

For the nonradiological parameters, hand-held instrumentation could not be utilized, except for 
detecting volatile organics at relatively high concentrations. All verification and certification sampling 
performed off the FEMP property for non-radiological parameters is assumed to include either trailer- 
mounted or full laboratory analysis. 

The off-property soil potentially impacted at the lo6 risk level is distributed over a broad contiguous 
area, with isolated suspect areas located outside the contiguous area. The suspect areas are generally 
situated along low-lying areas such as drainage swales. These suspect areas generally had one to 
three sampling locations indicating residual concentrations within f 10 percent of the PRL. The 
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objective of the verification sampling program, in the event the resident farmer risk level PRL is 
adopted as part of the selected remedy, would be to sample this relatively large off-property area to 
the extent necessary to define the outer limits of excavation, assuming excavation would be to a depth 
of six inches everywhere. Due to the size of the affected area, and the need to acquire access, the 
sampling of this area would be expected to require up to three years to complete. 

For purposes of cost analysis in this FS, a conceptual sampling approach was adopted for the lo6 risk 
level off-property footprint to determine if the average residual concentration exceeded the PRL in 
any 5-acre area. The general approach would be to initiate sampling at the suspected outer edge of 
the contaminated area as presented in the RI; the outer edge is an isoconcentration line dividing clean 
from contaminated samples. The location of this line is refined by successively sampling half way 
between clean and contaminated sample pairs. 

Initially a sample would be collected approximately half way between the last RI sampling location 
that exhibits contamination greater than the PRL and those that do not for every pair of points which 
bracket the isoconcentration. Based upon the analyses of the first sample, a second sample would be 
collected half way between the samples that bracket the isoconcentration line. Given the spacing of 
the RI sampling locations, sampling would have to be repeated four times to define the boundary for 
an area less than 5 acres in size. 

Figure L.l-2 illustrates the sampling sequence. The RI samples are indicated by a'n X for clean 
samples and an 0 for contaminated samples. The isoconcentration line defining the approximate limit 
of contamination is drawn between sampling locations with a dashed line. To determine the location 
of the first sample, a line is drawn between each RI sample pair. If the spacing between adjacent 
clean samples is greater than 5000 feet, an additional sampling line is drawn from a contaminated 
sample to bisect the distance between the clean samples. An initial sample, shown by a 1 in 
Figure L.l-2, is collected half way between each RI sample pair or at a distance of 1500 feet from 
the contaminated sample. The result of this initial sample is plotted on the map. If Sample 1 is 
greater than the PRL the second sample, shown as a 2 in Figure L.l-2, is taken half way between 
Sample 1 and the clean RI sample. If Sample 1 was less than the PRL the second sample is taken 
half way between Sample 1 and the contaminated RI sample. The results of Sample 2 are evaluated 
in the same manner as Sample 1. Sample 3 will be collected half way between Sample 2 and the 
adjacent clean or contaminated sample depending on the level of contamination in Sample 2. The 
refined isoconcentration line is shown as a solid line in Figure L. 1-2 after the sampling distance has 
been halved four times. 
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Given that the RI samples are spaced approximately 3000 feet or more apart, it will require four 
samples to have a density of samples approximately 200 to 300 feet apart. 
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approximately a circle 530 feet in diameter; therefore, the sampling density would be sufficient to 
indicate the presence of contamination in a 5-acre area. 

I 

2 . 

Sampling would continue until the boundaries were adequately defined to facilitate the mobilization 

area to verify that the assumption of contiguous contamination was appropriate. Additionally, within 

soil continued to exhibit the elevated concentrations of uranium. For purposes of the FS, it was 
assumed that all collected samples would be analyzed for isotopic uranium, with a percentage sampled 
for other site-related COCs. 9 

3 

and direction of excavation equipment. Random sampling would be conducted within the bounded 4 

5 

6 

7 

8 

the bounded area, sampling would be conducted on tilled agricultural land to ensure that the surface 

The same procedure would be used to refine the size of suspect areas. 
defining these suspect areas is extremely limited, initial samples would be collected from locations 
within 50 feet of the RI data set. Following confirmation, the available data would be used as the 
basis for the design of a sampling scheme. It is conceivable that some suspect areas may be reduced 
in size to below the 5-acre limit and therefore not require remediation. 

Because the available data 10 

I I  

I? 

13 

I4 

A similar sampling scheme would be adopted to define the area of excavation at the 10.’ residual risk 
level to the resident farmer of approximately 15 ppm. At this concentration range, some reliance can 
be placed on the use of total uranium analysis as opposed to isotopic analysis. Total uranium analysis 
offers advantages regarding both cost and turnaround time. For the FS, it is assumed that all samples 
collected are analyzed for total uranium with 20 percent analyzed for isotopic uranium and other 
potential site-introduced COCs. Associated with the verification survey at this PRL, a scan would.be 
performed of the potentially impacted areas with hand-held radiological instruments to provide a 
higher degree of confidence that potential hot spots exceeding 50 ppm of uranium were detected and 
removed. 

15 
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At a PRL of approximately 50 ppm uranium or higher, the off-property verification survey would 
heavily rely upon the use of hand-held radiological instrumentation. A scan survey would be 

21 

5 

26 conducted in all areas suspected of exceeding this level. 

All or the most significant portion of soil above the action level is removed as part of the Sewage 
Treatment Plant Removal Action; the verification survey would reconfirm these results through the 
scan survey and the collection of discrete samples in areas suspected of exceeding the PRL. 

27 

?S 

29 

Within the off-property area are three general land use types that impact sampling. 
cultivated agricultural land, rolling pastures or grass-covered areas around residences, and steep 
slopes with forest cover. The selection of the actual sampling locations would use the following guide 

These are 30 

31 

32 a 
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for these areas. Sampling would be biased toward undisturbed areas along the edge of cultivated land 
if such areas are present within 100 feet of the prescribed sampling location. If an undisturbed area is 
not available, samples would be collected in the cultivated area over the 0- to 2-inch interval and over 
the 10- to 12-inch interval to determine if uranium has been worked into the soil by cultivation 
activities. Grass-covered areas would be sampled at the prescribed locations. In areas with steep 
slopes and forest cover, samples would be collected at the base of slopes within 100 feet of the 
prescribed sampling location. The base of the slope is where particulates falling on the surface would 
accumulate due to surface water runoff. 

Because the source of contamination is airborne deposition of relatively insoluble uranium, two 
samples would be collected at each location. A surface sample col1,ected over a vertical interval of 0 
to 2 inches and a deeper sample collected over the interval of 6 to 8 inches. It is assumed that within 
the lateral boundary 6 inches of soil would be removed from all areas. Certification sampling would 
be conducted to ensure that all contamination has been removed; therefore, verification sampling to 
determine the depth of contamination within the 11 square miles would not be required. 

Sediment 
Available data from the RI and other site sampling programs for the concentration of contaminants in 
the sediment in Paddys Run and the Great Miami River is limited. The ability to collect 
representative samples is obviously hindered by the continuously changing nature of the sediment. To 
verify that no excavations or dredging would be required, verification sampling would be performed 
in the sediment in both the creek and the river. Verification sampling is assumed to take place near 
the end of the soil remediation process so that any impacts of the cleanup can be addressed. 

Miscellaneous Off-Propertv Areas 
Verification sampling would not be conducted to establish the need for soil excavation at the location 
of the contaminated rubble and soil at the outfall line to the Great Miami River, and for the soil 
beneath the retired outfall pipeline along its course from the FEMP sewage plant to the river. For 
both of these situations, the nature or location of the potentially contaminated soil precludes the ability 
to perform verification sampling in advance of excavation operations. Therefore, it is assumed that 
any -required verifications surveys would be conducted during excavation at these locations. For the 
contaminated rubble and soil at the outfall line, sampling performed during the RI was inconclusive 
due to the inability to acquire sufficient representative samples. Sampling in this area was limited due 
to the presence of buried concrete which prevented the collection of soil samples at depth. Available 
data indicate that quantities of contaminated concrete rubble and soil are located adjacent to the outfall 
discharge point. All remedial alternatives assume that this material will be excavated and that 
contaminated rubble and any soil exceeding final remediation levels would be returned to the FEMP 
for disposition in accordance with the ROD. 
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For purposes of the FS, it was assumed that up to 12 inches of soil in a three foot wide strip along 
the entire len,oth of the outfall line would require excavation to attain final remediation levels. 
Sampling of this soil is hindered by the presence of the buried cast iron line. Sampling is assumed to 
be conducted during the process of removing the line. Soil exceeding the PRLs would be returned to 
the FEMP for disposition in accordance with the ROD. 

Off-DroDertv Access 
To conduct the verification sampling program for off-property affected areas, written access 
agreements will be required from each involved land owner. Such agreements are presently used by 
the FEMP to collect environmental samples as part of the Environmental Monitoring Program. 
Typically agreements are readily obtained; however, obtaining access in select cases may prove 
difficult due to the owner's reluctance to have the property disturbed, or due to concerns over the 
language of the agreement. In these cases, every effort would be made to obtain access through 
discussions with the involved property owner. In cases where voluntary access cannot be acquired 
through use of the referenced agreement process, the U.S. Department of Energy (DOE) would refer 
the matter to the U.S. Department of Justice to exercise DOE'S authorities to acquire access pursuant 
to Section 104(e) of the Comprehensive Environmental Response, Compensation and Liability Act 
(CERCLA). 

L. 1.1.2 Areas Outside the Production and Waste Storage Areas Verification Survey 
Surface soil contamination has been detected in the pastures and wooded areas of the FEMP outside 
the production and waste storage areas. Except for the trap range, the source of contamination is 
airborne deposition of constituents on the surface. Within the trap range area the source of 
contamination is lead shot and clay pigeon fragments deposited on the land surface coupled with 
airborne deposition of historical emissions from process stacks. Contamination in these areas outside 
other operable units is likely to be within 12 inches of the surface and a deep subsurface sampling 
program is not required. 

The RI samples in these areas are generally too widely spaced for the development of specific 
excavation plans. Additional sampling is required to define the outer boundary and the vertical extent 
of the contamination. For the purpose of the FS, the conceptual sampling plan in these areas would 
be conducted on a 400-foot grid. Initial sampling locations would be based on the isoconcentration 
boundaries of contamination defined in the RI Report. The initial samples would be collected at the 
grid intersections that appear to bracket the isoconcentration boundaries. If contamination is found at 
both grid locations, the next location away from the isoconcentration line would be sampled. If the 
samples at two grid locations bracket the PRL level, samples will be collected along the grid and 
diagonals half way back toward the contaminated area. Based on the results of the second sample the 

1 

6 

7 

8 

9 

10 

I I  

12 

13 

14 

15 

16 

17 

26 

27 

25 

29 

?o 

31 

32 

33 

34 

FER\CRUS\APXS\APP-L\SEC-Ll\MarrhZl. 1995 8:39pm L-1-9 



FEMP-OSFS-5 DRAFT FINAL 
March 3-2, 1995 

distance would be split a second time and a third sample would be collected to bracket the 
isoconcentration boundary within a 100-foot interval. 

Samples will be collected at each location over depth intervals of 0 to 2, 4 to 6 ,  10 to 12, and 18 to 
20 inches using hand tools. The top two intervals would be analyzed and the lower two intervals 
would be archived for later analysis if required. Both deeper samples would be analyzed if the 4- to 
6-inch interval is above the PRL level. 

As discussed for off-site soil, the method of detection and analytical procedures will be determined by 
the PRL defined in the ROD. Hand-held instruments would be used to the extent practical for the 
verification sampling program. Hand-held instruments may be used in the initial sampling to 
determine if the soil is grossly contaminated. If so, the field instrument result would be used and 
additional samples would be collected at the next grid away from the contaminated area. If PRL 
levels allow hand-held detection instruments to be used for defining the extent of contamination, 
20 percent of the samples defining the clean area would be sent to a laboratory for confirmatory 
analysis. 

L.l .  1.3 Areas Within the Production and Waste Storage Areas Verification Survey 
It is assumed for the development of verification sampling that the majority of the buildings would be 
removed from the production area and that only residual soil would be present from the waste pits 
and other operable unit areas. 

soil 
Sampling would be conducted using the same logic as presented in Section L. 1.1:2; however, the grid 
size would vary depending on the area and contaminant present. Because sources of contamination in 

158 
532 

leaks, sampling would extend to the water table, o 
. . . . . . . . . . . . o a depth of five feet below the depth of the RI sample that ..... 

indicated contamination was present. Sampling would begin with the 6-inch interval used by the RI 
samples and continue with 6-inch samples collected every other 6 inches until the 

. . . . . . . . 

Hazardous Waste Management Units 
In the FS, estimates were made of the volume of soil containing both listed and hazardous wastes at 
levels requiring action in the vicinity of hazardous waste management units (HWMUs) to be closed in 
conjunction with remedial activities and for other localized areas of soil at the site. Additionally, the 
volume of soil potentially containing petroleum products due to releases from underground storage 
tanks was estimated. Verification sampling around HWMUs and underground tanks would be done 
beginning with a 100-foot grid. After the sampling interval is split twice the boundary would be 
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bracketed laterally within a 25-foot interval and vertically within a 6-inch interval. Three-dimensional 
sampling plans could be generated from this data. 

Hand-held detection instruments would be used where applicable to reduce the cost and time required 
to conduct the verification sampling. In addition to radiological detectors, photoionization detectors, 
portable volatile organic analyzers, and portable x-ray fluorescence equipment would be employed to 
screen samples when appropriate, based on PRL levels. 

Perched Groundwater 
Where perched groundwater is contaminated the soil containing the perched groundwater would be 
excavated. It is therefore necessary to determine the extent of the coarse-grained sand and silt that 
contain the perched groundwater and the depth to the base of these geologic units. For the FS, the 
coarse-grained material would be removed if it is capable of a sustained yield of 1 gallon per minute 

159 

- 

I. 

3 

(gpm) for at least two days. t I ?  

13 

The outline of 1.1 

the coarse-grained material to be removed has been presented in Section 2.0 of the FS and the 
strategy for cleanup is presented in Section 4.0. 

Groundwater sampling records would be reviewed to determine which wells and existing piezometers, 
near the edge of the perched groundwater contamination zone would be tested for yield. Low volume 
peristaltic pumps would be used with a flow meter to determine the yield of each well or piezometer. 
Wells or piezometers that typically went dry during sampling would be assumed to be below the 
1 gpm yield criteria. 

161 The production area has been sampled geologically on a 250-foot grid. The conceptual approach for 
the FS would be to drill and sample for geologic information around the perched groundwater 
contamination areas using the existing 250-foot grid or an extension of it. Borings would be 
advanced to determine the subsurface geology and if perched groundwater is available from the 
sediment. Samples would be collected with an appropriate sampling device to provide a full geologic 
description of the material in the subsurface. The boring would advance until at least 3 feet of till has 
been penetrated below the water-bearing unit or the boring is within 5 feet of the base of the glacial 
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overburden, whichever comes first. ?9 
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definition of the water-bearing unit there is no need to collect samples for chemical analyses. 
boring has at least 2 feet of free water during drilling and if there are no piezometers within 125 feet 
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of the boring, a piezometer would be installed in the boring; otherwise, the boring would be 
backfilled with grout. A yield test would be conducted and water levels would be monitored during 
excavation to verify that the water levels fall as excavation proceeds and the correct unit is being 
excavated. Post-excavation certification samples would be taken after the perched groundwater zones 
are removed to ensure that the contamination has been removed. 

Soil in Storage 
For soil currently in storage piles and boxes, the volume estimates were made on the basis of 
available data, process knowledge, or best engineering judgment. Before the initiation of detailed 
design of treatment systems to address the petroleum products or the RCRA-regulated components of 
the soil, characterization would be completed by sampling the storage piles and boxes to the extent 
necessary to provide a more refined estimate of the affected soil volumes. - 

L. 1.2 EXCAVATION 
Soil, sediment, and gravel exceeding the PRLs would be excavated using conventional earth-moving 
equipment, including backhoes, track or skid loaders, etc. Conventional earth-moving procedures 
would be modified to minimize both the excavation of clean (Le., below the PRLs) materials and the 
generation of fugitive dust. 

During the mobilization stage, air monitoring stations would be established at the perimeter of the 
excavation, as required, to be used in conjunction with other environmental and personnel monitoring 
(Le., surface water monitoring, lapel monitoring, etc.) to determine the potential releases of airborne 
or waterborne contaminants from the excavation site. This monitoring network would be used to 
evaluate the performance of any mitigative measures employed during the excavation process to 
minimize releases to the environment. Before initiating excavation at a given area of the site, a set of 
baseline monitoring data would be collected to serve as a basis for trending analysis. Air and surface 
water samples would be collected and submitted to an on-property laboratory (Le., existing FEMP 
laboratory or a trailer-based system) for more expedient analysis. 

As part of site preparation and mobilization, required documentation, including task-specific health 
and safety plans, a storm water management plan, and an erosion and sediment control plan, would 
be prepared to support field operations. During the site preparation phase, necessary vertical and 
horizontal controls would be established to support construction-related surveying. Ground surveying 
techniques would serve as the basis for locating required facilities, establishing sampling grids, 

, identifying certification sampling coordinates, estimating quantities of excavation and backfill 
material, and supporting the  development of as-built drawings. 
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As previously discussed, the excavation of cont'aminated soil, sediment, and gravel must be effectively 
coordinated with remedial actions at each of the operable units. Significant quantities of soil requiring 
excavation are located under or adjacent to existing structures, pipelines, pits, silos, and landfills 
located on the FEMP property. Additionally, certain remedial alternatives would require the 
excavation of soil from off-property locations. A preliminary level of detail on the sequencing of the 
excavation process is provided below. A more thorough examination of the sequencing of remedial 
actions would be conducted following remedy selection, during the remedial design process. 

e 

L.1.2.1 Off-ProDertv Excavation 
Following verification of the vertical and horizontal extent of contamination requiring excavation from 
off-property locations, the FEMP would pursue the establishment of remedial action agreements with 
each of the affected property owners. Similar agreements have been used effectively for other large 
scale DOE cleanup programs. These agreements typically inform the property owners of the type and 
extent of contamination residing on their property and the planned actions to remove the materials. 
The agreement would also document the required actions to be conducted by the DOE to restore their 
properties to its preexisting condition. Copies of such agreements are typically provided to any 
tenants residing on the affected land. DOE has been very successful in obtaining such agreements 
with involved property owners, but the process is complicated by establishing true land ownership or 
contacting nonlocal owners. Where access cannot be acquired following good faith efforts by the 
DOE, the matter would be referred to the U.S. Department of Justice to acquire access pursuant to 
the previously discussed authorities granted to DOE under CERCLA. 

- 

After access is obtained, involved areas would be strategically segmented to provide for an orderly 
performance of remedial activities. Before beginning, any required environmental monitoring stations 
would be established and natural and cultural resources plans would be developed. In general, 
excavations would be initiated at the point farthest from the FEMP and progress toward the FEMP. 
Excavation equipment would be selected based on site conditions. The size of such equipment is 
typically limited by access constraints present at the property and the desire not to damage adjoining 
structures or improvements. 

Soil would be excavated to the extent necessary to remove contaminants to a condition which is 
statistically less than the cleanup standard (Le., the PRL). Available statistical techniques and hot 
spot criteria would be employed to successfully attain the PRLs while minimizing the need to remove 
trees, shrubs, pavement, pools, etc. Excavated soil would be loaded directly onto'dump trucks, 
covered, and transported to the FEMP property. Appropriate controls would be employed, including 
the use of water sprays to minimize the generation of fugitive dust during excavation. The use of 
controls for storm water management is not envisioned as being required for most affected off- 
property areas due to the low average contaminant concentrations. The determination of the specific 
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mitigative measures required to facilitate off-property excavations would be determined during 
remedial design. 

L. 1.2.2 On-ProDertv Excavation 
Acquiring access to contaminated soil located underneath or immediately adjacent to processing 
facilities, support buildings, pads, and pavement within the former production area is dependent upon 
the completion of decontamination and dismantlement activities under the Operable Unit 3 interim 
remedial action and final remedial actions. The completion of these remedial activities would be 
completed in an integrated manner over approximately 16 years. Final remedial schedules for 
dismantlement would be established through the Remedial Action Work Plan for Operable Unit 3 and 
are highly dependent on available disposal capacity and funding. 

- 
The FEMP contemplates removal of above-grade facilities, equipment, piping, and tanks within the 
former production area on a segmented basis. After a given segment (Le., quadrant) is cleared of 
above-grade facilities, leaving cleaned (Le., scabbled, steam washed) foundations, pads, and 
roadways, the area would be released for an integrated excavation process involving the removal of 
surface pavement and foundations in conjunction with below-grade improvements and contaminated 
soil. 

There is a large quantity of gravel on the roadways and beneath the building pads and foundations in 
the production area; a large section north of Second Street is covered with an average of 1.5 feet of 
gravel between the buildings. In most cases this gravel overlays contaminated soil and is itself . 
contaminated to levels exceeding the PRLs. Gravel would be excavated along with the soil and 
disposed of in accordance with its radiological contamination. 

The integrated pavement/foundation removal and soil/gravel excavation process would start in the 
northeast sector of the former production area and proceed in a western and southern direction. The 
specific sequence would be established as part of the Operable Unit 3 interim remedial action and 
final remedial design process. Considerations in this final sequencing would include: 1) minimizing 
the potential for storm water run-on to previously excavated and certified areas; 2) maintaining 
needed plant infrastructure, including power, heat, water, storm sewers, and sanitary sewage 
collection and treatment to the extent practical to support the remediation effort; and 3) maintaining 
strategic storage, treatment, and other facilities required to support the remediation effort. 

Following completion of necessary health and safety and radiological protection surveys, 
establishment of radiological control areas and monitoring networks, identification and lockout of 
underground utilities, and flushing of underground lines, the remaining concrete and asphalt pavement 
and building foundations would be scored/saw cut, as necessary, and broken with a concrete buster. 
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Broken concrete would be segregated from underlying soil, to the extent possible, and loaded by a 

Operable Unit 3. Appropriate mitigative measures, including the use of water sprayers and/or 

generation of fugitive dust. . 

1 

backhoe into 40-ton roll-off containers for disposition in accordance with the selected remedy for 

foggers, would be implemented during the concrete breaking and loading process to preclude the 
3 

1 

5 

Following removal of the pavement and foundations, soil and gravel excavation would proceed, 6 

7 

8 

9 

IO 

I I  

typically using a backhoe. The areal extent of open excavation (Le., area undergoing excavation 
before certification) would be limited to the extent practical to preclude potential fugitive releases and 
cross contamination. To preclude potential soil contamination migration into adjoining areas, into 
previously cleaned areas, or deeper into the soil column, appropriate control measures would be taken 
during the excavation process, including: 

Positioning backhoes, etc., and receiving trucks or containers on existing paved 
areas, clean haul roads, or temporary plank roads to the extent practical 

Minimizing the use of tracked vehicles in contaminated areas to preclude affected 
soil being forced lower into the soil column 

I? 

15 

I4 

I5 

Removing the teeth from backhoes, buckets etc., or welding a cover plate over the 16 

17 teeth to eliminate contaminated soil being pushed progressively deeper during 
excavation 18 

Using water sprays, foggers, etc., to preclude fugitive dust emission 19 

Maintaining adequate storm water controls during excavation, potentially including 
temporary dikes (Le., pipe beams), to collect run-on water and perched groundwater 
and direct it to tankage or nearby sewer systems, as appropriate. 

20 
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21 

Areas which indicate the presence of contaminant concentrations exceeding PRLs would be excavated. 
A typical excavation cross section is presented in Figure L. 1-3. Consistent with the conceptualization 
of the excavation process presented in Figure L. 1-3, approximately 0.5-acre areas are envisioned to 
be undergoing active excavation at any one time. Limiting the areas of active cleanup is necessary to 
minimize the need for the handling of collected storm water. The need to use multiple excavation 
sites would be determined during remedial design and remedial action. 

As indicated in Figure L. 1-3, appropriate storm water control measures would be provided during 
excavation. In areas of deeper excavations exceeding approximately 6 to 8 feet, quantities of perched 
groundwater are expected to. enter the excavation. The quantities of groundwater encountered at the 
excavation site are highly dependent on the localized geologic conditions. As previously discussed, 
collected perched groundwater would be pumped from the excavation to tankage or a nearby site 
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sewer system, as appropriate. It is envisioned that in areas of perched groundwater exceeding 
maximum concentration levels (MCLs) or proposed MCLs, perched groundwater (including any 

1 

2 
a 

collected storm water) collected in the excavation would be pretreated, transferred to tankage and then 
transported to the advanced wastewater treatment (AWWT) facility for supplemental treatment. .I 

It is anticipated that soil excavated from perched groundwater zones would have high moisture content 
and would require special consideration for handling. This soil would be excavated and aerated for 
ease of handling. Soil would be spread out over a large area and allowed to dry out before loading in 
roll-off containers for disposition in accordance with their radiological contamination. Storm water 
runoff and groundwater drained from this soil during aeration would be collected by temporary storm 
water collection berms, transferred to tankage, and transported to the AWWT facility for treatment. 
As indicated in Section 4.1, perched groundwater collected in the vicinity of the fire training area and 
the sewage treatment plant (both facilities are Resource conservation and Recovery Act (RCRA)-listed 
organic waste HWMUs) would be pretreated for listed organic constituents before delivery to the 
AWWT facility. Drinking water MCLs (or 10” concentrations for constituents without MCLs) for 
the RCRA-listed constituents would be used as the action level to designate when pretreatment of 
collected perched groundwater from these two areas is required. The pretreatment step is necessary 
to avoid contaminating other AWWT treatment residuals with RCRA listed constituents. 
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Underground pipelines encountered during the soil excavation process would be segmented from the 
surrounding soil to the extent possible and cut into manageable sections. The piping would be loaded 
into 40-ton roll-off containers, with the ends wrapped to preclude any releases during transport. 
Filled roll-off containers would be transferred to the appropriate staging area for disposition in 
accordance with the selected remedy for Operable Unit 3. 
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Contaminated soil would be segregated to the extent possible based on contaminant concentrations at 
the time of excavation in support of the particular requirements of the selected remedial alternative. 
This segregation process would be conducted through a combination of the results of the verification 
surveys and excavation control surveys. Maintaining sufficient controls during the excavation process 
is key to minimizing the removal of underlying or adjacent clean soil (Le., less than the PRL), while 
at the same time providing for continuity and efficiency in the excavation process. 

In general, excavation would proceed over the area and depth established by the inclusion and 
verification surveys. Digging would proceed to the planned extent and interim measurements or 
sampling are not anticipated. 
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When excavation has proceeded to the expected boundaries, consistent with the PRLs, measurements 32 

33 would be taken with hand-held radiological detection instruments. Multiple measurements would be 
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taken over each 10-meter grid (100 m’ area). If instrument measurements are clearly elevated and in 
excess of the PRL values, further excavation is indicated. If instrument measurements are adequate to 
monitor PRL levels, the concentrations would be averaged and compared to the PRLs. If any 
individual measurement exceeds three times the PRLs, that area would be further excavated. Where 
elevated activity is less than three times the PRL, results would be assessed to assure that the median 
concentration is less than the PRLs. 

When instrument measurements lack the requisite sensitivity, four samples would be collected from 
each 100 m2 grid for screening-level analysis at an on-property laboratory. Analysis would be 
conducted for contaminants such as uranium, that are anticipated to be laterally extensive and are 
conducive to screening-level analysis. The method to evaluate the concentrations would be identical 
to that used for instrument measurements for average and elevated activity. 

For certain contaminants, such as technetium-99 and radium-226, it may not be possible to achieve 
the analytical sensitivity in the screening lab that is required to meet the PRLs at the lowest risk levels 
for the most sensitive land uses. The relative concentrations among the contaminants may obviate this 
problem; uranium isotopes predominate and analytical sensitivities are adequate to meet the most 
restrictive PRLs for uranium-238 and uranium-234. 

Delays would be incurred to the excavation process for receipt of analytical results. The area would 
not be backfilled, but adequate controls and mitigation would ensure that any remaining contamination 
would not become airborne and that potential surface water transport would be controlled. 
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ni$&~m€Ci ::... . . . . . . .... . . . . ./.. . . . ..... . . . ........... . . . . . ....... . . . . Additionally, soil containing significant concentrations of benzene, toluene, ethyl benzene, 
and xylene generated during underground storage tank removal would be segregated during the 
excavation process. The pretreatment of these segregated soil volumes is discussed later in this 
component description. A full discussion of the LDR compliance strategy for Operable Unit 5 
materials can be found in Section 4.0. 
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While efforts would be made during excavation to minimize the removal of trees, shrubs, and other 
vegetation, quantities of these organic materials would be removed to gain access to contaminated soil 
or to attain PRLs. Trees and shrubs requiring excavation within contaminated areas would be cut off 
at the ground level, with the above-grade portion surveyed and released from the site for use as 
firewood, composting, or landfilling. Trees, shrubs, vegetation, and root systems which cannot be 
released as clean would be segregated during excavation. 

Contaminated organic materials (i.e., roots, stumps, etc.,) would be shredded, composted, mixed with 
soil and placed in the on-property disposal cell or consolidation area. Catalysts may be used to 
accelerate the composting process. However, care would be taken in the selection of the composting 
catalysts to preclude the possibility of exceeding waste acceptance criteria (WAC) for the disposal 
cell/consolidation area. A test pad would be constructed to study the composting process as well as to 
establish the soil-to-compost ratio for placement in the on-property disposal cell or consol idation area. 

Any soil underlying or adjacent to Operable Units 1, 2, and 4 waste facilities requiring removal as 
part of the selected alternative for Operable Unit 5 and the respective source operable unit would be 
excavated in conjunction with the implementation of the remedy for the individual waste unit. 
Modeling projections of the extent of contamination underlying these facilities suggest that quantities 
of soil would require excavation to attain PRLs for certain Operable Unit 5 alternatives. Additionally, 
surface and subsurface soil sampling completed as part of the Operable Unit 5 RI to support the 
Operable Unit 4 RI/FS indicates that soil comprising the berm and underlying the silos would require 
excavation to attain site-wide soil PRLs. Soil within the K-65 silo berms and underlying the pits and 
silos that exceed the PRLs would be excavated, as necessary, during the implementation of any 
selected remedy for Operable UniF 1 and 4 which involves source removal. Removed soil would be 
segregated, as necessary, to support the selected Operable Unit 5 remedy and placed into roll-off 
containers. 

In the former production area, soil exceeding PRLs and requiring excavation may reside underneath 
clean soil. Under these circumstances, the clean soil would be removed and stockpiled in the vicinity 0 
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of the excavation to gain access to the underlying contaminated material. Stockpiled materials would 
not be returned to the excavation as backfill until after completion of the certification process. 

L. 1.3 TRANSPORTATION 
Loaded trucks or roll-off containers would be covered with tarps and transported to their on-property 
destination. This destination is dependent on the selected remedial alternative and is discussed in 
other components. Roll-off containers would be picked up by roll-off container trucks. Spare 
containers would be positioned at the excavation site to minimize cycle time delays. 

Loaded trucks would be radiologically screened, as required, before exiting the controlled area 
encompassing the excavation site. Trucks exceeding allowable release limits would be directed to a ,  
wheel wash station. As previously discussed, containers and trucks would remain off the 
contaminated soil to the extent practical to preclude the need for cycle time delays due to wheel 
washing. Truck cycle times are anticipated to be from 60 to 75 minutes dependent on the need for 
radiological screening and wheel washing. This process would continue for one eight-hour shift per 
day for five days per week. For the purposes of th'is study, the excavation cost estimates are based 
upon four trucks being filled per hour per excavation site, or 160 tons per hour. Higher excavation 
and material movement rates can be easily accommodated through the addition of equipment, if areas 
cleared of buildings and/or treatment/disposal capacity become available. 

L. 1.4 CERTIFICATION OF EXCAVATED AREA 
Following completion of excavation operations, including any required hot spot removal, final 
certification would be conducted to demonstrate attainment of the final cleanup levels. Findl 
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t 

certification sampling would be conducted using a statistical basis consistent with the EPA technical 
memorandum entitled "Methods for Evaluating the Attainment of Cleanup Standards." The final 
certification approach adopted for use at the FEMP would be established in the Operable Unit 5 
Remedial Action Work Plan, consistent with the Amended Consent Agreement. To establish a basis 
for alternative cost analysis in the FS, a certification methodology was adopted. 

ConFistent with the referenced EPA guidance document, a systematic certification sampling approach 
was adopted. Excavated areas would be gridded to 100 m2 areas. Four randomly determined survey 
locations would be established within each ten-meter by ten-meter grid. Measurements would be 
made and samples collected at each survey location. The FU data show that the principal 
contaminants are uranium isotopes. Unless otherwise indicated, 90 percent of the certification 
samples would be analyzed for uranium isotopes and 10 percent for the full list of contaminants. A 
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percentage of samples are assumed to be split for comparative analyses by the EPA and'Ohio EPA 
(OEPA). 

To determine whether a discrete 100 m' area attains cleanup levels, a statistical comparison of the 
one-sided upper confidence interval on the mean of the data collected from each grid with the cleanup 
levels for uranium (and for larger surface areas for other COCs) would be performed. Other 
considerations in this statistical process are provided in the referenced EPA guidance document, 
Chapter 6, "Determining Whether the Mean Concentration of the Site is Less than a Cleanup 
Standard." If a value is reported by the analytical laboratory to be less than the detection limit, the 
value included in the analysis would be assumed to be the detection limit. Areas where individual 
sample contaminant concentrations exceed three times the PRLs would be considered for further 
evaluation to determine if the sample represents a "hot spot" to be excavated or is indicative of a 
larger area of contamination which would need to be reevaluated. 
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Following consensus that the cleanup levels had been attained over a sufficiently large parcel of land, 13 

14 

15 

backfill operations would commence. Further discussions on this activity can be found in the 
description of the backfill component. 

L.1.5 TREATMENT OF SOIL AND WATER CONTAINING HAZARDOUS WASTE, 

Relatively small volumes (less than 30,000 cubic yards) of in situ soil containing hazardous wastes, 
petroleum, and polychlorinated biphenyls (PCBs) are present at the FEMP in concentrations exceeding 
WAC for on- or off-site disposal. On the basis of available site characterization data, it is anticipated 
that all soil containing these contaminants will also contain above-PRL concentrations of uranium. 
Because of the relatively small volume of soil involved, pre-treatment would be accomplished with 
mobile, vendor-supplied treatment units before final soil disposition. At a minimum, soil would be 
treated to reduce hazardous waste contaminant concentrations to levels below WAC (for on-site 
alternatives) or LDR treatment standards (for off-site alternatives). Section 4.1 provides the details of 
the LDR compliance strategy adopted for the Operable Unit 5 FS. 

PETROLEUM. AND POLYCHLORINATED BIPHENYL CONTAMINATION 
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Two technologies have been chosen for treatment of this soil, low temperature thermal desorption and 
soil stabilization; both were listed as treatment technologies in the proposed rule for treatment of soil 
containing RCRA hazardous waste (58 FR 48153). Thermal desorption was chosen based upon 
treatment information available on the EPA's Vendor Information System for Innovative Treatment 
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31 Technologies (VISIlT) database. Figure L. 1-4 presents the logic flow diagram for the disposition of 
soil containing nonradioactive contaminants. a '  32 
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Soil containing organic contaminants (e.g. , petroleum, PCBs , and volatile and semivolatile organic 
compounds) would be treated using low temperature thermal desorption. A tlow diagram for this 
process is provided as Figure L. 1-5. During treatment, contaminated soil is fed into a rotary kiln to 
volatilize organic contaminants. The kiln can be directly or indirectly heated to about 800 degrees F. 
Indirect heating produces a lower volume of exhaust gas than direct heating, which results in a lower 
loading for the exhaust-gas treatment and air pollution control systems. This also aids in the control 
of particulate carryover. Kilndirect heating uses either a burner exhausting directly into the kiln or 
hot air produced by an external direct-fired heat exchanger. 

The organic contaminants would be volatilized and driven off the soil, along with vaporized water, as 
an off-gas. Exhaust gases from the rotating kiln pass through to secondary combustion, where the 
off-gas is incinerated to thermally destruct organic compounds. Remaining volatilized compounds in 
the off-gas can be removed by scrubbing, reheating and high efficiency particulate air (HEPA) 
filtration before discharge. As organic concentrations and the heating temperature are low, no 
combustion of the organics is anticipated in the kiln. However, a standby nitrogen system would be 
installed as a safety precaution to blanket the chamber in the unlikely event of a fire or high 
temperature. 

After thermal desorption (if required), soil containing inorganic contaminants would be .treated by 
cement stabilization. A flow diagram for this process is presented in Figure L. 1-6 .  This process will 
convert soil into a matrix that prevents contaminants from leaching. The process involves mixing the 
soil with cement, flyash, silicates or other additives, and water. The mixture then goes through a 
curing process. Stabilization processes increase the volume of treated material; however, they leave 
no waste residues. .Cement stabilization may also be used to treat soil containing organic 
contaminants. The combination of admixtures, as well as the feasibility of stabilizing soil containing 
organic Contaminants, would be examined further during treatability testing. Stabilized soil would be 
dispositioned for disposal as no further treatment for radioactive contaminants would be required. 

0 

In general, treated soil would be dispositioned consistent with the approved method for uranium- 
contaminated soil identified through the selected remedial alternative. For alternatives involving the 
application of an on-property consolidation area or an engineered disposal cell, the treated soil would 
be placed in these systems. For alternatives considering off-site disposal as a primary component of 
the remedy, soil containing listed waste resulting from excavation operations adjacent to HWMUs 
would be dispositioned off-site as mixed wastes following treatment. 

Water collected in the excavation suspected of containing listed hazardous wastes (i.e, from contact 
with contaminated soil or impacted groundwater) would be segregated for treatment. This situation is 0 
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anticipated to remove only listed organic constituents. The affected water would be treated using . I  

1- activated carbon filters available at the AWWT. 

The FEMP is pursuing compliance with the terms of the Federal Facilities Compliance Act regarding 
the development of treatment capabilities to address inventoried LDR mixed wastes. A Site 
Treatment Plan is scheduled to be submitted to EPA and OEPA in the spring of 1995 proposing a 
plan and schedule for developing the necessary treatment capacities to address these currently 
inventoried wastes. The proposed treatment systems developed pursuant to this federal regulation 
could potentially be used to address the projected type and quantities of soil containing both organic 
and inorganic hazardous waste constituents generated consequential to remedial' actions. In the event 
such systems are available at the FEMP, these systems would be used preferentially to meet WAC in 
lieu of procuring new or vendor-supplied capabilities. - 
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L.2.0 SOIL WASHING 

This component utilizes a combination of physical separation and chemical extraction techniques to 
separate uranium (the major contaminant of concern) from contaminated soil and sediment. Once 
processed, the resultant clean soil is consolidated or backfilled, consistent with the selected remedial 
alternative. Consolidated and backfilled soils would then be covered by an earthen cover. WAC 
have been developed for soil treated through soil washing and subsequently covered by an earthen 
cover. The WAC provide for protection of the Great Miami Aquifer because the earthen cover is not 
assumed to reduce the infiltration rate over that of native soil. In addition, consolidation and backfill 
under an earthen cover would preclude the potential for direct contact, incidental ingestion/inhalation, 
or direct radiation exposure to any residual contamination remaining on the washed soil. 

I 

- 
The soil washing component would include seven buildings, associated concrete pad areas, an external 
clean soil stockpile, and associated pavements. The component buildings include: 

11 

12 

An incoming storage facility for contaminated soil 
A soil washing facility 
A services and utilities building 
Two filter cake buildings 
A maintenance building and spare parts storage 
Two wheel washing/radiological screening facilities. 
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The proposed site is located south of the AWWT facility and west of the existing storm water 19 

20 

. ?I 

22 

retention basin (SWRB) in the southwest quadrant of the FEMP site. Past site history indicates that 
the area was not previously used during production or for waste disposal. 
monitoring samples indicate the area is relatively free of subsurface contaminants. 

Site environmental 

The proposed site was selected because the soil washing project utilities would be connected to the 
AWWT facility utilities. Tapping into these utilities would minimize costs. Included in the utility 
connections would be process water and wastewater lines between the AWWT facilities and the soil 

as process make-up water and return the soil washing'wastewater to the AWWT for treatment. 

23 
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washing facility. The soil washing process would use the treated effluent from the AWWT facilities 

Once all soil washing operations have been completed, the process facilities and equipment would be 28 

decontaminated and demolished. 29 
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L.2.1 DESIGN CONSIDERATIONS 
The conceptual design of the representative soil washing process selected to support the detailed 
analysis of alternatives incorporates both carbonate leaching and sulfuric acid leaching for uranium 
removal. The following considerations were incorporated in the conceptual design: 

Consistently attain performance-based WAC for consolidation and backfill with an 
earthen cover by reducing the mass of uranium in contaminated soil and achieving 
mobility reduction for residual contamination on washed soil. 

Use physical separation techniques to the maximum extent practical to reduce the overall 
volume of material requiring chemical treatment. 

Provide for continuous carbonate leach process operations at a rate of 20 tons of 

.Provide for continuous sulfuric acid leach process operations at a rate of 1.7 tons of 

Enhance the chemical leaching process through attrition scrubbing. 

Maximize the use of recycled process water. 

Provide-for product inspection and quality assurance to ensure that performance 
requirements have been attained before disposal. 

Use engineered dust collection systems to minimize radioactive airborne particulate 
material within materials handling facilities. 

Upon consideration of the above design requirements and of the results of the actual bench-scale and 
pilot-scale operations, the soil washing flow diagram depicted in Figure L.2-1 was developed as the 
representative design basis for the detailed analysis of alternatives. 

L.2.2 PROCESS DESIGN 
The following unit operations are involved in soil washing: 

Incoming material handling 
Washing, screening, flocculation and thickening 
Carbonate leaching and filtration 
Sodium hydroxide precipitation 
Sulfuric acid leaching and filtration 
Calcium hydroxide precipitation 
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Soil is prescreened through a six-inch grizzly during the incoming material handling operation. Soil 
from the incoming soil storage facility is then fed by a feed conveyor to a vibrating bar grizzly with a 
3-inch opening. The oversize (greater than three-inch) material from the vibrating grizzly is 
transferred to the secondary drum washer where it is water washed. The undersize (less than 3-inch) 
material from the vibrating bar grizzly is sent to the primary drum washer, which contains a %-inch 
trommel screen at its outlet, and water washed. The greater than %-inch material from the primary 
drum washer is sent to the secondary drum washer. The less than %-inch material from the primary 
drum washer is sent to a vibrating double-deck screen for additional wet screening. This vibrating 
double-deck screen has a 0.157-inch lower screen and a %-inch protective top screen. The greater 
than 0.157-inch material from the double-deck screen is transferred to the secondary drum washer, 
which contains a 0.157-inch trommel screen at its outlet, for a final water rinse. The greater than 
0.157-inch water washed material is returned to the site as clean backfill after verification, and the 
less than 0.157-inch water washed material is sent to the primary thickener. 

The less than 0.157-inch material from the double-deck screen is also sent to the primary thickener 
where flocculent is added to aid in the settling process. The thickener overtlow is sent to a sump 
from where the overflow is pumped to the first wastewater hold tank. The thickener underflow 
(55 percent solids) is pumped to the leaching process. 

L.2.2.3 Carbonate Leaching and Filtration 
Figure L.2-4 provides a process flow design and a major equipment list for the carbonate leaching 
and filtration operations. As stated previously, the less than 0.157-inch materials have contaminants 
chemically bound to them, and therefore require a more aggressive treatment. In this operation, a 
carbonate/bicarbonate leaching solution is used to extract the contaminants from the soil into the leach 
solution. In conjunction with leaching, attrition scrubbing is incorporated to aid in the contaminant 
extraction process. Attrition scrubbing is a process in which the soil particles are caused to violently 
collide with themselves. This interaction abrades each soil particle and separates the smaller uranium 
particles from the larger clean soil particles. The 55 percent solids underflow from the primary 
thickener is received in the first in a series of three agitated reactor scrubbers. These reactor 
scrubbers act as combination attrition scrubbers/leach tanks. The reagents carbonate/bicarbonate and 
potassium permanganate are added to the first reactor scrubber along with the 55 percent soil slurry. 
Enough recycle carbonate solution is added to drop the solids concentration down to 35 percent. This 
process is designed to take place at a temperature of 40°C; therefore, steam is added to each of the 
reactor scrubbers to raise and maintain the temperature of the scrubbing/leaching solution. The 
reactor scrubbers have a total residence time of 1.25 hours, which allows ample time for all reactions 
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170 After leaving the reactor scrubbers. the soil slurry is pumped to the leach thickener where flocculent -. 
i 0 is added to aid in the settling process. The overflow from the leach thickener is sent to a sump from 

which the overflow is pumped co the precipitation process. The leach thickener underflow 
(55 percent solids) is pumped to the leach belt filter holding tank, which feeds the leach belt filter. 

7 

1 

1 

containerized and monitored for contamination. Filter cake with contaminant concentrations at or 
below the WAC may be conditioned with sand, if necessary, to increase the solids content for ~ 

material handling purposes and backfilled or consolidated with an earthen cover. Filter cake with 
contaminant concentrations exceeding the WAC for backfill or consolidation would be transported to 
the sulfuric acid leaching operation (a maximum rate of 1.7 dry tons per hour, which represents 10 
percent of the initial dry soil feed rate to carbonate leaching, was chosen to minimize the sulfate ion 
concentration in the effluent) for further treatment. Any remaining contaminated soil above and 
beyond 1.7 dry tons per hour would be stabilized, containerized, and shipped off site for disposal. 

166 The filtrate from the belt filter is collected in three separate zones. Filtrate from the first zone near 
the beginning of the belt filter would be concentrated with the contaminants removed from the soil. 
Therefore, it would be pumped to the precipitation operation. Filtrate from the second zone is 
recycled back to the belt filter to aid in washing the filter cake. Filtrate from the last zone is 
comprised mainly of the process water used to wash the filter cake and a small level of contaminants. 
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7 ,  This filtrate is sent to the second wastewater hold tank. -- 
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L.2.2.4 Sodium Hydroxide PreciDitation 
The carbonate leaching operation extracted contaminants from the soil into the leaching solution. The 
precipitation step, in turn, removes the contaminants from the leaching solution by making the 

provides a process flow diagram and a major equipment list for the sodium hydroxide precipitation 

operation. 34 

contaminants insoluble, resulting in the contaminants dropping out of solution as solids. Figure L.2-5 
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171 
173 

The overflow from the leach thickener and the filtrate from the first zone of the leach belt filter are 
received in the first in a series of three precipitation tanks along with the precipitation reagent sodium 
hydroxide. The precipitation tanks have a total residence time of 4.5 hours, which is assumed to 

e 
ting and 

172 After leaving the precipitation tanks, the soil slurry is pumped to the precipitate thickener where 
flocculants are added to aid in the settling process. The overflow from the precipitate thickener is 
sent to a The precipitate thickener underflow (35 percent solids) is pumped 
to the precipitate belt filter holding tank, which feeds the precipitate belt filter. The filter cake is 
washed with process water before discharge and is then discharged at a 70 percent solids level. This 
cake is essentially the concentrated uranium fraction. Therefore, it is stabilized, containerized, and 
shipped off site for disposal. The filtrate from the precipitate belt filter is pumped to the second 
wastewater holding tank. 

A portion of the effluent from the second wastewater hold tank is sent to a regeneration tank where 
carbon dioxide is introduced to react with the remaining sodium hydroxide, producing sodium 
carbonate. This regenerated sodium carbonate solution is recycled to the leaching process. The 
remaining portion of the effluent from the second wastewater holding tank is filtered, then sent to the 
AWWT facility for further treatment. The collected quantities in the first wastewater holding tank are 
pumped through multimedia filters to remove particulate matter. The effluent from. the multi-media 
filters is transferred to the recycle water storage tank. 
This water is recycled to the primary drumwasher, the double-deck screen, the leach belt filter, and 
material handling for slurrying any filter cake going to sulfuric acid leaching. Any required makeup 
water to the recycle water tank is provided by process water. If necessary, a portion of the recycle 
water can be bled to the AWWT facility. 

L.2.2.5 Sulfuric Acid Leaching and Filtration 
The objective of sulfuric acid leaching is to reduce the uranium concentration in the off-specification 
soil exiting the carbonate leaching system to the level defined by the WAC. Figure L.2-6 provides a 
process flow diagram and a major equipment list for the sulfuric acid leaching and filtration 
operation. Carbonate leaching filter cake with contaminant concentrations exceeding the WAC would 
be reslurried with water to obtain a 60 percent solids slurry, then pumped to the sulfuric acid leaching 
operation for further treatment at a maximum rate of 1.7 tons per hour (based on dry solids). The 
feed slurry is discharged into the first of three sulfuric acid reactor. scrubbers. Additional water is 
added to the first scrubber to produce a slurry with a 35 percent solids content. The leaching reagent 
(98 percent sulfuric acid) is then added to the reactor scrubber to establish a 1.5 to 2.0 Normal (N) 
concentration in the solution, and is controlled to maintain a free acid concentration of 6.5 grams per 
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liter in the leach discharge stream, after all the required leaching activity is complete. 
acid leach circuit is designed to provide a leaching time of one hour, and saturated steam is directly 

The sulfuric i 

3 

injected into the leach tanks to maintain a leaching temperature of 40°C. Just as in the carbonate 
leaching operation, attrition scrubbing is also incorporated in the sulfuric acid leaching operation to 

J 

4 

liberate locked-in uranium particles from the larger soil particles, making them more accessible for 5 

1 each ing . 6 

Leached soil slurry is pumped to a thickener where flocculent is added to aid in the settling process. 
The overflow from the leach thickener is ultimately sent to calcium hydroxide precipitation, and the 
leach thickener underflow (at 55 percent solids) is sent to a vacuum belt filter for solids/liquid 
separation. The cake from the belt filter is washed with clean process water in a countercurrent 
fashion, then conveyed to sampling/monitoring at a 75 percent solids content. Filter cake that is at or 
below the PRLs may be conditioned with sand, if necessary, for material handling purposes and 
returned to the site as backfill. Filter cake that exceeds the PRLs is stabilized, containerized, and 
shipped off site for disposal. 

7 

8 

9 

10 

1 1  

12 

13 

14 

The filtrate from the vacuum belt filter is collected in three separate zones (typical). 
the first zone is highly concentrated with the contaminants removed from the soil; therefore, it is sent 
to the calcium hydroxide precipitation operation. 

The filtrate from 15 

16 

17 

18 

The filtrates from the second and third zones are 
recycled back to the filter to aid in cake washing. 

L.2.2.6 Calcium Hvdroxide Precinitation 
The total feed to the calcium hydroxide precipitation operation is comprised of the sulfuric acid leach 
thickener overflow and the concentrated contaminant filtrate from the sulfuric acid leach vacuum belt 
filter. The objective of the calcium hydroxide precipitation operation is to remove dissolved 
contaminants from the leaching solution as insoluble solid particles, then separate these insoluble 
solids from solution for disposal. Figure L.2-7 provides a process flow diagram and a major 
equipment list for the calcium hydroxide precipitation operation. The feed is received in the first in a 
series of three precipitation tanks. The precipitation reagent, calcium hydroxide, is added to the first 
precipitation tank. The precipitation circuit is designed for retention time of two hours. The slurry 
discharged from the precipitation process is pumped to the precipitation thickener, where flocculants 
are added to aid in the settling process. The precipitation thickener overflow and required flocculants 
are fed to a reactor clarifier, where the turbidity of the influent is reduced to less than 50 parts per 
million (ppm). The clarifier overflow is ultimately sent to the AWWT facility for treatment after 
filtration, while the clarifier underflow (20 percent solids) and the precipitate thickener underflow 
(25 percent solids) are fed to the precipitate vacuum belt filter for solids/liquid separation. 
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The filter cake is washed in a countercurrent fashion with process water, and the final filter cake is 1 

discharged at a solids content of approximately 50 percent. This cake is then stabilized, 
containerized, and shipped off site for disposal. 

' 

7 

The filtrate collected from the first zone of the vacuum belt filter is ultimately sent to the AWWT 
facility for treatment after filtration. The filtrate collected from the second and third zones is recycled 

, . l  

5 

6 back to the filter to aid in cake washing. 

L.2.2.7 Reagent Receiut and Handling .I 
The sodium bicarbonate, sodium carbonate, calcium hydroxide, caustic soda, sulfuric acid, and 
potassium permanganate reagents are supplied to the soil washing facility via tank trucks. Figure 
L.2-8 provides a process flow diagram and a major equipment list for the reagent receipt and 
handling operations. Sodium bicarbonate, sodium carbonate, calcium hydroxide, and potassium 
permanganate are brought in as dry materials and unloaded to their respective storage silos. From 
their storage silos, sodium bicarbonate, sodium carbonate, and calcium hydroxide are pneumatically 
conveyed to their respective day bins, from which they are conveyed to the process at predetermined 
rates. The potassium permanganate is metered by conveyor from the storage silo to a makeup tank, 
where a potassium permanganate solution is made, then pumped to a day tank. 

Caustic soda is supplied to the soil washing facility as liquid in the form of 50 percent sodium 
hydroxide solution. The caustic soda is pumped from the tank truck to the caustic soda storage tank. 
From the storage tank, caustic soda is transferred to a day tank, from which the process is supplied. 
Sulfuric acid is supplied to the soil washing facility as liquid in the form of 98 percent sulfuric acid 
solution. From the storage tank, sulfuric acid is transferred to a day tank where the acid is added to 
water for dilution if required. Sulfuric acid is supplied to the process from the day tank. The staging 
areas for off-loading liquid reagents from tanker trucks will be diked with sumps to control accidental 
releases. 

L.2.2.8 Clean Soil and Waste Handling 
Figures L.2-9 and L.2-10 provide process flow diagram and major equipment lists for 
clean/contaminated soil storage and packaging. These operations would receive material (filter cake) 
from the carbonate leach and precipitate filters, and the sulfuric acid leach and precipitate filters. The 
cake from these operations would be continuously loaded into B-25 boxes and/or sealand containers 
by the use of diverter gate assemblies and skid conveyors, wherein the containers being loaded are 
placed on roller skids and indexed periodically so the containers can be filled to their maximum 
capacity. 
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The contents of the clean containers may be mixed with 
conditioning additives such as dry sand, topsoil, etc., if necessary, to increase the solids content so 
that the resulting mixture can be handled easily by conventional earth moving equipment. A 
conditioning and loading station would be provided to load the conditioned soil directly into trucks for 
consolidation or backfill. 

174 The cake from the carbonate leach filter (assumed as clean) would be packaged directly into B-25 
boxes and/or sealand containers. 2 

1 

3 

4 

5 

6 

7 

8 

9 

a 

10 -. 

i1 

17 

13 

14 

174 However, the containers whose contents do not meet the WAC would be directed to the contaminated 
soil storage pad before their transportation to one of two disposition scenarios: sulfuric acid leaching 
or stabilization. A portion of the contaminated soil is reslurried with water to form a 60 percent 
solids slurry and fed to the sulfuric acid leaching system. The sulfuric acid leaching system is 
designed to treat 1.7 dry tons per hour of soil; therefore, only the amount of contaminated soil 
required to meet this rate would be slurried. Any remaining contaminated soil over and above 
the 1.7 dry tons per hour would be stabilized, containerized, and shipped off site for disposal. 

15 

16 

17 

18 

19 

20 

21 

174 The cake from the sulfuric acid leach filter would be containerized and randomly sampled to 
determine whether the WAC are being met. Cake that meets the WAC would be conditioned with 
sand, if necessary, and transported for consolidation or backfill. 
would be stabilized, containerized, and shipped off site for disposal. 

22 

23 

21 

25 

Cake that does not meet the WAC 

The knowingly contaminated material (filter cake from the carbonate precipitation filter and sulfuric 26 

27 acid precipitation filter) would be stabilized, containerized, and shipped off site for disposal. 

All containers would be lidded, monitored, and swiped for contamination on their outside surface. If 28 

29 

30 

31 

required, the outside surface of the containers would be decontaminated. 
weighed while being filled. A manifest would be applied to each container to identify its contents and 

Containers would be 

to track it to its subsequent treatment/storage/disposal site. 

Forklifts would be used to handle and move containers during most of the above operations. Separate 
forklifts would be used in the clean and contaminated areas to preclude cross contamination of areas. 

32 

33 
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The B-25 boxes and sealand containers would be loaded onto a flatbed truck and transported to a 
treatment facility. Containers would be unloaded, washed, decontaminated, and returned to the 
flatbed truck for transportation back to the interim storage pad. Forklifts would be used for loading 
and off-loading of flatbed trucks. 

In addition to waste soil, soil washing would also produce process wastewater. Process wastewater 
would be recycled back to the soil washing process to the greatest extent possible. The wastewater 

. that cannot be recycled would be transferred to the AWWT facility for treatment. 

Soil washing with sulfuric acid would also produce some waste sludge that requires further treatment. 
This sludge would be stabilized, containerized, and shipped off site for disposal. 

L .2.3 MONITORING. MAINTEN A NCE. AND INSTITUTIONAL REOUIREMENTS 
The soil washing facilities would be decontaminated and demolished once the processing of the soil 
was completed. Accordingly, no long-term monitoring, maintenance, or institutional controls would 
be applicable following the cessation of operations. During operations, air monitoring would be 
required to ensure that the engineered controls for material handling before, during, and after the 
treatment processes were functioning as designed. Operational maintenance of process equipment and 
facilities would be performed as required. The performance of the system would be monitored to 
ensure that WAC were continually achieved. Additional enhancements or reworking of the treated 
soil might be needed, so provisions would be made during detailed design to perfo'rm further bench- 
scale and pilot-scale treatability testing to optimize performance. The following sections discuss air 
emissions control and system performance considerations. 

L.2.3.1 Air Emissions 
Through the .entire soil washing operation source emissions, including airborne chemicals, 
particulates, and gases (if any), would be controlled to meet regulatory requirements. 

Open transfer of soil (i.e., soil dumping stations, conveyors, etc.,) would be provided with either 
ventilation equipment or dust suppression equipment. In addition, a ventilation system would be 
provided as part of the enclosed process building. 

All process tanks storing or handling contaminated soil would be enclosed and vented, with the vents 
routed to a scrubber to remove particulates, fumes, and gases before release to the environment. The 
sulfuric acid reactor scrubbers (also enclosed and vented) contain sulfuric acid greatly diluted by 
water and other reagents. Therefore, release of sulfuric acid vapors is not anticipated. Compliance 
with the National Emissions Standards for Hazardous Air Pollutants would be addressed after further 
test results verify what (if any) emissions are produced during the soil washing process. 
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The dry reagent storage silos would be equipped with bin vent filters for dust collection, thereby 
eliminating dust releases from these sources. 

I 

2 

L.2.3.2 Svstem Performance Considerations 3 

Ultimately, the performance of the soil washing system would be determined by its ability to reduce 4 

the mass and mobility of the contaminants to levels that meet established WAC. 

would correspondingly impact the processing rate of excavated contaminated soil. 
scale and pilot-scale treatability testing would be performed before design of the soil washing system 
to establish the system performance requirements. 

If the treated soil S 

6 

7 

8 

9 

does not meet the established WAC, it may be necessary to rework it. The quantity of soil reworking 
Additional bench- 

Some FEMP soil contaminants may exhibit high leachability before or after treatment. As a result, it 

may be necessary to bind up the contaminants through an additional process operation to meet the 
10 

I 1  

12 

13 

WAC. The addition of phosphate to reduce contaminant mobility is currently being studied. If the 
selected remedial alternative includes soil washing, further bench-scale testing would be performed to 
ensure that phosphate addition provides the desired .results. I4 

It is envisioned that additional process steps to accommodate above requirements would include IS 

16 conditioning with diluted phosphoric acid to stabilize residual uranium in the treated soil. 
operation may be performed in an agitated conditioning tank. 

This 
It is likely that this equipment would 17 

18 

I9 

20 

21 

be placed ahead of the solidAiquid separation (filtration) step for the treated soil slurry. Conditioning 

to lower the pH from 10 to 5. Diluted phosphoric acid would be supplied by a day tank and metered 
to the process at a controlled rate to maintain the desired pH level. 

would be accomplished (pending testing verification) by adding phosphoric acid to the slurry in order 

As an alternative, conditioning may be accomplished by rinsing the filter cake during filtration with 
diluted phosphoric acid before discharge, eliminating the need for a conditioning tank (pending testing 
verification). In the event that multiple-stage drum filters are selected over horizontal belt filters 
during the final system design, this acid rinsing may be accomplished in the repulping step before the 

2 

3 

24 
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final stage filter. 26 
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L.3.0 OFF-SITE DISPOSAL I 

The off-site disposal component includes the staging, loading, transportation, and disposal of 
contaminated soil/sediment, dewatered wastewater treatment sludges, solidified wastewater treatment 
resins, dewatered and/or cement stabilized soil washing treatment residuals, and miscellaneous debris 
generated during the decontamination and dismantlement of remedial facilities. Off-site disposal is 
associated to some degree with each remedial alternative and land use objective, except the no-action 
alternative. On the basis of cost analyses completed by the FEMP on similar volumes and types of 
waste streams in the Operable Unit 1 FS, the representative off-site disposal facilities selected for 
alternative evaluation in this FS include a permitted commercial disposal facility located near Clive, 
Utah, and the Department of Energy’s Nevada Test Site (NTS). 

Cost and implementability information used in the detailed analysis of alternatives was based upon use 
of these off-site facilities. Recognizing that remedial activities for Operable Unit 5 soil and sediment 

period, transportation and WAC may be altered considerably over such a time frame. 

I I  

I? 

13 

I J  

I5 

16 

are projected to take 22 years and wastewater treatment sludges may be generated over a 70-year 
Such 

uncertainty was factored into risk budget analysis for alternatives relying on off-site disposal. 
Appendix E presents an analysis of the WAC for the permitted commercial disposal t‘acility and NTS 
in relation to the types of waste streams envisioned to be generated by Operable Unit 5 remedial 
activities. a 17 

IS 

Contaminated soil and sediment shipped to either the permitted commercial disposal facility or the I9 

20 

21 

NTS would not be treated or stabilized before disposal. The exception to this is soil containing 
RCRA constituents exceeding LDR levels, soil containing PCBs exceeding solid waste disposal 
requirements, and soil found to contain large quantities of petroleum products from underground 
storage tank removals. This ;oil would be treated by mobile treatment units as described in the 
excavation component, Section L. 1 .O. 

1, _- 
3 

24 

As described in Appendix E, the representative permitted commercial disposal facility accepts 

accepts bulk rail shipments, bulk highway shipments, 20 cubic yard (yd3) boxes, B-25 boxes 

disposal cells, but are emptied and returned to the generator for future bse.. The NTS has stricter 
WAC because only containerized material is accepted for disposal. 

25 

26 

27 

28 

29 

XI 

hazardous, low-level radioactive, and mixed wastes in bulk or containerized form. The facility 

(3.5 yd’), drums, and smaller containers. Containers are not placed in the commercial facility’s 

As described in Appendix E., both off-site disposal facilities limit the moisture content (free liquids) of 

9095 (Paint Filter Test - EPA Publication SW-846) may be required to demonstrate compliance with 

31 

32 

33 

wastes. NTS requires that free liquid not exceed 0.5 percent of the waste volume. Use of Method 
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this acceptance criteria. Wastewater treatment sludges and residues may be dewatered or dried before' 
shipment. Absorbent may be added to contaminated soil/sediment to the extent required to ensure 
WAC are attained. 

For contaminated soil and sediment quantities totalling greater than 50,000 cubic yards, 100-ton 
capacity gondola rail cars would be used for shipment of material to the disposal facility. Stabilized 
materials would be sized to meet WAC and loaded into gondola or boxcars and shipped to the 
disposal site. Contaminated debris would be size-reduced to meet WAC and loaded into 20-ton 
containers, with the containers placed on flatbed rail cars. The approximate distance by rail to the 
representative commercial disposal facility is 1900 miles. 

Contaminated soil and sediment quantities of 50,000 yd3 or less would be transported from the 
excavation site to the central storage facility (CSF) by dump truck. Material would be stored unt i l  
sufficient quantities are accumulated to package and ship off site by truck. 

Figure L-3.1 presents a flow diagram of the activities involved in the off-site disposal of contaminated 
soil, sediment and waste material. The activities associated with off-site disposal are describecl in the 
following sect ions. 

L.3.1 STAGING FACILITY FOR OFF-SITE SHIPMENT 
For soil quantities greater than 50,000 yd3 requiring off-site disposal, a staging facility would be 
constructed for interim storage and loading of materials. The staging facility would be located in the 
southwest quadrant of the FEMP, adjacent to the existing AWWT facility. A rail spur would be 
installed at this location for the parking of up to 50 rail cars. 

L.3.1.1 Staging Bulk Soil/Sediments 
The staging facility would be divided into active and backup soil storage stockpiles. The active 
stockpile would serve as the primary feed source for daily loading operations. The backup stockpile 
would store excess materials over and above the daily operational requirements and supply materials 
for loading during inclement weather. 

Stockpiled soil would be transferred by a hydraulic excavator to the feeding hopper of a vibrating 
grizzly. Any soil size over 6 inches wohd be screened off into a container for size reduction in a 
shear shredder. Shredded material would be recycled to the feeding hopper for subsequent loading 
into a rail car. The undersize soil from the grizzly would be directed to a hopper equipped with an 
apron feeder at the discharge end. The apron feeder would transfer soil sized below 6 inches to a 
shuttle or belt conveyor for transfer to soil storage silos. The entire conveyor system would be 
enclosed, as necessary, to control any potential dust and isolate the contaminated soil from the 
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environment. Negative air pressure would be maintained within the enclosure to prevent emissions. i 

Ventilation for the transfer system and storage silo would be provided by a high efficiency cartridge 2 

3 type dust collection system to minimize the emission of air particulates to the atmosphere. The 
storage silos would be elevated and located adjacent to the new rail siding for direct load-out to the 1 

rail cars. 5 

L.3.1.2 Staging Other Contaminated Materials 
Cement stabilized materials would be staged on covered pads adjacent to the staging facility. 

6 

7 

Contaminated debris would be staged at the CSF. Blocks of stabilized materials would be shrink 8 

wrapped or sprayed with a surface coating (e.g., epoxy paint) to minimize the potential for the spread 9 

IO of surface contamination. Contaminated debris would be sized to meet WAC and loaded into 20-ton 
containers. 

~ 

11 

L.3.2 CENTRAL STORAGE FACILITY 12 

The CSF would be used for staging and packaging contaminated soil quantities less than 50,000 yd3 13 

14 requiring off-site shipment. The CSF is described in Section L. 11 .O. 

L.3.3 LOADING RAIL CARS 15 

Storage for up to 50 rail cars would be provided on the FEMP property on a newly constructed rail 
spur. Movement of individual cars from the staging area to loading and decontamination areas would 

16 

17 

18 

19 

20 

be accomplished by the use of a car ejector, rail car puller, car retarder, and rail stops. 

day’s production capacity of rail cars would be staged at the loading area. 

A track 
mobile would move empty and full rail cars on the FEMP site. It is presently envisioned that one 

Disposable reinforced polyethylene liners would be placed in the empty gondola rail cars just before 
soil load-out at the FEMP. The liners would also incorporate a lapover top which is pulled outside 
the covers. Rail car covers meeting US Department of Transportation (DOT) packaging requirements 
would be used to enclose soil in the car. Polyethylene covers could also be employed to meet DOE 
packaging requirements. 

A rail car dust-collection hood would be incorporated with the silo discharge system to minimize air 
emissions during loading. As the rail car is moved into position, the hood would be lowered to seal 
with the rail car. The silo discharge would have multiple discharge spouts to enable uniform 
placement of the soil in the rail cars. Once the rail car is filled, the covers would be installed. 
Covers would be secured with clamps and locks to minimize the potential for tampering. The typical 
gondola car is approximately 45 feet long with a 100-ton weight capacity. Drying agents would be 
added to the vibrating grizzly and/or placed on the gondola car bed to ensure off-site disposal WAC 
are attained. 
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- 
Stabilized materials would be loaded by forklift onto boxcars for shipment to the off-site disposal site. i 

The loaded 20-ton containers would be loaded onto flatbed rail cars by a forklift. 

L.3.4 LOADING TRUCKS 3 

Containers destined for disposal at the NTS would be loaded by forklift onto flat-bed trucks for 
transport. Containers must be certified for transport (e.g., surface contamination removed to 

onto a single flat-bed truck. 

J 

5 

6 

7 

acceptable levels) before placement on the truck. A maximum of five containers would be loaded 

L.3.5 DECONTAMINATING AND CERTIFYING RAIL CARS 
Bulk shipments of radioactive material are regulated by 49 CFR 0 173.425 (c). The average 
estimated radioactivity concentration cannot exceed 0.001 millicurie per gram of material. External 
radiation levels on the rail cars cannot exceed 200 millirem per hour at any point on the external 
surface of the car. DOT regulations also establish the maximum allowable removable and fixed 
contamination on the external surfaces of the shipping container. Filled cars would be moved to a 
decontamination area to ensure DOT surface and direct radiation transportation levels are attained 
before release of the car from the facility. The decontamination area would be equipped with spray 
washing, monitoring devices, and other equipment as required to decontaminate the rail car and 
complete the shipment certification process. Upon completion of certification, the filled rail car 
would be moved to a staging area by a car ejector and retained in its position with a car retarder. 
Once a sufficient number of cars have been filled and certified for transport, the cars would be 
transported to the off-site disposal facility. 

- 

L.3.6 OFF-SITE TRANSPORTATION AND DISPOSAL 
Filled gondola cars would be taken to a rail car rollover at the representative permitted commercial 
disposal facility, located off the Union Pacific Rail Road main line. The rollover is capable of 
unloading 10,000 yd3 of waste per day. Before the gondola is overturned, the cover would be 
removed. The contents of the car would then be emptied and moved to the disposal cell. It should 
be noted that the disposal facility does not currently have the capability to remove the gondola car 
covers. Discussions with the representative disposal facility indicate that this capability could be 
readily added at the facility. The spent liner would be disposed of along with the waste. Stabilized 
blocks would be unloaded from the boxcars by forklifts and placed into the disposal cell. Containers 
would be unloaded from rail cars by forklifts or a gantry crane. The containers would be emptied 
and returned to the FEMP.. 

The number of trains, train size, and shipping frequency would be based on the volumes associated 
with the individual alternative and are based upon an estimated maximum 30-day round trip travel 
time from the site to the representative commercial disposal facility. Mileage to the off-site disposal 
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facility for the preferred route through East-St. Louis, Illinois, is estimated at 1913 miles with two 
railroad companies involved. An alternate route through Chicago is slightly longer (1937 miles) but 
involves three railroad companies. 

For scenarios where packaged material would be shipped off site by truck, the mileage is assumed to 
be 2065 miles. According to the Operable Unit 1 Treated Material Transportation Report, Supporting 
Report 4.0, for 2 yd3 containers, the cost of the container, packaging and transportation is $643 per 
yd’. Burial cost is assumed to be $10 per ft?. Therefore, the total cost is assumed to be $918 per 
y d’ . 

Trucks would be unloaded by forklift using disposal facility personnel. Containers would then be 
placed in the disposal cell. 

L.3.7 RETURNING RAIL CARS 
Following the unloading of the materials, gondola cars would be decontaminated to the extent 
necessary, covered, and returned to the FEMP. It is envisioned that only the exterior surface of the 
gondola car would require decontamination before release from the facility. 

L.3.8 RETURNING TRUCKS 
Following the unloading of containers, trucks would return to the FEMP. 
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il . 

LAO STABILIZATION 1 

This section presents a description of the cement stabilization component. 
employed to stabilize soil, wastewater treatment sludges, and/or soil decontamination treatment 

portland cement, flyash, water, and additives to control setting. 

standing monolithic solid as the end product. Cement stabilization is effective at immobilizing metals, 
such as uranium, because at the ph of the cement mixture, most multivalent cations are converted into 
insoluble hydroxides. 9 

Cement stabilization is 2 

3 

wastes. The cement stabilization process involves mixing the contaminated materials directly with 1 

The materials are transformed into 5 

6 

7 

8 

the rigid matrix of the hardened concrete. The method physically solidifies the materials, with a 

Cement stabilization is a widely used technology for treatment of predominately inorganic waste 
materials and has been commonly applied to the solidification of low-level radioactive wastes. 

Extensive treatability testing was conducted by the FEMP to evaluate the viability of usin, cement 
stabilization as a support technology to address Operable Unit 1 waste materials. This testing focused 
on stabilizing the contents of the waste pits. The FEMP waste pits contain a heterogeneous matrix of 
sludge, soil, and miscellaneous debris containing high concentrations of uranium, other radioactive 
metals, inorganic compounds, and, to a lesser extent, organic compounds. These treatability test 
results'for Operable Unit I have been used in this study to guide the development and evaluation of 
the cement stabilization process for its potential application to address soil and treatment sludges as 
part of Operable Unit 5 remedial alternatives. The Operable Unit 5 material to which this technology 
may be applied represent a more homogeneous waste type with generally much lower contaminant 
concentrations of uranium and other inorganic metals. In general, the treatability study testing 
conducted to support Operable Unit 1 concluded that cement stabilization was effective in controlling 
the leachability of uranium and other heavy metals. The testing further concluded that the solidified 
waste materials passed defined tests for durability (wetidry and freezelthaw) and showed low 
permeabilities. If cement stabilization is employed as a support technology to the selected Operable 
Unit 5 remedy, additional testing would be conducted during remedial design to retine proposed 
formulations and develop operational data. Careful formulation and quality control is required for the 
successful application of the stabilization process. 

IO 

I 1  

Following stabilization, the cement stabilized materials would be shipped off site, placed in an on- 
property disposal cell, or placed within a consolidation area and covered with a multilayered cap. 
Each of these options is discussed in other component descriptions in this appendix. The type and 
quantity of material requiring stabilization are discussed within the description of each of the remedial 
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L.4.1 DESIGN CONSIDERATIONS 
The conceptual design of the cement stabilization system selected to support the development and 
evaluation of remedial alternatives includes the following design considerations: 

Consistently attain performance-based WAC for the on-property or off-site disposal 
facility, including leachability and durability 

Minimize, to the extent practical, the addition of cement and other noncontaminated 
. materials to reduce disposal capacity requirements 

Provide for soil blending systems to optimize product consistency 

Provide for product inspection and quality assurance to ensure performance requirements 
have been attained before disposal 

Provide capability to recycle off-specification product. 

The FEMP does not envision the construction of a cement stabilization facility for remedial 
alternatives which rely upon cement Stabilization only as a support technology for addressing 
relatively small quantities of spent wastewater treatment media, regenerate sludge, and soil exhibiting 
inorganic constituents greater than TCLP concentrations. For these alternatives. it is assumed that ii 

vendor-operated stabilization service would be employed, on an as-needed basis, to cement stabilize 
stored materials. However, the bulk soil stabilization facility will include flexibility to treat various 
sludges, spent media, and soil decontamination wastes. Adequate storage capacity would be provided 
at the AWWT facility and CSF (i.e., for soil exhibiting characteristics of a hazardous waste) to stage 
materials for stabilization through the vendor-supplied service. 

L.4.2 GROUT FORMULATION 
The grout formulation presented in Table L.4-1 was used as the technical basis for developing 
remedial alternative cost estimates. The formulation was developed on the basis of available data 
from the Operable Unit 1 treatability study and examination of literature data. The grout formulation 
was considered generally applicable to soil and dewatered wastewater treatment and soil 
decontamination sludges. Final grout formulations would be selected on the basis of process design 
testing conducted following remedy selection. 
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TABLE LA-I 

GROUT FORMULATION 

Ingredient Percentage by Weight Tons/Ton of Dry Soil 

Dry Soil 

Water 

Cement 

40.8 

24.5 

24.5 

1 .o 

. 0.6 

0.6 

Fly Ash 10.2 0.25 

Other Minimal Minimal 

L.4.3 COMPONENT DESIGN 
Upon consideration of the listed design requirements and the selected grout formulation, the 
stabilization flow diagram depicted in Figure L.4-1 was compiled as the conceptual basis for this 
study. Final process flow diagrams would be completed as part of remedial design. As identitied in 
the figure, the cement stabilization component is comprised of the following unit operations: a 

Soil staging and preparation 
Reagent receipt, storage, and blending 
Grout mixing 

. Product handling and curing. 

The following sections provide descriptions of each of these unit operations. 

L.4.4 SOIL STAGING AND PREPARATION 
An incoming soil storage facility would be provided for staging contaminated soil destined for cement 
stabilization. The soil storage facility would be divided into active and backup soil stockpiles. The 
active soil stockpile would provide feed materials for the cement stabilization process. The backup 
soil stockpile would stage excess soil over and above the daily processing requirements and would 
supply material to the cement stabilization facility during inclement weather. Excavated soil would be 
received at the incoming soil storage facility in 40-ton roll-off containers. The containers would be 
dumped to the backup soil stockpile. A track loader would transfer soil from the backup soil 
stockpile to the active soil stockpile. 
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A hydraulic excavator would transfer soil from the active soil stockpile to the feeding hopper of a 
vibrating grizzly. Any materials over 6 inches would be screened off into a container which would be 
transferred to a storage area for transfer to an on-property disposal facility. The undersize (less than 
6 inches) soil would be directed to a hopper equipped with an apron feeder at the discharge end. The 
apron feeder would transfer soil sizes below 6 inches to a shuttle or belt conveyor for transfer to the 
double deck screen in the cement stabilization facility. 

The oversized (3/4-inch to 6-inch) soil from the double deck screen would be fed to an impact 
crusher, which operates in a closed circuit with the double deck screen. Materials smaller than 
3/4 inch would be picked up by a bucket elevator and conveyed by screw conveyors to soil storage 
silos. 

Dewatered wastewater treatment sludges and soil decontamination wastes requiring cement 
stabilization would be transferred, through a container dumping station, to the apron feeder for 
mixing in the pug mill. Adequate container storage areas would be provided at the cement 
stabilization facility to stage treatment residuals before stabilization. 

L.4.4.1 Reagent Receint. Storage and Blending 
The cement stabilization process requires a large supply of cement and flyash. The existing FEMP 
railroad spur would be extended to serve this facility. Reagents would be transferred directly from 
rail cars to storage silos. Each storage silo would have a pneumatic transfer system for moving 
material from the storage silos to weigh feeders so it could be metered out in a controlled ratio into 
premix blenders. A pneumatic solids-handling system would then transfer the premix to a storage silo 
located above the grout mixers. The silos, transfer arealpremix blender, and the premix silos would 
be equipped with a dust collection system to minimize atmospheric releases. 

L.4.4.2 Grout Mixing 
Contaminated soil and treatment sludges/wastes requiring stabilization would be fed to grout mixers at 
the rates specified in the final mix designs. Two mixing lines are anticipated to support cement 
stabilization to ensure continuity of operation. Continuous mixers such as pug mills would be used as 
grout mixers. Grout additives, such as sodium silicate, would be used, as necessary, to control the 
setting of the grout. The sodium silicate would be added to the soil or sludges at the inlet end of the 
grout mixer. Premix and soil or sludge would be metered (by continuous weigh feeders) into the 
grout mixers. The grout would be discharged directly into forms for setting and curing. A flush 
water system would be provided to flush out the grout transfer chutes and mixing equipment 
whenever equipment is shut-down. All equipment would be located in a containment area with 
spillage being recovered and recycled through the process. 
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L.4.4.3 Product Handling and Curinq 
The grout would be discharged into forms for solidification. A conveyor system would be used to 
position empty forms under the discharge chute from the pug mill. The forms would be filled with a 
weighed amount of the soil-bearing grout. The forms would be vibrated to ensure even filling. The  
conveyor would then move the full forms out and replace them with empty ones. A forklift would 
supply the feed end of the conveyor with empty forms and transport ful l  forms into the staging area 
for curing, testing, and inspection. An estimated 48 hours of initial curing is anticipated before 
stripping the forms. If a form’s contents do not meet product specifications, it would be transported 
to the crushing and screening area and reprocessed through the system. 

The concrete blocks which meet specifications would be lifted onto flatbed trucks for transport to an 
on-property disposal facility. 

L.4.5 PROCESS EMISSIONS 
The cement stabilization process is not envisioned to generate secondary solid waste streams. Liquid 
efiluent from the process will be minimal. Generated wastewaters would be transferred to the 
AWWT facility for treatment. 

The stabilization process is anticipated to generate particulate emissions from the handling and storage 
of contaminated soil, cement, and flyash. Additionally, dusts would be generated during crushing and 
screening operations involving the soil debris and off-specification product. Dust collection systems 
would be provided to minimize particulate emissions to the atmosphere. Additionally, the process 

ventilation systems to the environment. All silos storing contaminated soil or dry reagents would be 
equipped with bin vent filters €or dust collection, thereby eliminating dust releases from these sources. 
Compliance with the National Emissions Standards for Hazardous Air Pollutants would be addressed 

. buildings would be equipped with HEPA filters to control fugitive emissions from the facility 

after ‘further test results verify what (if any) emissions are produced during the stabilization process. 
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L.5.0 CONSOLIDATION i 

178 

This component involves delineating and preparing an on-property area to receive untreated, treated, 
or stabilized soil excavated either from other parts of the FEMP property or from off-property 
locations. Soil meeting the WAC established for consolidation would be accumulated in a single area 
to minimize the amount of FEMP property surface acreage affected by contaminated soil. The 
consolidated material would be covered either by topsoil (earthen cover) or by a multilayered cap, 
depending upon the WAC. This would preclude the potential for direct contact, incidental 
ingestion/inhalation, or direct radiation exposure. For consolidation under the earthen cover, the 
WAC provide for protection of the Great Miami Aquifer, because the earthen cover is not assumed to 
reduce the infiltration rate over that of native soil. The earthen cover would reduce the migration of 
contaminants to air and surface water. Consolidation-under the multilayered cap would reduce the 
migration of contaminants to air, surface water and groundwater, achieving protectiveness of the 
Great Miami Aquifer. 

The consolidation component is included as a support technology for the detailed analysis of remedial 
alternatives evaluated under Land Use Objectives 2 and 3. The rationale employed for siting the 
consolidation area is consistent with the overall goal of these objectives, to minimize the FEMP 
property areas for which institutional controls would be required to restrict future land use. Several 
portions of the FEMP have been eliminated from siting consideration. The western portion of the 
site, including areas associated with Operable Units 1 and 4, would not be considered because of its 
proximity to Paddys Run and the floodplain. Eastern and southeastern portions of the FEMP property 
would be suitable from a geologic standpoint, but are currently the least contaminated areas on the 
property. In the interest of maximizing the potential release of areas from use restrictions, these 
portions were not considered solely for the consolidation location. Because it is unlikely, under Land 
Use Objectives 2 and 3, that any portion of the former production area would be released for some 
unrestricted or restricted use, the northern portion of the area was selected to support material 
consolidation. For those remedial alternatives considering both a consolidation area component and 
an on-property disposal cell or the installation of a multilayered cap component, excavated soil 
attaining the WAC for consolidation with earthen cover would be used to the extent possible in the 
construction of the fill dikes within the disposal cell or cap. Excess soil for 
consolidation with an earthen cover would be constructed around the disposal cell to create a buffer of 
less contaminated materials. 

Through fate and transport modeling, WAC have been developed for the materials that would be 
placed in the consolidation area. Different sets of criteria have been developed for consolidation 
under the earthen cover or the multilayered cap. Materials whose characteristics will be compared to 
the criteria include untreated contaminated soil, treated contaminated soil with residual contamination, 
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and stabilized contaminated soil. The WAC are based on conservative fate and transport modeling 
assumptions, including the geologic conditions underneath the proposed consolidation area location. 

Since the former production area contains some of the most heavily contaminated soil on the FEMP 
property, portions of this area would be extensively excavated, regraded, and backfilled to the extent 
required during the implementation of those remedial alternatives adopting the consolidation 
component. The excavations would involve removing both contaminated soil and perched 
groundwater zones. This would result in the removal of higher permeability soil as part of the 
contaminated materials excavation. Excavated soil would be replaced by clean, compacted till having 
a permeability at least equivalent to that of the gray clay. 

The multilayered cap over the consolidation area would be designed without incorporating or relying 
upon the geologic characteristics of the existing, or subsequently emplaced, soil underlying the 
consolidated materials. For fate and transport modeling purposes, the upper brown clay layer of the 
glacial overburden is assumed to be absent. The WAC for placing materials under the cap 
incorporate the infiltration rate through the cap, the assumed absence of the brown clay layer, and a 
minimum thickness of 20 feet of gray clay or equivalent backfilled compacted soil. The WAC for 
placing material under the earthen cover incorporate an infiltration rate equivalent to native soil and 
treat the brown and gray clay layers the same as described for the cap. WAC are discussed in inore 
detail in Section 4.0 and Appendix F. 

The size of the consolidation area would be dependent on the volume of soil meeting the WAC for 
the selected remedial alternative. The approximate dimensions of the consolidation areas are provicled 
as part of the detailed description of each remedial alternatives. The footprint of the consolidation 
area would require perpetual federal ownership, a groundwater monitoring system, restrictions within 
the property deed, permanent land markers, and a performance review of the continued protectiveness 
of the consolidation area at least once every five years. 

. .  

L.5.1 DESIGN CONSIDERATIONS 
The conceptual design .of the consolidation area selected to support the development and evaluation of 
remedial alternatives includes the following design considerations: 

Reduce/minimize rainwater infiltration through the use of a compacted soil/vegetative 
layer cover or multilayered cap. The infiltration rate through the earthen cover would 
be 6 inches per year, the same as native soil. The infiltration rate through the cap 
would be approximately 0.9 inch per year. 

Prevent earthen cover degradation caused by such mechanical forces as the 
freezingkhawing cycle. 
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Minimize erosion and promote evapotranspiration through the use of a vegetative cover. I 

Prevent storm water erosion through grading and drainage ditch construction. 1 
e 

Accommodate construction of the consolidation ar.?a in phases to sequence construction 3 

activities with the soil remediation schedule and with the remediation activities of other .I 

operable units. c 

Minimize the potential for settlement through compaction of the consolidated soil. 6 

Minimize the need for long-term surveillance and maintenance. 7 

Provide for deed restrictions and monuments identifying the consolidation area to 
preclude the potential for human intrusion. 

S 

9 

- 
Upon consideration of the above, the consolidation area configurations depicted in Figures L.5-1 and 
L.5-2 were selected as the conceptual basis for the detailed analysis of alternatives. Figure L.5-1 
depicts a cross-section of a consolidation area with an earthen cover. Figure L.5-2 depicts a cross- 

10 

!I 

I? 

13 section of a consolidation area with a multilayer cap. 

L.5.2 CONSOLIDATION AREA CONSTRUCTION 
L.5.2.1 Site Prenaration 
Construction of the consolidation area would necessarily occur in phases to accommodate the varying 
schedules of soil remediation and the demolition of structures in the former production area (as 
managed under Operable Unit 3). All production area facilities and above-grade utilities woiilcl be 
removed pursuant to the Operable Unit 3 Interim Remedial Action. Building slabs, foundations, 
underground tanks, underground facilities, contaminated perched water zones (see perched water 
extraction component description), and contaminated soil not meeting the capping WAC (within the 
footprint of the cap) or, as required by the consolidation area WAC, would be excavated. The 
excavated areas would be regraded and backfilled, as required, with imported clean fil l  material to 
create a suitable geologic base for the consolidation area. The consolidation area would be compacted 
and graded as necessary. 
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L.5.2.2 Material Placement 26 

27 

2s 

The consolidated material would consist of contaminated soil (untreated or treated) and/or cement 
stabilized soil blocks. The following sections describe the placement of each type of material. 

Soil Placement 23 

Contaminated soil would be delivered to the consolidation area in 40-ton roll-off containers and 
dumped in a stockpile near the active consolidation area cgnstruction site. Soil stockpiles would be 
wetted and/or covered to minimize fugitive dust emissions. Periodic monitoring, including sampling 

30 

31 

32 

~R\CRU5\APXS\APP-L\SEC-W-S\Mnrch21. 1995 7:43pm L-5-3 



. __ .. __ 

. .  

' !  

! :  
i .  . .  

L 
0 
cn 
W 
I 
0 z 
co 

W 
I- 
O 
z r . .._ 

.., 

i ! :  
1 .  - 
. -  

I 

I 

, i  
. ,  
: . /  t- 

L L  
Q 

- . .. . .. .. 

L-5-4 n 



. 6972' 

y 
i 
! 

I 
I 

i 

j 
j 

..... 

I 

I 
I 

I 

1 
I 

i I 

.. .... .. 

! 

L-l 

w .  
CI 
Q 
ik: 
(3 

+ 
X 
W 

v, 

Q 
Q 
0 
W 
I 
I- 

- 
W w 
IL - 
L ... 
!LI .+ 
'-1 I r ,  

I- 
LL  
6 

J 
' 6  

OLL 
crz 

L-5-5 



6772 
b 

FEMP-05FS-5 DRAFT FINAL 
March 32. 1995 

and analysis of airborne particulates, would be conducted to ensure the effectiveness of dust 
suppression measures. Soil would be moved by front-end loaders or, if required, would be loaded 
into dump trucks and transferred to the consolidation area. Soil would be dumped, spread by 
bulldozer, and compacted in 8-inch lifts with a sheepsfoot roller. The consolidated material would be 
placed and graded to a 5:l slope at the base and then sloped to a four-percent grade to the top of the 
mound. Following final grading, the consolidated material would be covered with an earthen cover 
or multilayer cap. 

Stabilized Block Placement 
Stabilized soil blocks would be delivered to the consolidation area on flatbed trucks. The blocks 
would be offloaded from the flatbeds and placed in the consolidation area by 7-ton capacity cranes. 
Stabilized blocks would be covered with compacted contaminated soil and graded as described above 
to allow placement of a multilayer cap. 

L.5.2.3 Consolidation Area Cover 
An earthen cover would be placed over consolidated contaminated soil meeting the WAC for an 
earthen cover. The stabilized blocks and contaminated soil whose contaminant concentrations exceed 
the WAC for the earthen cover would be covered with a multilayered cap. The following sections 
describe the design of each type of consolidation area cover. 

Earthen Cover 
The earthen cover consists of a minimum of 1 foot of compacted clean soil. Cover material would be 
placed in 8-inch lifts and compacted to achieve a 95 percent Standard Proctor. The compacted 
material would. be covered with 6 inches of loosely compacted topsoil and revegetated for erosion 
control purposes. 

Multilaver Cap 
The conceptual design of the representative multilayer capping system selected to support the detailed 
analysis of remedial alternatives includes the following design considerations in addition to those 
mentioned earlier in this section: 

Attain regulatory and DOE order based design and performance based criteria including 
RCRA and State of Ohio hazardous waste landfill closure requirements, Uranium Mill 
Tailing Radiation Control Act requirements, and DOE 5820.2A criteria 

Be effective for up to 1000 years, to the extent practical and reasonably achievable, and 
in any case for at. least 200 years (40 CFR 192.02) 
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On the basis of these considerations, the cap configuration depicted in Figure L.5-2 was selected as 
the conceptual basis for the detailed analysis of alternatives. The cap configuration would be finalized 
during remedial design. The cap is based upon a composite design employing both natural materials, . 

such as gravel and clay, and synthetic materials, such as polyethylene barriers. The capping system 

1 

4 

includes the following design components: 5 

A 6-inch-thick vegetative layer to reduce the potential for erosion 

A 3-foot-thick soil cover layer to accommodate moisture retention for maintaining the 
vegetative cover 

A 6-inch-thick gravel filter layer between a top and bottom layer of geotextile separator 
to protect the underlying biotic barrier from infiltration of fine grained silt and sand 
part icles 

A 3-foot-thick biotic barrier consisting of cobbles to prevent animal and plant intrusion 

A 12-inch-thick sand-drainage layer between a top and bottom layer of geotextile 
separator to drain off infiltrating water 

A double layer of textured high density polyethylene (HDPE) and a bentonite 
geocomposite layer to impede infiltration 

A 24-inch thick compacted clay soil layer, exhibiting a minimum 1 (x) 10.’ cm/year 
hydraulic conductivity, to impede infiltration and attenuate radon emissions 

Two 6-inch layers of compacted contouring fill surrounding a biaxial geogrid 
reinforcement material resting immediately above the contaminated soil and sediment to 
support the installation and contouring of cover materials. 
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L.5.3 STORM WATER CONTROL 22 

Storm water contacting the consolidated material during constructign would be collected and/or 
diverted to the existing SWRB for settling, and subsequently transferred to the AWWT facility for 
treatment before discharge to the Great Miami River. 

23 

21 

:< 

Storm water run-on would be diverted around the consolidation area both during and after 3 

27 

?S 

29 

30 

31 

construction. During construction, adjacent areas would be graded to ensure positive surface water 
drainage away from the consolidation area. Silt fences would be used to control suspended solids 
present in storm water runoff from the construction site. The runoff would be allowed to sheet tlow 
into the SWRB during remediation or would be directed by a probable maximum.precipitation channel 
into Paddys Run after remediation. The channel would have a side slope of 4:l with slope armor of 
12 inches of riprap and 6 inches of bedding gravel. a 
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L.5.4 COVER MATERIALS AND SUPPORT FACILITIES 
Natural and synthetic capping materials, including the required clay, sand, and gravel. are envisioned 
to be imported from off-site sources. A temporary tension support facility would be assembled to 
provide a staging area for imported cover materials. Upon receipt, cover materials would be veritied 
as meeting required specifications and placed into appropriate bins for ready access, as needed for 
construction activities. It is envisioned that a sufficient supply of capping materials would be on hand 
to facilitate construction of a cap of up to 150,000 square feet. Staging of these capping materials is 
required to provide flexibility for construction sequencing. During active cap construction, the staged 
capping materials would be transported from the storage facility to the actual capping site. 

L.5.5 MAINTENANCE. MONITORING. AND INSTITUTIONAL REOUIREMENTS 
The multilayer cap is intended to limit infiltration rates to levels that are protective of the Great 
Miami Aquifer. The consolidation area would require long-term maintenance and surveillance to 
ensure the continued performance of the system. Periodic maintenance, including inspection and 
groundskeeping of the vegetative cover, clearing of engineered surface water drainage ways, and 
inspection of the earthen cover or multilayered cap would be required. Inspections are asslimed to 
completed at the time of collection of groundwater monitoring samples. Maintenance, except as 
specifically required in response to inspection findings, is assumed to be conducted twice per year. 
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17 

A long-term groundwater monitoring program would be implemented in support of any alternative 
using a consolidation area. A series of monitoring wells would be installed around the consoliclation I9 

20 

21 

area boundary. The wells would be located in pairs, with one well installed in the glacial overburclen 
and one well installed in the Great Miami Aquifer. For this study, it was assumed that one well pair 
would be placed every 150 linear feet around the boundary of the consolidation area. 
number and locations of wells would be based on the final configuration of the consolidation area. 
more detailed description of the groundwater monitoring network is provided in Section L.7. 

The footprint of all consolidation areas would be fenced, delineated with permanent monuments, and 
maintained under the perpetual ownership of the federal government. 
property deed of the existence of the buried materials prohibiting intrusive activities into these areas. 
Through perpetual rights of ownership for the affected land parcels and continued surveillance and 
maintenance of the consolidation area, the potential for human intrusion to the buried contaminated 
soil and sediment, or for property development, would be minimized or completely eliminated. 
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L.6.0 ON-PROPERTY DISPOSAL CELL i 

This component involves the construction of an on-property, above-grade disposal cell to provide 
permanent storage of contaminated materials including soil, sediment, gravel, and stabilized, dried 
remediation treatment sludges which meet the WAC established for the disposal cell. The major 
features of the disposal cell include a multilayered capping system coupled with a multilayered liner 
and leachate collection/detection system. Containment of contaminated materials in the cell would 
preclude the potential for direct contact, incidental ingestion/inhalation, or direct radiation exposure. 
It would reduce the migration of contaminants to air, surface water, and groundwater, achieving 
protectiveness for the Great Miami Aquifer. 

The on-property disposal cell component is included as a support technology for the detailed analysis 
of alternatives under Land Use Objectives 2, 3, and 4. The rationale employed for siting the cell for 
this study was to select a location that took advantage of the existing site geology, topography, 
current land use, and anticipated remediation sequence. Thus, the northeast section of the site was 
selected as the proposed location for the disposal cell. Through fate and transport modeling, WAC 
have been developed for the materials that would be placed in the cell. The WAC are based on 
conservative fate and transport modeling assumptions, including the geologic conditions underneath 
the proposed disposal cell location, and are discussed in more detail in Section 4.0 and Appendix F.  

Since the proposed disposal cell site contains some contaminated soil at primarily shallow depths, 
portions of this area would be excavated to remove contaminated soil. It is anticipated that this would 
occur in conjunction with the site preparation work associated with the construction of the disposal 
cell. Cut and fill operations are anticipated to establish the design grade for the cell's liner, 
depending on the design grade of the disposal cell's liner and the depth of excavation required to 
remove contaminated soil beneath the disposal cell's footprint. Fill areas would be constructed of 
clean, compacted soil to achieve the required design strength and permeability characteristics. The 
geologic'conditions in the northeast section of the site appear to be suitable for the disposal cell 
location based upon the minimum 20-foot-thick gray clay layer observed during the Operable Unit 5 
RI . 

The liner of the cell would be designed employing conservative assumptions regarding the 
geochemical retardation and hydraulic properties of the existing, or subsequently backfilled, soil 
underlying the disposal system. For fate and transport modeling purposes, the upper brown clay 
layer of the overburden is also assumed to be absent. Geotechnical data would be collected during 
remedial design and evaluated to determine the applicability of additional engineering controls (e.g., 
in situ grouting) to augment the hydrogeology in the vicinity of the cell. 
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A geologic verification program is currently underway at the FEMP to collect supplemental data on 
the properties of the glacial till in the projected footprint of the disposal cell. These data will he used 
during remedial design to finalize the location, design configuration, and WAC of the disposal cell, 

The actual size of the cell would be dependent on the volume of soil and other material requiring on- 
property disposal. The on-property disposal cell would require perpetual federal ownership, a 
groundwater monitoring system, an air monitoring system (during construction), radiation monitoring 
(during construction), restrictions within the property deed, permanent land markers, and a 
performance review of the continued protectiveness of the disposal cell at least once every five years. 

L.6.1 DESIGN CONSIDERATIONS 
The conceptual design of the representative disposal cell system selected to support the detailed 
analysis of alternatives includes the following design considerations: 

Attain regulatory and DOE order-based- design and performance-based criteria 
including RCRA and State of Ohio hazardous waste landfill design requirements, 
Uranium Mill Tailing Radiation Control Act requirements, and DOE 5820.2A criteria 

Be effective for up to 1000 years, to the extent practical and reasonably achievable, 
and in any case, for at least 200 years (40 CFR 192.02) 

Minimize the rate of contaminant transport out of the disposal cell by minimizing the 
hydraulic transport of contaminants through the liner 

Accommodate disposal cell construction in modules to sequence construction activities 
with the soil remediation schedule and with the remediation activities of other operable 
units 

Minimize erosion of the cap and promote evapotranspiration through the use of a 
vegetative cover; provide erosion protection from cell runoff by constructing a stone 
apron along the toe of the cell and using a stone layer on the face of the berm 

Prevent erosion of the disposal cell berm through the use of a probable maximum 
precipitation channel constructed around the toe of the cell berm, as needed, to direct 
runon precipitation away 

Protect against animal and plant intrusion and minimize the potential for human 
intrusion though the use of stone barriers within the cell cap and on the face of the 
berm 

Minimize or completely attenuate the migration of, radon from the contained 
radioactively contaminated materials 

Minimize the potential for settlement through compaction of the contaminated material 
in lifts and compaction of capping materials to the extent practical 
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Minimize the need for long-term surveillance and maintenance 

Provide for deed restrictions and monuments identifying the cell to further preclude 
the potential for human intrusion 

i 

2 

3 

Minimize the potential for gas formation within the cell through segregation, to the J 

extent practical, of the degradable organic material within excavated contaminated soil 5 

6 and the underlying soil column. 

Additional considerations that are not specifically included in the representative disposal cell system 
selected to support the detailed analysis of alternatives, but could be incorporated into the future 
design include: 

Minimize the potential for a "bathtub effect" by incorporating a design such that the 
hydraulic conductivity of the liner is slightly greater than that of the cap 

Minimize diffusive contaminant transport by incorporating attenuating materials (e.g., 
zeolite, soil admixtures containing certain hydroxides of iron) into the composite I iner 
design. 

L.6.2 DISPOSAL CELL DESIGN 
Upon consideration of the above, the disposal cell configuration depicted'in Figure L.6-1 was selected 
as the conceptual basis for the detailed analysis of alternatives. The cell configuration would be 
finalized during remedial design. The components of the disposal cell design are described in the 
following sections. 

L.6.2.1 Multilaver CaD 
The details of the cap configuration are depicted in Figure L.6-2. The cap is based upon a composite 
design employing both natural materials, such as gravel and clay, and synthetic materials, such as 
polyethylene barriers. The cap would slope at about four percent from the crown out to clean f i l l  
dikes. The capping system includes the following design components: 

A 6-inch-thick vegetative layer to reduce the potential for erosion 

A 21-inch-thick soil cover layer to accommodate moisture retention for maintaining 
the vegetative cover 

A 6-inch-thick gravel filter layer between a top and bottom layer of geotextile 
separator to protect the underlying biotic barrier from infiltration of fine grained silt 
and sand particles 
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A 3-foot-thick biotic barrier consisting of cobbles to prevent animal and plant intrusion 31 
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A 12-inch-thick pea gravel drainage layer between a top and bottom layer of geotextile 
separator to drain off infiltrating water 

I 

2 

A composite layer consisting of textured HDPE over bentonite geocomposite layer to 
impede infiltration 

A 24-inch-thick compacted clay soil layer, exhibiting a maximum coefficient of 
permeability of 1 (x) lo-’ cm/sec to impede infiltration and attenuate radon emissions 

A varying thickness (12-inch to 24-inch, typical) layer of compacted contouring till 
with a biaxial geogrid reinforcement material resting immediately above the 
contaminated material to support the installation and contouring of the cap layers. 

L.6.2.2 Clean Fill Dikes 
The clean fill dikes consist of the following design components: 

A core berm consisting of compacted soil material. This compacted material is 
covered with compacted clay. The, berm would have interior slopes of 3: 1 and 
exterior slopes of 5: 1. The height of the clean fill dike from the existing grade to the 
edge of the disposal cell cover is dependent on the disposal cell size. 

A 12-inch-thick layer of 6-inch diameter stone on the exterior face for stabilizing and 
protecting the berm from erosion 

An apron of stone (10-foot-wide by 12-inch-thick, typical) along the toe to provide 
erosion protection from cell runoff. 
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16 
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L.6.2.3 Probable Maximum PreciDitation Channel 20 

The Probable Maximum Precipitation channel would be sized to protect the disposal cell from the 

offset from the clean fill dike at varying distances. The offset area between the cell and the channel 
would slope at 1 percent toward the channel. The channel would have a side slope of 4: 1 with a 
channel invert sized depending on the disposal cell location’s drainage basin (typically 10 to 20 feet). 

536 . 21 

21 

23 

2.1 

3 

26 

probable maximum S t D k  .. . . . .. . . .._. ... ..... event and would surround the uphill side of the cell. The channel would be 

The side slope would be armored with 12 inches of riprap and 6 inches of bedding gravel. 

L.6.2.4 Cell Liner 27 

The details of the disposal cell liner configuration are depicted in Figure L.6-2. 
constructed on a subgrade of clean compacted native soil and consists of the following design 
components: 30 

The liner would be IS 

29 

A protective layer (12-inch minimum, typical) consisting of a material such as soil or 31 

32 

A geotextile fabric separator layer 33 

flyash to protect the liner when the waste is placed 
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An 12-inch-thick leachate collection system of pea gravel with 6-inch diameter 
perforated pipe to collect leachate and direct it to a collection point. 

i 

2 

A geotextile fabric separator layer 3 

A primary geomembrane liner consisting of textured HDPE above and a geosynthetic 
clay liner below 

4 

5 

A 12-inch-thick leachate detection system of pea gravel and 6-inch diameter perforated 6 

7 ’ pipe to collect leachate and direct it to a monitoring and collection point. 

A secondary geomembrane liner consisting of textured HDPE above and geosynthetic 
clay liner below 

A 36-inch-thick secondary liner of compacted native clay soil, enhanced by mixing 
with bentonite to ensure that permeability performance criteria are met. 
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The layering-of the above-described liner is modified as it runs up the 3:l interior slopes of the clean 
fill berms. Additionally a 
permeable geonet material is used to replace the pea gravel leachate collection and leachate detection 

* 17 

18 

19 

20 

. . The geosynthetic clay liners on the sloping clean fill berms are not used. 

layers. A geosynthetic rubsheet is used for the protective layer. 

L.6.3 CELL CONSTRUCTION 
Before any waste placement, preparatory work is needed to establish the disposal cell’s infrastructure 
and related support functions. The site should be cleared to a reasonable level (i.e. major vegetation 
removed, but not stripped to bare soil) to permit construction. Underground utilities, existing 
monitoring wells, and buildings need to be removed and depressions properly backfilled and 
compacted. Contaminated soil that underlies the cell would be excavated and the area deemed clean. 
Additionally, if required, any subsurface improvements, such as grouting or sand lens removal, would 
be performed. Due to the potential size of the disposal cell and the limited area for siting, 
underground utility removal and excavation would probably be conducted just in advance of the liner 
placement. Rough grading would be performed to establish the basal liner’s drainage gradient. The 
high point of the storm water diversion ditches and the pitch of the ditches would be established. 
Clean topsoil excavated from these activities would be stockpiled for later use. Clean common soil 
would be used to construct the initial disposal cell’s berms. Leachate collection ponds or sumps 
would be installed and pipeline routes laid to existing or new treatment facilities. For purpose of the 
study the leachate collection pipeline from the disposal cell is directed to the AWWT for treatment. 
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Existing treatment facilities might need to be modified to handle additional volume and specific 
leachate constituents. Haul road routes, points of entry, wheel wash stations, and traffic patterns to 
the disposal facility would be established. An initial disposal working cell would be sited and 
constructed. 

Construction of the disposal cell would necessarily occur in phases to accommodate the varying 
schedules of soil remediation and the demolition of structures in the former production area (as 
managed under Operable Unit 3). The cell would be built and filled in subunits, or modules, with 
each module closed with an intermediate cover until completion of all planned modules. The final 
cap would then be constructed over the intermediate cover. Figure L.6-3 illustrates the concept of the 
progression of the disposal cell construction. Construction would start at one corner of the disposal 
cell footprint. A section of clean fill berm and disposal cell liner would be constructed first 
(illustrated as Phase 1). A temporary leachate collection system, storm water collection/cliversion 
system, and working berm would be used to manage runoff water during construction. Control 
measures such as spraying with water or surfactants would also be employed to mitigate fugitive dust 

emissions during construction activities. Upon completion of the dike section, liner section, and 
leachate/storm water controls, waste material would be placed and compacted in lifts adjacent to the 
berm. The waste material would be placed in lifts to near the top of the clean fill berm and capped 
with an intermediate cover. The intermediate cover would most likely consist of a clay soil which 
also acts as the contour layer. A portion of this contour layer would be incorporated into the final 
disposal cell cap upon completion of the entire disposal cell. The working face and l i f t  area would be 
limited to minimize the area exposed to weather during construction. During waste placement in 
Phase 1, construction of the next phases would progress as illustrated in Figure L.6-3. 

It is feasible to prepare only one working cell in advance. Working cells would also be sized to 

handle one construction season's production (Le. six months to one year). The weathering of basal 
and side liner materials (Le., geomembranes degrade slowly in sunlight and clays desiccate when 
exposed) permits only a limited time for exposure to climatic elements. The initial lifts of waste next 
to the basal liner need to be select waste material, free of stones greater than 3 inches in size, rubble, 
and similar protruding objects. This layer should be placed 2 to 4 feet thick to prevent earthmoving 
equipment from puncturing the basal liner. Similarly, select waste material should be used next to the 
cover and the sidewall liner. Excavation and waste placement operations would incorporate this need 
for select material in their operations. Stockpiling of select waste material or reserving a waste 
borrow area would be necessary, 

The size of individual modules would be planned based upon the remediation schedule, anticipating 
the amount of waste material to be disposed of over a given construction period. The modular 
concept allows for segregating the waste material within the disposal cell. Additional clean fill or 
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residual waste soil could be used to construct berms upon the liner within the cell footprint to create 
subunit cells to facilitate waste management within the disposal cell. In a similar manner, the leachate 
collection and leak detection systems could be designed to collect leachate and monitor for leaks 
within individual subunits. 

During cell construction, the area inclusive of the disposal cell and support facilities would be a 
controlled area. All vehicles exiting the controlled area must pass through a wheel 
washing/radiological screening station to minimize the spread of contamination to clean areas of the 
FEMP site. 

L.6.4 WASTE PLACEMENT 
Waste placement operations would be conducted concurrently with waste cell construction and cover 
installation. This. is necessary to prevent basal liner materials, such as clays and geomembranes, from 
deteriorating before use. The active working face of the waste placement area would be kept 
relatively small over a short time, thus minimizing contaminated storm water runoff and exposure to 
wind erosion. The waste material placed in the disposal cell includes untreated contaminated soil, 
sediment and gravel. 

Excavated contaminated soil and sediment would be transported to the disposal cell by roll-off 
container trucks. Temporary haul roads into the working cell area would need to be constructed and 
continuously modified as waste material placement expands in area and height, Construction of these 
temporary haul roads can be coordinated with the construction of adjacent future cell berms to 
minimize the earthmoving effort. The roll-off container trucks would dump the waste at the edge of 
the working cell. Earthmoving equipment, solely dedicated to waste placement operation within the 
cell, would spread and compact the waste in lifts. For example, a typical lift might be material 
spread 12 inches thick and compacted with a minimum of 4 equipment passes. Gravel would be 
placed in thin lifts in a manner that maximizes the ability to compact the material, and minimizes void 
space. 
to minimize the potential for settlement of the final cap. A methods compaction specification for each 
type of the various major waste forms would be developed. Test pads of the various waste forms 
anticipated for placement would be constructed to determine the most suitable method and equipment 
for compaction. 

a 

Acceptable compaction and minimization of void space within the waste material are critical 

Control measures such as water misting or surfactants would be used to mitigate dust releases during 
waste material placement. Periodic monitoring, including simpling and analysis of airborne 
particulates, wauld be conducted to ensure the effectiveness of dust control measures. To control 
contamination spread from wheel traffic, the earthmoving equipment placing the waste material within 
the cell would remain within the confines of the working cell, exiting only for maintenance. Roll-off 
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container trucks delivering waste material to the disposal cell would have their wheels washed and 
radiologically screened for contamination before returning to the excavation site. A separate 
earthmoving crew would handle construction of berms, disposal cell basal 1 iners, temporary haul 
roads and intermediate cover in clean work zones. 

An interim outdoor waste stockpile area would be maintained adjacent to the working cell. The area 
would be large enough to accommodate several days to a week’s capacity of excavation. The 
stockpile would be used during periods of inclement weather when waste material placement is not 
possible, and during periods of equipment downtime. The area also allows for some surge capacity, 
when excavation capacity exceeds placement capabilities. The stock pile area would be a lined pad 
with curbs and sump, or an extension of the working cell’s basal liner. Provisions for covering the 
waste material in the stockpile with membranes or tarps and good positive drainage would be 
incorporated into the operating plan. Waste material from the stockpile would be placed into the 
working cell when weather conditions permit and during periods of slow excavation production. 

L.6.5 MATERIALS AND SUPPORT FACILITIES 
In addition to the outdoor contaminated waste material stockpile area and wheel washing/racliological 
screening station already mentioned, a staging area would be required for clean construction materials 
sufficiently sized to support the phased construction of the disposal cell. A covered facility for 
storage of the synthetic liner and cap materials would be needed to protect those materials sensitive to 
sun1 ight . 

Construction materials would include bulk earthen materials (soil, sand, gravel, cobble, etc. ,) for 
berm, cap, and liner, as well as synthetic materials (HDPE, geosynthetics, etc.) for cap, liner, and 
drainage systems. Additional materials would be needed to support storm water management (i.e., 
working berm, temporary piping, etc.), though much of this material would be reused as construction 
progresses. 

L.6.6 MONITORING. MAINTENANCE. AND INSTITUTIONAL REOUIREMENTS 
A long-term groundwater monitoring program would be implemented in support of any alternative 
using an on-property disposal cell upon final closure. A series of monitoring wells would be installed 
around the boundary of the cell. The wells would be located in pairs, with one well installed in the 
glacial overburden and one well installed in the Great Miami Aquifer. For this study, it was. assumed 
that one well pair would be placed every 150 linear feet around the disposal cell boundary. The 
actual number and locations of wells would be based on the engineered and naturally occurring 
hydrogeologic characteristics of the final disposal cell location. 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

25 

26 

27 

18 

29 

30 

32 

FER\CRWSWXSWP-L\SEC-L6-9\March21. 1995 8:24pm L-6-11 



FEMP-OSFS-5 DRAFT FINAL 
March 22. 1995 

The on-property disposal cell would require long-term maintenance and surveillance to ensure the 
continued performance of the system. The access manholes for the leachate collection/detection 
system would be monitored to ascertain the system’s performance and efficiency. Collected leachate 
would be removed by pipeline to the AWWT for treatment until the AWWT is removed from service. 
Periodic maintenance, including inspection and groundskeeping of the vegetative cover, clearing of 
engineered surface water drainage ways, and inspection of the cap and berm integrity would be 
required. Inspections are assumed to be completed at the time of collection of groundwater 
monitoring samples. Maintenance, except as specifically required in response to inspection findings, 
is assumed to be conducted twice per year. 

Consistent with CERCLA and the terms of the Amended Consent Agreement, reviews would be 
conducted no less often than every five years after completion of remedial actions to assure that 
human health and the environment are continuing to be protected at the site. These reviews would be 
performed by EPA, in consultation with OEPA. If, upon completion of such review, it is the 
judgment of the EPA that additional remedial actions or modifications to existing remedial systems 
are required, such actions would be implemented pursuant to the terms of the Amended Consent 
Agreement. 

The footprint of the disposal cell area and any surrounding buffer areas would be fenced, delineated 
with permanent monuments, and maintained under the perpetual ownership of the federal government. 
Deed restrictions would be recorded to note the existence of the buried materials and to prohibit 
intrusive activities into these areas. Through perpetual rights of ownership for the affected land 
parcels and continued surveillance and maintenance of the disposal cell, the potential for human 
intrusion to the buried contaminated materials would be eliminated. The potential for development of 
the disposal area would be minimized or completely eliminated. Perpetual care of the disposal cell 
area would continue under the DOE or another federal agency, such as the U.S. Department of 
Interior. 
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L.7.0 BACKFILL 

This component involves the restoration of excavated areas by backfilling, regrading, and placing 
topsoil and a vegetative cover. In areas where the excavation activities impact the gray clay layer of 
the glacial overburden, the backtilled material would be augmented to ensure that the permeability of 
the backfill would be at least equivalent to that of the native material. For all alternatives, excavated 
areas would be backfilled with segregated clean soil and clean fil l  material borrowed from other areas 
on site or imported from off site. However, importation of backfill materials from off site sources 
would be minimized to the extent possible. Backfilling, regrading, and vegetation of excavated areas 
would enhance surface water drainage management, would provide an engineered base for the 
construction of other remedial action components (e.g., consolidation area), and would provide the 
topographic and aesthetic enhancements necessary for restricted and unrestricted land use. 

The backfill component is included as a support technology for all remedial alternatives which 
contemplate soil excavation. The footprint of the backfilled area would be determined by that of the 
excavation area (see excavation component description, Section L. 1 .O). Backfilling of excavated areas 
would be minimized in that the majority of the site would be regraded to control water runoff. 
Deeper excavations, especially in the process area, would be backfilled to blend in with the new 
topography. Additional water collection ponds would not be creatid and the storm water management 
system would be designed to drain storm/surface water away from the FEMP site. Backfill materials 
would consist of both clean soil (less than PRLs) identified and segregated during excavation, and 
clean materials borrowed from other areas on site. All references to the use of clean borrow materials 
from on-site sources in this study imply that if sufficient quantity of material is not available on site, 
additional clean backfill materials will be imported from off-site sources. In those areas where 
excavated soil would include portions of the gray clay layer of the glacial overburden or in areas 
where the construction of former production area facilities previously breached the gray clay layer, 
backfill material would be augmented by adding bentonite to achieve a final permeability at least 
equivalent to that of the native material. Batch tests, using samples of both on-site borrowed soil and 
clean on-property segregated soil, would be conducted during remedial design to optimize the 
soil/bentonite mix. 

a 

L.7.1 DESIGN CONSIDERATIONS 
The conceptual design of the representative backfill process selected to support the detailed analysis of 
alternatives includes the following design considerations: 

Minimize potential subsidence through compaction techniques 

Provide for soil augmentation with bentonite before backfilling in those areas where 
excavation of gray clay occurs or where previous activities breached the gray clay 
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Minimize the need for borrow backfill materials from on site sources by efficiently 
using segregated, clean soil identified during excavation 

Minimize erosion and promote evapotranspiration through the use of grading and a 
vegetative cover. 

L.7.2 BACKFILL DESIGN 
Upon consideration of the above, the backfill configuration depicted in Figure L.7-1 was selected as 
the conceptual basis for the detailed analysis of alternatives. The figure depicts a cross section of a 
typical backfilled area finished with a layer of common fill, topsoil, and a vegetative cover. 

L.7.3 BACKFILL OPERATIONS 
Backfill operations would start once contamination surveys (as previously described in the excavation 
component) certify that excavated areas meet the established PRLs. Conventional earth-moving 
equipment such as bulldozers, wheel-tractor scrapers, soil compactors, and wheel loaders would be 
the primary pieces of equipment used for backfill operations. The type and size of equipment used 
would depend upon the shape and size of the area to be backfilled. Backfill operations would be 
conducted 8 hours per day, 5 days per week. Large, shallow excavations would be backfilled using 
bulldozers. Bulldozers are most versatile for backfilling operations and would be used to drag and 
spread materials for rough and finish grading. Soi-1 compactors could be used to achieve a higher 
production rate, as they are equipped with front and rear rolling drums and can achieve compaction 
with fewer passes than a bulldozer. 

Excavated areas would be backfilled first using available clean soil stockpiles before borrowing 
additional clean fill materials from on-site sources. Clean soil segregated during the excavation 
process would be moved from the segregation area to the backfill construction site. Soil stockpiles 
would be wetted and/or covered to minimize dust fugitive emissions. Periodic monitoring, including 
sampling and analysis of airborne particulates, would be conducted to ensure the effectiveness of dust 
suppression measures. 

Backfill material would be placed in 8-inch lifts and compacted to achieve a 95 percent Standard 
Proctor. Deeper excavations would be backfilled and compacted using hydraulic hammer equipment. 
The hammer attachment would be mounted on a hydraulic excavator boom and powered by the 
excavator. Excavated areas would first be backfilled to a level that provides enough room to 
maneuver a soil compaction unit. At locations involving backfill in the gray clay, fill material would 
be blended with bentonite before emplacement and compaction. Bulldozers and soil compactors 
would then be deployed inside the excavation to continue grading operations. Areas backfilled with 
only clean, segregated soil from on property and/or clean borrowed soil from on-site sources would 
be brought to within 6 inches of the desired final grade. A 6-inch minimum layer of topsoil would 
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then be placed as the final cover. All disturbed areas would be revegetated to control erosion. 1 

L.7.4 STORM WATER CONTROL 
Storm water run-on would be diverted around active backfill areas. During construction, silt fences 
would be used to control suspended solids present in storm water runoff from the backfilling site. 
Regrading would be designed to integrate surface water runoff with the overall site surface water 
management system. 

L,7.5 MATERIALS AND SUPPORT FACILITIES 
Backfill materials would be excavated from on-property borrow areas and transported by dump 
trucks, as necessary. A staging area for clean construction materials would be required and would be 
integrated with the staging area for other components requiring clean fill. 

L.7.6 MONITORING. MAINTENANCE. AND INSTITUTIONAL REOUIREMENTS 
Areas backfilled only with clean, segregated soil andlor clean borrowed soil would not require long- 
term monitoring, nor would they be included in the scope of CERCLA five-year reviews. Consistent 
with the potential future land use configurations of the FEMP, some of these areas would be included 
in portions of the FEMP property to be made available for unrestricted, or partially restricted use. 
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L.8.0 LONG-TERM ENVIRONMENTAL MONITORING 1 

L.8.1. INTRODUCTION 
This section discusses the general approach to long-term environmental monitoring at the FEMP 
during site cleanup and after final closure of on-site waste management facilities (e.,.., disposal cell, 
consolidation areas). In general, environmental monitoring can be grouped into three broad 

groundwater. A brief description of the current environmental monitoring program is provided in 
Section L.8.2. The current program provided the baseline that was used to estimate future 
environmental monitoring requirements and associated costs as cleanup and closure of on-site waste 
management facilities progresses. Section L.8.3 describes the anticipated changes in the 
environmental monitoring program during site remediation and post remediation. 
provides additional details regarding anticipated groundwater and air monitoring activities during site 
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categories: air pathway liquid pathway - effluent and surface water and liquid pathway - 

Section L.8.4 

L.8.2. CURRENT FEMP ENVIRONMENTAL MONITORING PROGRAM 
The FEMP currently implements an environmental monitoring program and conducts activities 
associated with three broad monitoring categories. 

The air pathway monitoring includes the following activities: 

Air sampling for radioactive pollutants 
Soil sampling for uranium 
Grass sampling for uranium 
Produce sampling for uranium 
Milk sampling for radionuclides 
Monitoring for direct radiation 
Monitoring for nonradioactive pollutants 
Radon sampling 

The liquid pathway effluent and surface water monitoring includes the following activities: 

Effluent Sampling for Radionuclides 

Sediment Sampling for Radionuclides 
Fish Sampling for Uranium 
Sampling for Nonradioactive Pollutants ’ 

Surface Water Sampling for Radionuclides 

The liquid pathway groundwater monitoring includes the following activities: 

Private well sampling for uranium 
FEMP well network sampling for uranium 
.FEMP well network sampling for other radionuclides 
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RCRA sampling 

Private well sampling for metals 
FEMP well network sampling for hazardous substances 

Table L.8-1 provides a summary of the current FEMP environmental monitoring program based on 
information presented in the 1993 site environment report. The table provides a baseline to evaluate 
anticipated changing environmental monitoring requirements as site cleanup is conducted. 

The annual cost to implement the baseline environmental monitoring program described in Table 
L.8-1 is estimated to be approximately $2,000,000. This cost does not include the baseline 
groundwater monitoring program, which is estimated to cost an additional $4,000,000 annually. 

L.8.3. PROJECTED ENVIRONMENTAL MONITORING PROGRAM 
Based upon current remediation strategies, the cleanup for the overall FEMP site can be divided into 
three general time periods that would require varying degrees of environmental monitoring: 

1) Construction monitoring period 

2) Disposal facility postclosure and continued water treatment short-term monitoring period 

3) Disposal facility post-closure long-term monitoring period 

The subsections below describe the general activities that will occur during each monitoring period 
and the environmental monitoring activities that will be required. Long-term monitoring will be used 
to validate modeling results. 

L.8.3.1 Construction Monitoring Period 
During the construction monitoring period, extensive construction activity is anticipated on the site 
property. Site buildings and the supporting infrastructure will be dismantled or demolished and 
disposed of. Shipments of wastes designated for off-site disposal will be transported off site. 
Excavation of contaminated soil and contaminated perched groundwater areas will be undertaken. 
Construction, filling with waste, and closure of on-site disposal facilities (e.g., disposal cell, 
consolidation areas) will be completed. Contaminated groundwater extracted from the Great Miami 
Aquifer by pumps, leachate from the disposal cell, contaminated storm water, and other cleanup- 
derived wastewaters would be treated at on-property treatment facilities. Effluent from the on- 
property treatment facilities would be discharged to the Great Miami River. The anticipated duration 
of this period is 22 years. . 
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Table L. 8-2 summarizes' the environmental monitoring program elements that would be required 
during this period and comments regarding changes in the program with respect to the baseline 
environmental monitoring program. 

L.8.3.2 Disposal Facilitv Postclosure and Continued Waste Water Treatment Short-Term Monitoring Period 
The disposal facility postclosure and continued water treatment monitoring period follows the 
construction monitoring period. During this period, the on-property treatment facilities continue to 
operate in support of the treatment of extracted groundwater and leachate from the on-property waste 
disposal facility. The anticipated duration of this monitoring period is approximately 8 or 53 years 
following final closure of the last on-property waste disposal facility, depending upon the groundwater 
cleanup goals (described in Section L.9.0). 

Table L. 8-3 summarizes the environmental monitoring program activities that would be required 
during this period and comments regarding changes in the program with respect to the construction 
environmental monitoring program. 

L.8.3.3 DisDosal Facilitv Postclosure Low-Term Monitoring Period 
The disposal facility post-closure long-term monitoring period begins when groundwater pumping is 
no longer required and the groundwater treatment facility is removed from service and dismantled. 
During this period, only the closed on-property waste disposal facilities will require monitoring. This 
long-term monitoring will consist of groundwater and direct radiation monitoring, (typically at fence 
line locations). The duration of this monitoring period has not been established. 

Table L.8-4 summarizes the environmental monitoring program activities that would be required 
during this period and comments regarding changes in the program with respect to the previous short- 
term environmental monitoring program. Section L.8.4 provides additional details regarding the 
projected groundwater and air monitoring activities. 

L.8.4. ADDITIONAL GROUNDWATER MONITORING DETAILS 
As described in Section L.8.3, groundwater and air monitoring activities will continue during and 
after completion of remedial activities. Some details of these groundwater and air monitoring 
activities are described below. 

L.8.4.1 Groundwater Monitoring 
The primary purpose of groundwater monitoring is to evaluate the effectiveness of the various 
remedial action components through early detection of constituents of concern (COCs) that may be 
released into the groundwater. Additionally, the monitoring is used to assess the performance of the 
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groundwater extraction system. To that end, groundwater monitoring wells would be installed and 
sampled over a specified time period to provide performance data for the remedial action components. 

L.8.4.2 Groundwater Monitoring Design 
General guidelines from the EPA groundwater technical guidance document (US EPA 1992) were 
used in evaluating site-specific monitoring needs regarding the placement and number of monitoring 
wells in the areas of remedial alternative components. The following subsections provide a 
description of the installation of monitoring wells, sampling and analysis, operations and maintenance, 
and well abandonment requirements for groundwater monitoring wells. 

Monitoring Well Installation 
Initially, a groundwater monitoring detection system would be installed in the area of the various 
remedial action components. Figure L.8-1 depicts a typical monitoring well. A sufficient number of 
monitoring wells would be installed both upgradient and downgradient of each disposal uni t  so that 
background water quality is established and early detection of contaminant releases is possible. One 
pair of monitoring wells would be installed at about 150-foot intervals around the perimeter of the 
consolidation areas or the disposal cell. One well would be screened in the perched groundwater 
within the glacial till and the other well would be screened in the upper sand and gravel of the Great 
Miami Aquifer. Because local groundwater flow direction and gradients may tluctuate due to . 
seasonal variations or pumping of on-and off-property groundwater extraction systems, monitoring 
wells would be installed on all sides of the monitored unit so that certain wells are always 
downgradient for detection purposes. Because final location, size, and configuration of each 
component is not currently known, the exact number of monitoring wells required would be 
determined during remedial design of each component. 

For groundwater extraction, groundwater monitoring wells would be installed in the vicinity of the 
contaminated groundwater plumes to monitor cleanup progress and provide a means for calibration of 
the groundwater model used to assess and tune the extraction system. 

Groundwater Samolinp and Analvsis 
The projected operating period for the initial groundwater monitoring program would be consistent 
with the maximum period for which groundwater extraction and treatment is projected to occur 
(described in Sections L.9.0 and L.10.0). For the purposes of cost estimating, each groundwater 
monitoring well is assumed to be sampled on an annual basis during the active extraction period. 
After this period, it is envisioned that only monitoring specific to on-site disposal units will be 
required. For the cost estimate, a period of 50 years was assumed. 
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Water levels would be measured during each sampling event. Routine and quality assurance/qual ity 
control (QA/QC) samples would be collected from each monitoring well during each sampling event 
and analyzed for uranium-238, technetium-99, neptunium-237, strontium-90, thorium-232, barium, 
cadmium, cyanide, thallium, arsenic, pH, specific conductance, dissolved oxygen, and temperature. 
Please note that these constituents represent a set of indicator parameters to be used for early 
detection of possible releases from remedial action components. 

Maintenance 
Periodic maintenance of groundwater monitoring wells and purge pumping equipment would be 
required to extend the life of the equipment and collect representative samples. Monitoring wells 
would be evaluated in regard to the wells performance and the condition and integrity of concrete 
pads, posts, locking caps, well caps, protective casings, etc. 

Well Abandonment 
After the completion of long-term monitoring activities, each monitoring well would be plugged and 
abandoned. Each monitoring well casing and screen would be removed by pulling and/or 
overdrilling, removing the annular space material, and filling the entire borehole with grout (i.e., 
Volclay) to within 30 inches of the surface, at which point a concrete plug would be poured to the 
surface. Removed materials would be drummed for proper off-site disposal as contaminated material. 

L.8.5 ADDITIONAL AIR MONITORING DETAILS 
The primary purpose of air monitoring is to provide detection of COCs released into the air during 
excavation and from on-site disposal units during their operational periods. Air monitoring at on-site 
disposal units will continue in the short term after closure until data trends show that air monitoring is 
no longer required. 

a 

L.8.5.1 Air Monitoring Design 
Air monitoring stations will be strategically located on and around the perimeter of major excavation 
sites and on-site disposal units using site-specific meteorological information. Radon monitors will 
also be provided. In addition, monitoring devices will be located off site to provide background 
information. 

L.8.5.2 Air Monitoring Station Samding and Analvsis 
During contaminated soil excavation and operation of the disposal facilities, personnel will collect 
filters from each station for analysis at weekly intervals. The filters will be tested in a laboratory to 
determine the concentration'of uranium. A portion of each sample solution is retained each week to 
prepare an annual composite, which is then analyzed for trace concentrations of other radionuclides a 
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such as radium, neptunium, plutonium, and thorium. The periodicity will be greater after closure of 
the disposal facilities, based on observed concentrations. 

Radon monitoring will be accomplished using alpha-track etch or alpha-scintillation detectors. Alpha- 
track etch detectors are replaced every three months to provide long-term radon measurements, while 
alpha-scintillation detectors monitor continuously. 

QA/QC samples will be taken periodically to verify results. Also, the FEMP laboratory participates 
in several QA programs conducted by independent organizations. Participation in these external 
programs provides unbiased evaluations of the on-site laboratory performance. 
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L.9.0 GREAT MIAMI AQUIFER GROUNDWATER EXTRACTION 1 

The purpose of the Great Miami Aquifer extraction component is to recover contaminated 
groundwater from the regional aquifer for subsequent treatment. The groundwater recovery is 
necessary to restore the contaminated portions of the aquifer to achieve PRLs. Active restoration 
would be accomplished using groundwater extraction designs comprised of up to four groundwater 
extraction well systems. Pumped groundwater, requiring treatment before discharge, would be sent to 
the groundwater treatment facility (GTF) while groundwater from systems meeting discharge 
requirements would be discharged directly without further treatment. Each system would be operated 
independently with discharge directed appropriately and withdrawn from service once remedial goals 
within an area are achieved. 

Section 4.1 of the main text outlines the overall remedial strategy for the Great Miami Aquifer, 
including the basis for establishing the footprints of the geographic areas requiring remediation. 
From these footprints, SWIFT computer modeling simulations, using the previously constructed and 
calibrated FEMP flow and transport model, were conducted to identify the numbers, locations, and 
flow rates of extraction wells and to assess system performance and remediation times. These 
simulations included sensitivity runs designed to assess the effects of system variabJes on system 
performance and remediation time frames. From these simulations, two extraction system designs 
have been identified based on two groundwater remediation scenarios. One of these system designs, 
as appropriate, would be included as a component in each of the alternatives carried forward for 
detailed analysis in Section 5.0. The results of the modeling runs conducted for this analysis are 
presented in Appendix F,  Fate and Transport Modeling. 

a 

As described in Appendix F, groundwater modeling was performed to evaluate the efficiency of 
various groundwater extraction system designs in reducing the maximum remaining uranium 
concentration in the Great Miami Aquifer to 20 ppb or 3 ppb (representing the MCL and lo6 residual 
risk levels). All of the extraction system designs were modeled with unique well configurations and 
pumping rates to determine the time necessary to achieve the remediation objective. Each design was 
simulated with a baseline desorption K, of- 1.78 liter per kilogram (L/kg) based on FEMP Great 
Miami Aquifer data and the model calibration. Since slower desorption makes uranium extraction 
more difficult, a higher K, of 12 L/kg was also simulated to determine a representative upper bound 
of cleanup time. Designs were evaluated based upon their simulated mass removal rate, system 
efficiency, the distribution of remaining uranium, and the average concentrations of contaminants in 
the extracted groundwater (treatment system influent). Depending upon the simulated K,, cleanup 
times ranged from 30 to 55 years for the cleanup to 20 ppb, and from 70 to 105 years for the cleanup 
to 3 ppb. For the purposes of preparing a cost estimate, times of 30 and 75 years were assumed for 
cleanup to 20 ppb and 3 ppb, respectively. 
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The remainder of this section provides a description of the conceptual design of the Great Miami 
Aquifer groundwater extraction system component: This description provides the engineering basis 
for preparing the cost estimates for groundwater extraction as contained in Appendix K. 3 

L.9.1 DESIGN CONSIDERATIONS .I 

The conceptual design of the representative Great Miami Aquifer extraction systems selected to 5 

6 support the detailed analysis of alternatives includes the following design considerations: 

Provide for cleanup of the Great Miami Aquifer groundwater contamination plume to 
levels consistent with the PRLs in a reasonable amount of time at a reasonable 
extraction efficiency. These PRLs translate into aquifer restoration to uranium 
concentration levels of 20 ppb and 3 ppb. 

' The representative extraction system designs were developed without regard to 
administrative barriers (e.g., operable unit and FEMP boundaries). For example, Wells 

is proposed to be excavated. In reality, some extraction well locations may change during 
remedial design. L S  

I I  

13 

13 

Id 

13, 14 and 15 (as shown on Figures L.9-1 and L.9-2) are located in the South Field which 

Extraction system enhancements (e.g., pulse pumping, reinjection, sparging) and design 16 

optimization (e.g., well locations, pumping rates, pumping sequences) were not considered 
during groundwater extraction modeling and development of the representative extraction 
system designs. However, refinement of the selected design and evaluation of extraction ib 
enhancement technologies will be considered and applied (with proper regulatory consent) 
during remedial design. III 

Ty) 

As explained in Appendix F, groundwater modeling was performed primarily to simulate 
the extraction of uranium from the Great Miami Aquifer. 
contaminants, including neptunium-237, radium-226, technetium-99, antimony, arsenic, 
and manganese, was also simulated. MCLs for some other contaminants (e.g., manganese, 

these contaminants. 27 

112 

23 

?.I 

z5 

116 

The extraction of other 

arsenic) may not be attainable under either extraction scenario due to the low mobility of 

L.9.2 EXTRACTION SYSTEM DESIGN 28 

Based on the above considerations and the results of the SWIFT modeling, Great Miami Aquifer 
groundwater extraction systems were developed for two remediations scenarios. 

concentrations (Le., 20 ppb for uranium) using a sequential extraction schedule within an estimated 27 
years. Scenario 2 provides for the reduction of contamination levels to 10" groundwater PRLs (i.e., 
3 ppb) using a relatively constant extraction schedule within an estimated 75 years. 

29 

20 

31 

32 

33 

34 

The first Scenario 1 
provides for the reduction of groundwater contamination levels to MCL and proposed MCL 
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The Great Miami Aquifer groundwater extraction component is comprised of three new extraction 
systems in addition to the existing South Plume Recovery System. Each system is designed to 
recover a specific portion of the Great Miami Aquifer groundwater contamination plume. The four 
extraction systems for the two remediation scenarios are shown in Figures L.9-1 and L.9-2 and are 
described below. Where the scenarios require a different number of pumps or different pumping 
rates, the first number provided in the text is for the MCLj27-year scenario, while the number shown 
in parenthesis is for the 10-6/75-year scenario. 

Extraction System 1: This system consists of seven extraction wells located along the 
down-gradient boundary of the uranium plume in the vicinity of the Operable Unit 1 
waste pit area. Each extraction well is estimated to pump at a rate of 200-500 (200- 
300) gpm for a total system pumping rate of approximately 500-1000 (1600) gpm. 

Extraction System 2: This system consists of 15 (18) extraction wells located in the 
South Field area and along the southern FEMP property line. Each extraction well is 
estimated to pump at a rate of 100-350 (200-500) gpm for a total system pumping rate 
of approximately 500-3000 (5400) gpm. 

Extraction System 3: This system consists of a single extraction well located east of the 
production area. This extraction well is estimated to pump at a rate of 500 (300) gpm 
for a total system pumping rate of 500 (300) gpm. 

South Plume Recovery System: This existing system consists of five recovery wells 
located off-property to the south of the FEMP. This system became operational in 
1993. Currently each recovery well is estimated to pump at a rate of 300 gpm for a 
total system pumping rate of 1500 gpm. The 75-year scenario will maintain the 
total pumping rate while the MCL 27-year scenario will gradually decrease the pumping 
rate. Since this is an existing system, the cost of installing it is not included in the 
remedial alternative cost estimates. 

A total of 23 (26) new extraction wells would be installed. The total number of wells in the 
extraction system would be 28 (31), including the 5 South Plume Recovery System Wells. The 
maximum total extraction system pumping rate is estimated to be 4000 (7500) gpm. Tables L.9-1 and 
L.9-2 show the wells which would make up each system for both scenarios and their projected 
pumping rates. The detailed pumping schedule of the MCL 27-year scenario is presented in 
Appendix F.8. 
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28 
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31 

Based on the computer modeling simulations, a 27 (75)-year extraction period has been adopted for 32 

33 

34 

35 a contaminant concentration changes. 36 

use in the cost estimate. All new extraction wells would be installed the first five years of each 
extraction period. During remediation, the extraction systems would be operated in several different 
pumping configurations to maximize the efficiency of groundwater recovery over time as the area of 
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TABLE L.9-1 
GROUNDWATER RESTORATION TO MCL DESIGN, 

SCENARIO 1, PUMPING SCHEDULE'"' 

Constant Time - Varying 
Well Pumping Rate to 5 Well Pumping Rate 6 to 

operation (gpm) 
Extraction System Well Number Years (gpm) 27 Years when in 

1 

2 

3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

4 24 
25 
26 
27 
28 

Maximum 28 
Systems total 

aSee Appendix F.8 for detailed pumping schedule 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

200 
300 
0 
0 
0 
0 
0 
0 
0 
0 
0 

300 
300 
300 
300 
300 
2000 

140 
140 
140 
140 

160-500 
140 
140 

100-200 
100-200 
200-350 
100-200 
100-200 

200 
300 

250-300 
300 
300 
300 

250-300 
300 

200-300 
200 
500 
300 

50-300 
100-300 
100-500 
300-500 

4000 
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TABLE L.9-2 

UNDWATER RESTORATION TO 10 DESIGN, 
SCENARIO 2, PUMPING SCHEDULE 

Constant Constant Constant 
Well Pumping Rate Well Pumping Rate Well Pumping Rote 

Extraction Well to 5 Years 6 to 25 Years 7-6 to 75 Ycors 
System Number (mm) (mm)  (gpm) 

1 1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

2 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

3 26 

4 27 

28 

29 

30 

31 

Systems total 31 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

300 

300 

300 

300 

300 

1500 

300 

200 

200 

200 

300 

200 

200 

500 

400 

400 

400 

400 

200 

200 

200 

200 
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200 

200 

200 

200 

200 

200 

0 

0 

0 

300 

300 

300 

300 

300 

300 

7500 

0 
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0 

300 

300 

0 

0 

500 

500 

500 

500 

500 

0 

0 

300 

300 

300 

300 

300 

0 

0 

400 

400 

3 00 

300 

0 

300 

300 

300 

300 

300 

7500 
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Each extraction system would be comprised of a number of extraction wells, pumps, and associated 
valves and pipelines. The following sections describe the design components of a typical extraction 
system. 

L.9.2.1 Extraction Wells 
Figure L.9-3 depicts a typical Great Miami Aquifer extraction well design. Conditions may exist in 
the field which warrant variances from the typical well design. The major well components include: 

Wells would be constructed using a 60-to 120-foot length of 16-inch outer diameter 
(OD) 316 stainless steel casing, and 40 feet maximum of 16-inch OD stainless steel, 
wire-wrapped well screen. 

The top of the well screen would be set at the anticipated average water table elevation. 
The screen slot size would be estimated at 0.05-inches, but sieve analyses would be 
used to determine optimal screen and filter pack size. 

Filter pack material would be well-sorted quartz sand and would extend approximately 
2 feet above the top of the screen. 

A 2-5 foot bentonite pellet seal would be placed above the sand pack. 

The remainder of the annular space would be filled with a bentonite-cement grout slurry 
to a depth of approximately 15 feet below ground surface where a pitless adaptor would 
be installed to connect to the discharge piping system. 

L.9.2.2 Pumus 
Each extraction well would require a 12-inch OD (maximum), submersible, multistage, turbine pump 
with up to a 400 (500) gpm pumping capacity at 130 feet total dynamic head and a 
30 (40) horsepower, 480 volt, three-phase motor equipped with a flow shroud. A variable speed 
controller would be used to' adjust pumping rate. These adjustments would be made and monitored 
remotely from the main control room in the centralized treatment facility. 

L.9.2.3 Valves 
A valve/meter pit associated with each extraction well would contain a remotely operated isolation 
valve and pressure and flow instruments. These instruments would also be monitored remotely from 
the centralized treatment facility. A control building would be provided at each recovery well for 
power distribution and control circuitry. 

L.9.2.4 PiDelines 
Each of the extraction subsystems would pump to a system header which would in turn discharge to 
either a treatment header or a discharge header. The treatment header would transport water from 
the systems whose concentration levels require treatment. This flow would be directed to the 
expanded AWWT facility or GTF for treatment before discharge. Systems whose effluent 
contaminant levels are low enough that treatment is not required would pump to the discharge header. 
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The discharge header was previously installed in 1993 to support the South Plume Recovery System. 
The discharge header has a capacity of 7500 gpm and runs from the South Plume Recovery System 
north, through the South Field, and then northeasterly to a valve house located at the SWRB. 
The new extraction system headers and treatment header would be constructed of HDPE pipe. The 
pipelines would be buried below the frost line and placed over a gravel sump at the bottom of the 
pipe trench. Each header would be provided with vent and drain lines for system maintenance. 

L.9.3 SYSTEM ABANDONMENT 
After completion of remediation activities, each extraction well would be plugged and abandoned in 
accordance with Section J.4.3. of the SCQ. For the purpose of the estimate, each well pump, casing 
and screen would be removed by pulling and/or overdrilling, the annular space material removed, and 
the entire borehole would be filled with grout (Le., Volclay) to within 30 inches of the surface at 
which point a concrete plug would be poured to the surface. Also, related discharge piping and 
electrical materials would be excavated. Removed materials would be drummed for off-site disposal 
as contaminated material. 

L.9.4 MONITORING. MAINTENANCE. AND INSTITUTIONAL REOUIREMENTS 
A series of groundwater monitoring wells would be or has been installed in the area of the four 
groundwater extraction systems ,for the purpose of evaluating the performance of the groundwater 
extraction design, delineating the capture zones, and anticipating the future contaminant 
concentrations. A number of monitoring well pairs would be installed upgradient and downgradient 
of each of the extraction systems. The actual number and design of the well pairs would be 
determined during remedial design, based on hydrogeological conditions encountered in the field. 
Figure L.9-4 depicts a typical monitoring well design. The major components of the monitoring 
wells include: 

Wells would be constructed using a 4-inch nominal OD 316 stainless steel casing and 
4 inch OD stainless steel, wire wrapped well screen (40 feet maximum length). 

The screen would be set at the anticipated average water table elevation. The screen 
slot size would be approximately 0.05 inches as determined by sieve analysis. 

Filter pack material would be well-sorted quartz sand and would extend approximately 
2 feet above the top of the screen. A 2-5 foot bentonite pellet seal would be placed 
above the sand pack. 

The remainder of the annular space would be filled with a bentonite-cement grout slurry 
to a depth of approximately 2.5 feet below ground surface and then finished with a 
concrete pad. 
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Extraction and monitoring wells, discharge piping, and electrical systems would be maintained over 1 

the 27 (75)-year period of operation. Periodic maintenance of groundwater extraction wells and 
related piping would be required to extend the life of the well and collect representative samples. 

concrete pads, posts, protective casings, well casings, etc. Wells and well equipment, including 

performance over the 27 (75)-year operation period. 

2 

3 

Wells would be periodically evaluated with respect to well performance and the integrity of pumps, 4 

5 

6 

7 

pumps and associated piping, would be replaced as required to maintain the extraction system 

The Great Miami Aquifer groundwater extraction system, inclusive of wells, pumps, and pipelines, 

be marked by permanent monuments. Institutional controls would be maintained during the active 
restoration period to prevent access to contaminated groundwater. 

8 

would remain under federal ownership during the period of operation. Underground pipelines would 9 

10 

I I  
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L. 10.1 INTRODUCTION 
Groundwater Treatment is included as a component of each remedial alternative for all Land Use 
Objectives, except the "No Action" alternative. Contaminated groundwater includes Great Miami 
Aquifer groundwater and perched groundwater. Portions of both are currently being recovered and 
treated by interim removal actions. The following sections describe the existing and representative 
treatment systems that are anticipated to be used for treatment of recovered groundwater for safe, 
environmentally acceptable disposal by discharge from the FEMP to the Great Miami River. 

Treatment of Great Miami Aquifer groundwater during remediation would require the construction of 
new additional facilities or expansion of existing facilities to accommodate the flow rates which are 
anticipated. Consistent with the two extraction scenarios presented in Section L.9.0, groundwater 
treatment capacities of 1500 gpm and 7500 gpm would be required to handle system pumping rates 
for the MCL (20 ppb) and risk level (3 ppb) Great Miami Aquifer clean-up goals, respectively. 
Available capacity in existing interim treatment systems and the Advanced Wastewater Treatment 
(AWWT) Facility would be used, on an interim basis, to treat a portion of the current recovery flow 
from the South Groundwater Contamination Plume (South Plume). 

Existing low-flow and interim systems at the FEMP are currently used to treat extracted perched a 
groundwater for removal of volatile organic compounds (VOCs) and uranium. Beginning in 1995, 
the newly constructed AWWT Facility will provide permanent treatment for perched groundwater. 
No additional treatment facilities are contemplated to address perched groundwater treatment as the . 
AWWT Facility capacity is considered sufficient. 

Wastewater Treatment, for other than groundwater, is also included as a component of each remedial 
alternative for all Land Use Objectives, except the "No Action" alternative. Contaminated wastewater 
includes those generated by site remediation activities, controlled storm water runoff, and baseline 
wastewater generated by routine site operations. The following sections describe the treatment 
systems that are anticipated to be used for treatment of these wastewaters for safe, environmentally 
acceptable disposal by discharge from the FEMP to the Great Miami River. Final treatment of these 
wastewaters would be performed in the AWWT Facility that is scheduled to be operational in early 
January 1995. No additional treatment facilities, other than possible source pretreatment, are 
contemplated to address wastewater treatment. 

L. 10.2 INFLUENT CHARACTERISTICS 
This section presents a summary level discussion on the characteristics of 0 
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Recovered Great Miami Aquifer Groundwater 
Recovered Perched Groundwater 
Remediation Wastewater 
Existing Controlled Storm Water Runoff 
Baseline Wastewater 

L. 10.2.1 Great Miami Aauifer Groundwater 
Great Miami Aquifer groundwater contamination plumes exist underneath FEMP property (Waste Pits 
Area, South Field, and Former Production Area) and underneath off-property area south of the FEMP 
(South Groundwater Contamination Plume [South Plume]). As described in the Great Miami Aquifer 
extraction component description, Section L.9.0, a representative method of recovering groundwater 
from these plumes is the implementation of recovery (extraction) well systems. Four recovery well 
systems would be used. The total combined recovery flow rate from these systems is projected to 
range between 4000 and 7500 gpm (maximum), which includes 1500 gpm as currently exists from the 
South Plume recovery system (FEMP Removal Action #3). 

160 The maximum concentration of uranium contamination in these plumes ranges up to about 1100 ppb 
Total Uranium; a lower concentration of uranium is anticipated in the combined influent of a 
groundwater treatment facility. Based on modeling, the average Uranium-238 concentration ( = Total 
Uranium concentration) of the recovered groundwater from each of these recovery well systems has 
been estimated. These estimated concentrations and system flow rates .. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Other COCs anticipated in recovered Great Miami Aquifer groundwater include other radionuclides 
(neptunium-237, radium-226, and technetium-99), heavy metals, arsenic, iron, manganese, and 
organics. Loading curves of the anticipated concentrations of constituents of concern (COCs) entering 
the groundwater treatment facility from each recovery well system are provided in Appendix F. 

160 Anticipated characteristics of the Great Miami Aquifer groundwater influent to a groundwater 

L'. 10.2.2 Perched Groundwater 
Based on perched groundwater sampling in 1988 and 1989, which identified uranium contamination in 
the range of 20-700 ppm, removal actions were initiated to pump water from piezometers and 
extraction wells underneath Plants 2/3, 6, 8, and 9. Pumping from an abandoned clarifier pit at 
Plant 6, which contains infiltrated water with an initial uranium concentration measurement of about 
2000 ppm, was also included with the Plant 6 removal action. The objective of pumping from these 
wells is the reduction of the 
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TABLE L.10-1 
GREAT MIAMI AQUIFER GROUNDWATER TREATMENT 

INFLUENT STREAM URANIUM CONCENTRATIONS (AVERAGE)" 

Uranium-238 ( = Total Uranium) 
Concentration (ppb) 

Years of recovery 

Recovery Well System 0 5 10 15 20 25 27 

System 1 No pump No pump No pump No pump No treat No treat No pump 

System 2 131.6 72.4 46.0 28.8 21.0 No treat No pump 

System 3 No pump No pump No pump No pump No pump No treat No pump 

System 4 78.3 40.0 28.0 26.1 No treat No treat No treat 

Total Weighted Average 97.4 54.7 46.0 29.0 21.0 No treat No treat 

A 

Treatment Flow Rate (gpm) 1400 I100 1500 1500 350 0 0 10 

aAverage concentrations in recovered groundwater above 20 ppb in the well heads up to the treatment capacity (i.e.. 1500 gpm). They will 
less than measured plume concentrations due to dilution associated with inherent recovery of adjacent non-contaminated groundwater. 

TABLE L. 10-2 

GREAT MIAMI AQUIFER GROUNDWATER TREATMENT 
SUMMARY OF ANT1,CIPATED INFLUENT CHARACTERISTICS 

12 

13 

14 

15 

16 

Parameter 
~~ 

Value 
~~ 

Total uranium 
Other radionuclides 
Heavy metals 
Arsenic 
Iron 
Manganese 
Organics (Total) 
Total suspended solids 
Dissolved oxygen 
PH 

3 - 550 ppba 
Trace 
Trace . 
Trace 

1 - 2 pprn 
0.2 - 1 ppm 

< 10 ppb 
1 - 9 ppm 
- 2 PPm 
7 - 8  

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

aThe maximum influent uranium concentration would be from the discharge of a single recovery well installed at the area of greatest 
contamination. 
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hydrostatic head of the associated perched water lenses to reduce the potential for migration of 
Contaminants into the Great Miami Aquifer. In 1994, the FEMP also initiated pumping of 
contaminated (with VOCs), infiltrated water from four sumps located in the basement of Plant 6. The 
combined average flow rate from all of these pumping sources is about 10 gpm. 

538 These extracted waters were initially routed through existing FEMP wastewater treatment facilities for 
uranium removal prior to discharge from the FEMP. In 1990, further analysis of the perched 
groundwater indicated the presence of VOCs (50-8000 ppb), primarily Trichloroethene, 
1,l-Dichloroethene, 1, 1-Dichlorothane, 1,2-DichIorethene, 1, 1, 1-Trichloroethane, and 
Tetrachlorethene. The FEMP subsequently initiated VOC removal by installing carbon adsorption 
(Plant 8 VOC Treatment System) prior to treatment for uranium removal. Beginning in 1995, these 
and future perched groundwater streams will be routed to the newly constructed AWWT Facility for 

3 

5 

6 

7 -  

8 

9 

IO 

11 

VOC and uranium removal. I? 

e 13 

These perched groundwaters are also contaminated at low or trace concentrations with thorium, 
aluminum, chromium, silver, iron, manganese, and cadmium. Initial analysis of perched groundwater 
from Plant 2/3 indicated contamination with tributyl phosphate (TBP) of - 100 ppb, but TBP has not 

been detected in recent years. 

Operation of these pumping systems would continue until final remedial actions are implemented. 
The final remedial actions would likely include excavation of the associated contaminated soils and 
treatment of the perched groundwater (see Soil Excavation component description, Section L. 1 .O). 

The characteristics of the perched groundwater zones are described in Appendix F. A representative 
method of remediating these contaminated perched groundwater zones is described as groundwater 
extraction. Modeling performed in support of this Feasibility Study has concluded that perched 
groundwater extraction, using passive trenches and drains requires long remediation times (greater 
than 100 years) for most contaminants. Other options, either alone or in combination with passive 
collection systems, may provide more rapid and effective remediation. For example, excavation (to 
eliminate the permeable lenses containing the perched water) is expected to be a more 
straightforward, rapid, and effective method of removing the contamination and has been adopted as 
the representative option for addressing perched groundwater remediation. Perched groundwater 
collected during dewatering of the excavations would be removed by pumping and directed to the 
AWWT Facility for treatment. The flow rate of this perched groundwater transferred to the AWWT 
Facility is anticipated to be about 10 gpm. 
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Anticipated characteristics of the perched groundwater influent to the AWWT Facility are summarized 1 

in Table L.10-3. 

L. 10.2.3 Remediation Wastewaters 3 

The FEMP operable units will generate process wastewaters, additional perched groundwater from 4 

dewatering activities, and additional (beyond existing) storm water runoff as a result of remediation 5 

activities, 

0 

0 

e 

0 

0 

0 

The contaminants associated with these remediation wastewaters are: 

Uranium 
Low concentrations of thorium 
Low or trace concentrations of other radionuclides 
Low or trace concentrations of heavy metals 
Low or trace concentrations of organics 
Other pollutants regulated by NPDES. 

6 

7 

8 

9 

10 

11 

12 

Preliminary conceptual information has been used to estimate the quantities and characteristics of 
these wastewater streams. 

13 

The anticipated quantities of these wastewater streams are summarized on 14 

15 Table L. 10-4. Following Table L. 10-4 are general descriptions of these wastewater streams. 

Operable Unit I consists of remediation of the FEMP Waste Pit Area. Generation of 
significant quantities of wastewater associated with the following remedial activities are 
expected: initial removal of pit water, removal and processing of pit wastes, and 
excavation dewatering activities. Wastewater would be recycled back into the remedial 
process as possible; bleed streams would be discharged for final wastewater treatment. 
Treated or slightly contaminated water (untreated South Plume groundwater, for 
example) from Operable Unit 5 groundwatedwastewater treatment facilities may be used 
for Operable Unit 1 process water to reduce the net volume of final wastewater 
discharged. 

Operable Unit 2 consists of remediation of the FEMP Solid Waste Landfill, Lime 
Sludge Ponds, Active and Inactive Flyash Piles, and the South Field. Generation of 
small quantities of wastewater associated with the following remedial activities are 
expected: initial removal of pond water, removal and processing of associated wastes, 
excavation dewatering activities, and additional surface water controls. 

Operable Unit 3 consists of remediation of the FEMP Former Production Area. 
Generation of moderate quantities of wastewater associated with decontamination and 
dismantlement of facilities, structures, and components is expected. Operable Unit 3 
will also generate wastewater from waste processing and from any additional surface 
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160 

160 

TABLE L.10-3 
PERCHED GROUNDWATER 

SUMMARY OF ANTICIPATED CHARACTERISTICS" 

Parameter Value 

Flow Rate 
Total Uranium 
Thorium 
Other Radionuclides . 
Trichlorethene 
1,l-Dichloroethene 
1,2-DichIoroethene 
1,l-Dichloroethane 
1 , 1 , 1-Trichloroethane 
Tetrachlorethene 
Aluminum 
Cadmium 
Chromium 
Silver 
Iron 
Manganese 
Total Suspended Solids 
PH 

10 - 20 gpm 
15 - 700 ppm 
20 - 60 ppb 

5 - 8000 ppb 
5 - 100 ppb 

Trace 

Trace - 30 ppb 
Trace - 120 ppb 
Trace - 130 ppb 

0.5 - 16 ppm 

0.1 - 4 ppm 
0.5 - 2 ppm 
0.7 - 1 ppm 
0.5 - 4.5 ppm 
50 - 1750 ppm 

0 - 250 ppb 

5 - 150 ppb 

6.2 - 7.3  

Remov rk 
(1991 " 

TABLE L.10-4 

REMEDIATION WASTEWATER 
SUMMARY OF ANTICIPATED FLOW RATES" 

d 

5 

6 

7 

a 
9 

I O  

II 

12 

13 ~ 

14 

15 

16 

17 

18 

19 

20 

21 

72 

23 

26 

27 

28 

Operable Flow RateP 
Unit (gpm) 

1 10 - 250 
2 10 - 20 
3 10 - 50 
4 5 -  15 
5 20- 100 

29 

30 

31 

32 

33 

34 

35 

36 

runoff, and baseline FEMP wastewater. 

37 
38 
39 
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water controls. A portion of this activity is currently underway with the implementation of 
Operable 3 removal actions. 

Operable Unit 4 consists of remediation of Silos 1,  2, 3, and 4 and the associated silo 
facilities. Generation of small quantities of wastewater associated with the following 

. remedial activities are expected: removal and processing of associated wastes, 
excavation dewatering activities, and any additional surface water controls. 

Operable Unit 5 consists of remediation of environmental media - soils, groundwater, 
surface water, sediments, flora, and fauna. Table L. 10-4 does not include Great Miami 
Aquifer and perched groundwater influents, existing controlled storm water runoff, or 
baseline wastewater. Table L. 10-4 does include the wastewater generated by the 
following anticipated remediation activities: excavation, dewatering of excavations, 
recovered water from any underdrain systems or interim storage system sumps, and 
surface water controls associated with construction of remediation facilities. 

The primary contaminant of concern associated with these wastewater streams is uranium. Other 
contaminants of lesser concern that would be addressed by pretreatment or the AWWT Facility 
include other radionuclides, heavy metals, organics, and other NPDES-related pollutants. 
Pretreatment may be implemented by the individual operable units remedial systems, as required, 
prior to final treatment at the AWWT Facility. 

L. 10.2.4 Existing Controlled Storm Water Runoff 
Figure L.10-1 illustrates the areas of the FEMP that are currently controlled €or storm water runoff 
collection. Characteristics of the existing storm water runoff influent that will be treated by the newly 
constructed AWWT Facility are summarized in Table L. 10-5. Following the table is a description of 
themrrent  FEMP storm water runoff influents that require treatment prior to discharge from the 
FEMP. As site areas are remediated, these influents will diminish, and the associated collection and 
treatment systems may be progressively decommissioned and removed. 

Surface and storm water runoff from the former production area and perimeter areas, including 
parking lots, is collected by a sitewide storm sewer system. This runoff is collected in a 
ten million-gallon Storm Water Retention Basin (SWRB), located in the southeast quadrant of the site, 
for settling prior to discharge from the FEMP. The average anticipated storm water runoff tlow rate 
is approximately 215 gpm. However, since flow into the SWRB occurs mostly during rainfall events, 
a larger SWRB discharge flow rate is required to prevent SWRB overflow. A 700 gpm discharge 
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TABLE L.10-5 
EXISTING SURFACWSTORM WATER RUNOFF 

SUMMARY OF ANTICIPATED CHARACTERISTICS 

Former Production Waste Pit Area & 
Area & Parking Lots Perimeter 

Parameter Value Value 

Flow Rate 100 - 700 gpm 20 - 40 gpm 
Total Uranium 0.3 - 1.5 ppm 0.5 - 3.5 ppm 
Other Radionuclides Low or Trace Low or Trace 
Heavy Metals Trace Trace 
Organics Trace Trace 
Total Suspended Solids 20 - 300 ppm 20 - 300 ppm 
PH 7 - 10 7 - 10 

flow rate has been determined to be adequate to prevent overflow under severe or successive heavy 
rainfall events; therefore, the SWRB pumping system was sized for a maximum tlow rate of 700 
gpm. The uranium concentration in the discharge from the SWRB typically ranges between 300- 
1200 ppb (average of about 900 ppb). a ,  
Currently, up to 300 gpm of the SWRB discharge is treated for uranium removal by the Interim 
Advanced Wastewater Treatment unit at the SWRB - IAWWT(SWRB). The remainder of the tlow is 
routed through the new South Plume discharge line to the Great Miami River via the FEMP outfall 
line. Beginning in 1995, the total discharge will be routed to the newly constructed AWWT Facility 
for treatment prior to discharge from the FEMP. 

The Biodenitrification (BDN) Surge Lagoon receives storm water runoff from the following sources: 
Waste Pit Area storm water runoff collected in the Clearwell, Waste Pit Area Perimeter stormwater 
runoff collected in a concrete sump, and Pit 6 storm water runoff (normally contained in the pit, but 
requiring occasional pump out). 

i 

, 

4 

17 

15 

19 

20 

21 

L. 10.2.5 Baseline FEMP Wastewater 26 

27 

28 

29 

The FEMP currently generates approximately 30 - 60 gpm of contaminated wastewater, in addition to 
the controlled storm water runoff described above, during routine operations. 
combined "baseline" contaminated wastewaters are summarized in Table L. 10-6. A general 

Characteristics of the 

description of the baseline FEMP wastewater follows the table. 0 30 
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TABLE L.10-6 
BASELINE FEMP WASTEWATER 

SUMMARY OF ANTICIPATED CHARACTERISTICS 

i 

2 

3 

Parameter Value 

Flow Rate 30 - 60 gpm 

Total Uranium 0.5 - 3.5 ppm 

Other Radionuclides Low or Trace 

Heavy Metals Trace 

Organics Trace 

Total Suspended Solids 20 - 300 ppm 

PH 7 - 10 

FEMP baseline wastewater is generated from the following sources: FEMP laboratory, controlled pad 
storm water runoff, garage floor washing, general decontamination (Building 69), incidental plant 
usage (Le., condensate, cleaning, etc.), laundry facilities, boiler plant blowdown, coal pile runoff, 
and filter backwash from the SPIT and IAWWT systems. These wastewaters are collected at the 
General Sump of Plant 8 Sump. 

Additionally (not included in Table L. 10-6), the FEMP generates wastewater that is considered non- 
contaminated (less than 20 ppb uranium). These wastewaters are generated from the following 
sources: personnel showers, lime sludge ponds decant, water treatment plant, boiler water treatment, 
and sanitary sewage. Sanitary sewage is routed to the FEMP Sewage Treatment Plant for treatment 
prior to discharge from the FEMP. The other streams are routed to the “clean-side” General Sump 
for monitoring and treatment, if necessary to meet National Pollutant Discharge Elimination System 
(NPDES) permit requirements, prior to discharge from the FEMP. 

L. 10.2.6 AWWT Facilitv Influent 
The AWWT Facility will provide final treatment of the above described influents - contaminated 
perched groundwater, remediation-generated wastewater, controlled storm water runoff, and baseline 
wastewater (exclusive of non-contaminated flows) - prior to discharge to the Great Miami River. A 
summary of the anticipated combined AWWT influent characteristics is provided in Table L. 10-7. 

IO 

I I  

15 

16 

17 

15 

19 

20 

21 

22 

23 

25 

Y 

26 

1.7 

29 

FER\CRUSWXSWP-L\LlO&l I\Marcb21. 1995 8:45prn L- 10- 10 

I 



FEMP-05FS-5 DRAFT FINAL 
March 22, 1995 

Table L. 10-7 does not address the interim South Plume groundwater treatment to be provided by the 
AWWT Facility, as described in the following section. 

TABLE L.10-7 
AWWT FACILITY 

SUMMARY OF ANTICIPATED INFLUENT CHARACTERISTICS 

i Phase I . Phase I1 
(Influent from SWRB) (Other Influents) 

Parameter Value Value 

Flow Rate 

Total Uranium 

Other Radionuclides 

Heavy Metals 

Volatile Organics 

Other Organics 

Total Suspended Solids 

PH 

100 - 700 gpm 

0.3 - 1.5 ppm 

Low or Trace 

Trace 

Trace 

Trace 

20 - 300 ppm 

7 - 10 

50 - 400 gpm 

0.3 - 5 ppm 

Low or Trace 

Trace 

5 - 200 ppb . 

Trace 

20 - 300 ppm 

7 -  10 

L.10.3 TREATMENT STRATEGY 
This section presents a discussion on the operational strategy planned for treatment of contaminated 
FEMP groundwater and wastewater. The strategy involves interim measures to address uranium 
discharge reduction prior to the implementation of permanent groundwater treatment, as well as the 
permanent long-term measures. Figure L. 10-2 illustrates the existing and planned Interim FEMP 
Groundwater and Wastewater Flow Diagram. Figure L. 10-3 illustrates the final Remedial Action 
FEMP Groundwater and Wastewater Flow Diagram (during site remediation). 

i 

3 

4 

5 

8 

9 

IO 

11 

12 

13 

15 

L. 10.3.1 Interim Great Miami Aauifer Groundwater Treatment 
A portion of Great Miami Aquifer groundwater, recovered from the South Plume, will be treated for 
uranium removal to produce effluent uranium concentrations of less than 5 ppb using existing interim 

16 

17 

18 

19 

1 

2 

3 
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systems and the AWWT Facility, as shown in Table L. 10-8. This strategy is discussed following the 1 

table. 

TABLE L.10-8 
INTERIM GREAT MIAMI AQUIFER GROUNDWATER TREATMENT 

3 

4 

Treatment System Flow Rate S 

South Plume Interim Treatment 200 gpm 6 

AWWT Facility 200 - 900 gpm 7 

IAWWT (SWRB) 400 gpm 8 

The installation of the Removal Action #3 (South Groundwater Contamination Plume) IAWWT units 
at the SWRB and at the BDN-ETS in 1992 has allowed the FEMP uranium discharge (to the Great 
Miami River) to be maintained below 1700 Ib/yr. In 1993, as a result of an Operable Unit 2 dispute 
resolution agreement, the FEMP initiated a Supplemental Environmental Project (SEP) with the 
objective of further reducing uranium discharges from the FEMP site to the Great ,Miami River. 
SEP provides the following interim Great Miami Aquifer groundwater treatment operations: 

10 

I 1  

I? 

13 

14 

IS 

0 5 The 

A South Plume Interim Treatment (SPIT) system was installed to provide 
interim treatment of 200 gpm of South Plume groundwater until permanent 
groundwater remediation treatment is provided. The system employs ion 
exchange for uranium removal. The SPIT system has been in operation since 
March 1994 and should remain in service at least until a permanent groundwater 
treatment facility is operational. 

16 

17 

I8 

19 

3 

21 

The operating life of the existing IAWWT(SWRI3) unit will be extended and the uni t  will 
be converted to treat additional South Plume groundwater instead of storm water. 
total treatment capacity of the unit will be increased from 300 gpm to 400 gpm (following 
start-up of the AWWT Facility, scheduled for early 1995). 

11- 

3 

24 

3 

The 

The AWWT - Phase I Facility will be used for treatment of South Plume 
groundwater when minimal storm water is available for treatment (roughly 

26 

27 
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70 percent of a typical year). The annual average groundwater treatment flow rate will be i 

about 500 gpm. This provision will be implemented when the AWWT Facility becomes 1 

operational in early 1995. 3 

The SEP will also eliminate the previously scheduled treatment of low-uranium 
(less than 20 ppb) wastewater streams by the AWWT - Phase I1 Facility. The 
resulting freed AWWT treatment capacity will be used to treat 200 gpm of 
South Plume groundwater. This provision will be implemented when the 
AWWT Facility becomes operational in early 1995. 

The effluent from these interim groundwater treatment operations, as well as the untreated portion of 
the South Plume discharge, is routed to the SWRB Valve House. From the Valve House, these 
effluents flow to the Effluent Aeration Facility for aeration to ensure the dissolved oxygen 
concentration is greater than 5 ppm. Downstream of the Effluent Aeration Facility, the treated 

Sewage Treatment Plant effluent from Manhole 175. These combined flows will pass through a 
parshall flume and outfall monitoring station for FEMP discharge flow measurement and monitoring. 

9 

10 

11 

I? 

13 groundwater/wastewater is combined at Manhole 176B with non-contaminated wastewater and treated 
14 

15 

L. 10.3.2 Great Miami Aauifer Groundwater Treatment DurinP Site Remediation 
Treatment of Great Miami Aquifer groundwater during site remediation would require the 
construction of new additional treatment facilities or an expansion of the existing AWWT facility (for 
MCL case) as additional recovery well systems are proposed. The maximum flow rate of recovered 
Great Miami Aquifer groundwater is projected to be between 4000 and 7500 gpm. The treatment 
strategy would be based on the uranium concentration in the aquifer at each well or well system in the 
case of the I O 6  target extraction scenario, or upon the blended discharge concentration ancl-total 
annual mass of uranium in the effluent in the case of the MCL target case. 

0 16 

17 

18 

19 

20 

21 

22 

3 

Preliminary modeling results indicate the following groundwater treatment scenarios are required to 
support the extraction scenarios: 25 

?J 

1) 
2) 

1500 gprn capacity for 20 years. 
7500 gpm capacity for 75 years. 

Both of these treatment scenarios for the Groundwater Treatment component have been cost 
estimated; however, all descriptions that follow relate to the 7500 gpm scena;o, which will be 
implemented in 2500 gpm modules. 

26 

17 

28 

29 

30 
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The primary objective of groundwater treatment in the case of the 106 target extraction scenario is to 
produce an effluent uranium concentration of less than 5 ppb; however, concentrations of less than 
three ppb are anticipated. The objective of the groundwater treatment for the MCL case is to apply 
the necessary treatment such that the maximum blended concentration in the effluent to the river is 
less than 20 ppb total uranium and the annual discharge is less than 600 pounds. Eftluent 
concentrations of other contaminants will be maintained below MCL concentrations. Also, required 
effluent NPDES characteristics shall be maintained. 

Treated and untreated Great Miami Aquifer groundwater will be discharged from the FEMP to the 
Great Miami River via the existing outfall discharge piping and Effluent Aeration Facility (recently 
installed as part of Removal Action #3) and monitoring systems. 

L. 10.3.3 Interim Perched Groundwater Treatment 
The existing Plant 8 VOC Treatment System provides filtration and carbon adsorption processing 
prior to gross uranium removal by chemical precipitation and filtration at the Plant 8 Sump. VOC 
concentrations are reduced to less than 5 ppb; the uranium concentration is reduced to less than 
0.0004 Ib/gal (48 ppm). From the Plant 8 Sump, the treated wastewater is directed to the General 
Sump for further disposition as described below. In 1995, perched groundwater will be diverted to 

the AWWT Facility for treatment, which will allow decommissioning of the outmoded Plant 8 facility 
thereafter. Treatment at the AWWT Facility will result in effluent VOC concentrations of less than 
5 ppb and uranium Concentrations of less than 5 ppb. 

L. 10.3.4 Interim Wastewater Treatment 
Treatment of contaminated removal action and remediation wastewaters, controlled storm water 
runoff, and baseline wastewaters will be performed using the following existing facilities: 

General Sump 

Biodenitrification (BDN) Surge Lagoon 
BDN High Nitrate Tank 
BDN Facility 

BDN Effluent Treatment System (ETS) 

Storm Water Retention Basin (SWRB) 
IAWWT(SWRB) 
AWWT Facility 

Plant 8 Sump IAWWT(BDN-ETS) 

Removal action and remediation wastewaters will be fed to the most convenient, technically 
acceptable receiving facility - General Sump, Plant 8 Sump, BDN Surge Lagoon, BDN High Nitrate 
Tank, or AWWT Facility. Waste Pit Area storm water runoff is collected in the BDN Surge Lagoon. 
Former Production Area and parking lot storm water runoff is collected in the SWRB. 
wastewaters are collected at the General Sump or Plant 8 Sump. A major portion of the total FEMP 
wastewater streams will receive final treatment at interim ion exchange systems to produce effluent 
uranium concentrations of less than 5 ppb. Beginning in 1995, these wastewaters will be treated at 

Baseline 
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0 the AWWT Facility to produce effluent uranium concentrations less than 5 ppb, as well as reduction 
of other contaminants (i.e., other radionuclides, heavy metals, organics. etc.). Source pretreatment 
may be implemented, if necessary, prior to introduction into the associated tinal treatment systems. 

The General Sump currently receives both contaminated and non-contaminated wastewater streams for 
treatment and/or diversion to Plant 8, the BDN Surge Lagoon or High Nitrate Tank (HNT), or 
discharge to the Great Miami River. Uranium-contaminated wastewaters are segregated, based 
primarily on the source of the wastewater and its uranium content. Segregation may also be based on 
other contaminants and the source of the wastewater. Prior to operation of the AWWT Facility, 
heavily uranium-contaminated wastewaters (greater than 0.0004 Iblgal), and other streams that 
required chemical precipitation and filtration, were routed to the Plant 8 Sump for additional 
treatment. After treatment at Plant 8, filtrate is returned to the General Sump for sampling and 
eventual transfer to the BDN Surge Lagoon or HNT. 

The Plant 8 Sump will remain in operation to accommodate certain FEMP removal and remedial 
actions at least through 1995. As the AWWT Facility becomes operational and performance-proven, 
wastewater streams will subsequently be rerouted from Plant 8 to the AWWT Facility. Minor system 
modifications will be required for rerouting the wastewater streams. Miscellaneous waste slurries and 
sludges, typically dewatered at Plant 8, will be rerouted to the AWWT Slurry Dewatering Facility 
when it becomes operational in late 1996. 

The BDN Surge Lagoon collects wastewater from the General Sump as well as Waste Pit Area 
controlled storm water runoff. The combined flow from the BDN Surge Lagoon and from the 
associated HNT, maximum of about 200 gpm, is currently directed to the BDN and BDN Effluent 
Treatment facilities prior to discharge from the FEMP. 
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.I 
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I I  
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13 

1.1 

15 
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17 

18 

The HNT will remain in service until Operable Unit 3 Thorium Nitrate and UNH removal actions are 
completed to provide a method for blending in high nitrate concentration wastewaters to the BDN 
Facility. The HNT would remain in service thereafter to support flow equalization for influent to the 

generated wastewaters prior to discharge to the AWWT Facility. 

3 

2.1 

3 

26 

27 

I 

AWWT Facility. At a minimum, Operable Unit 4 plans to employ the HNT for equalization of 

The BDN Facility was designed for the purpose of reducing nitrates in wastewater. The BDN 28 

29 

30 

31 

Facility will remain in service to provide nitrate reduction in wastewaters generated by Operable Unit 
3 removal actioh activities, which are expected to be essentially completed in late 1995. Thereafter, 
the BDN Facility would be placed in standby until all site activities associated with nitrate-bearing 
wastewaters are completed, at which time the facility may be decommissioned. The BDN Surge 0 32 
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Lagoon discharge will then be routed directly to the newly constructed AWWT Facility for treatment 
prior to discharge from the FEMP. 

The BDN-ETS provides final treatment of the BDN wastewater before it is discharged. Its primary 
function is to reduce the total suspended solids VSS) and biochemical oxygen demand (BOD) levels 
in the effluent from the BDN Facility. The BDN-ETS will remain in service as long as the BDN 
Facility service is maintained; thereafter, the system may be converted for use as a site sanitary 
(sewage) treatment system to replace the old existing FEMP sewage treatment plant, which could then 
be decommissioned. 

Currently, up to 100 gpm of the BDN Facility effluent is treated for uranium removal by the Interim 
Advanced Wastewater Treatment unit at the BDN Effluent Treatment System, IAWWT(BDN-ETS). 
The IAWWT(BDN-ETS) will likely be decommissioned shortly after the AWWT Facility becomes 
operational, unless a viable alternative for its use is identified. 

The SWRB will remain in service to collect storm water runoff for flow equalization prior to 
treatment at the AWWT Facility. The SWRB would likely remain in service beyond the year 2020 to 
support site remediation. The SWRB can be decommissioned upon satisfactory site remediation that 
eliminates the need to collect site storm water runoff. 

The IAWWT (SWRB) was installed as an interim treatment unit for storm water. Beginning in early 
1995, SWRB discharge will be treated by the AWWT Facility. The IAWWT(SWRB) will remain in 
operation after the AWWT Facility becomes operational, at which time the unit capacity will be 
increased to 400 gpm and will be used to treat a portion of the recovered South Plume groundwater 

- flow until permanent groundwater treatment facilities are operational. 

The AWWT Facility is scheduled to be operational in early 1995 to provide final treatment of all site 
contaminated storm water runoff and wastewater. The facility will have a total treatment capacity of 
1100 gpm - 700 gpm for storm water runoff (Phase I) and 400 gprn for other wastewater (Phase 11). 
It will also provide perched groundwater treatment and will supplement interim South Plume 
groundwater treatment, as previously described. The AWWT Facility will remain in service 
throughout site remediation and will be one of the final site facilities to be decommissioned and 
dismantled. 
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The effluent from the AWWT Facility (less than 5 ppb uranium) will be routed to the SWRB Valve 
House. From the Valve House, the effluent, as well as those from the South Plume discharge and 
interim groundwater treatment systems, flows to the Effluent Aeration Facility for aeration to ensure 
the dissolved oxygen concentration is greater than 5 ppm. Downstream of the Effluent Aeration 
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Facility, the treated groundwater/wastewater is combined at Manhole 176B with non-contaminated 1 

wastewater and treated Sewage Treatment Plant effluent from Manhole 175. These combined tlows 

measurement and monitoring. 4 

will pass through a parshall flume and outfall monitoring station for FEMP discharge flow 3 

A waste slurry/sludge dewatering system (AWWT Slurry Dewatering Facility) is planned to be 
installed adjacent to the AWWT Facility. The primary purpose of the new AWWT Slurry 
Dewatering Facility is the processing (dewatering) of waste slurries and sludges from the AWWT 
Facility and those generated from future groundwater remediation treatment; the dewatering of 
miscellaneous site waste sludges may also be performed at this new facility. The dewatered waste 
material will be packaged for on-site or off-site disposal. Construction completion is scheduled for 
October 1995. The AWWT Slurry Dewatering Facility will remain in service as long as the AWWT 
Facility and groundwater treatment facilities remain in service. 

5 

6 

? 

8 

9 

10 

I 1  

12 

L. 10.3.5 Perched Groundwater and Wastewater Treatment 13 

14 

15 

I6 

In general, perched groundwater and wastewater treatment during site remediation will be 
accomplished as previously described for the interim period prior to site remediation. Several interim 
and outmoded facilities - Plant 8 Sump, BDN Facility, IAWWT units - will either be shutdown or 
placed on standby. Facilities used to collect and manage wastewater for subsequent routing to the 17 

IS 

generation. 19 

AWWT Facility will be phased out as site remediation eliminates the associated wastewater 

As previously described, source pretreatment may be implemented prior to final treatment at the 
AWWT Facility. All perched groundwater and wastewater will be treated at the AWWT Facility to 
produce effluent uranium concentrations less than 5 ppb, as well as to reduce other contaminants (i.e., 
other radionuclides, heavy metals, organics, etc.). Effluent concentrations of other contaminants will 
be maintained below MCL concentrations. Required effluent NPDES characteristics shall be 

3 

31 

22 

3 

24 

maintained. 3 

L. 10.3.6 Estimated Uranium Discharge to the Great Miami River 26 

37 

28 

2') 

?n 

Figure L. 10-4 provides a plot of the estimated annual uranium discharge from the FEMP to the Great 
Miami River. 
recovery, and ends in 2069, the predicted completion of groundwater remediation under the lo6 risk 
level (3 ppb) clean-up goal. 

The plot begins in 1993, the start of South Plume Removal Action 3 groundwater 
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L. 10.4 TREATMENT SYSTEM DESIGN CONSIDERATIONS 
L. 10.4.1 Great Miami Aauifer: Groundwater Treatment Svstem 
Treatment of Great Miami Aquifer groundwater would require the construction of new facilities, as 
the anticipated maximum recovery flow rate of about 7500 gpm is much greater than the capacity of 
existing facilities. The primary objective of Great Miami Aquifer groundwater treatment is the 
reduction of uranium to less than 5 ppb (lo6 case only) and the reduction of other COCs to less than 
MCL or proposed MCL concentrations (or to existing Great Miami Aquifer water quality levels if 
less than MCL). Primary design considerations for these new facilities include the following: 

Compliance with Applicable or Relevant and Appropriate Requirements (ARARs). 
These include, but are not limited to: the Solid Waste Disposal Act (RCRA), the Safe 
Drinking Water Act, the Clean Water Act, the Clean Air Act, Occupational Safety antl 
Health Act (OSHA) requirements, DOE requirements, and state and local requirements. 

9 

IO 

I I  

12 

13 Treatment and monitoring capability associated with meeting NPDES requirements is a 
primary consideration. IJ 

Operating life. The design operational life of the treatment facilities shall be in I5 

accordance with the duration of contaminated groundwater recovery. Current 16 

groundwater modeling suggests a treatment period of about 30 years. 17 

Process. The treatment must reduce the concentrations of COCs in the recovered 18 

groundwater to acceptable levels prior to discharge to the environment. The treatment 19 

10 

21 

must also remove secondary contaminants that could impact adversely the process used 
to remove the contaminants of concern (for example, contaminants that can foul ion 
exchange resin). 22 

Waste management. The treatment must be designed to minimize the associated waste 
generation. Appropriate waste management concepts (i.e., processing, stabilization, antl 2J 

packaging) shall be incorporated into the design to reduce mobility of the contaminants 

3 

3 

26 and to provide safe, proper on-property and off-site management. 

Protection of human health and the environment. The design must consider the 
protection of workers, the public, and the environment from chemical and untreated 
groundwater releases. 

27 

28 

21) 

Implementability &d flexibility. The treatment design should consider pro yen and 30 

. 31 reliable technologies. The treatment facilities should be readily constructable and 
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designed for ease of operation and maintenance. The design shall consider system 
modules of equal capacity to accommodate implementation flexibility. 

Capital and operating cost. The cost of construction and operations must be reasonable 
and amenable to the benefit provided to the public and the environment. 

Future decommissioning and dismantlement. The design must consider the ease, safety, 
and .environmental protection of future decommissioning and dismantlement of the 
treatment facilities when remediation by treatment is complete. 

L. 10.4.2 Perched Groundwater Treatment Svstem 
The same basic design considerations described above apply to perched groundwater treatment. 
Because of the greater and more diverse contaminant concentrations in perched groundwater, as 
compared to Great Miami Aquifer groundwater, the treatment of perched groundwater separate from 
Great Miami Aquifer groundwater is suggested. The existing Plant 8 VOC Treatment System 
provides filtration and carbon adsorption processing prior to Plant 8 Sump chemical precipitation and 
filtration. In 1995, perched groundwater will be diverted to the newly constructed AWWT Facility 
for treatment, which will allow decommissioning of the outmoded Plant 8 facility. 

The primary objectives of perched groundwater treatment are the removals of VOCs and uranium to 
effluent concentrations of less than 5 ppb each. 

L. 10.4.3 Wastewater Treatment Svstems 
The same basic design considerations, as described above, also apply to wastewater treatment. The 
treatment of the wastewater influents will be accomplished using existing and soon-to-be-constructed 
FEMP treatment facilities. Beginning in early 1995, final treatment prior to discharge from the 
FEMP will be accomplished by the AWWT Facility. The primary design considerations for the 
AWWT Facility included the following: 

Process: The AWWT Facility design was driven by DOE Order 5400.5, "Radiation 
Protection of the Public and the Environment," which requires the consideration of Best 
Available Technology and reduction of radiation exposure to levels that are "as low as 
reasonably achievable (ALARA)." The primary goal is the treatment of wastewater to 
produce an effluent uranium concentration of less than 5 ppb. Additionally, the design 
provides for reduction of other radionuclides, suspended solids, heavy metals, and 
organics. 

a 
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Capacity: The design treatment capacity was based on existing wastewater generation 
plus allowance for anticipated site remediation. 

L. 10.5 EXISTING AND PROPOSED TREATMENT SYSTEM DESCRIPTlONS 
Below are descriptions of the existing and proposed treatment systems that are contemplated to 
address interim and permanent treatment of FEMP groundwater and wastewater. Figure L. 10-5 
shows the existing and proposed locations of these systems. 

L. 10.5.1 Great Miami Aauifer Groundwater Treatment Facilities 
The permanent Great Miami Aquifer remediation treatment facilities would have a treatment capacity 
of up to 7500 gpm (see Appendix F). The treatment facilities would be implemented in 2500 gpm 
modules ( lod case), with common facilities for chemical handling, regeneration of exhausted ion 
exchange resin, and processing of waste streams. The modular implementation would allow phased 
implementation, if necessary, due to potential yearly funding constraints, or allow verification of 
required capacity before final commitment of resources. The MCL extraction case will require the 
expansion of the AWWT Facility. 

The treatment facilities for the 
This location is desirable because of its proximity to the existing South Plume recovery system 
pipeline, the SWRB Valve House, the effluent discharge pipeline to the Great Miami River, and the 
AWWT Facility. 

case would be located near the southwest corner of the FEMP site. 

-.The following subsections provide a description of a representative 2500 gpm Great Miami Aquifer 
groundwater treatment module, including the common ancillary process systems. The description 
provided is conceptual, and perhaps conservative, and would be refined during detailed design 
activities. Based on current Great Miami Aquifer groundwater modeling, up to three 2500 gpm 
modules are assumed to be required for the treatment of contaminated Great Miami Aquifer 
groundwater. Figure L. 10-6 shows the major process operations of one 2500 gpm module and the 
common ancillary process systems shared by all the Great Miami Aquifer groundwater treatment 
modules. A list of the major process equipment for one 2500 gpm Great Miami Aquifer groundwater 
treatment module is given in Table L. 10-9. 

Eaualization 
Groundwater would be received in equalization tanks at each 2500 gpm Great Miami Aquifer 
groundwater treatment module. If necessary, the pH would be adjusted in these tanks by adding 
either sulfuric acid or caustic soda. One equalization tank would be agitated and operated 
continuously. A redundant agitated tank would be provided to ensure continuous operation. The 
adjusted groundwater would be pumped from the equalization tanks to a filtration system. 
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FIGURE L.10-6. GREAT MIAMI AQUIFER GROUNDWATER 
TREATMENT BLOCK FLOW DIAGRAM 
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TABLE L.10-9 1 

GREAT MIAMI AQUIFER GROUNDWATER TREATMENT 
2500 GPM MODULE (WITH COMMON EQUIPMENT) 

1- 
3 

Quantity Equipment Name Functional Description ' 4  

6 

2 

10 

10 

1 

3 

1 

1 

Equalization Tank* 

Sulfuric Acid Day Tank* 

Caustic Day Tank* 

Multimedia Filter* 

Bag Filter* 

Backwash Surge Tank* 

Break Tank* 

Activated Carbon Adsorber* 

Ion Exchange Vessel* 

Monitor Tank* 

Sulfuric Acid Storage Tank 

Caustic Storage Tank 

Regenerant Tank 

Thickener 

Eluate Storage Tank 

Waste Slurry Surge Tank 

Precipitator 

Spent Media Tank 

Vendor Solidification 
Package 

Effluent Storage Tank 

Raw groundwater equalization and pH adjustment 

Short term acid supply for pH adjustment and resin 
regeneration 

Short-term caustic supply for pH adjustment, resin 
regeneration and precipitation 

Initial groundwater filtration 

Final groundwater filtration 

Storage of backwash water containing solids 

Intermediate storage for groundwater during treatment 

Organic removal from groundwater 

Uranium removal from groundwater 

Monitoring and pH adjustment of treated groundwater 
prior to discharge 

Bulk acid storage 

Bulk caustic storage 

Storage €or dilute sulfuric acid used to regenerate resin 

Settle solids from backwash water 

Storage of regenerant (eluate) loaded with uranium 

Storage for solids slurry from thickener 

Treat resin regenerant with caustic to remove uranium 
as precipitate 

Storage for exhausted resin and carbon 

Stabilize exhausted resin, carbon, and waste solids 

Storage for treated groundwater from all modules prior 
to discharge 

* Additional 2500 gpm modules would include only those items identified with * 
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6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

3 

24 

25 
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Filtration 
The filtration system would consist of multi-media filter vessels. Each filter vessel would contain 1) 

1 

3 

media layers of different densities and sizes ranging from coarse to tine. Each multi-media filter 3 

vessel would be periodically backwashed when high differential pressure is experienced across the J 

filter media. After multi-media filtration, the groundwater would be routed to bag filters for final 
filtration. 

Adsomtion 
After filtration, the groundwater would be pumped to an activated carbon adsorption system that 
would remove possible organic contaminants. Regeneration of spent activated carbon by vendors is 
not assumed due to the associated radioactive contamination. The spent activated carbon would be 
sluiced to the spent media tank for holding prior to processing, including stabilization if necessary, 
and disposal. 

On-site or vendor-site carbon regeneration would be investigated before or during detailed design of 
the treatment facilities. The need to provide full system treatment capability for organic contaminants 
would also be further investigated prior to or during detailed design as currently available data does 
not indicate a significant concentration of organics. This treatment capability will be provided for the 
first 2500 gpm module regardless. a - 
Ion Exchange 
After activated carbon adsorption, the groundwater would be treated by an ion exchange system for 
uranium removal. The system would consist of a train, or series of vessels, piped in parallel with 
other trains of vessels. The parallel train configuration would allow regeneration or standby of a train 
while the others remain on-line. Dowex 21K” resin, which was developed specifically for uranium 
removal and has proven to be successful in FEMP interim treatment systems, would be used. At the 
end of the resin’s useful life, it would be sluiced to the spent media tank for holding prior to 
processing, including stabilization if necessary, and disposal. 

Effluent Monitoring 
After treatment by the ion exchange system, the groundwater would be pumped to monitor tanks. 
The pH and uranium concentration would be monitored in these tanks to verify that the treated 
groundwater is suitable for discharge’or reuse as process water at the FEMP. Treated groundwater 
which does not meet the discharge requirements would be returned to the equalization tanks for 
reprocessing. Acceptable effluent discharge would be pumped from the treatment facility to the 
SWRB Valve House and combined with wastewater effluent from the AWWT Facility. The 
combined stream flows through the 24-inch force main to the Effluent Aeration Facility. 
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Ancillarv Process Svstems 
The ancillary process systems that would support the three 2500 gpm groundwater treatment modules 
include resin regeneration and uranium precipitation, waste processing and disposal , and chemical 
supply. The following subsections provide a description of these ancillary process systems: 

Resin Regeneration and Uranium Precipitation: Exhausted resin would be 
regenerated by recirculating sulfuric acid through the ion exchange vessels. The 
uranium that is recovered from the resin would be precipitated from the sulfuric 
acid with caustic soda, concentrated in a thickener and the resulting waste slurry 
sent to the AWWT Slurry Dewatering Facility for dewatering. . A vendor- 
supplied solidification system (cementation, for example) may be required to 
stabilize the dewatered waste. - 

Waste Processing and Disposal: Spent carbon from the carbon adsorbers and 
spent resin from the ion exchange vessels would be sluiced, separately, to an 
agitated spent media tank. Excess sluice water would be decanted from the 
spent media and pumped back to the equalization tanks for recycling through the 
system. The spent media slurry would be transferred to a vendor-supplied 
solidification system (cementation, for example) for waste stabilization. 
Recovered uranium and other solids recovered from the filtration system would 
be dewatered at the AWWT Slurry Dewatering Facility and sent to a vendor- 
supplied stabilization system, if necessary. Stabilized waste would be 
containerized in drums for on-property or off-site disposal. 

Chemical Supply: The bulk sulfuric acid and caustic soda solutions used by the 
groundwater treatment process would be received by truck and stored in industry standard 
tanks located in containment dikes. All necessary precautions as listed in the Material 
Safety Data Sheets would be followed for the systems designs and while handling these 
chemicals. 

L.10.5.2 Effluent Aeration Facility 
The,Effluent Aeration Facility, provided under Removal Action #3, adds dissolved oxygen to the 
groundwatedwastewater effluent prior to discharging to the Great Miami River to meet NPDES 
permit minimum requirements of five ppm of dissolved oxygen. 

The Effluent Aeration Facility consists of a 60,000 gallon stainless steel aeration tank and a 
900 square foot building that houses two 30 horsepower (hp) water recycle pumps and two 75 hp 
compressed air blowers. There is additional building space to double the system size, if required. 
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Treated groundwater, combined with treated wastewater from the AWWT Facility is discharged from 
the SWRB Valve House to the Effluent Aeration Facility via a 24-inch diameter force main.. The 
groundwater/wastewater is diverted through a 24-inch diameter main to two parallel 20-inch aeration 
tank inlet lines. Groundwater/wastewater is aerated using four eddy mix jet aerators and discharged 
from the aeration tank through a 24-inch main to the 24-inch diameter force main. One recycle pump 
and one air blower operate continuously, and a backup up.for each component is available. 

Downstream of the Effluent Aeration Facility, the treated groundwater/wastewater is combined at 
Manhole 176B with non-contaminated wastewater and treated Sewage Treatment Plant effluent from 
Manhole 175. These combined flows will- pass through a parshall flume and outfall monitoring 
station for FEMP discharge flow measurement and monitoring. 

- 
L. 10.5.3 South Plume Interim Treatment Svstem 
The South Plume Interim Treatment (SPIT) system was installed to provide interim treatment of 
200 gpm of South Plume groundwater. The system is housed in a building, which is located just 
north and adjacent to the SWRB Valve House. The system consists of filtration for particulate 
removal and ion exchange for uranium removal. The SPIT filtration system consists of a multi-media 
filter followed by a bag filter. The system uses three ion exchangers in series (two operating, one 
stand by) : 

South Plume groundwater is tapped from the South Plume 20-inch force main in the SWRB Valve 
House and pumped to the multi-media filter. The multi-media filter removes particles 2 5 microns 
with a 90 percent removal efficiency. Groundwater then flows through the polishing bag filter for 
removal of particles using 3 microns nominal size bags. Groundwater then flows through the ion 
exchange vessels. The vessels are loaded with Dowex 21K" resin to reduce the uranium 
concentrations to less than 5 ppb. The treated groundwater is then discharged to the Great Miami 
River via the SWRB Valve House and the Effluent Aeration Facility. The spent ion exchange resin is 
not regenerated, but is stored for future regeneration at the AWWT Facility. Multi-media filter 
backwash is pumped to the General Sump via a 6-inch force main. 

a 

L. 10.5.4 Plant 8 VOC Treatment Svstem 
The existing Plant 8 VOC Treatment System provides removal of organics from contaminated 
perched groundwater to less than 5 ppb. The system receives water by piping and by tanker 
unloading into a 6000-gallon collection tank. From the collection tank, the water is pumped at 10 - 
12 gpm through bag filters (IO-micron), followed by a cartridge filter (3-micron) for particulate 
removal. Following the filters, the water flows through a series of activated carbon drums for VOC 
removal. The treated water then flows to a holding tank and is subsequently pumped to the Plant 8 
Sump. 9 
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L.10.5.5 Storm Water Retention Basin 
The Storm Water Retention Basin (SWRB), located south of the former production area, receives 
storm water runoff from the former production area and from the FEMP parking lots. The SWRB 
has a retention capacity of about 10 million gallons. The basin consists of an east chamber and a 
west chamber, which allows collection of water in one chamber while water is discharged from the 
other chamber. Valving at the SWRB chamber inlets and at the SWRB discharge pumping station 
accommodates this operation. The basin consists of a primary bottom bentonite lining and an upper 
highdensity polyethylene (HDPE) flexible membrane liner. An underdrain system underneath the 
HDPE liner is used to monitor and collect leakage through the HDPE liner. The SWRB pump station 
has a discharge capacity of 700 gpm with a second spare pump provided. 

L. 10.5.6 SWRB Valve House 
The SWRB Valve House is located just north of the SWRB west chamber. The Valve House contains 
extensive valving to allow diversion of wastewater flows from the SWRB and the South Plume 
Recovery System to the various interim and future permanent treatment facilities. Valving is also 
inclided to divert discharges from the AWWT Facility and future groundwater treatment facilities to 
the Effluent Aeration Facility and subsequently to the Great Miami River. The valving also allows 
emergency discharge from the SWRB directly to the Great Miami River to prevent overflow of the 
SWRB due to extremely heavy rainfall or other operational difficulties. (Overflow of the SWRB is 
suspected to be a major source of the South Plume contamination.) Flow monitoring and sampling 
equipment are also provided in the Valve House. 

This facility would remain in service throughout the life of site wastewater treatment and groundwater 
remediation. Effluent discharges from the AWWT Facility and from proposed groundwater treatment 
facilities, which constitute the total of treated contaminated groundwater/wastewater from the site, 
would be routed to the Valve House for diversion to the Effluent Aeration Facility and subsequently 
to the Great Miami River. 

L. 10.5.7 Interim Advanced Wastewater Treatment Unit at SWRB. IAWWT(SWRB1 
The IAWWT(SWRB) is also located just north of the SWRB east chamber. SWRB discharge is 
treated by the IAWWT(SWRB) unit prior to discharge to the Great Miami River. The 
IAWWT(SWRB) unit consists of two trailer-mounted treatment systems, each with a 150 gpm 
treatment capacity. Prior to entering these two trailer systems, the SWRB discharge is first pumped 
through multi-media filters, installed in the SPIT Facility, for suspended solids removal. Each trailer 
system has two feed pumps, two bag filters, two cartridge filters, and three ion exchange columns 
(loaded with DOWEX 21K" resin). A dilute sulfuric acid tank and feed system for pH adjustment. a 
feed tank, and associated pumps are located in a building separate from the trailers. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

a ,  20 

? I  

22 

?3 

34 

25 

16 

27 

28 

19 

?a 

31 

32 

33 

34 

FER\CRU5WSWFL\LlO&ll\MaFch21, 1995 8:45pm L- 10-30 



FEMP-OSFS-5 DRAFT FINAL 
March 7-1. 1995 

The IAWWT(SWRB) system is designed to remove uranium to effluent concentrations of less than 
5 ppb (less than one ppb,performance has been achieved). The treated storm water is discharged 
through the SWRl3 Valve House and FEMP outfall line to the Great Miami River. Spent ion 
exchange resin is not regenerated, but stored for future regeneration at the AWWT Facility. 
Backwash from the multi-media filters is routed to the General Sump for subsequent treatment. 

0 

L.10.5.8 Plant 8 Sump 
Plant 8 is located in the western portion of the former production area. The Plant 8 Sump provides 
radionuclide and heavy metals removal by pH adjustment, chemical precipitation, and filtration. The 
system has an average treatment capacity of 100 gpm. 

Liquid process waste streams from the FEMP site are currently fed directly or via the General Sump 
to a series of "feed" tanks for storage, pH adjustment, and coagulation/precipitation. From these 
tanks, wastewaters and/or waste slurries are fed to rotary drum vacuum filters for uranium removal 
and the filtrate is either sent back to the General Sump, if the uranium concentration is less than 
0.0004 lb/gal uranium (48 ppm), or is reprocessed. The filters are precoated with a filter-aid media 
and the resulting filter cake is placed in 55-gallon drums for storage or disposal. 

The filtration equipment is arranged in two process trains. One train consists of two 5000-gallon feed 
tanks that feed two six-foot diameter by eight-foot long, Eimco rotary drum vacuum filters (East and 
West Eimcos). This filtrate is sent to a 25,000-gallon tank. A second train consists of five 
5000-gallon and one 8000-gallon feed tanks that feed one 8-foot diameter by 10-foot long Eimco 
rotary drum vacuum filter (Large Eimco). This filtrate is sent to three 6000-gallon filtrate tanks. 
The feed and filtrate tanks can be valved in alignment with any of the three Eimco filters. 

The processing capacity, per eight-hour shift, of the two filter trains is approximately 25,000 gallons 
of dilute wastewater and 6000 gallons of slurry for the East or West Eimco, and 40,000 gallons of 
dilute wastewater and 10,000 gallons of slurry for the Large Eimco. 

L. 10.5.9 General Sumo 
The General Sump is just northeast of Plant 8. The General Sump is a tank farm (13 tanks with 5000 
-50,000 gallons capacity) that is primarily a transfer facility but also has the capability to provide 
limited treatment consisting of neutralization, precipitation, pH adjustment, and decantation for large 
quantities of wastewater. The General Sump receives both contaminated and non-contaminated . 

wastewater streams for treatment and/or diversion to Plant 8, the BDN Surge Lagoon or High Nitrate 
Tank (HNT), or for discharge to the Great Miami River. 
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Recent improvements have extended the life of the General Sump and improved operating systems. 
The General Sump will remain in service to provide flow equalization capacity and can be phased out 
of service as site areas are remediated and wastewater flows diminish. 

L. 10.5.10 Biodenitrification Surge Lagoon 
The Biodenitrification (BDN) Surge Lagoon is located in the southeast area of the Waste Pit Area. It 
is an eight million-gallon, man-made lagoon that receives contaminated FEMP wastewater from the 
General Sump as well as controlled storm water runoff from the Clearwell, Waste Pit Area Perimeter, 
and Pit 6. The discharge from the lagoon is pumped to the BDN Facility. Due to the large volume 
of the lagoon, a change in the composition of the wastewater entering the lagoon produces relatively 
constant characteristics for the BDN Facility influent. 

The lagoon has a triple liner system with two upper, HDPE membrane liners and a double leachate 
collection system. The bottom of the lagoon is lined with a 12-inch thick layer of bentonite. 
Wastewater is pumped from the Surge Lagoon to the BDN Facility from a pump station located at the 
southeast corner of the BSL. Two submersible 200 gpm pumps are installed. 

L. 10.5.11 High Nitrate Tank 
The High Nitrate Tank (HNT) is located southeast of the Biodenitrification Surge Lagoon (BSL). The 
HNT is a 500,000 gallon tank used for storing high nitrate-concentration (more than 2000 mg/l) 
wastewater from the General Sump. Concrete secondary containment surrounds the HNT. HNT 
wastewaters are combined with BSL discharge and transferred to the BDN by means of two 60 gpm 
pumps. 

Control of BDN Facility influent nitrate concentration is maintained by use of the BSL and HNT. 
The General Sump effluent is transferred to either the HNT or BSL depending upon its nitrate 
concentration. HNT contents are metered into the BDN influent stream by means of a control valve 
to maintain a relatively uniform nitrate concentration. 

L. 10.5.12 Biodenitrification Facilitv 
The Biodenitrification @DN) Facility is located in the western area of the former production area, 
northwest of Plant 8. The BDN facility was designed for the purpose of reducing nitrates in 
wastewater. This facility consists of a premix tank, feed tanks, bioreactors, and effluent tank located 
inside Building 18D. The bioreactors are vertical carbon steel columns four feet in diameter by 
52 feet high. Inside the bioreactors are fluidized beds of anthracite coal particles. Each bioreactor is 
equipped with reactor charge pumps which push the wastewater into the bottom and through to the 
top, where it overflows into a header. The process is continuous and is capable of treating up to 
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200 gpm. A minimum of 150 gpm is required through each bioreactor for adequate bed fluidization. 
Recycle operation is implemented to maintain 150 gpm bioreactor flow at lower net tlow rates. 

1 

2 

The BDN Facility uses a biological process in which bacteria break down nitrates into nitrogen, 
carbon dioxide, and water. The biological treatment takes place inside the bioreactors through 
bacteria which grow on the coal particles. The bacteria are in an anoxic environment and must 
reduce nitrates for respiration. Methanol is added to the wastewater as a carbon source and 
phosphoric acid is added as a nutrient source for the bacteria. Because hydroxyl ions are produced in 
the reaction, the pH of the wastewater increases as treatment proceeds. A pH control system injects 
sulfuric acid at several points in the flow path to maintain a pH of 6.5 to 8.5 that is conducive to the 
process. With influent concentrations of 1000 to 1500 mg/l NO, (as N), the resulting effluent is less 
than 30 mg/l NO3 (as N). 

The treated wastewater flows to the effluent tank where final pH adjustment occurs. Effluent pumps 
are used to transfer wastewater from the effluent tank to the BDN-Effluent Treatment System 
(BDN-ETS) or recycle tank. 

L. 10.5.13 BDN Effluent Treatment Svstem 
The BDN-ETS) facility is located south of the BDN Facility. The BDN-ETS provides final treatment 
of the BDN wastewater before it is discharged. The BDN-ETS is basically a standard activated 
sludge treatment system. Its primary function is to reduce the total suspended solids (TSS) and 
biochemical oxygen demand (BOD) levels in the effluent from the BDN Facility. 

* '  

The main components of the BDN-ETS are an aeration tank, a clarifier, a sludge thickener, and a 
disinfection system. The system receives treated wastewater from the BDN Facility at a rate which 
ranges from 50 to 200 gpm in normal operation. The system is designed to produce discharge levels 
of 30/45 mg/l BOD, (daily average/daily maximum) and 30/45 mg/l TSS (daily average/daily 
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L. 10.5.14 Interim Advanced Wastewater Treatment Unit at BDN-ETS. IAWWT(BDN-ETS) 
The IAWWTPDN-ETS) unit is located at the BDN-ETS facility. The IAWWT(BDN-ETS) is 
designed to treat a maximum of 100 gpm of water from the BDN-ETS to reduce the uranium 
concentration to less than 5 ppb using ion exchange. 

Wastewater flows from the BDN-ETS clarifiers to the hold tank located in the BDN-ETS Building 
(18H). From the hold tank,. the water is pumped through multi-media filters and bag filters to 
remove solids. The filtered water is treated in ion exchange vessels to remove uranium. Spent resin 
is not regenerated, but stored for future regeneration at the AWWT Facility. The treated water is 
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.- - 
pumped to the BDN-ETS chlorine contact and effluent tank, and then discharged to the Great Miami 
River. 

L. 10.5.15 Advanced Wastewater Treatment Facilitv 
The AWWT Facility is located in Building 51 in the southwest corner of the former production area. 
The AWWT Facility is scheduled to be operational in early 1995 for final treatment of all site 
contaminated storm water and other wastewater. The facility will have a total treatment capacity of 
1100 gpm - 700 gprn for storm water (Phase I) and 400 gpm for other wastewater (Phase 11). It will 
also provide perched groundwater treatment and will supplement interim South Plume groundwater 
treatment. The AWWT Facility would be expanded as necessary to support the MCL target 
extraction case. The AWWT Facility is expected to remain in operation until 2019. 

Figure L.10-7 illustrates a simplified AWWT process flow diagram. Both phases of the AWWT 
Facility use the following process operations: 

Flow equalization and pH adjustment with caustic in preparation for the downstream 
coagulation process. 

Coagulation with alum or potassium ferrate followed by clarification for reduction of 
suspended solids, uranium and other radionuclides, and heavy metals. Other coagulant 
chemicals may be trialed, after start-up, as part of process optimization efforts. 

Filtration using multi-tube filters to remove suspended solids from the clarifier overtlow. 
The filters would be cleaned by backwashing. 

Adsorption with activated carbon for organic contaminant removal. 

pH adjustment to 8 and ion exchange as follows: 

Three ion exchange resin vessels, three regeneration tanks, and two pumps (one 
standby) are in the 400 gpm system. The wastewater would flow through two 
ion exchange resin vessels in lead/lag series with the third vessel available for 
regeneration. 

700 gpm of storm watedgroundwater would be split into two 350 gpm streams, each 
flowing through two ion exchange vessels in lead/lag series with the other two vessels 
available for regeneration. 

Ion exchange resin regeneration will be done by circulating dilute sulfuric acid 
through the ion exchange vessels. The resulting eluate undergoes precipitation, 
then thickening. The resulting waste slurry is combined with clarifier bottoms 
and filter backwash. 
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Final pH adjustment, filtration, and discharge: Both the 400 gpm and 700 gpm treated 
streams are combined in the pH mixinghecycle tank, filtered using multi-tube filters, 
and discharged to the SWRB Valve House for subsequent discharge to the Great Miami 

I 

z 

3 

River. 4 

Eluate treatment and waste slurry pumping to Plant 8: Eluate is mixed with 20 percent 
NaOH, heated, and pumped through two precipitators in series. The slurry is pumped 
from the second precipitator through an in-line mixer to the inclined plate thickener. 
Dilute caustic is added in the two precipitators and also at the in-line mixer. Thickener 
underflow, as well as clarifier underflow and filter backwashes, is pumped to the waste 
slurry surge tank. The waste slurry collected in the surge tank is pumped to Plant 8 for 
further treatment. Treatment in Plant 8 will be discontinued when the new AWWT 
Slurry Dewatering Facility becomes operational in late 1995. Thickener overtlow is 
pumped to the recycle tank, then to the equalization tank. 

5 

6 

7 

8 

9 

10 

I 1  

I:! 

13 

L. 10.5.16 AWWT Slurrv Dewatering Facility 
The AWWT Slurry Dewatering Facility is scheduled to be operational in late 1995 and will be located 

14 

15 

16 

17 

I8 

19 

20 

at the AWWT Facility. The primary purpose of the new AWWT Slurry Dewatering Facility is the 
processing (dewatering) of waste slurries and sludges from the AWWT Facilities and those generated 
from future groundwater remediation treatment. The dewatering of miscellaneous site waste sludges 
(Le., those from the SWRB, BDN Surge Lagoon, Sewage Treatment Plant, etc.) may also be 
performed at this new facility. 

The total estimated volume of slurry that would be fed to the slurry dewatering facility includes 21 

22 

23 

24 

25 

25,000 gallons per day from the AWWT Facility, 3500 gallons per day from groundwater 
remediation treatment, and undefined volumes from other miscellaneous sources. Therefore, the 
AWWT Slurry Dewatering Facility will have an estimated treatment capacity of about 30,000 gallons 
per day. The AWWT and groundwater treatment waste slurries are estimated to contain between one 
and three percent solids. 26 

The proposed AWWT Slurry Dewatering Facility consists of three primary operational steps: 
thickening and clarification, filtration, and drying. The dewatered waste material will be packaged 

27 

28 

29 for on-property or off-siie disposal. A flow diagram of the system is illustrated in Figure L. 10-8. 

L. 10.5.17 Non-Contaminated Wastewater Treatment M 

As described above, non-contaminated wastewater is routed to the General Sump for subsequent 
discharge to Manhole 175. In the near future, these streams will be rerouted for direct discharge to 

31 

32 
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Manhole 175, and the former non-contaminated side of the General Sump will be used for I a contaminated streams. 2 

Sanitary sewage waste is currently treated at the FEMP Sewage Treatment Plant, which is located 3 

southeast of the former production area. The Sewage Treatment Plant consists of a sewage l i f t  J 

station, primary settling basins, trickling filters, secondary settling basins, an anaerobic digester, and 5 

ultraviolet disinfection units. 6 

L. 10.5.18 GroundwaterNastewater Discharge to the Great Miami River 7 

The proposed disposition of treated FEMP groundwater/wastewater is described below: 

The effluent from the AWWT Facility and from groundwater treatment facilities will be discharged to 
the SWRB V&e House. From the Valve House, these combined streams flow to the Effluent 
Aeration Facility to adjust the dissolved oxygen concentration. At Manhole 176B, downstream of the 
Effluent Aeration Facility, non-contaminated wastewater from Manhole 175 is combined with the 
effluent from the Aeration Facility. This total FEMP wastewater discharge tlows through a parshall 
flume for flow measurement. At this outfall monitoring point, sampling will also be performed to 
obtain analysis for NPDES and other required outfall reporting. From the parshall tlume, the total 
discharge flows through the outfall piping to the Great Miami River a 
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L.11.0 CENTRAL STORAGE FACILITY 

According to the Removal Action 17 Work Plan, approximately 7100 yd’ of contaminated soil are 
currently stored on site in controlled stockpiles while awaiting final disposition. It is anticipated that 

an additional 1100 yd’ of contaminated soil would be generated before 1998 as a result of ongoing or 
future remedial actions, construction projects, and removal actions. 

The Removal Action 17 Work Plan proposes construction of a Central Storage Facility (CSF) to 
provide interim storage of current contaminated soil stockpiles. The CSF would be a containment 
structure that would store contaminated soil and non-recoverable debris generated from various areas 
throughout the FEMP. The CSF is intended to store contaminated soil containing a total uranium 
activity concentration greater than 100 pCi/g, a total radium concentration exceeding 5 pCi/g, a total 
thorium concentration exceeding 50 pCi/g, or nonradiological regulated waste materials. Materials 
would be segregated in the containment structure based on the type of contamination (i.e., asbestos, 
petroleum, PCB, hazardous, radioactive, and mixed). The currently designed CSF storage capacity is 
as follows: 

5000 yd3 for bulk soil 
4970 ft2 for bulk hazardous debris 
4970 ft2 for containerized hazardous materialldebris 

Material would remain in the CSF until it can be decontaminated, treated, or packaged for tinal 
disposal pursuant to the selected remedial alternative. Material from the CSF would not be used as 
backfill. 

The CSF would be an unheated tension support structure on a concrete pad with secondary 
containment. The CSF would have forced ventilation equipment to remove vehicle fumes from inside 
the facility. The CSF would have a sump drain system to collect water which may leach from stored 
soils and debris or result from vehicle washing and decontamination. 

After the existing soil stockpiles are remediated, the CSF would be retained for use as a staging 
facility for small quantities (less than or equal to 50,000 yd’) of Contaminated materials which exceed 
th6 waste acceptance criteria for on-site disposal and, therefore, must be shipped offsite for disposal. 
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M.l.O OVERVIEW i 

Section 3.0 of this feasibility study (FS) summarizes the results of the identification, screening and 
evaluation of applicable technologies and process options that will be used to assemble the remedial 
action alternatives for Operable Unit 5.  The intent of Appendix M is to provide a more complete 
description of the universe of process options considered, and to show the rationale involved in the 
initial screening and evaluation procedures as applied to each of the process options considered in this 
report. 

Remedial action alternatives for Operable Unit 5 were developed by identifying remedial technologies 
and process options within these technologies that may be applied to the various contaminated media 
at the site. These media include groundwater, which encompasses both the Great Miami Aquifer 
groundwater and perched groundwater, and soil, which includes on- and off-property soil and 
sediment. The identification, screening and evaluation of technologies and process options have been 
conducted in consideration of these two major media types. 

Technologies considered in selecting remedial action alternatives for these media include those 
identified in 40 CFR 300, relevant U.S. Environmental Protection Agency (EPA) RI/FS guidance, 
(EPA 1988a), the Operable Unit 5 Initial Screening of Alternatives Report, and FS’S for other FEMP 
operable units. Additional technologies were considered based on experience and information gained 
through remedial action planning and implementation at similar sites. 

Media-specific remedial technologies and associated process options were identified for each of the 
general response actions. Each process option was initially screened for technical implementability; 
Le., information such as site conditions and types and concentrations of contaminants were used to 
eliminate or screen out various process options that would either not apply or could not be technically 
implementable at the site. If no viable process option remained from a technology family, the 
technology was also eliminated. This initial screening process reduces the variety of possible process 
options within a given technology group to a smaller, more manageable number of options which can 
then be subjected to evalintion. 

. 

The purpose of evaluation is to obtain a reasonable number of process options to combine into 
remedial alternatives. The evaluation step only compares similar process options within a specific 
remedial technology group. At the conclusion of the evaluation, a representative process option(s) 
will be selected from those remaining in each technology group. This is done to minimize the 
generation of large numbers of similar alternatives. Selecting a representative process option does not 
preclude the use of other acceptable process options in the remedial design. 
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M.2.0 INITIAL SCREENING OF TECHNOLOGIES 
AND PROCESS OPTIONS FOR GROUNDWATER 

The identification and initial screening of technologies and process options applicable to groundwater 
are presented in Table M.2-1. This table summarizes the-general response actions, remedial 
technologies, and process options associated with the Great Miami Aquifer and perched groundwater 
media and presents the results of the initial screening process. Unshaded areas in this table represent 
those technologies/process options which have passed initial screening procedures. Technologies and 
process options to address collected storm water and process wastewaters generated during remedial 
actions are included, where appropriate, in the following discussions addressing groundwater due to 
the similarity in contaminants of concern (COCs). In addition, the technologies and process options 
applicable to nonrecoverable debris and the residual streams resulting from the treatment of the Great 
Miami Aquifer, perched groundwater, collected storm water, and process wastewaters will be 
addressed in the discussions within the soil and sediment sections of this appendix. 

Following is a description of the identification and initial screening for the universe of technologies 
and process options which were considered to be potentially applicable to groundwater media within 
Operable Unit 5. Table M.2-2 presents the technologies and process options for groundwater, 
process wastewater and storm water that have passed the initial screening process, and will be 
retained for further evaluation. 

M.2.1 NO ACTION 
The no-action general response action is retained as a baseline for comparison to other remedial 
alternatives, as required by the National Oil and Hazardous Substances Pollution Contingency Plan 
(NCP). The no-action response provides no additional remediation, maintenance, or security 
activities at the site to further minimize risk to public health and the environment. 

M.2.2 INSTITUTIONAL CONTROLS 
Institutional controls are used to restrict intentional or unintentional use or contact with contaminated 
groundwater. Institutional controls are typically segmented into active and passive controls. Active 
controls would include monitoring technologies to examine contaminant migration, while passive 
controls would include legal measures such as deed restrictions. 

M.2.2.1 Monitoring Technolopies 
Monitoring would be .conducted during the implementation of any selected remedial action alternative 
to assess short-term impacts to workers and the public. Additionally, sampling andor monitoring 
would be employed following completion of remedial actions to demonstrate attainment of remedial 
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TABLE M.2-1 
INITIAL SCREENING OF TECHNOLOGIES 

AND PROCESS OPTIONS FOR GROUNDWATER 
(Unshaded items indicate passing initial screening process) 

General 
Response 

Action 
Remedial 

Technology 

None 

Process option Description Screening Comments 

Vo Action Not Applicable No activities conducted at site to Required by NCP I contamination. 

nstitutional 
zontrols 

Monitoring Groundwater 
Monitoring 

Sampling of newly installed or existing 
wells to assess contaminant migration in 
groundwater. 

Sampling and analysis of leachate 
collection svstems. 

Potentially applicable to 
GMA and perched 
groundwater 

Potentially applicable to 
perched groundwater 

Potentially applicable to 
GMA and perched 
groundwater. 

Potentially applicable to 
GMA. 

Leachate 
Monitorine 

Surface Water 
Monitoring 

Sampling and analysis of storm water 
runoff or treated groundwater discharged 
to surface streams. 

AccesslZJse 
Restrictions 

Alternate Water 
Supply 

Replacement of contaminated 
groundwater source with alternative water 
supply for end user. 

Barrier used to restrict site access (e.g.. 
fencing, security, etc.) 

physical Barriers Potentially applicable to 
GMA and perched 
groundwater. 

Deed 
Restrictions 

Administrative action using property 
deeds to restrict future site activities. 

Potentially applicable to 
GMA and perched 
eroundwater. 

Continued 
Federal 
Ownershin 

Continued property ownership of all or 
part of the FEMP site to restrict future 
site activities throueh ownershiD riehts. 

Potentially applicable to 
GMA and perched 
eroundwater. 

Zontainment 

Multilayer Cap Cap formed with multiple layers including 
topsoil. clay, synthetic membrane, 
sand/gravel. etc. 

Potentially applicable to 
GMA and perched 
groundwater. 

Subsurface 
Water 
Control 

Vertical Slurry 
Wall 

Vertical slurry barrier used to restrict 
lateral migration of groundwater and 
isolate contaminants. 

Potentially applicable to 
perched groundwater 

Horizontal 
Slurry Barrier 

Horizontal slurry barrier used to restrict 
vertical migration of contaminated 
groundwater. 

Potentially applicable to 
perched groundwater 
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General 
Response 

Action 

Containment 
(continued) 

- Remedial 
Technology Process Option Description Screening Comments 

Subsurface 
Water 
Control 
(continued) 

Subsurface 
Dfilins 

Gravity flow French drain type collection 
system used to contain shallow 
groundwater. 

Potentially applicable to 
perched groundwater 

Sheet Piling Sheet piling joined and driven into ground Potentially applicable to 
to prevent horizontal migration of perched groundwater 
contaminated groundwater. 

Injection or extraction wells used to Potentially applicable to 
contain and/or redirect contaminated GMA and perched 
groundwater flow by altering hydraulic groundwater. 
gradient. 

Pumping Wells 

Removal Subsurface 
Water 
Extraction 

Vertical 

GMA and perched 
contaminated groundwater. groundwater. 

Collection 
TrenchFrench 
Drain 

A permeable trench used to collect, 
convey or divert surface water, 
groundwater or leachate flow. 

Potentially applicable to 
perched groundwater 

Excavation Use of conventional eanhmoving 
equipment and pumping to access and 
remove contaminated groundwater during 
contaminated soil excavation. 

Potentially applicable to 
perched groundwater 

Electroosmosis Application of an electrical field to induce I groundwater flow through soil. 
Potentially applicable to 
oerched groundwater 

Treatment h Situ 

Vapor Sparging Injecting air or C02 into the groundwater 
to increase the solubility and mobility of 
contaminants. 

Potentially applicable to 
GMA and perched 
groundwater. 
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General 
Response 

Action 

rreament 
:continued) 

Remedial 
Technology 

Physical 

Chemical 

(Continued) 0 March 22, 1995 

Process Option Description Screening Comments 

Equalization 

Sedimentation/ 
Clarification 

Ultrafiltration 

Multimedia 
Filtration 

Dampening of flow and/or contaminant 
concentration variation in a large basin or 
tank to promote constant discharge rate 
and water quality before further 
processing. 

Gravity settling of suspended solids from 
water in a basin or clarifier. 

Removal of dissolved high molecular 
weight contaminants and fme suspended 
or colloidal particles from water by 
forcing the contaminated liquid through 
filter membranes. 

Separation of suspended matter from 
water via flow through a bed of sand, 
anthracite. etc. 

Potentially applicable to 
GMA and perched 
groundwater. 

Potentially applicable to 
GMA and perched 
groundwater. 

Potentially applicable to 
GMA and perched 
groundwater. 

Potentially applicable to 
GMA and perched 
groundwater. 

Reverse Osmosis 

~~~ ~ 

Volatilization 

Use of high pressure and membranes to 
separate dissolved materials, including 
organics and inorganics from water. 

Contact of water with gas stream to 
remove volatile compounds; air stripping 
or steam stripping methods are typically 
employed. 

Potentially applicable to 
GMA and perched 
groundwater. 

Potentially applicable to 
GMA and perched 
groundwater. 

Adsorption Adsorption of contaminants onto a 
substrate media such as activated carbon, 
resins or activated alumina. 

Potentially applicable to 
GMA and perched 
groundwater. 

Ion Exchange Process in which noncontaminant ions, 
held by electrostatic forces to charged 
functional groups on the ion exchange 
resin surface, are exchanged for 
contaminant ions of similar charge in a 
water stream. 

Potentially applicable to 
GMA and perched 
groundwater. 
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General 
Response 

Action 

rreatment 
continued) 

- Remedial 
Technology 

Chemical 
(continued) 

- 

PhysicaY 
Chemical 

TABLE M.2-1 
(Continued) 

FEMP45FS-5 DRAFT FINAL 
March 22, 1995 

Process Option Description Screening Comments 

Electrodialysis 
Reversal 

Recovery of anions or cations using 
special membranes under the, influence of 
an electrical current. 

Potentially applicable to 
GMA and perched 
groundwater. 

Coagulation/ Use of chemicals to neutralize surface Potentially applicable to 
Flocculation charges and promote attraction of GMA and perched 

colloidal particles to facilitate settling. groundwater. 

Neutralization 
@H Adjustment) 

Use of acids or bases to neutralize high or 
low pHs or to adjust pH to satisfy the 
requirements of a given process. 

Potentially applicable to 
GMA and perched 
groundwater. 

Chemical 
Precipitation 

Use of reagents to convert soluble 
contaminants into insoluble state to be 
removed bv filtration or settline. 

Potentially applicable to 
GMA and perched 
eroundw ater . 

Enhanced 
Oxidation 

Chemical 
Reduction 

Use of strong oxidizers such as ultraviolet 
light, ozone, peroxide, chlorine. or 
permanganate to chemically oxidize 
materials; typically hydrogen peroxide 
(andlor ozone) with UV light is used for 
groundwater remediation. 

Use of strong reducing reagents such as 
sulfur dioxide. sulfite, or ferrous iron to 
chemically reduce the oxidation state of 
contaminants, thus making them more 
amenable to removal from a liquid 
stream. 

Potentially applicable to 
GMA and perched 
groundwater. 

Potentially applicable to 
GMA and perched 
groundwater. 

Treatment by 
Advanced Waste 
Water Treatment 
(AWWT) 
Facility 

Treatment of perched groundwater, storm 
water and process wastewater by AWWT 
system using equalization. pH adjustment, 
chemical precipitation, clarification, 
filtration, carbon adsorption and ion 
exchange. 

Potentially applicable to 
perched groundwater 
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Remedial I I 
Technology Process Option Description 

Biological 

Biosorption Use of an algae-based ion exchange resin 
to remove heavy metals and radionuclides 
from groundwater 

Screening Comments 

Potentially applicable to 
GMA and perched 
groundwater. 

On-Property Beneficial Reuse Reuse of treated groundwater, as 
necessary, for site process water. I I Potentially applicable to 

GMA and perched 
groundwater. 

irrigation to discharge treated 

Potentially applicable to 
GMA and perched 
groundwater. 

Potentially applicable to 
GMA. 
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Technology 

TABLE M.2-2 

No Action 

Institutio~l Controls 

GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
RETAINED FOR FURTHER EVALUATION 

None 

Monitoring 

AccessIUse Restrictions 

Removal 

Treatment 

Subsurface Water Extraction 

In Situ 

Containment 

Subsurface Water Control 

Physical 

Chemical 

Phy sical/Chemical 

I Biological 

DisposalDischarge On-Property I 
Off-Property 

Process Option 
~~ 

Not applicable (G,P) 

Groundwater monitoring (G.P) 
Leachate monitoring (P) 
Surface water monitoring (G.P) 

Alternate water supply (G) 
Physical barriers (G,P) 
Deed restrictions (G.P) 
Continued Federal ownership (G,P) 

~~ 

Multilayer cap (G,P) 

Vertical slurry wall (P) 
Horizontal slurry barrier (P) 
Subsurface drains (P) 
Sheet piling (P) 
Pumping wells (G) 

Vertical extraction wells (G.P) 
Directional extraction wells (G,P) 
Collection trenchFrench drain (P) 
Excavation (P) 
Electroosmosis (P) 

Vapor sparging (G,P) 

Sedimentation/clarification (G,P) 
Ultrafiltration (G.P) 
Multimedia filtration (G.P) 
Reverse osmosis (G,P) 
Volatilization (G.P) 
Adsorption (G,P) 

. Equalization (G,P) 

Ion Exchange (G,P) 
Electrodialysis reversal (G,P) 
Coagulation/flocculation (G,P) 
Neutralization @H adjustment) (G,P) 
Chemical precipitation (G,P) 
Enhanced oxidation (G.P) 
Chemical reduction (G.P) 

Treatment by AWWT facility (P) 

Biosorption (G,P) 

Beneficial reuse (G.P) 
Direct discharge to Paddys Run (G,P) 

Surface/subsurface discharge (G) 

Discharge to Great Miami River (G.P) 

(G) Potentially Applicable to Great Miami Aquifer Groundwater 
(P) Potentially Applicable to Perched Groundwater 
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action objectives and, as necessary, assess the continued performance of wastewater treatment and 
disposal systems and groundwater management systems. Monitoring process options include: 

Groundwater monitoring 
Leachate monitoring 
Surface water monitoring. 

Groundwater Monitoring Process ODtion 
This process option involves the sampling and analysis of groundwater using existing and/or new 
monitoring wells to evaluate plume management remediation techniques by evaluating contaminant 
migration in both the Great Miami Aquifer and affected perched water zones. Groundwater 
monitoring is applicable to both Great Miami Aquifer groundwater and perched groundwater and has 
been retained for further evaluation. 

Leachate Monitoring Process Option 
For this process option, leachate from contaminated soil would be monitored using existing and/or 
newly constructed monitoring wells, seepage basins, or diversion ditches. Leachate monitoring is 
applicable to perched groundwater and has been retained for evaluation. 

Surface Water Monitoring Process ODtion 
Monitoring of surface water is useful in definition and management of groundwater contamination 
sources. In addition, monitoring of discharges of recovered and/or treated groundwater and process- 
generated wastewater to receiving streams is required under the Comprehensive Environmental 
Response, Compensation and Liability Act (CERCLA). Compliance monitoring is conducted at the 
Fernald Environmental Management Project (FEMP) at all discharge points to a receiving stream. 
Such monitoring is envisioned to continue for all discharges from the site to local surface streams. 
Surface water monitoring is applicable to any treated Great Miami Aquifer groundwater or perched 
groundwater and has been retained for further evaluation. 

M. 2.2.2 Access/Use Restrictions 
Accesshse restrictions would be implemented to regulate access to the site or development of the site 
to preclude human exposure to contaminated media. This technology category includes active 
controls, which consist of physical barriers such as fences, gates, and security forces, and passive 
controls, which include administrative actions such as continued ownership and deed restrictions. 
Accesshse restrictions include: 

Alternate water supply 
Physical barriers 
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Deed restrictions 
Continued federal ownership. 

Alternate Water SUDD~Y 
This process option would involve the replacement of a contaminated groundwater source with an 
alternative potable water supply for the end user. Under the terms of the South Groundwater 
Contamination Plume Removal Action, an alternate groundwater supply system was provided to one 
industrial user. A small ion exchange system, supplied by the FEMP, is being substituted for 
contaminated groundwater at one residence located to the south of the FEMP, and bottled water is 
presently being supplied to a number of local residences in the South Plume area. The treatment 
system and boffled water are considered interim measures until final plans are formulated and 
implemented for Operable Unit 5 through the CERCLA process. Additionally, the FEMP is 
cooperating with Hamilton County, Ohio, in the installation of a public water supply system to areas 
adversely impacted by the contaminated groundwater. This public water supply system will permit 
the discontinuance of the use of the small ion exchange treatment system and the bottled water. Each 
of the FEMP remedial alternatives takes into consideration the use of this alternate water supply 
system as a near-term measure to eliminate contaminated groundwater usage. The use of a permanent 
alternative water supply is applicable to Great Miami Aquifer groundwater only and has been retained 
for evaluation. 

Phvsical Barriers 
Physical barriers limit the potential for inadvertent public or worker exposure to on-property 
contamination by restricting entry. Public access to the FEMP production area is controlled by 
security forces, fencing, and signs. Use of this process option would include continuing the use of 
such barriers to restrict access and human contact with portions or all of the FEMP property to 
minimize the potential for exposure to site contaminants. No consideration is being given to 
extending physical barriers off FEMP property to potentially impacted adjacent areas, except as 
necessary to preclude human intrusion into active remediation areas. This process option is applicable 
to both Great Miami Aquifer and perched groundwater at the site and has been retained for further 
evaluation. 

Deed Restrictions 
Deed restrictions involve restricting the use of land during and after remediation by recording the 
restrictions in property deeds. Deed restrictions could be employ4 to restrict .groundwater usage 
from on and off FEMP property areas during and after active remediation. Deed restrictions are 
applicable to both Great Miami Aquifer and perched groundwater and have been retained for 
evaluation. 
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Continued Federal OwnershiD 
Continued federal ownership involves continued control of portions or all of the FEMP property by 
the federal government with the intent to restrict site development activities through the rights oft 
ownership. Under this process option, on-property development activities such as agricultural or 
residential usage could be restricted or eliminated by the federal government, which as the property 
owner, would retain all rights to preclude these activities. The federal government would continue 
custodial oversight of the property through the Department of Energy (DOE) or another governmental 
agency. No consideration is being given in this FS to extending such rights of ownership off the 
FEMP property through purchase of potentially affected neighboring properties. This process option 
is applicable to both Great Miami Aquifer and perched groundwater at the site and has been retained 
for further evaluation. 

M.2.3 CONTAINMENT 
Long-term containment consists of technologies that confine contaminated media to their current 
locations. These technologies limit the migration of contaminants from affected media and reduce the 
associated potential for exposure. While such response actions reduce the potential for contaminant 
transport by precluding transporting media (Le., rainwater, wind, etc. ,) from contacting impacted 
media, the technologies do not affect the actual toxicity, mobility or volume of the contaminated 
media. Containment actions include capping and subsurface water control technologies. 

M.2.3.1 Caming Technolopies 
A contaminated area can be capped by placing low-permeability physical barriers to restrict 
infiltration of precipitation to contaminated soil, sludge, or sediment that could result in contaminant 
leaching. A stabilized surface fill would be required before cap placement. Design life of any cap 
should be lo00 years, which is the general applicable or relevant and appropriate requirement 
(ARAR)-based requirement for caps being considered for wastes of the type present in Operable 
Unit 5 .  Capping process options include: 

Single-layer cap 
Multilayer cap. 

Sinde-Laver CaD Process ODtion 
A single-layer cap uses concrete, asphalt, synthetic membranes, or soil to effectively control erosion 
and minimize precipitation infiltration. All of these single-layer caps are subject to weathering; 
however, the periodic application of-special surface treatment chemicals will help maintain the 
integrity and low permeability of the concrete and asphalt caps. Because the design life for single- 
layer caps is significantly less than lo00 years, this process option will be eliminated from further 
consideration. 
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The multilayer cap combines the most effective attributes of single-layer capping options by using 
more than one barrier material to form multiple layers over the contaminated media. These caps 
typically consist of vegetative cover, topsoil, sandlgravel, clay, and impermeable synthetic membrane 
layers. This layered design offers the highest degree of effectiveness by using the properties of the 
various layers to control erosion and limit infiltration while providing weather protection. Multilayer 
capping can meet the 1000 year life requirement, is applicable to perched groundwater and the Great 
Miami Aquifer, and has been retained for evaluation. 

M.2.3.2 Subsurface Water Control Technologies 
Subsurface contamination can be isolated by lateral barriers such as slurry walls, subsurface drains, 
pumping wells, grout curtains, or sheet pilings. The purposes of these technologies are to collect and 
control leachate flow and to prevent clean Great Miami Aquifer or perched groundwater from 
contacting contaminated subsurface soil. The effectiveness of subsurface flow controls depends upon 
the size and depth of the affected area and the nature of site-specific geologic and hydrogeologic 
conditions. Subsurface water control technologies include: 

Vertical slurry walls 
Horizontal slurry barrier 
Grout curtains 
Subsurface drains 
Sheet piling 
Pumping wells. 

Vertical Slurry Wall Process Oution 
A vertical slurry wall is used to restrict lateral flow of groundwater and thus isolate subsurface soil 
contamination. A slurry wall is a fixed underground physical barrier that is formed by pumping a 
slurry (usually a soil, cement, bentonite, and/or water mixture) into a trench as excavation proceeds, 
allowing the slurry to set while backfilling. The slurry is used primarily to maintain the trench during 
excavation. Due to depth limitations for vertical slurry walls, this process option would only be 
applicable to perched groundwater and has been retained for additional evaluation to be used as a 
support option in conjunction with other containment options. 

Horizontal S l u m  Barrier Process Oution 
A horizontal slurry barrier is used to restrict vertical flow of groundwater and thus isolate subsurface 
soil contamination. Horizontal barriers are formed by pumping a slurry made up of a soil, cement 
andor bentonite, and water mixture into notched injection holes enabling the formation of a barrier 
beneath an area of contamination. This horizontal barrier, used in conjunction with vertical slurry 
walls and a top cover, can effectively isolate an area of contaminated groundwater. Due to the depth 
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limitations for this process option, it would only be applicable to perched groundwater for use as a 
support technology in conjunction with other containment options. 

Grout Curtain Process ODtion 
A grout curtain is a MITOW, vertical wall installed into the ground to divert laterally flowing 
groundwater. This underground barrier is formed by injecting either a particulate grout such as 
portland cement or a chemical grout such as sodium silicate into the ground. This type of barrier is 
typically applied to seal porous or fractured bedrock. This process option is only effective to depths 
of approximately 30 to 40 feet and requires a confining layer of clay or rock into which the bottom of 
the grout curtain is keyed. Grout curtains will be eliminated from further consideration as a 
containment process option because there is no confining layer shallow enough to key into at the 
FEMP site. 

Subsurface Drains Process ODtion 
Subsurface drains include any type of buried conduit used to collect, convey, or divert groundwater 
or leachate by gravity flow. A subsurface drainage system often includes perforated drain pipe or a 
gravel bed to convey flow to a storage tank or sump for further processing. Due to the depth 
limitations of subsurface drains, this process option would only be applicable to perched groundwater 
and has been retained for additional evaluation. 
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Sheet Piling Process Option 
Sheet pilings are constructed by driving webbed sections of sheet piling into the ground. Sections are 
joined before being driven into the ground and initially are not watertight. However, the joints 
eventually fill with fine-to-medium-grained soil particles which usually block the major flow of water, 
but are generally not watertight. Because of unpredictable wall integrity, sheet pilings are seldom 
used except for the temporary dewatering of construction sites or as erosion protection where another 
barrier intersects flowing water. Sheet piling will be considered for further evaluation as a support 
option to be used during perched water excavation activities. 

Pumuinn Wells Process ODtion 
Pumping wells either extract or inject water in order to contain or remove a groundwater 
contamirkion plume or adjust groundwater levels to prevent plume migration. Pumping wells can 
also be used in conjunction with other groundwater containment controls to maximize system 
efficiency. This process option could be applicable to the Great Miami Aquifer groundwater at the 
FEMP site and has been retained for further evaluation. 
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The removal general response action applies to groundwater at the FEMP site before eventual 
treatment and/or discharge. Subsurface water extraction is the only remedial technology applicable 
for the removal of contaminated groundwater. 

M.2.4.1 Subsurface Water Extraction Technologies 
Removal of groundwater can be performed by vertical and directional extraction wells, wellpoint 
systems, collection trenches, excavation, electroosmosis, and bedrock fracturing. These process 
options do not reduce contaminant mobility, toxicity, or volume, but they are required in order to 
remove and convey contaminated groundwater to ex situ treatment. The subsurface water extraction 
process options include: 

Vertical extraction wells 
Directional extraction wells 
Wellpoint system 
Collection trencWFrench drain 
Excavation 
Electroosmosis 
Bedrock fracturing. 

Vertical Extraction Wells Process Option 
Vertical extraction wells are used to capture contaminated groundwater in overburden deposits and 
bedrock. They could be used in conjunction with ex situ groundwater treatment technologies to 
remediate contaminated groundwater. As discussed in the previous section, vertical extraction wells 
can also be used to either extract or inject water in order to contain or reduce a groundwater 
contamination plume, or adjust groundwater gradient levels to prevent plume migration. This process 
option would be applicable to both Great Miami Aquifer and perched groundwater at the FEMP site 
and has been retained for further evaluation. 

Directional Extraction Wells Process Option 
Directional extraction wells use the same principles as vertical extraction wells except they are 
directionally drilled at an angle rather than vertically drilled into a groundwater zone. The advantage 
is that directional wells can pump water from a larger subsurface cross sectionand thus reduce the 
number of wells required. At the FEMP site, this process option would be applicable to both perched 
and Great Miami Aquifer groundwater and has been retained for additional evaluation. 

Wellpoint Svstem Process ODtion 
A wellpoint system consists of numerous closely spaced wells which are connected to a common 
header and pumped from a single location by a suction pump. This can be a cost-effective process 0 
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option for removing shallow groundwater; however, the maximum depth limitation of approximately 
22 feet for this technology would not be sufficient for extracting Great Miami Aquifer and most 
perched groundwater at the FEMP site. Therefore, wellpoint systems will be eliminated from 
consideration as a viable removal process option. 

Collection Trench/French Drain Process Option 
A collection trench or French drain includes any type of excavated trench or buried conduit used to 
collect, convey, or divert groundwater or leachate by gravity flow. This process option often uses 
perforated drain pipe or a gravel bed to convey flow to a storage tank or sump for further treatment 
and/or disposal. Due to depth limitations of about 40 feet, a collection trench or French drain would 
not be applicable to Great Miami Aquifer groundwater at the FEMP site, but it has been retained for 
further evaluation as a removal process option for perched groundwater. 

Excavation Process ODtion 
Excavation involves the use of common construction equipment such as a backhoe or other standard 
equipment to remove soil or sediment. This process option, used in conjunction with dewatering 
techniques, would be applicable at the FEMP site to remove shallow pockets of contaminated perched 
groundwater within zones of contaminated soil which are also to be remediated by excavation. This 
process option has been retained for the removal of perched groundwater and will be further 
evaluated. 

Electroosmosis Process ODtion 
Electroosmosis is a technique used for the dewatering of soil that contains significant concentrations 
of ionized inorganic contaminants. In this process an electrical field is applied to the soil to induce 
groundwater flow in a certain direction. Due to the large areas of soil contamination associated with 
the site, this technology would not be applicable to the Great Miami Aquifer groundwater; however, 
it could apply to the smaller perched groundwater zones and will be retained for more detailed 
evaluation. 

Bedrock Fracturinv Process ODtion 
Bedrock fracturing involves the blasting or hydrofracturing of bedrock to promote access to 
contaminated groundwater contained within bedrock formations. This process option would not apply 
to either the perched groundwater zones, which are made up of glacial overburden, or to the Great 
Miami Aquifer, which is basically a sand and gravel aquifer. Therefore, bedrock fracturing will be 
eliminated from consideration as a process option for the removal of groundwater. 
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The treatment general response action includes the following treatment technology types: in situ, 
physical, chemical, physicalkhemical, thermal, and biological. Treatment is used to reduce the 
toxicity, mobility, and/or volume of a contaminated material. 

M.2.5.1 In Situ Treatment Technologies 
In situ treatment technologies such as chemical flushing and vapor sparging could be considered 
indirect treatment techniques which increase the solubility and mobility of contaminants in the 
groundwater, thereby reducing the total remediation time required when used in conjunction with 
various removal and ex situ treatment technologies. Other process options such as in situ 
bioremediation can be used to directly treat groundwater contaminated with biodegradable organics. 
In situ treatment process options include: 

Chemically induced soil flushing 
Vapor sparging 
Bioremediation. 

Chemicallv Induced Soil Flushing Process Option 
In situ soil flushing is a process applied to unexcavated soil and used in conjunction with a removal 
technology such as a groundwater extractiodreinjection system. This process option consists of 
injecting a solvent or surfactant solution to enhance contaminant solubility in the groundwater and 
thus increase contaminant recovery. Soil flushing could be applicable as a way to speed up the 
contaminant removal process. However, due to the very large areas of contaminated soil and the 
heterogeneous nature of the subsurface environment, channeling and poor contact times will reduce 
the effectiveness of this process option. Chemically induced soil flushing will therefore be eliminated 
from consideration as an in situ treatment process option. 

Vapor SDarging Process ODtion 
Vapor sparging is an in situ process that forces a gaseous medium into the groundwater in conjunction 
with a removal technology such as a groundwater extractiodreinjection system or a vapor extraction 
system. This process option could be applied to the Great Miami Aquifer as a technique used to 
increase the solubility/mobility of contaminants, particularly uranium, which would be oxidized to the 
hexavalent state, preferably in the carbonate form. The optimum sparging gas for the purpose of 
converting uranium into the highly mobile carbonate form would be carbon dioxide. Sparging with 
air could also increase the mobility of uranium in a carbonate-rich soil and groundwater matrix. 
Sparging with air or carbon dioxide has been retained for further evaluation as a process option to 
increase the mobility of contaminants in the Great Miami Aquifer in order to effectively reduce the 
time period for aquifer restoration. 
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Bioremediation Process Oution 
Bioremediation is an in situ process that uses bacteria to biodegrade various organic contaminants by 
injecting oxygen and nutrients, such as nitrogen and phosphorus, into the groundwater and associated 
soil. Microorganisms, usually those indigenous to the soil, are used to completely degrade organic 
compounds into water and carbon dioxide in the presence of oxygen and nutrients, near neutral Ph, 
and ambient soil temperatures. Because the great majority of the COCs are radionuclides, heavy 
metals, and refractory (nonbiodegradable) organics, this process option is not considered applicable 
for remediating Operable Unit 5 groundwater. Therefore, bioremediation will be eliminated from 
consideration as an in situ treatment process option. 

M.2.5.2 Physical Treatment Technologies - 
Physical treatment technologies could be applied to remove contaminants from recovered 
groundwater, collected storm water, and process wastewater. Physical treatment facilities are 
currently operational at the FEMP addressing collected storm water flows and process wastewater. 
These technologies contain both support and primary treatment process options. Equalization and the 
separation processes such as sedimentatiodclarification, ultrafiltration, multimedia filtration, and 
flotation would be considered minor or support treatment process options. Reverse osmosis, 
volatilization, adsorption, evaporation, distillation, crystallization, and ion exchange would be 
considered major or primary treatment process options. Physical treatment process options include: 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

Equalization 
Sedimentatiodclarifcation 
Ultrafiltration 
Multimedia filtration 
Flotation 
Reverse osmosis 
Volatilization 
Adsorption 
Evaporation 
Distillation 
Crystallization. 

Eaualization Process Oution 
Equalization is a treatment support option which involves the dampening of variations in flow rate 
andlor contaminant concentration by detaining wastewater flows in large tanks or basins. 
Equalization prevents flow andor contaminant concentration surges that could adversely upset 
subsequent (Le., downflow) treatment operations. Equalization is presently employed at the FEMP 
as part of site wastewater treatment systems. Equalization could be applicable to the treatment of 
both the Great Miami Aquifer and perched groundwater, as well as storm water and process 
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wastewater flows in Operable Unit 5 ,  and has been retained for evaluation as a physical treatment 
process option. 

SedimentatiodClarification Process Oution 
This process option consists of the gravity settling of suspended solids from water in a clarifier 
(clarification) or large basin (sedimentation). This process could be applicable as a treatment support 
option for all Operable Unit 5 groundwater, storm water, and process wastewater, and has been 
retained for further evaluation. 

Ultrafiltration Process Oution 
Ultrafiltration is a low-pressure membrane filtration process - that separates high molecular weight 
solutes or colloids from an aqueous solution. Ultrafiltration could be applicable for the removal of 
fine suspended or colloidal particles, or any high molecular weight organic contaminants which might 
be found in Operable Unit 5 groundwater, process wastewater, and collected storm water. This 
physical treatment support option has been retained for further evaluation. 

Multimedia Filtration Process Oution 
Multimedia filtration is a process where water flows through porous multimedia, such as anthracite 
and sand, to remove suspended solids. This process is effective in removing both organic and 
inorganic contaminants that are bound to suspended solids in the water stream. This process option 
could be applicable to all water media in Operable Unit 5 as a pretreatment step to the primary 
treatment processes, or it could be applicable as a final polishing step following the primary treatment 
processes. Multimedia filtration has been retained for further evaluation as a physical treatment 
support option to reduce suspended solids in all Operable Unit 5 groundwater, process wastewater and 
collected storm water. 

Flotation Process Oution 
Flotation involves the separation of oils (or other fine particles less dense than water) from water 
using a gravity separator or a gas bubbling mechanism such as a dissolved or induced air flotation 
system. Because free oil phases and fine suspended particulates are not major'COCs in Operable 
Unit 5 groundwater, flotation will be eliminated from consideration as a treatment process option. 

Reverse Osmosis Process ODtion 
Reverse osmosis uses high pressure and a semipermeable barrier that will pass only certain 
components of a solution. The membrane is permeable to water, but impermeable to most dissolved 
organic and inorganic substances. Clean water is produced on the downflow side of the membrane 
while a concentrated reject stream, containing organic and inorganic contaminants, remains on the 
upflow side. Reverse osmosis could be applicable in treating most dissolved contaminants in both 
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Great Miami Aquifer and perched groundwater, and therefore has been retained for additional 
evaluation. 

Volatilization Process Oution 
Volatilization, or air stripping, involves the passing of large volumes of air through water 
contaminated with volatile organic compounds (VOCs) in a packed column, or involves the use of 
diffused aeration to promote the transfer of the volatile contaminants to the air stream. Steam 
stripping is a similar process except that steam is used as the carrier gas and provides heat to enhance 
removal. Volatilization could be applicable to the treatment of low level VOCs in both Great Miami 
Aquifer and perched groundwater and has been retained for further evaluation. 

- 
Adsorution Process Oution 
Adsorption involves the physical attraction of solute molecules to exchange sites on the internal pore 
surface areas of various media such as activated carbon, activated alumina, or resins. Activated 
carbon is most widely used in the treatment of water and wastewater for the removal of a wide range 
of organic contaminants, and could be applicable to Great Miami Aquifer and perched groundwater 
and other collected storm water and process wastewater as a means of removing organics. It has been 
retained as a physical treatment process option for further evaluation. 

Evauoration Process Oution 
Evaporation is the conversion of water from a liquid to a gaseous state at a high temperature as a 
means of removing suspended and dissolved solids from the water being treated. As a treatment 
option, .evaporation is normally applied to slurries and water streams with higher solids and 
contaminant concentrations than those found in the Great Miami Aquifer and perched groundwater in 
Operable Unit 5. Therefore, this process will be eliminated from further consideration as a physical 
treatment option. 

Distillation Process Oution 
In the distillation process, heat is used to separate various organic contaminants from water based on 
the difference in boiling points. The process is most often used to separate or purify organic product 
streams, some of which could contain aqueous fractions, and is rarely used for groundwater or 
surface water remediation. Due to relatively low organic concentrations in Operable Unit 5 
groundwater, distillation will be eliminated from consideration as a physical treatment process option. 

Crvstallization Process Oution 
Freeze crystallization uses refrigeration to separate contaminants from water, based on the differences 
in freezing points. For this process to be effective, contaminant concentrations would have to be 
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crystallization will be eliminated from consideration as a process option. 

M.2.5.3 Chemical Treatment Technologies 
Chemical treatment technologies include support and primary treatment process options which could 
be applied to recovered Operable Unit 5 groundwater, collected storm water, and process wastewater. 
Coagulatiodflocculation and neutralization would be considered support options, while solvent 
extraction, electrodialysis, electrolytic recovery, polymerization, dehalogenation, chemical 
precipitation, hydrolysis, reduction, and enhanced oxidation would be considered primary treatment 
process options. Chemical precipitation was employed at the FEMP for over 40 years as the primary 
treatment process for addressing uranium production processing wastewater. A chemical precipitation 
treatment process is currently under construction as part of the advanced wastewater treatment 
(AWWT) facility, as discussed in M.2.5.4. 

Chemical treatment process options include: 

e - '  

e 

e 
e 

e 
e 

e 
e 
e 

e 
e 

e 

Ion exchange 
Solvent extraction 
Electrodialysis reversal 
Electrolytic recovery 
Coagulatiodflocculation 
Polymerization 
Dehalogenation 
Neutralization 
Chemical precipitation 
Hydrolysis 
Enhanced oxidation 
Chemical reduction. 

Ion Exchange Process Oution 
Ion exchange is a process in which noncontaminant ions, held by electrostatic forces to charged 
functional groups on the ion exchange resin surface, are exchanged for contaminant ions of similar 
charge in the water stream. Ion exchange is currently being effectively used at the FEMP site to treat 
low-level uranium-bearing wastewater. Ion exchange could be applied to all recovered groundwater, 
collected s tom water and process wastewater as a treatment process option for the removal of 
inorganic contaminants, including heavy metals and radionuclides. Therefore, the ion exchange 
process option has been retained for further evaluation. 

Solvent Extraction (LiauidKiauid) Process ODtion 
Solvent extraction is a process in which a liquid solvent, immiscible in water and with a higher 
affinity for the organic contaminants than water, is used to separate those contaminants from the water 
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medium. The contaminants can then be recovered from the solvent through evaporation or distillation 
techniques. This process option is not applicable to the Operable Unit 5 groundwater, storm water, 
or process wastewater since organic contaminant concentrations are not sufficiently high to make 
solvent extraction effective. Therefore, it will be eliminated from consideration as a chemical 
treatment process option. 

Electrodialysis Reversal Process Oution 
Electrodialysis is an electrochemical separation process in which ions are transferred through water- 
impermeable membranes from a less concentrated to a more concentrated solution by means of direct 
electric current. Electrodialysis reversal uses electrical polarity reversal, through an arrangement of 
electrodialysis reversal membrane stacks, to continually produce demineralized water. A membrane 
stack consists of a set of electrodes with a series of alternating anion and cation transfer membranes. 
Electrodialysis reversal could be applicable to Great Miami Aquifer and perched groundwater, 
collected storm water, and process wastewater for the treatment of heavy metals and radionuclide 
contamination, and has been retained for further evaluation. 

Electrol-Wic Recoverv Process Oution 
Electrolytic recovery involves the recovery of contaminant anions and cations from water onto 
positive and negative electrodes when an electric current is passed through the water medium. As a 
treatment option, electrolytic recovery is normally applied to wastewater with higher contaminant 
concentrations than those found in the Operable Unit 5 groundwater, storm water, and process 
wastewater. Therefore, electrolytic recovery will be eliminated from further consideration as a 
chemical treatment process option. 

CoagulatiodFlocculation Process Oution 
Coagulatiodflocculation are closely related processes that involve the addition of chemical reagents to 
a wastewater to neutralize the surface charges on finely graded suspended particulates and promote 
particle agglomeration, thus encouraging the formation of larger particles that are too large to remain 
in suspension. This process option could be applicable to all Operable Unit 5 recovered groundwater, 
storm water, and process wastewater as a support step to chemical precipitation in the removal of 
heavy metals and radionuclides. This process option has been retained for further evaluation. 

Polvmerization Process ODtion 
Polymerization involves the use of chemical catalysts to promote the formation of long-chained 
organic polymers from organic monomer contaminants. The heavy, long-chained polymers can then 
be removed by filtration or settling techniques. Polymerization would not be applicable to the 
Operable Unit 5 groundwater, storm water, or process wastewater because they do not contain 
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significant concentrations of organic monomer contaminants. This process option will be eliminated 
from further evaluation. 

Dehalorrenation Process ODtion 
Dehalogenation is accomplished by using reducing agents such as sulfur dioxide or sodium sulfite to 
strip halogen atoms such as chlorine from organic compounds. For this process to be effective, 
halogenated organics would have to be considerably higher in concentration than are currently present 
in the groundwater, storm water, or process wastewater in Operable Unit 5.  Therefore, 
dehalogenation will be eliminated from consideration as a chemical treatment process option. 

Neutralization (DH Adiustment) Process ODtion 
Neutralization is the adjustment of a water's pH by the addition of an acid or base so that the water is 
no longer acidic or basic. This process could be used for the treatment of acidic or alkaline water, or 
as a support process to adjust pH to a certain level in order to maximize the efficiency or 
requirements of other treatment/disposal options. Neutralization could be applicable as a support 
treatment process option for Operable Unit 5 wastewater, storm water, and recovered groundwater 
and has-been retained for further evaluation. 

Chemical Precipitation Process Option 
Chemical precipitation involves the addition of an acid or base, often in conjunction with a 
coagulant/flocculant aid, to adjust the pH in a wastewater to a point where inorganic contaminants 
have a lower solubility and thus tend to precipitate out of solution. This process option could be 
applicable for treating heavy metals and radionuclide contaminants in Operable Unit 5 groundwater, 
storm water, and process wastewater. Chemical precipitation has been retained for further evaluation 
as a chemical treatment process option. 

Hvdrolvsis Process ODtion 
Hydrolysis is the process of breaking a bond in an organic molecule that is normally not water soluble 
so that it will go into solution. Typically a chemical reagent such as an acid or caustic is added to the 
solution to achieve the desired reaction. However, it can also be achieved by photolysis or through 
the use of enzymes. Water is generated in the reaction. Hydrolysis would not be applicable to the 
Operable Unit 5 storm water, process wastewater, and recovered groundwater due to the low organic 
con taminant concentrations. This treatment option will be eliminated from further consideration. 

Enhanced Oxidation Process ODtion 
This process option involves the use of strong oxidizers such as ozone, peroxide, permanganate, or 
chlorine in conjunction with photolysis to raise the oxidation state of a contaminant and thereby 
change the solubility, stability, or separability of that contaminant. The process most commonly used 
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in groundwater remediation is hydrogen peroxide and/or ozone in conjunction with ultraviolet light. 
Enhanced oxidation could be applicable to Operable Unit 5 groundwater, storm water and process 
wastewater for the treatment of certain organic and inorganic contaminants and has been retained as a 
process option for further evaluation. 

Chemical Reduction Process ODtion 
Chemical reduction involves the use of strong reducing reagents such as sulfur dioxide, sulfites, or 
ferrous iron to lower the oxidation state of a contaminant and thereby change its solubility, stability, 
or separability. This process option could be applicable to Operable Unit 5 groundwater, storm 
water, and process wastewater for the treatment of certain inorganic contaminants and has been 
retained as a chemical treatment process option. 

M.2.5.4 Phvsical/Chemical Treatment Technolopies 
To address the low concentrations of the various organic and inorganic contaminants found in the 
site’s storm water, process wastewater and groundwater, a process which combines many of the 
identified physical and chemical process options would be required. This process option, as described 
below, has been designed to achieve compliance with the terms of a DOE order and to support the 
completion of a supplemental project agreed to by DOE. and EPA. The physical/chemical process 
option evaluated is advanced wastewater treatment. 

AWWT Facilitv Process ODtion 
The AWWT facility, which recently began operation on the FEMP property, has  sufticient design 
treatment capacity to treat all the projected process wastewater to be generated by remedial actions for 
Operable Units 1 through 5, collected site storm water, and extracted perched groundwater. The 
system does not have sufficient design capacity to treat the expected flows of extracted groundwater 
from the Great Miami Aquifer. The AWWT facility consists of the following sequential treatment 
steps: equalization, pH adjustment (1st stage), chemical precipitation, clarification, filtration, carbon 
adsorption, pH adjustment (2nd stage), ion exchange, neutralization, and final filtration. Each of the 
treatment processes contained in the A W W T  facility has been previously discussed and has passed 
initial screening in this FS. On this basis, the AWWT facility is retained for further evaluation, and 
is applicable to perched groundwater, storm water and process wastewater. 

M.2.5.5 Thermal Treatment Technoloeies 
This technology includes only one treatment process option-wet air oxidation. 
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Wet Air Oxidation Process Oution 
Wet air oxidization breaks down oxidizable organic and inorganic contaminants using a high 
temperature, high pressure, aqueous environment. This process is used primarily in the treatment of 
sanitary wastewater treatment plant sludge or concentrated organic liquid waste streams. Due to the 
relatively low contaminant concentrations in the storm water, process wastewater, Great Miami 
Aquifer and perched groundwater, and the resultant low concentrations of organics expected in the 
residuals generated by other treatment processes, wet air oxidization would not be a practical 
treatment option and is eliminated from further consideration. 

M.2.5.6 Biological Treatment Technologies 
There are several biological processes available for treating contaminated waters. Biological 
treatment process options use living organisms such as bacteria or fungi to detoxify or immobilize 
contaminants in water media by converting organic and occasionally inorganic contaminants to 
nontoxic end products. Biological treatment process options include: 

Aerobic detoxification 
-. Anaerobic detoxification 

Aerobic/anaerobic detoxification 
Biosorption 
Denitrification. 

Aerobic Detoxification Process Oution 
Aerobic detoxification employs aeration and microorganisms to destroy the organic constituents in 
groundwater or wastewater through decomposition in a suspended growth or fixed film process. This 
process option would not be applicable to the Operable Unit 5 groundwater, storm water, or process 
wastewater because the concentrations of organic contaminants are not sufficiently high to support a 
viable microorganism (biomass) population. Therefore, aerobic detoxification will be eliminated from 
consideration as a potential biological treatment process option. 

Anaerobic Detoxification Process Oution 
Anaerobic detoxification employs anaerobic biomass to destroy the organic constituents in a 
groundwater or wastewater through decomposition in a suspended growth or fixed film process. This 
process option would also not be applicable to the F E W  groundwater and other wastewater due to 
low organic concentrations. Therefore, anaerobic detoxification will be eliminated from further 
consideration as a potential biological treatment process option. 
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Aerobic/Anaerobic Detoxification Process ODtion 
Aerobic/anaerobic detoxification employs both aerobic and anaerobic biomass in conjunction with 
long detention times to destroy the organic constituents in groundwater or wastewater through 
decomposition in a suspended growth facultative process in a pond or basin. Once again, this process 
option would not be applicable to the FEMP groundwater or other wastewater due to low organic 
concentrations. Therefore, aerobic/anaerobic detoxification will also be eliminated from consideration 
as a process option. 

Biosomtion Process ODtion 
Biosorption uses an algae-based resin consisting of algal cells immobilized in a silica gel polymer to 
adsorb heavy metal ions from an aqueous solution. The process is based on the natural affinity of 
algae cell walls for heavy metal ions. This process option could be applicable for the treatment of 
heavy metals and radionuclides with heavy metal properties in the Great Miami Aquifer and perched 
groundwater at the site. Biosorption has been retained for further evaluation as a potential biological 
treatment process option. 

Denitrification Process Option 
Denitrification involves the use of microorganisms to reduce nitrates and nitrites in groundwater and 
wastewater to molecular nitrogen. This process employs a respiratory mechanism in which the 
nitratehitrite replaces molecular oxygen in bioassimilation. The FEMP currently has an operational 
large-scale denitrification facility. This facility is planned to be used to support Removal Action 
Number 20, Stabilization of Uranyl Nitrate Inventories. Following this action, the existing facility is 
planned to be taken out of active status due to the low nitrate concentration in existing wastewater 
flows at the site. Denitrification would not be applicable to any of the Operable Unit 5 groundwater, 
future generation of process wastewater, or collected storm water due to low nitrate and nitrite 
concentrations. Therefore, this process option will be eliminated from further consideration. 

M. 2.6 DISPOS AL/DISCHARGE 
Several disposal/discharge technologies may be used following removal and treatment as part of the 
remedial action. Disposal/discharge -technologies include on-property , on-property/off-property , and 
off-property . A discussion of the process options associated with water disposal/discharge 
technologies is also presented. 

M. 2.6.1 On-ProDertv Disdosal/Discharge Technologies 
On-property disposal/discharge process options include: 

Beneficial reuse 
Direct discharge to Paddys Run. 
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Beneficial Reuse 
Beneficial reuse involves the reuse of treated site groundwater for site process water. Due to the high 
expected flow rates of recovered groundwater and the reduced demands at the FEMP, not all of the 
treated groundwater or other treated waste streams could viably be reused. The volume of the treated 
groundwater would greatly exceed the volume that could be used for cooling, makeup, and other 
auxiliary process support streams. Beneficial reuse of a portion of the treated groundwater would be 
applicable to Great Miami Aquifer and perched groundwater, process wastewater, and storm water. 
Beneficial reuse has been retained for further evaluation. 

Direct Discharge to Paddvs Run 
Direct discharge of treated or untreated site groundwater or storm water to an on-property surface 
water such as Paddys Run could be accomplished in conjunction with a surface water monitoring 
(National Pollution Discharge Elimination System [NPDES] type) program. This process option 
could not be applied to process wastewater without prior treatment. This process has been retained 
for evaluation as a potential disposal option. 

M.2.6.2 On-Prooertv/Off-Prooertv Disposal/Discharne Technologies 
This technology includes only one treatment process option--surface/subsurface discharge. 

Surface/Subsurface Discharge 
Surface/subsurface discharge involves the use of spray irrigation or injection wells to discharge 
treated wastewater onto or below the ground surface. This process option could be used in a 
groundwater gradient control strategy for the Great Miami Aquifer and has been retained for further 
evaluation as a disposal process option. 

M.2.6.3 Off-Propem DisDosal/Discharge Technologies 
Off-property disposal/discharge process options include: 

Indirect discharge to publicly owned treatment works 
Indirect discharge to a permitted treatment, storage, and disposal facility 
Direct discharge to the Great Miami River. 

Indirect Discharge to Publicly Owned Treatment Works Process Option 
Due to the large anticipated volume of groundwater and process wastewater expected to be generated 
by the Operable Unit 5 remediation process, indirect discharge to a publicly owned works for 
treatment would not be applicable because no facility exists in the FEMP area which is designed to 
address the type and volume of contaminated FEMP wastewater. Therefore, this process option will 
not be retained for further evaluation. 
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Indirect Discharge to a Permitted Treatment Storage and DisDosal Facility Process ODtion 
Indirect discharge to an off-site permitted treatment, storage, and disposal facility for treatment would 
not be feasible because hauling of large volumes of untreated water by either truck or rail would be 
required. Therefore, this process will be eliminated from further consideration. 

Direct Discharge to Surface Water Process Omion 
Direct discharge of treated Operable Unit 5 groundwater and process wastewater to an off-property 
surface water such as the Great Miami River could be accomplished in conjunction with a surface 
water monitoring (NPDES type) program. The FEMP recently completed the installation of a high 
density polyethylene pipeline to carry treated wastewater flows to the Great Miami River. This 
process has been retained for further evaluation as a disposal option. 
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M.3.0 INITIAL SCREENING OF TECHNOLOGIES AND 
PROCESS OPTIONS FOR SOIL AND SEDIMENT 

The identification and initial screening of technologies and process options applicable to soil and 
sediment are presented in Table M.3-1. This table summarizes the general response actions, remedial 
technologies, and process options associated with soil and sediment and presents the results of the 
initial screening process. Unshaded areas in this table represent those technologies/process options 
which have passed initial screening procedures. Due to the similarity in COCs, technologies and 
process options to address various treatment process residuals and nonrecoverable debris i r e  included, 
where appropriate, in the following discussions addressing soil and sediment. Following is a 
description of the identification and initial screening for the universe of technologies and process 
options which were considered for soil and sediment within Operable Unit 5. Table M.3-2 presents 
the technologies and process options for soil and sediment, nonrecoverable debris and treatment 
process residuals that have passed the initial screening process, and will be retained for further 
evaluation. 
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M.3.1 NO ACTION 
The no-action general response action is retained as a baseline for comparison to other remedial 
alternatives, as required by the NCP. The no-action response provides no additional remediation, 
maintenance, or security activities at the site to further minimize risk to public health and the 
environment. 

M.3.2 INSTITUTIONAL CONTROLS 
Institutional controls are used to restrict intentional or unintentional use or contact with contaminated 
soil, sediment, and groundwater. Institutional controls are typically segmented into active and passive 
controls. Active controls include physical barriers and monitoring technologies to examine 
contaminant migration, while passive controls include legal controls such as deed restrictions. 

M.3.2.1 Monitoring Technologies 
Monitoring would be conducted during the implementation of any selected remedial action alternative 
to assess short-term impacts to workers and the public. Additionally, sampling and/or monitoring 
would be employed following completion of remedial actions to demonstrate attainment of remedial 
action objectives and, as necessary, assess the continued performance of any engineered on-property 
disposal systems. Monitoring process options include: 

Surface water monitoring 
Groundwater monitoring 
Leachate monitoring 

Surface Water Monitoring 
Monitoring of surface water is useful in assessing contaminant migration, if any occurs, from areas 
where contaminant concentrations are above acceptable regulatory requirements. Surface water 
monitoring is applicable to soil and sediment and has been retained for further evaluation. 

Groundwater Monitoring 
Groundwater monitoring involves the sampling and analysis of groundwater using existing and/or new 
monitoring wells to evaluate the performance of any engineered disposal or containment systems. 
Groundwater monitoring has been retained for further evaluation. 
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None 

Monitoring 

TABLE M.3-1 

DOE, 13,15,198 INITIAL SCREENING OF TECHNOLOGIES 

Not Applicable No activities conducted at site to address 
contamination. 

Requircd by NCP. 

Surface Water Sampling and analysis of surface water Potentially applicable. 
Monitoring and storm water ditches to assess 

contamination. 

205,241,242 AND PROCESS OPTIONS FOR SOIL AND SEDIMENT 
(Unshaded items indicate passing initial screening process) 

General 
Response 

Action 

No Action 

Institutional 
Controls 

Containment 

Reinediil 
Description Screening Corriiiirnts 

Sampling of newly installed or  existing 
wells to assess contaminant migration. 

Potentially applicable. 

Leachate Sampling and analysis 111' Isrlc1i:itc Potentially applicable. 
Monitoring collection systcins. 

AccessIUse 
Restrictions 

Grading Recontour the land surface to h i t  run- Potentially applicable 
on. runoff. erosion. and infiltratiun. as a support action. 

Vegetative cover to stabilue soil Potentially applicablc 
as rl support action. (Earthen Cover) 
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Remedial 1 I 
Technology Process Option Description r Screening Comments -11 

Removal of soil and sediment using I conventional earthmoving equipment. 
Potentially applicable. Excavation Excavation I 

sorting1 Visually sort large debris using Potentially applicable 
Separation mechanical excavation equipment. Use as a support action 

during excavation. gamma or photoionization detectors in 
field to identify radiologically and organic 
contaminated material. 

Dewatering I Gravity or mechanical dewatering of soil, Potentially applicable I sludges, and residues. I as a support action. 
Physical I Drying 

Physical1 Soil Washing Ex situ extraction of contaminants using Potentially applicable. 
Chemical an agent such as water, acid, solvent, or 

chelating agents, possibly incorporating 
the use of phosphates for stabilizing 
uranium mobility. 
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Physical 
Separation 

General 
Response 

Action 

Ex situ process to minimize waste through 
volume reduction by physically separating 
out sue fractions of soil o r  sediment 
containing minimal contamination. 

Potentially applicable. 

Treatment 
[continued) 

Rotary Kiln 
Incineration 

TABLE M.3-1 
(Continued) 

Rotary kiln used to destroy organic 
contaminants by high temperature 
incineration. 

I I Remedial 
Technology Process Option Description 

FEMP-OSFS-5 D W  FINAL 
March 22. 1995 

I Screening Comments 

Solidification/ Cement- Cement, lime, or other pozzolanic 
Stabilization Pozzolan-Based materials are mixed with soil to I Solidification I immobilize contaminants. 

~ ~~~ 

Potentially applicable. 

Thermoplastic 
Solidification 

Organic 
Polymer 
Stabilization 

Soil is mixed with asphalt, bitumen, 
paraffm. or polyethylene and heated to 
form a stable solid. 

Soil is mixed with a polymer and catalyst 
to form a stable solid. 

Potentially applicable. 

Potentially applicable. 

Contaminated soil is mixed with molten Potentially applicable. I glass to form a stable solid. I Vitrification 

Thermal 

Soil 
Compaction 

Thermal 
Desorption 

Utilizes standard brickmaking equipment 
and practices for achieving volume 
reduction through densification. 

Application of heat at relatively low 
temperature to remove organics from 
excavated soil by volatilization. Vapor 
phase is treated by incineration or carbon 
adsorption. 

Potentially applicable. 

Potentially applicable 
as support process to 
remove low levels of 
organics; additional 
treatment for metals 
and radionuclides 
required. 

Potentially applicable 
as support process to 
remove low levels of 
organics; additional 
treatment for metals 
and radionuclides 
reauired. 
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TABLE M.3-1 FEMP-OSFS-5 DRAFT FINAL 

General 
Response 

Action - 
Treatment 
(continued) 

Storage 

Remedial 
Technology - 

Thermal 
(continued) 

Intermediate 
Storage 

process Option - 
Fluidized Bed 
Combustion 

Circulating Bed 
Combustion 

. .  . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Infrared 
Incineration 

Plasma 
Centrifugal 
Furnace 

Central Storage 
Facility 

(Continued) March 22, 1995 

Description Screenine Comments 

Destruction of organic &ntaminants in a 
vessel containing a bed of hot, inert 
granular particles into which waste is 
injected. 

, 

Similar to fluidized bed combustion. 
except air is added to increase turbulence 
and operating temperatures are lower. 

Potentially applicable 
as support process to 
remove low levels of 
organics; additional 
treatment for metals 
and radionuclides 
required. 

Potentially applicable 
as support process to 
remove low levels of 
organics; additional 
treatment for metals 
and radionuclides 
reauired. 

Employs an intense flux of near infrared 
radiation to initiate and sustain pyrolysis 
of the feed materials and to destroy 
organics. 

Soil is detoxified by the use of heat from 
a plasma torch to vaporize organic 
contaminants and immobilize metals and 
radionuclides in a nonleachable glass-like 
matrix. 

Short term storage for staging and 
packaging of contaminated soil and 
sediment. residuals, and nonrecoverable 
debris before shipment to appropriate 
disoosal facilitv. 

Potentially applicable 
as support process to 
remove low levels of 
organics; additional 
treatment for metals 
and radionuclides 
required. 

Potentially applicable. 

Potentially applicable. 
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General 
Response 

Action 

Disposal 

Description 

Disposal of treated soil by usin, L' I t  ' as 
backfill in on-site excavations. 

Disposal of soil andlor residuals in an on- 
property disposal facility. 

Consolidating slightly contaminated soil at 
a central location with grading and cover 
or capping. 

Disposal of contaminatcd soil at NTS. 

Disposal of contaminated soil at a 
permitted commercial facility. 

Use of trucks for transporting wastc lroin 
areas of contamination tu disposal a x i s  
on the site or for off-site disposal. 

Use of rail transportation to transport 
waste off site for disposal. 

Reindial 
Technology Process Option .Screening Coininents 

Potentially applicable. 

Potentially applicable. 

Potentially applicable 

Pntentially applicable. 

Potentia I1 y applicable. 

Potcntially applicable 
as a suppurt action. 

Potentially applicable 
as a support action. 

Disposal Facility 

Off-Site Nevada Test 
Site (NTS) 

Commercial 
Facility 

Waste Truck Transport 
Transportation 

TABLE M.3-1 
(Continued) 
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General Response 
Action Component 

TABLE M.3-2 

DOE 
205,24 1 

SOIL AND SEDIMENT TECHNOLOGIES AND PROCESS OPTIONS 
RETAINED FOR FURTHER EVALUATION 

Technology 

a March 3-2, 1995 

No Action 
Institutional Controls 

None 
Monitoring 

Access/Use Restrictions 

Removal 

Containment 

Excavation 

Surface Water Control 

Treatment 
PhysicaKhemical 

Solidification/ 
Stabilization 

Thermal 

On-Property Disposal 

Off-Site Disposal 

I Waste Transportation 

Process Option 

Not applicable 
Surface water monitoring 
Ground water monitoring 
Leachate monitoring 
Physical barriers 
Security guards 
Deed restrictions 
Continued Federal ownership 
Multilayer cap 
Divers ion/col I ect ion 
Grading 
Revegetation (Earthen Cover) 
Excavation 
Sorting/separation 
Dewatering/clry ing 
Soil wash i ng 
Physical separation 
Cement-/Puzzolan-based soliditication 
Thermuplastic soliclitication 
Organic polymer stabilization 
Vitrification 
Soil Co in pac t io n 
Thermal desorption 
Rotary kiln incineration 
FI uidized bed comhus t ion 
Circulating bed combustion 
Infrared incineration 
Plasma centrifugal furnace 
Central storage facility 
Backtilling 
Engineered disposal facil ity 
Consol idation 
Nevada Test Site 
Permitted commercial facility 
Truck transport 
Rail transport 
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0 Leachate Monitorinq 

March 22, 1995 

i 

Leachate monitoring involves the sampling' and analysis of leachate from contaminated soil using 
existing and/or newly constructed monitoring wells, seepage basins, and diversion ditches to evaluate 
the performance of any engineered disposal.or containment systems. Leachate monitoring has been 
retained for further evaluation. 5 .  

2 

3 

4 

M.3.2.2 Access/Use Restrictions 
Access/use restrictions would be implemented to regulate access to the site or development of the site 
to preclude human exposure to c o n h a t e d  media. This technology category includes active 
controls, which consist of physical barriers such as fences, gates, and security forces, and passive . 
controls, which include administrative actions such as continued federal ownership and deed 
restrictions. Accesduse restrictions include: 

Physical barriers 
Security guards 
Deed restrictions 
Continued federal ownership. 

Physical Barriers 
Physical barriers limit the potential for inadvertent public or worker exposure to omproperty 
contamination by restricting entry. Public access to the FEMP production area is controlled by 
security forces, fencing, and signs. Use of this process option would include continuing the use of 
such barriers to restrict access and human contact with portions or all of the FEMP property to 
minimize the potential for exposure to site contaminants. No consideration is being given in this FS 
to extending such physical barriers beyond FEMP property to potentially impacted adjacent areas, 
except as necessary to preclude human intrusion into active remediation areas. This process option is 
applicable to Operable Unit 5 soil and sediment, and has been retained for further evaluation. 

0 

Securitv Guards 
Security guards would supplement physical barriers by monitoring for breaches in the barriers and for 
trespassers that may have entered the controlled areas. Security guards are retained for further 
consideration. 

6 

7 
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14 
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23 

24 

25 

26 
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28 

29 

30 

31 

32 

33 

Deed Restrictions 34 

Deed restrictions involve restricting the use of land during and after site remediation by recording the 

contaminated soil on existing FEMP property areas during and after active remediation. 

35 

36 

37 

restrictions in property deeds: Deed restrictions could be employed to restrict intrusion into 

0 Deed restrictions are applicable to soil and sediment and have been retained for evaluation. 38 

39 
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Continued Federal Ownership 
Continued federal ownership involves continued ownership of portions or all 

FEMP-OSFS-5 DRAFT FINAL 
March 22. 1995 

of the FEMP property 
by the federal government with the intent to restrict site development activities through the rights of 
ownership. Under such a process option, on-property development activities such as agricultural or 
residential use could be restricted or eliminated by the federal government, which, as the property 
owner, would retain all rights to preclude these activities. The federal government would continue 
custodial oversight of the property through the DOE or another governmental entity (Le., Department 
of the Interior). No consideration is being given in this FS to extending such rights of ownership off 
the FEMP property through purchase of potentially affected neighboring properties. Continued 
federal ownership has been retained for further evaluation. 

M.3.3 CONTAINMENT 
Long-term containment consists of technologies that confine contaminated media to their current 
locations. These technologies limit the migration of contaminants from affected media and reduce the 
associated potential for exposure. While such response actions reduce the potential for contaminant 
transport by precluding transporting media (e.g., rainwater runoff, wind, etc. ,) from contacting 
impacted media, the technologies do not reduce the actual toxicity, mobility or volume of the 
contaminated media. Containment actions include capping and surface water control technologies. 

M.3.3.1 Capping Technologies 
Capping involves the installation of a low-permeability barrier over the surface of a contaminated 
area. Capping is designed to control erosion, prevent the generation of leachate due to surface water 
infiltration, and control direct and indirect exposure to contaminants through inhalation, ingestion, or 
dermd contact. Both single-layer and multilayer caps are potentially applicable. Single-layer caps 
include the use of clay, soil, asphalt, concrete, or synthetic membranes. Special coatings may be 
needed for asphalt and concrete caps. While installation of a multilayer cap is more complex than the 
single-layer cap, it may be applicable to areas that require more confinement due to greater associated 
health and/or environmental risks. In addition, a multilayer cap may be considered to be an integral 
part of an on-property landfill or disposal cell. A stabilized surface fill would be required before cap 
placement. Design life of any cap should be 10oO years, which is the general ARAR-based 
requirement for caps being considered for wastes of the type present in Operable Unit 5. Capping 
process options include: 

Single-layer cap 
Multilayer cap. . 
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March 22, 1995 0 Single-Laver CaD Process Oution 

A single-layer cap uses concrete, asphalt, synthetic membrane, soil, or clay to effectively control 
erosion and minimize precipitation infiltration. All of these single-layer caps are subject to 
weathering; however, the periodic application of special surface treatment chemicals will help 
maintain the integrity and low permeability of the concrete and asphalt caps. Single-layer capping is 
applicable to soil and sediment and has been retained for .further evaluation. Since the design life for 
single-layer caps is significantly less than loo0 years, this process option will be eliminated from 
further cons ideration. 

Multilayer CaD Process ODtion 
The multilayer cap incorporates the most effective attributes of single-layer options by using more 
than one barrier material to form multiple layers over the contaminated media. These caps typically 
consist of vegetative cover, topsoil, sand/gravel, clay, and impermeable synthetic membrane layers. 
This layered design offers the highest degree of effectiveness by using the properties of the various 
layers to control erosion and limit infiltration while providing weather protection. Because it can 
meet the lo00 year life expectancy, multilayer capping is applicable to Operable Unit 5 soil and 
sediment and has been retained for evaluation. 

0 M.3.3.2 Surface Water Control Technologies 
Surface water controls can be used to minimize contamination of surface water by reducing the 
erosion and transport of contaminated soil. Such controls can also be used to minimize the erosion of 
caps, disposal cells, and landfill covers. Surface water control process options include: 

241 

, Diversiodcollection 
Grading 

Channel relocation 
Channel modification. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Revegetation . . . . . . . . . . . . . . . . . . . . . . . 

DiversiodCollection Process ODtion 
Diversiodcollection of surface water is conducted by constructing dikes, berms, channels, chutes, and 
ditches. The use of these options prevents clean water from contacting waste material or prevents 
surface water which has already contacted contaminated material from being released in an 
uncontrolled manner. These process options are considered to be support actions and will be carried 
further in the evaluation process. 
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Grading Process ODtion 
Grading consists of recontouring the land surface to prevent excessive erosion from the flow of runoff 
and surface water. Regrading is considered to be a support action and will be carried further in the 
evaluation process. 

24 1 
Revegetation consists of planting grasses or other similar types of vegetative suppo 
thus minimizing wind erosion and erosion from surface water runoff. Revegetation 
considered to be a support action and will be carried further in the evaluation process. 

is 

Channel Relocation Process Orxion 
Channel relocation would be used to relocate a stream to either expose contaminated sediment for 
excavation or to allow the covering of contaminated sediment with clean materials. Although channel 
relocation is technically implementable, the sediment in on-site intermittent streams can easily be 
removed or otherwise remediated during a prolonged dry period that typically occurs between June 
and December. Therefore, channel relocation is eliminated from further evaluation. 

Channel Modification Process ODtion 
Channel modification would be used to alter the hydraulics of a stream to control sediment deposition 
or resuspension. Although channel modification is technically implementable, the sediment in on-site 
intermittent streams can easily be removed or otherwise remediated during a prolonged dry period 
with less disturbance to the surrounding environment. Therefore, channel modification is eliminated 
from further evaluation. 

M.3.4 REMOVAL 
Complete or partial removal of contaminated material would eliminate or reduce a source of 
contamination and, therefore, eliminate or reduce the potential for migration of contaminants to 
potential receptors. Removal (excavation) can be accomplished using mechanical excavation 
equipment or sediment dredging equipment. 

M.3.4.1 Excavation Technologies 
Contaminated soil can be effectively removed by excavation using standard construction methods and 
equipment. Similarly, contaminated sediment can be removed through dredging techniques. 
Excavation process options that were evaluated include: 

Excavation 
Dredging 
Sorting/separation. 
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Excavation Process' Ootion 
Mechanical excavation involves the use of common construction equipment, such as a backhoe, to 
remove the soil or sediment. These methods are potentially viable for soil and sediment that are not 
in contact with surface water (Le., during the dry season) or groundwater. Therefore, mechanical 
excavation is retained for further consideration. 

Dredging Process ODtion 
Mechanical or hydraulic dredging of material from streambeds is a common technique for removing 
sediment and soil in contact with surface water and groundwater. Dredging is generally used for the 
removal of large volumes of sediment or soil in permanent bodies of water. The on-site streams are 
dry for much of the year and the relative volume of sediment that exceeds remediation goals is 
relatively small. Therefore, conventional excavation methods using earthmoving equipment can be 
used in the dry stream beds. Because groundwater dewatering techniques can be used when soil 
excavations are required below the perched groundwater table, dredging will be eliminated from 
further consideration. 

Sorting/SeDaration Process ODtion 
Sorting/separation will be used to separate excavated materials into one of the three following groups: 
radiologically contaminated material, other contaminated material, or clean soil. Excavated materials 
will be sorted visually using mechanical excavating equipment to separate large debris or pockets of 
radiologically contaminated materials. Materials may also be sorted in the field using gamma 
detectors or photoionization detectors to detect low-level radioactive waste or volatile organics, 
respectively. Sorting/separation will minimize the total amount of material to be contained, treated, 
or disposed of and will be a support action for excavation. Sorting/separation will be carried further 
in the evaluation process. 

M.3.5 TREATMENT 
Treatment technologies include biological, physical, physical/chemical, solidificationlstabilization, and 
thermal processes. Treatment is used to reduce the toxicity, mobility, and/or volume of a 
contaminated material. 

M.3.5.1 BioloPical Treatment Technologies 
Biological treatment is a method of using living organisms such as microorganisms or plants to 
consume the contaminants in the soil. Biological treatment process options that were evaluated 
include: 

In situ aerobic bioremediation 
In situ anaerobic bioremediation 
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Plant harvesting 
Soil aeration 
Land farming. 

In Situ Aerobic Bioremediation Process Option 
In situ aerobic bioremediation is conducted under aerobic conditions by injecting oxygen and nutrients 
into subsurface soil to promote biological degradation of organics. Biological techniques are not 
applicable to the treatment of metals and radionuclides, which are the key contaminants of concern for 
soil and sediment at the FEMP. In situ aerobic bioremediation is eliminated from further 
consideration. 

In Situ Anaerobic Bioremediation Process ODtion 
In situ anaerobic bioremediation is conducted in the absence of oxygen. Anaerobic conditions are 
obtained by injecting an easily degraded substrate into the soil, which is degraded by aerobic bacteria. 
During the process the bacteria consumes the available oxygen, causing an anaerobic environment. 
Nutrients are then injected into subsurface soil to promote biological degradation of organics under 
anaerobic conditions. Biological techniques are not applicable to the treatment of metals and 
radionuclides, which are the key contaminants of concern for soil and sediment at the FEMP. In situ 
anaerobic bioremediation is eliminated from further consideration. 

Plant Harvesting Process ODtion 
Plant harvesting is conducted by seeding plants within the area of contamination. The contaminants 
are removed from the soil through plant uptake. This process option is not considered applicable 
because contaminants could be introduced into the food chain when the harvested plants are consumed 
by livestock and/or wildlife. Plant harvesting is eliminated from further consideration. 

Soil Aeration Process ODtion 
Contaminated soil is aerated either through tilling the soil or by injecting air through shallow wells. 
The introduction of air into the soil promotes biological activity which results in degradation of 
organic chemicals. Additionally, volatile organics will be removed from the soil as a result of the 
increased air flows. This process option is not applicable to the treatment of metals and 
radionuclides, which are the key contaminants of concern for soil and sediment at the FEMP. Soil 
aeration is eliminated from further consideration. 

Land FarminF Process ODtion 
Land farming is conducted by excavating contaminated soil and placing it on a treatment pad. The 
soil is enhanced by adding nutrients and by tilling the soil to provide air, both of which promote 
biodegradation of 0rganic.contaminants. This process option is not applicable to the treatment of 
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metals and radionuclides, which are the key contaminants of concern for soil and sediment at the 
FEMP. Land farming is eliminated from further consideration. 

M.3.5.2 Phvsical Treatment Technologies 
Physical treatment technologies are applicable when the properties of the contaminants make them 
amenable to separation or volatilization. Physical treatment process options include: 

Dewatering/drying 
Soil vapor extraction. 

Dewatering/DrvinP: Process ODtion 
Dewatering consists of using gravity or mechanical means to remove liquid from a solid matrix. It 
would be applicable for dewatering of sediment and soil to improve handling characteristics. It is 
also applicable for removing water from treatment plant sludges and residues. Dewatering is 
considered to be a support process option and will be cakied further in the evaluation process. 

Soil VaDor Extraction Process Option 
Soil vapor extraction consists of a system of air injection and extraction wells to promote the transfer 
of volatile organics from in situ soil to the air. Vapor extraction is most effective in highly 
permeable soil. Because vapor extraction is not applicable for metals and radionuclides, it is 
eliminated from further consideration. 

M.3 S . 3  Phvsical/Chemical Treatment Technoloeies 
The physical/chemical processes evaluated include: 

Soil washing 
Soil flushing 
Dehalogenation 
Physical separation. 

Soil Washing Process ODtion 
Soil washing is an ex situ treatment process that incorporates the separation of chemical contaminants 
from the soil matrix by a combination of physical and chemical treatment 

. Soil aggregates are reduced to a single-grain 
composition by either mechanical- and/or chemical-based operations, allowing for particle separation 
based on size and/or density characteristics. Selected physicochemical operations can then aid "m the 
extraction of inorganic, organic, and radiological chemical contaminants from the discrete soil 
particles. Although physical separation operations within the soil washing may remove a size fraction 
of the soil containing little or no contamination, selected chemicals may need to be included in the 
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overall soil washing process to enhance dissolution kinetics and effectively remove contaminants from 
individual soil particles. More aggressive conditions (e.g., type of chemicals, chemical concentration, 
extraction temperature, and reaction time) may be incorporated into the chemical extraction part of 
the soil washing process to enhance contaminant removal. Soil washing is potentially applicable to 
soil and sediment at the site and is retained for further consideration. 

Soil Flushing Process Option 
Soil flushing involves the removal of organic and inorganic contaminants by washing the 
contaminated soil in situ by means of a flushing solution. The system consists of injecting an aqueous 
solution into the area of contamination, and then pumping the contaminated elutriate to the surface for 
removal, recirculation, or on-site treatment and reinjection. The aqueous flushing solutions may 
include water, acids, bases, complexing and chelating agents, solvents, surfactants, and certain 
reducing agents. During elutration, sorbed contaminants are mobilized into the solution by means of 
solubility, formation of an emulsion, or by chemical reaction with the flushing solution. Insufficient 
contact time between contaminant and flushing agent is likely at the FEMP site due to organic 
interferences in the soil media and channeling caused by heterogeneous subsurface conditions. 
Therefore, the effectiveness of soil flushing on a scale similar in size to this site is severely limited. 
Soil flushing will be eliminated from further consideration. 

Dehalogenation Process ODtion 
Potassium polyethylene glycolate dehalogenation is a process used to dehalogenate organics in 
contaminated organic liquid, sludge, and soil. The dehalogenation solution reacts with the organic 
and displaces a halogen molecule. The soil is mixed with the potassium polyethylene reactant in a 
heated reactor. The reagent and soil are separated and the reagent can be recycled. This.process 
would only be potentially effective for polychlorinated biphenyls (PCBs) and would not treat metals or 
radionuclides which are the primary contaminants of concern at the F E W .  Dehalogenation is 
eliminated from further consideration because of the inability to treat Contaminants of concern other 
than PCBs. 

Phvsical SeDaration 
Physical separation operations like those used for decades in solution mining and mineral extraction 
have been the focal point of most soil washing processes. The operational premise for a physical 
separation process is to derive waste minimization through a volume reduction process by separating 
out a size fraction of the soil containing little or no contamination. Physical separation operations in 
soil washing have included high pressure water, screening, attrition scrubbing, froth flotation, tall 
column, electromagnetic separation, mechanical separation, hydrogravimetric separation (including 
hydrocyclones, mineral jigs, and spiral classifiers), and multigravity separation. The innovative 
aspect to these physical separation-based operations is the unique application of these technologies to 
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specific soil-contaminant matrices. More aggressive conditions (e.g. , operating temperature, chemical 
extractants, attrition scrubbing, etc.), within selected operations of the physical separation process can 
be incorporated to enhance extraction of contaminants from the surface of soil particles. These 
conditions may also be enhanced through innovative applications of each operation. Physical 
separation is potentially applicable to site soil and sediment and is retained for hrther evaluation. 

M.3.5.4 Solidification/Stabilization Technologies 
Solidification/stabilization involves methods to seal the contaminated soil, sediment, or sludge in a 
solid, stable mass that results in a reduction of contaminant mobility. Such methods can also be used 
to stabilize a waste to facilitate material handling. These techniques are applicable to metals and 
radionuclides, but are generally not applicable to high concentrations of the more mobile organic 
compounds. Solidification/stabilization process options include: 

Cement-/pozzolan-based soliditication 
Thermoplastic solidification 
Organic polymer stabilization 
Vitrification 
In situ (cement-based) soliditication 
In situ vitrification 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. .  . 

Cement-/Pozzolan-Based Solidification Process Option 
This process option is conducted by mixing contaminated soil with a pozzolan. Pozzolans consist of 
cement, flyash, kiln dust, lime, etc. Pozzolan-based solidification is effective in treating soil, 
sediment, and residue and sludge from treatment processes which are contaminated with organics such 
as PCBs and polycyclic aromatic hydrocarbons (PAHs), heavy metals, and radionuclides. The 
mobility of the contaminants is reduced by binding the chemical into a solid matrix which is resistant 
to leaching. Typically, solidification occurs at high pHs where most metals become less soluble. 
Organic contaminants can be bound in the solid matrix using various additives such as organophilic 
compounds. Equipment used for solidification is similar to that used for the cement industry. A 
solidification process would include a feed system, mixing vessels, and a curing area. The soliditied 
material can be formed into monolithic blocks or can be made into a material with a consistency of 
soil-cement. Pozzolan solidification is a viable treatment option for radionuclides, inorganics, and 
some organics and will be retained for further evaluation. 

ThermoDlastic Solidification Process ODtion 
Thermoplastic solidification involves sealing a waste in a matrix by the addition of a binder. The 
binder material may be asphalt, bitumen, paraffin, sul,fur cement, polystyrene, or polyethylene. The 
waste is dried, heated, and mixed with a heated binder material. The waste-binder mixture is then 

- -  
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heated to 266°F to 500°F and placed in a container or mold where it solidifies as it cools. This 
process is considered potentially applicable to soil, sediment and treatment process residues and will 
be retained for further evaluation. 

Organic Polymer Stabilization Process Oution 
This process involves mixing contaminated soil with an organic polymer and catalyst to form a stable 
solid. The organic polymer may consist of urea-formaldehyde, polyesters, phenolics, and melanine. 
These thermosetting resins become hardened when heated and resist subsequent heating and cooling 
cycles.. This process is considered potentially applicable to soil, sediment, and treatment process 
residues and will be retained for further evaluation. 

Vitrification Process Oution 
Vitrification is a thermal treatment process that solidifies the waste into a glassy, solid matrix resistant 
to leaching. The vitrification of the waste material is achieved in a reaction chamber in which high 
temperature is used to reduce toxic organic compounds to elemental gases and carbon. The inorganic 
contaminants are either entrained in the glass and siliceous melts or are volatilized at the high 
temperatures in the reaction chamber. Vitrification is potentially applicable to soil, sediment, and 
treatment process residues and will be retained for further consideration. 

In Situ (Cement-Based) Solidification Process Oution 
In situ solidification is conducted by mixing cement, quicklime or other grouting materials with soil 
using augers or backhoes. The deep soil mixing technique allows direct application of cement-based 
stabilizing agents, using mixing paddles and augers, that blend the soil with the stabilizing agent fed 
through the center of the shaft. The result of the in situ solidification is a monolithic block that 
extends through the area of contamination. Because of heterogeneous subsurface conditions and 
possible subsurface obstructions such as utilities and building foundations at the FEMP site, it is 
unlikely that adequate mixing could be achieved for this process to be effective. Therefore, in situ 
solidification will be eliminated from further consideration. 

In Situ Vitrification Process ODtion 
In situ vitrification is a process of melting waste and soil in place to bind the waste in a glassy, solid 
matrix which is resistant to leaching and weathering. In situ vitrification is conducted by inserting 
large electrodes into the soil to the desired treatment depth. An electric current is applied to the 
electrodes which results in the soil being heated to temperatures ranging from 2900°F to 3600°F. As 
the soil is heated, organics are destroyed by pyrolysis and inorganic materials are dissolved into or 
are encapsulated in the vitrified mass. Currently there are no in situ vitrification applications of this 
magnitude in existence due to the overwhelming amounts of energy that would be consumed. At the 
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required temperatures steam generation and volatile organic production would be major problems. 
Therefore, in situ vitrification will also be eliminated from further consideration. 

DOE 
205 

M.3.5.5 Thermal Treatment TechnoloPies 
Thermal treatment uses elevated temperature to volatilize or destroy organic compounds. Soil from 
hazardous waste management units (HWMUs) within Operable Unit 5 contain solvent wastes for 
which thermal treatment is applicable. Except for the plasma centrifugal furnace process option 
which would be considered a primary treatment option, the remaining thermal treatment technologies 
would be considered as support processes since they are used to remove organic contaminants prior to 
the treatment of metals and radionuclides in soil. Thermal treatment processes evaluated include: 

Thermal desorption 
Rotary kiln incineration 
Fluidized bed combustion 
Circulating bed combustion 
Radio frequency heating 
Infrared incineration 
Plasma centrifugal furnace. 

Thermal Desomtion Process ODtion 
Thermal desorption involves treating soil with organic contamination at low temperatures to promote 
volatilization of the chemicals. The vapor phase is then treated by incineration or carbon adsorption. 
This process option will not treat metals or radionuclides, although it can be used as a pretreatment 
step to remove organics. Thermal desorption is therefore retained for further consideration as a 
support option for treatment of organics in soil, sediment and treatment process residuals. 

Rotarv Kiln Incineration Process ODtion 
Rotary kiln incineration uses a rotating refractory-lined cylinder to destroy organic material. Waste , 

material is rotated, causing turbulence and agitation while heated combustion air dries and incinerates 
the waste. Normal operating temperatures vary from 1500°F to 3000°F. This technology will not 
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treat inorganics or radionuclides although it can be used as a pretreatment step to remove organics. It 
is therefore retained for further consideration as a support option for treatment of organics in soil, 
sediment and treatment process residuals. 

Fluidized Bed Combustion Process Oution 
Fluidized bed combustors are vertical lined chambers containing an inert material, usually sand. Air 
is forced through a supporting distribution plate at a rate sufficient to cause the inert material to 
display fluid properties, Waste is injected into the bed and combustion occurs at normal operating 
temperatures varying from 850°F to 2100°F. Waste materials with densities greater than the inert 
material cannot be treated. Volatile organics contained in the soil will be destroyed. This technology 
will not treat inorganic contaminants or radionuclides although it can be used as a pretreatment step to 
remove organics. Fluidized bed combustion is therefore retained for further consideration as a 
support option for treatment of organics in soil, sediment and treatment process residuals. 

Circulatinp Bed Combustion Process ODtion 
Circulating bed combustion is similar to fluidized bed combustion, except that the system operates at 
higher air velocities which allows the system to operate at lower temperatures. Normal operating 
temperature is approximately 850°F. This technology will not treat inorganic contaminants or 
radionuclides although it can be used as a pretreatment step to remove organics. It is therefore 
retained for further consideration as a support option for treatment of organics in sail, sediment and 
treatment process residuals. 

Radio Freauencv Heating Process Oution 
Radio frequency heating is’primarily an in situ treatment in which soil is heated between 200°F and 
1000°F by exciting electrodes placed in the ground with radio frequency energy. Organics are 
vaporized and collected at the surface for treatment. This technology will treat organics but will not 
treat inorganics or radionuclides; it will still be necessary to excavate the soil. Therefore, this 
process option is eliminated from further consideration. 

Infrared Incineration Process Oution 
Infrared thermal units use silicon carbide elements to generate thermal radiation beyond the red end of 
the visible spectrum. Materials to be treated pass through the unit on a belt and are exposed to the 
radiation. Off-gasses pass into a secondary chamber for further infrared radiation and increased 
retention time. Operating temperatures are 1400°F to 1600°F in the primary and secondary 
chamber:, respectively. This technology will not treat inorganics or radionuclides, although it can be 
used as a pretreatment step to remove organics. It is therefore retained for further consideration as a 
support option for treatment of organics in soil, sediment and treatment process residuals. 
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Plasma Centrifugal Furnace Process Ontion 
Soil treated using the plasma centrifugal furnace process is detoxified by the use of heat tu  vaporize 
organic contaminants and immobilize metals and radionuclides in a nonleachable glass-like matrix. 
The plasma centrifugal furnace uses the heat from the plasma torch to create a molten bath. Metals 
and radionuclides are not detoxified by the use of this process; however, their mobility would be 
reduced by being incorporated into the final residue which is a glass matrix. The plasma centrifugal 
furnace option has been retained for further evaluation as a primary process option because mixed 
radioactive wastes can potentially be handled by this type of treatment method. and it is applicable to 
soil, sediment and treatment process residuals. 

M.3.6 STORAGE 
Temporary storage of contaminated soil, sediment, treatment process residuals. and nonrecoverable 
debris would be required after these materials are removed and awaiting final treatment or disposal 
actions. 

M.3.6.1 Intermediate Storage Technolozies 
Short-term storage of the waste in a storage facility would be required as an intermediate process for 
contaminated wastes designated for ex situ remediation. This technology includes only one process 
option which is a central storage facility (CSF). 

Central Storage Facilitv Process Ontion 
This option assumes that contaminated wastes would be staged and packaged at an on-property CSF 
before treatment or shipment to an appropriate disposal facility. The storage facility must be able to 
handle both bulk and containerized wastes as well as nonrecoverable debris in accordance with DOE 
Removal Action No. 17. For the purposes of this screening process, a designated on-property CSF is 
considered to be potentially applicable for contaminated soil and sediment. treatment process 
residuals, and nonrecoverable debris and is retained for hrther consideration. 

M.3.7 DISPOSAL 
Disposal options evaluated include on-property and off-site disposal technologies and waste 
transportation technologies. 

M.3.7.1 On-ProDertv Disnosal Technolosjes 
The three process options evaluated for on-property disposal are: 

Backfilling 
Engineered disposal facility 
Consolidation. 

I 
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Backfilling Process Ontion 
Backfilling of excavations with clean or slightly contaminated site soil is an inexpensive disposal 
option, provided that contaminant levels in the backfilled materials will artain the required remediation 
goals. Backfilling is potentially applicable to site soil and is retained for further consideration. 

Engineered DisDosd Facilitv Process Option 
This process option would involve constructing an on-property engineered disposal facility . This 
would provide permanent on-property storage of contaminated soil and sediment, nonrecoverable 
debris, and treatment process residuals. The representative disposal facility design would incorporate 
performance requirements from DOE, Ohio EPA (OEPA), and the Nuclear Regulatory Commission 
(for low-level waste), and would meet the 1000 year ARAR-based design life requirement. It is 
anticipated that the disposal facility would be sited in the former production area. 

The cell would be designed such that the hydraulic permeability of the bottom liner is slightly greater 
than that of the cap in order to minimize the potential for a "bathtub effect." The intiltration rate 
through the cell would be protective of the Great Miami Aquifer. Runoff from the cell cap would be 
controlled by a storm water diversion channel and the cell would also incorporate a leachate collection 
system. It is anticipated that the disposal cell would be constructed and filled in phases. The 
on-property engineered disposal cell is potentially applicable and is retained for further consideration 
in the formation of remedial alternatives. 

Consolidation Process Option 
On-property consolidation involves consolidation of slightly contaminated soil and sediment at an on- 
property central location. Because it is likely that slightly contaminated soil will remain on site with 
institutional controls, excavated soil and sediment that are protective of the Great Miami Aquifer may 
be consolidated to minimize the area remaining under federal ownership. Consol idation would meet 
the 1000 year ARAR-based design life requirement. It would also maximize the area that could be 
released for restricted or unrestricted use. 

Siting of the consolidation area must take into account several factors including future site use, site 
geology, remediation schedules and location of possible disposal cells. It is anticipated that the 
former production area will be the site of consolidation because it is unlikely that this area will be 
released for any type of use'and the majority of the contaminated soil would originate in this area. 

Consolidation material will consist of slightly contaminated soil and sediment which will be 
transported to the consolidation area, unloaded, and placed at grade. This material will be covered 
with a cap or other cover. It is anticipated that the consolidation area will be built and tilled in 
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phases. On-property consolidation is applicable to slightly contaminated soil and sediment, and is 
retained for further consideration. 

M.3.7.2 Off-Site Disuosal Technologies . 

Two process options are evaluated for this technology: 

Nevada Test Site (NTS) 
Permitted commercial disposal facility. 

Disuosal at Nevada Test Site as a Process Oution 
Off-site disposal at NTS involves hauling treated and/or untreated contaminated soil, sediment, non- 
recoverable debris and/or contaminated treatment residuals to an off-site disposal facilrty that can 
accept radiological waste materials. The NTS is a DOE facility that is currently accepting low-level 
radioactive waste from the FEMP site. Off-site disposal at NTS is potentially applicable to soil, 
sediment, nonrecoverable debris, and treatment process residuals and is retained for further 
evaluation. 

Disuosal at a Permitted Commercial Disuosal Facilitv as a Process Oution 
Off-site disposal at a permitted commercial facility involves hauling treated and/or untreated 
contaminated soil, sediment, nonrecoverable debris and/or contaminated treatment residuals to an off- 
site commercial facility which can accept radiological waste materials. A representative commercial 
facility in Utah, Envirocare, is available to accept low-level radioactive waste and mixed waste. Off- 
site disposal at a permitted commercial facility such as Envirocare or an equivalent is potentially 
applicable to soil, sediment, nonrecoverable debris, and treatment process residuals, and is retained 
for further evaluation. 

. 

M.3.7.3 Waste Transuortation Technologies 
The two process options considered for waste transportation are: 

Truck transport 
Rail transport. 

Truck Transuort Process Oution 
Truck transport can easily offer portal-to-portal service with the road system available at the FEMP 
site. The primary disadvantages with this process option are the relatively undeveloped and heavily 
traveled roads near the FEMP site and the higher cost compared to rail transport. Truck 
transportation is applicable as a support action to on- and off-site disposal and will be carried further 
in the evaluation of process options. @ 
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Rail TransDort Process ODtion 
The FEMP can readily support rail transportation by using existing on-site rail spurs. Some off-site 
disposal options have facilities with the capability of receiving the waste by rail. Transportation to 
NTS may require a combination of truck and rail transport. Contaminated material shipped by rail to 
NTS would go through the Las Vegas, Nevada terminal. Transportation to the commercial facility in 
Utah can use rail for the entire trip. Rail transportation is applicable as a support action to off-site 
disposal and will be carried further in the evaluation of process options. 
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M.4.0 EVALUATION OF TECHNOLOGIES AND 
PROCESS OPTIONS FOR GROUNDWATER 

In this section of Appendix M, the technologies and process options which have passed the initial 
screening' are considered for further evaluation. The purpose of the evaluation is to obtain a 
reasonable number of process options to combine into remedial alternatives in Section 4.0 of this FS. 
The technologies and process options remaining after the initial screening for perched and Great 
Miami Aquifer groundwater were evaluated based on effectiveness,. implementability, and cost. The 
process options within each technology type were then compared, and the preferred or representative 
process options were selected for incorporation into remedial action alternatives. 

Table M.4-1 summarizes the results of the evaluation of technologies and process options for perched 
and Great Miami Aquifer groundwater. Shaded areas in this table represent those process options 
andor technologies that have been eliminated from further consideration. Tables M.4-2 and M.4-3 
present the technologies and process options that will be retained for consideration in the development 
of remedial alternatives for perched groundwater and Great Miami Aquifer groundwater, respectively. 
In these-tables, the technologies are organized according to the general response actions developed in 
Section 3.1 of this FS. Retained process options are listed by type (primary or support, and 
representative). 

Following is a description of the evaluation process for each of the groundwater technologies and 
process options which passed the initial screening procedure in Section M.2.0. 

M.4.1 NO ACTION 
The no-action general response is retained for development into an alternative as required by 
CERCLA. It is considered to provide a baseline level to which other remedial technologies and 
alternatives can be compared. Under this scenario, no containment, removal, or treatment of the 
contaminants in any groundwater would occur. Additionally, it is assumed that any existing 
institutional controls would be discontinued and the property released for unrestricted use. 

Effectiveness: The no-action response would not achieve any of the remedial action 
objectives nor provide for the adequate long-term protection of human health. This 
response would not attain human health-based goals or comply with ARARs. The 
contaminated groundwater plumes will continue to enlarge and thereby contaminate 
currently unaffected areas. The no-action option would provide no additional reduction 
in the toxicity, mobility, or volume of contaminants in the Great Miami Aquifer and 
perched groundwater other than that offered by the natural environment. Over time, the 
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M.4.0 EVALUATION OF TECHNOLOGIES AND 
PROCESS OPTIONS FOR GROUNDWATER 

In this section of Appendix M, the technologies and process options which have passed the initial 
screening are considered for further evaluation. The purpose of the evaluation is to obtain a 
reasonable number of process options to combine into remedial alternatives in Section 4.0 of this FS. 
The technologies and process options remaining after the initial screening for perched and Great 
Miami Aquifer groundwater were evaluated based on effectiveness,. implementability, and cost. The 
process options within each technology type were then compared, and the preferred or representative 
process options were selected for incorporation into remedial action alternatives. 

- 
Table M.4-1 summarizes the results of the evaluation of technologies and process options for perched 
and Great Miami Aquifer groundwater. Shaded areas in this table represent those process options 
andor technologies that have been eliminated from further consideration. Tables M.4-2 and M.4-3 
present the technologies and process options that will be retained for consideration in the development 
of remedial alternatives for perched groundwater and Great Miami Aquifer groundwater, respectively. 
In these'tables, the technologies are organized according to the general response actions developed in 
Section 3.1 of this FS. Retained process options are listed by type (primary or support, and 0 ' representative). 

Following is a description of the evaluation process for each of the groundwater technologies and 
process options which passed the initial screening procedure in Section M.2.0. 

M.4.1 NO ACTION 
The no-action general response is retained for development into an alternative as required by 
CERCLA. It is considered to provide a baseline level to which other remedial technologies and 
alternatives can be compared. Under this scenario, no containment, removal, or treatment of the 
contaminants in any groundwater would occur. Additionally, it is assumed that any existing 
institutional controls would be discontinued and the property released for unrestricted use. 

Effectiveness: The no-action response would not achieve any of the remedial action 
objectives nor provide for the adequate long-term protection of human health. This 
response would not attain human health-based goals or comply with ARARs. The 
contaminated groundwater plumes will continue to enlarge and thereby contaminate 
currently unaffected areas. The no-action option would provide no additional reduction 
in the toxicity, mobility, or volume of contaminants in the Great Miami Aquifer and 
perched groundwater other than that offered by the natural environment. Over time, the 
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Remedial 
Technology Process Option 

TABLE M.4-2 

SUMMARY OF RETAINED PERCHED GROUNDWATER 
TECHNOLOGIES AND PROCESS OPTIONS 

Representative 
Primiiry Support Process Option a 

243 

Leachate monitoring 

Surface water monitoring 

General 
Response Action 

No Action 

Institutional 
Controls 

Containment 

Removal 

Treatment 

Disposal/ 
Discharge 

X X 

X X 

Deed restrictions 

Continued Federal ownership 

None I Not applicable 1 x 1  I II 

X X 

X X 

Monitoring 

Capping 

Subsurface Water 
Control 

I Groundwater monitorine I 1 x 1  X II 

Multilayer cap X X 

Vertical slurry walls X 

PhysicaUCheinical 

On-Property 

Access/Use 
Restrictions 

Treatment by Advanced X X 
Wastewater Treatment Facility 
( A T )  

Beneficial reuse X X 

II ~ ~~~~ I Phvsical barriers I 1 x 1  X 

~~ 

Subsurface Water 
Extraction 

Collection trench/ 

I Chemical precipitation 1 x 1  I II 

0 ff-Property Discharge to the 
Great Miami River I x I  I ll 

a The representative primary process options have been selected for incorporation into the remedial alternatives. Their 
selection does not preclude the use of  the other retained process options in the remedial design. 
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Remedial 
Technology 

None 

a March 22, 1995 

Representative 
Process Option Primary Support Process Option a 

Not applicable X 

TABLE M.4-3 

SUMMARY OF RETAINED GREAT MIAMI AQUIFER GROUNDWATER 

Surface water monitoring 

Alternate water supply 

Physical barriers 

Deed restrictions 

Continued Federal ownership 

243 

X X 

X X 

X X 

X X 

X X 

TECHNOLOGIES AND PROCESS OPTIONS 

X 

X 

General 
Resmnse Action 

X X 

X X 

X X 

X 

X 

X X 

Surface/subsurface discharge X 

Discharge to the Great Miami 
River 

X X 

No Action 

Institutional 
Controls 

Monitoring Groundwater monitoring I 1 x 1  X 

AccesslUse 
Restrictio ns 

Containment Capping Multilayer cap X 

Removal Subsurface Water 
Extraction 

Vertical extraction wells X I  I X 

Directional extraction wells X 

X Treatment In Situ Vapor sparging 

Physical Equalization 

Sedimentationlclarifcation 

Multimedia filtration 

Adsorption 

Ion exchange Chemical 

Coagulation/flocculation 

Neutralization 
(pH adjustment) 

X I x I  
Disposal/ 
Discharge 

On-Property Beneficial reuse X I x I  
On-Property1 
Off-Property 

0 ff-Pro perty 

a The representative primary process options have been selected for incorporation into the remedial alternatives. Their 
selection does not preclude the use of the other retained process options in the remedial design. 
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potential for exposure would increase as contaminants continue to be released to the 
groundwater. The degree of contamination in the groundwater would decrease through 
natural attenuation and dilution over a long period of time (i.e., greater than lo00 years) 
provided that no new sources of contamination were generated. 

Imdementability : There are no implementability considerations associated with the no- 
action scenario. 

- Cost: Because no action would be taken at the site, there would be no capital or 
operations and maintenance (O&M) costs. 

As required by the NCP, the no-action response is retained for further evaluation as a baseline 
comparison for other remedial action alternatives. 

M.4.2 INSTITUTIONAL CONTROLS 
The technologies considered for institutional controls include monitoring and accessluse restrictions. 

M.4.2.1 Monitoring Technolovies 
Process -options evaluated under the monitoring technology include: 

Groundwater monitoring 
Leachate monitoring 
Surface water monitoring. 

Groundwater Monitoring 
Groundwater monitoring is applicable to both perched and Great Miami Aquifer groundwater. 
Sampling and analysis of groundwater throughout the area of potential contamination could be used to 
evaluate migration of contaminants, as well as the potential for contamination of on-site and nearby 
residential, municipal, and commercial wells. Monitoring of both perched and Great Miami Aquifer 
groundwater can also be helpful in evaluating the progress of other remedial activities. ' 

Effectiveness: Groundwater monitoring would not reduce the toxicity, mobility, or 
volume of contaminants in the Great Miami Aquifer or perched groundwater. Also, 
monitoring would not provide any additional protection of the environment since the 
contaminant plumes would continue to spread into uncontaminated or less contaminated 
areas. By serving as an early warning detection mechanism, periodic groundwater 
monitoring would enable users to discontinue use of groundwater if a threat of 
contamination arose in the area. Monitoring will also be helpful in measuring and 
evaluating the effectiveness of groundwater recovery systems. Potential impact on 
human health and the environment during construction and implementation would be 
negligible. Exposure for sampling and analytical personnel would also be negligible. 
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Imulementability: A large number of monitoring wells currently exist within the FEMP 
site boundaries and on neighboring properties. Additional wells could be installed if 
needed since the required equipment and services are readily available. 
administrative complexities, including permit applications, are envisioned for monitoring 
well installation. 

0 - Cost: For groundwater monitoring only, capital and O&M costs would be relatively 
low. Capital costs would include the installation of additional monitoring wells. O&M 
costs would include well maintenance, sampling, laboratory analysis, and data 
validatiodmanagement . 

Minimal 

Groundwater monitoring would be effective and readily implementable in facilitating the observation 
of contaminant migration but not in controlling it. As a result, it will be retained as a support option 
to be used in conjunction with other process options in the formation of remedial alternatives. 

Leachate Monitoring 
Leachate monitoring is applicable to perched groundwater. Sampling and analysis of on-property 
perched leachate streams, where perched groundwater discharges to surface water, could be used to 
evaluate. the progress of other remedial activities. 

Effectiveness: Leachate monitoring would not reduce the toxicity, mobility, or volume 
of contaminants in the perched groundwater. Also, monitoring would not- provide any 
additional protection of the environment since the contaminated perched groundwater 
would continue to migrate into the Great Miami Aquifer. Monitoring would be helpful 
in measuring and evaluating the effectiveness of perched water remedial actions. . 

Potential impacts on human health and the environment during construction and 
implementation would be negligible. Exposure for sampling and analytical personnel 
would also be negligible. 

Imulementability : Leachate monitoring is easily implementable. It only involves the 
sampling and analysis of collected leachate seeps or streams. Equipment and services 
are readily available. 

- Cost: For leachate monitoring only, capital and O&M costs would be relatively low. 
Capital costs would include the possible installation of a few collection sumps. O&M 
costs would include sampling, laboratory analysis, and data validatiodmanagement. 

Leachate monitoring would be effective in observing, but not controlling contaminant migration. 
Leachate monitoring would be implementable. As a result, leachate monitoring will be retained as a 
support option for perched groundwater to be used in conjunction with other process options in the 
formation of remedial alternatives. 
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Surface water monitoring is applicable to perched and Great Miami Aquifer groundwater which has 
been removed and brought to the surface for treatment. Sampling and analysis of treated 
groundwater, process wastewater, and collected storm water would be required for any water 
discharged to local surface streams. Surface water monitoring can also be helpful in evaluating 
potential surface water contaminant migration and the effectiveness of remedial treatment activities. 

Effectiveness: Surface water monitoring would not reduce the toxicity, mobility, or 
volume of contaminants in the surface water. Also, monitoring would not provide any 
additional protection of the environment since the contaminated surface water would 
continue to migrate to off-site areas. Monitoring will be helpful in measuring and 
evaluating the effectiveness of treatment for all groundwater and other wastewater. 
Potential impacts on human health and the environment during implementation would be 
negligible. Exposure for sampling and analytical personnel would also be negligible. 

Imdementability: Surface water monitoring is implementable. Discharges of treated 
effluent typically require continuous monitoring of the discharge stream for flow rate 

. and pH, as well as composite sampling and analysis for other contaminants. These 
monitoring systems are fairly commonplace and are often built into the treatment plant 
design. Equipment and services are readily available. While CERCLA response 
actions are exempt from administrative requirements like NPDES permits, the 
substantive information typically found on permit applications would be required to be 
provided to the state for any proposed point source discharges to the Great Miami River 
or Paddys Run. 

- Cost: For surface water monitoring only, capital and O&M costs would be relatively 
low. Capital costs would include the installation of an automated sampling and 
monitoring system. O&M costs would include labor to collect samples for laboratory 
analysis, and data validation and management. 

Surface water monitoring would be effective. Treatment effectiveness and contaminant migration 
could be observed, but not controlled. Monitoring would be implementable. As a result, it will be 
retained as a support option to be used in conjunction with other process options in the formation of 
alternatives. 

M .4.2.2 Access/Use Restrictions 
Process options evaluated under accessluse restrictions include: 

Alternate water supply 
Physical barriers 
Deed restrictions 
Continued federal ownership. 
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Alternate Water SUDD~Y 
The alternate water supply is applicable to off-property Great Miami Aquifer groundwater. Alternate 
water supplies would also be provided to potential future FEMP property users if areas were released 
for unrestricted use following remedial actions. At this time, alternate water supply or point-of-use 
treatment systems are being supplied to residences which have been affected by the contaminant 
migration in the South Plume area. The FEMP is currently participating with Hamilton County, Ohio 
in the installation of a public water distribution system to homeowners potentially impacted by the 
contaminated plume. Continued use or expansion of the water supply system could be used as a 
process in support of the active aquifer restoration or groundwater containment options. 

Effectiveness: Alternate water supplies would not reduce the toxicity, mobility, or 
volume of contaminants in the groundwater. However, by supplying other water 
sources, this process option would reduce the potential long-term risk to human health 
associated with ingestion or inhalation of groundwater contaminants by limiting 
exposure. Potential short-term impact on human health and the environment during 
construction and implementation of a distribution system would be negligible. 

Imdementability: The extension of an existing distribution system to affected areas off 
the FEMP property is currently in progress. The continuation of supplying bottled 
water to affected well users until the extended distribution system is completed has been 
easily implemented as an interim measure. The extension of this proposed system, as 
required, is implementable. 

- Cost: For the alternate water supply option, capital costs associated with system 
expansion would be moderate while O&M costs would be low to moderate. Capital 
costs would include supply wells, trunk lines, pump stations, and distribution lines, plus 
all excavation and construction costs. O&M costs would include well and line operation 
and maintenance, water monitoring, and data management. 

Alternate water supplies would be effective and will be retained for further consideration as a support 
option for Great Miami Aquifer groundwater to be used in conjunction with other process options in 
the formation of alternatives. 

Physical Barriers 
Fencing and security forces are currently employed as physical barriers around the entire FEMP 
property. Because treated Great Miami Aquifer and perched groundwater may be discharged off- 
property, a totally enclosed outfall line has been constructed. Also, because monitoring wells extend 
beyond property boundaries, physical barriers such as fences, gates, ropes, and signs must be 
employed as appropriate for those monitoring wells. 

Effectiveness: Physical barriers would not reduce the toxicity, mobility, or volume of 
contaminants in the water media; however, they would reduce the potential risk to 
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human health by limiting potential exposure to contamination. Potential impact on 
human health and the environment during construction and implementation would be 
negligible. 

Imulementability : Physical barriers can be constructed quickly and safely. Equipment 
and services are readily available. Approval from regulatory agencies is not required. 

- Cost: Capital costs would be low. Capital costs would only include the cost of the 
barrier itself and installation costs. O&M costs would be negligible. 

Physical barriers would be effective and are easily implementable. This support process option will 
be retained to support other remedial actions for all groundwater in the formation of alternatives. 

Deed Restrictions 
Deed restrictions limit the use of land during and after remediation by placing restrictions on property 
deeds. These restrictions may limit future activities, such as placement of new wells or certain types 
of construction. This process option would be applicable to all groundwater. 

0 -  Effectiveness: Deed restrictions could attempt to ensure that no new wells would be 
installed in the contaminated plume, thereby reducing the potential risk to human health 
associated with ingestion or inhalation of groundwater contaminants by limiting 
exposure. This process option could also be applied to-perched groundwater to ensure 
that it is restricted from certain types of use. However, these restrictions are difficult to 
enforce without the application of additional controls, and would not reduce the toxicity, 
mobility, or volume of contaminants in the groundwater. 

Imulementability: Deed restrictions could be implemented readily for federally owned 
land. Obtaining deed restrictions for affected off-property areas would not be 
implementable. 

- Cost: Because no action would be taken at the site, capital and O&M costs would be 
negligible. 

This option may be used to support other technologies to restrict future use of the Great Miami 
Aquifer and perched groundwater. Deed restrictions will be retained for further consideration in the 
formation of alternatives. 

Continued Federal Ownershiu 
Continued federal ownership is applicable to on-property perched and Great Miami Aquifer 
groundwater. This process option could restrict or eliminate on-property'groundwater usage by the 
federal government continuing to exercise its rights as the property owner. The property owner 
would continue custodial oversight of the property through the DOE or another government entity. 
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Continued federal ownership could be used as a support process to active aquifer restoration or 
groundwater containment options. 

Effectiveness: Continued federal ownership would not reduce the toxicity, mobility or 
volume of contaminants in the groundwater; however, it would reduce the potential risk 
to human health by using property ownership rights to limit potential exposure 
associated with ingestion or inhalation of contaminants contained in on-property 
groundwater. This process option would not reduce the potential risks associated with 
off-property groundwater. 

ImDlementability: This option is readily implementable as it represents the continuation 
of the existing situatiod. 

- Cost: Because no action would be taken at the site, capital and O&M costs would be 
negligible. 

Continued federal ownership is not feasible as a stand-alone option because it cannot address off- 
property groundwater contamination. However, this option may be used in conjunction with other 
technologies to restrict future uses of the on-property groundwater. This option would also ease the 
implementation of other institutional controls such as monitoring, deed restrictions, and physical 
barriers. Continued federal ownership is applicable to both perched and Great Miami Aquifer 
groundwater and will be retained for further consideration as a support option in the formation of 
alternatives. 

M.4.3 CONTAINMENT 
The technologies considered for containment include capping and subsurface water control. 

M.4.3.1 Caming Technologies 
The only process option evaluated under the capping technology is a multilayer cap. 

Multilayer CaD 
Multilayer capping involves the installation of a multiple-layer barrier over the surface of the 
contaminated area. This process option is applicable to perched and Great Miami Aquifer 
groundwater, where it can be used to control direct contact exposure and reduce the migration of 
contaminants. The multilayer cap would consist of a combination of low permeability materials such 
as clay, concrete, asphalt, and synthetic membranes. 

The current design standards for mixed low-level radioactive and hazardous waste disposal cell caps 
commonly include: an outer rock or vegetative layer to minimize erosion and provide for long- term 
stability; a filter and drainage layer that transmits infiltrated water away from underlying low- 
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permeability layers to prevent ponding; and an impervious flexible membrane overlying a compacted 
low-permeability clay layer. 

Effectiveness: Multilayer capping is effective in controlling contaminant migration by 
limiting the infiltration of water and subsequently the leaching of soil-bound 
contaminants into groundwater, as well as minimizing water and wind erosion. Capping 
will also minimize direct contact with contaminated surface soil, thus reducing dermal, 
ingestion, and direct radiation exposures. Capping will reduce the migration of 
contaminants from the soil to perched groundwater and the Great Miami Aquifer by 
reducing the amount of infiltration. The COCs present in soil which are predicated to 
impact groundwater include radionuclides such as uranium, neptunium, strontium, and 
technetium; organics such as methylene chloride and tetrachloroethene; and inorganics 
such as mercury and arsenic. The migration of these contaminants would be effectively 
reduced by a multilayer cap. The process does not provide for reductions in toxicity, 
mobility, or volume of contaminants, but does reduce the potential for contaminant 
migration through decreasing infiltration into the soil column. During remedial 
activities, fugitive emissions would have to be controlled by using dust suppressants and 
proper personal protective equipment (PPE) to minimize effects on human health and 
the environment. Multilayer capping is a proven and reliable process which would 
ensure the long- term isolation of contaminants. Inspection of the capping system and 

. some continued maintenance may be necessary to ensure long-term effectiveness and the 
ability of the cap to meet the required 1000-year design life. 

ImDlementability: Materials, equipment, and skilled personnel required for the 
installation of a multilayer cap are readily available. Some earthwork may be required 
to achieve proper slopes for surface water runoff control. Because the top of a 
completed cap would be approximately four feet above current ground elevation, 
interferences with existing structures may present a problem. This process option could 
be used in conjunction with deed restrictions and/or continued federal ownership in 
order to limit the future usage or intrusion of the capped areas. 

- Cost: The capital cost for multilayer cap construction is expected to be moderate. The 
capital costs include materials and installation and are dependent on the extent of the 
area to be covered. O&M costs, including repairs and periodic inspections, are 
expected to be low. 

Multilayer caps used in conjunction with other processes could attain remedial action objectives and 
comply with ARARs. The process option would significantly reduce the potential for migration of 
con taminants to the groundwater through reduction in amounts of leachate generated and through 
erosion control. Therefore, multilayer capping will be retained as a primary representative process 
option for incorporation into remedial action alternatives. It will also minimize direct contact with 
contaminapxi soil and resultant exposures through dermal ingestion and direct radiation exposures. 
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M.4.3.2 Subsurface Water Control Technologies 
Process options evaluated under the subsurface water control technology include: 

Vertical slurry walls 
Horizontal slurry barrier 
Subsurface drains 
Sheet piling 
Pumping wells. 

Vertical Slum Walls 
Vertical slurry walls are low-permeability barriers that restrict horizontal movement of contaminants 
below the ground surface. Slurry walls could be used to restrict the horizontal movement of perched 
groundwater or leachate from a contaminant source. Vertical slurry walls could be used in 
conjunction with other containment options such as caps .and horizontal barriers to control leachate 
generation or to isolate various perched groundwater pockets at the FEMP site. Slurry walls can be 
constructed by excavating a narrow trench and backfilling with a low hydraulic conductivity material 
or by "jetting" a soil- or cement-bentonite mixture into the soil. 

Effectiveness: Vertical slurry walls are a proven and reliable process for temporary 
localized containment of contamination. Vertical slurry walls would be used to reduce 
the lateral migration of the COCs within the perched groundwater. A slurry wall would 
be effective in reducing the lateral migration of inorganics such as cadmium, cyanide, 
lead, and manganese, and organics such as trichloroethene, tetrachloroethene, and 
methylene chloride. Organics at the FEMP site are sufficiently low in concentration 
that compatibility with the grouting material should not be a problem. Migration of 
radionuclides such as uranium, technetium, and neptunium should also be reduced; 
however, long-term effectiveness concerning the reduction of contaminant migration is 
unknown. Monitoring would be required to verify effectiveness over the long term. 
There would be minimal impacts to human health and the environment during the 
installation of a vertical slurry wall. The process option does not provide reductions in 
toxicity, mobility or volume of contaminants, but it does reduce the potential for the 
migration of the contaminants by impeding groundwater movement. This process 
should be used with capping, or capping and a horizontal barrier, to'be more effective 
and reliable. 

Imulementability: Construction of vertical slurry walls is relatively simple, and 
materials and equipment are readily available. At depths from 75 to 150 feet, 
installation becomes more difficult and therefore more costly. However, depths of 
perched water zones at the FEMP site are not expected to exceed 35 to 40 feet. 

- Cost: The capital cost for construction of a vertical slurry wall is estimated to be 
moderate for the expected depth of about 35 feet required for many of the FEMP 
perched groundwater zones. Capital cost includes materials and construction and 
backfilling of the slurry wall trench, and is dependent on the depth and the linear 
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footage required. O&M costs, which should be limited to monitoring of the 
p e r f o m c e  of the wall and making periodic repairs, are expected to be low. 

Vertical slurry walls will be retained as a support option in the formation of alternatives, to be used in 
conjunction with other process options such as caps in order to control leachate generation or to 
isolate various perched groundwater pockets. 

Horizontal S l u m  Barrier 
Horizontal slurry barriers are used to restrict vertical flow of groundwater and thus isolate subsurface 
soil contamination. Horizontal barriers are formed by pumping a slurry made up of a soil or cement, 
bentonite, and water mixture into notched injection holes enabling the formation of a barrier beneath 
an area of contamination. In order to form a horizontal layer beneath an area of contamination, 
injection holes must be drilled either directionally from the site perimeter or down through the 
contaminated area along a predetermined grid pattern. This bottom barrier, used in conjunction with 
vertical slurry walls and a cap, can effectively isolate an area of contamination. Due to the depth 
limitations for this process option, it could only be used to isolate perched groundwater zones at the 
FEMP site. - 

Effectiveness: A horizontal slurry barrier would reduce the migration of contaminants 
from the soil to the perched groundwater and the Great Miami Aquifer by reducing the 
amount of infiltration. The COCs present in soil which are predicted to impact 
groundwater include radionuclides such as uranium, neptunium, strontium and 
technetium; organics such as methylene chloride and tetrachloroethene; and inorganics 
such as mercury and arsenic. Organics at the FEMP site are sufficiently low in 
concentration that compatibility with the grouting material should not be a problem. 
The migration of these contaminants would be reduced if the barrier is installed 
properly. Installation would have to be conducted so as to form a continuous barrier to 
prevent preferential migration pathways. Horizontal slurry barriers are difficult to 
monitor with respect to their reliability. There would be minimal impacts to human 
health and the environment during the installation of a horizontal slurry barrier. The 
process would not provide reductions in toxicity, mobility, or volume of contaminants, 
but it does reduce the potential for migration of these constituents. This process should 
be used with capping, or capping and a vertical barrier to be more effective. 

Imdementability: Construction of horizontal slurry barriers is relatively difficult, as it 
involves specialized techniques and equipment. 

- Cost: The capital cost for construction of a horizontal slurry barrier is estimated to be 
high for the F E W  perched groundwater zones. It includes mobilization of specialized 
equipment, slurry injection into predrilled holes, and would be dependent upon depth 
and the area of the barrier. O&M costs, which should be limited to periodic repairs and 
monitoring of the performance of the barrier, are expected to be low. 
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Horizontal slurry barriers will be eliminated from further consideration as a process option to address 
groundwater contamination due to questionable reliability and difficulty in construction. 

Subsurface Drains 
Subsurface drains include any type of buried conduit used-to collect, convey, or divert water or 
leachate by gravity fl-ow. A subsurface drainage system often uses perforated drain pipe or a gravel 
bed to convey flow to a storage tank or sump for further processing. Due to the depth limitations of 
subsurface drains, this process option would only be applicable to perched groundwater at the FEMP 
site. 

Effectiveness: Subsurface drainage systems can be effective in the collection and 
containment of contaminated subsurface water; however, for full effectiveness, the 
drains should be designed before the placement of waste at a site rather than afterwards, 
as is the case at the FEMP site. Subsurface drains do not provide reductions in toxicity, 
mobility, or volume of contaminants. They reduce but do not eliminate the potential for 
vertical migration of these constituents. Short-term fugitive dust emissions would be of 
some concern to construction workers during the trenching operations. 

Imdementability: Construction of drains beneath a contaminated soil area can be 
somewhat difficult, but achievable. Limitations on depth exist. The materials and 
equipment are readily available. Collected leachate may require treatment before 
discharge to the local surface stream. 

- Cost: Capital costs would be low to moderate and O&M costs would be low. Capital 
costs would include the installation of conduits, pumps, and any collection tanks or 
sumps. O&M costs would involve mostly pump maintenance and monitoring costs. 

Subsurface drainage systems are usually not as effective as other process options, especially for the 
control of groundwater flow through vertical migration. This process option will be eliminated from 
further consideration. 

Sheet Piling 
The construction of sheet piling involves driving interlocking piles into the ground with a pneumatic 
or steam-driven pile driver. In some cases the piles are pushed into predug trenches. Lengths of the 
piles are commonly in the 4 to 40 foot range. Sheet piling can be used to control leachate generation 
where wastes are deposited in contact with a permanent or seasonal water table. 

Effectiveness: Sheet pilings would not be effective in controlling short term leachate 
migration. When first placed into the ground, sheet piling cutoffs are very permeable, 
as the loose edge interlocks allow for easy passage of water. With time, fine soil is 
washed into the seams resulting in a reduction of water flow. However, the time 
required for this sealing depends upon the nature of the soil and the flow of water 
through the wall seams. The wall may never seal tightly because the vertical barrier to 
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control leachate migration will be installed above the water table. This would produce 
minimal flow of water through the void spaces of the piling causing the primary COCs 
in the groundwater, such as uranium, to continue to migrate. Also, sheet pilings are 
prone to corrosion over the long term. 

Imulementability: Sheet pilings can be installed from the surface by using a pile driver. 
Materials, equipment and labor are readily available. 

- Cost: Both capital costs and O&M costs for sheet piling would be low. Capital costs 
include materials and installation and would be dependent on the length and depth of 
piling required. O&M costs would be negligible. 

Sheet piling will be eliminated from further consideration due to questionable effectiveness. 

Pumuiner Wells 
Pumping wells are a series of wells, completed in overburden deposits, used to capture contaminated 
water in order to contain or reduce a groundwater contamination plume. The wells may either extract 
or inject water to achieve the objective. Pumping wells could be applicable to the Great Miami 
Aquifergroundwater at the FEMP site. One or more recovery systems, each consisting of several 
pumping wells, could be configured to accomplish the reduction and/or containment of contamination 
~ ~~ 0 plumes within the Great Miami Aquifer. 

Several modeling studies (see Appendix F.7.0) were performed at the FEMP site to preliminarily site 
and size groundwater remediation systems in the Great Miami Aquifer using the Sandia Waste 
Isolation Flow and Transport (SWIFT) model. The results of the modeling studies indicated that the 
optimum restoration of on- and off-property groundwater to 20 ppb uranium concentration in the 
Great Miami Aquifer could be accomplished twice as fast as the optimum on-property containment 
scenario. The on-property containment scenario provides for establishing a hydraulic barrier at the 
FEMP property boundary to prohibit off-property migration of on-property Great Miami Aquifer 
contaminants, at the same time that the off-property Great Miami Aquifer is restored to 20 ppb 
uranium concentration. The SWIFT model indicated that the optimum total restoration scenario to 20 
ppb uranium would meet stated cleanup goals within 30 years while the containment scenario to 
20 ppb uranium could require over 100 years to meet stated cleanup levels. 

Effectiveness: Pumping wells are a proven and reliable process for.containment of 
groundwater contamination. All of the COCs present in the groundwater could be 
effectively extracted and contained with the pumping wells. A number of wells, which 
could be used for this application, currently exist in the South Plume at the FEMP site. 
There would be minimal impacts to human health and the environment during the 
installation of required pumping wells. This option does not address reduction in 
toxicity or mobility of contaminants, but it does reduce the contaminant volume and 
potential for migration through containment. Containment by pumping wells is effective 
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in diverting contamination away from receptor wells, but would have to be used in 
conjunction with treatmentJdisposal technologies to achieve remedial goals, which would 
require a longer time to achieve than the corresponding removal/restoration options. 

ImDlementabilitv: Construction of pumping wells is relatively simple, and materials 
and equipment are readily available. Discharge monitoring, and potentially a state 
NPDES permit, may be required before implementing the pumping well system for 
Great Miami Aquifer. 

- Cost: For pumping wells, capital and O&M costs would be low to moderate. Capital 
costs would include the installation of additional wells, pumps, and monitoring 
equipment as required. O&M costs would include electricity and maintenance of wells, 
pumps, instrumentation, and other equipment. 

- 
A series of pumping wells could be used as a containment system for contaminated groundwater in 
the Great Miami Aquifer; however, it would require a much greater amount of time to reach remedial 
goals than corresponding removal/restoration systems. Therefore, this process option will not be 
retained for incorporation into remedial action alternatives. 

M.4.4 kEMOVAL 
The only technology considered for removal is subsurface water extraction. 

M.4.4.1 Subsurface Water Extraction Technologies 
Process options evaluated under the subsurface water extraction technology include: 

Vertical extraction wells 
Directional extraction wells 
Collection trenchFrench drain 
Excavation 
Electroosmosis. 

Vertical Extraction Wells 
Vertical extraction wells are a series of wells, completed in overburden deposits, used to capture 
contaminated water in order to contain and remove a groundwater contamination plume. These wells 
are designed and located to provide optimum efficiency in capturing contaminated water while 
minimizing the collection of uncontaminated water. Vertical extraction wells would be applicable to 
both Great Miami Aquifer and perched groundwater at the FEMP site. As previously discussed in 
Section 1.0 of this FS, an extraction well system is presently operating at the leading edge of the 
South Plume. This system has been designed to provide sufficient capacity for the installation of 
additional recovery wells. Recovered water is directed to the FEMP site for treatment through a 
single discharge line. 
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Effectiveness: Vertical extraction wells are a proven and reliable process for removal 
of contaminated groundwater. The COCs present in the groundwater would be 
effectively removed using vertical extraction wells. Many wells, which could possibly 
be used for this application, currently exist in and around the FEMP site. There would 
be minimal impacts to human health and the environment during the installation of 
additionally required extraction wells. Modeling studies indicate that a time frame of 27 
years would be required to meet remedial goals using vertical extraction wells in 
multiple groundwater recovery systems for the purpose of remediating the Great Miami 
Aquifer. Vertical extraction wells would be more effective in removing contaminated 
groundwater from the Great Miami Aquifer than from the perched groundwater zones, 
which would have slower recharge rates. Modeling results (see Appendix F.6.0) 
indicate that more than 3000 wells would be required to reduce uranium concentrations 
below 20 ppb in the perched zones within a 35 year time frame. 

Implementability: 
materials and equipment are readily available. Additional easements will likely be 
required before extending the extraction well system and discharge line, if required, for 
off-property areas. 

- 
Construction of vertical extraction wells is relatively simple, and 

- Cost: For vertical extraction wells, capital and O&M costs would be moderate for 
_ _  Great Miami Aquifer groundwater removal and relatively low for perched groundwater 

removal. Capital costs would include the installation of additional wells, pumps, 
'conveyance lines, piezometers, and monitoring equipment as required. O&M costs 
would include electricity and maintenance of wells, pumps, instrumentation, 
groundwater monitoring and monitoring of piezometers (drawdown). - 

Vertical extraction wells could be used to effectively remove contaminated Great Miami Aquifer 
groundwater. Therefore, this process will be retained for incorporation into remedial action 
alternatives as the representative option for subsurface water extraction technologies for Great Miami 
Aquifer groundwater. 

A variation of extraction well operation called pulse pumping involves the cycling of well pumps on 
and off in active and resting phases. Pulse pumping could eliminate the later stage decline in 
contaminant loads discharged by extraction wells under a steady state operation, and could prevent the 
formation of stagnation zones associated with the continuous pumping of wells. This may be an 
applicable technique to be used in conjunction with extraction wells to remove maximum contaminant 
concentrations in the Great Miami Aquifer with the minimum volume of extraction required. Pulse 
pumping will be retained as a potential variation of the extraction well operation as a method of 
reducing the time required for remediation. 

Due to the heterogeneity of the glacial overburden and the hydrogeologic properties of the perched 
zones, a range of process options are potentially necessary to .address the removal of contaminated ' 
groundwater in the perched zones. Although vertical extraction wells could not realistically restore 
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the entire perched groundwater zone in a timely manner, they are considered a feasible process which 
could be applied under certain conditions to the various perched water zones. Therefore, this process 
option is being retained in tandem with other viable extraction options as a potential support process 
for addressing perched water. 

Directional Extraction Wells 
Directional extraction wells are basically the same as vertical extraction wells except that they are 
directionally rather than vertically drilled. The major advantage is that they can pump from a greater 
area than vertical wells and, therefore, would require a smaller number of wells to be installed for the 
same application. This option would apply to Great Miami Aquifer groundwater and could also be 
applied to perched groundwater zqnes. 

Effectiveness: Directional extraction wells are a proven and reliable process for 
removing contaminated water. There would be minimal impacts to human health and 
the environment during the installation of directional extraction wells. They are 
effective in diverting contamination away from receptor wells, but would have to be 
used in conjunction with treatment/disposal technologies to achieve remedial goals. 

Imulementability: Construction of directional wells is more difficult than the 
construction of vertical wells, but this process has proven to be very effective in similar 
applications. 

- Cost: For directional extraction wells, capital and O&M costs would be more expensive 
than for vertical extraction wells. Capital costs would include the installation of 
additional wells, pumps, and monitoring equipment as required. O&M costs would 
include electricity and maintenance of wells, pumps, instrumentation, and other 
equipment. 

243 The main advantage of directional extraction wells over vertical wells is that normally fewer would 
have to be installed to draw from the identical groundwater area. This advantage is somewhat 
negated by the fact that many vertical extraction wells, already in place in the groundwater zones, 

. . . . . . . . . . . . . .  . .. . . . . . . . . . 

Collection TrencWFrench Drain 
Collection trenches/French drains are trenches or buried conduits used for removal of water by 
gravity flow. This application is limited to relatively shallow depths,.but could be applied to certain 
perched water zones at the FEMP site. 
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Effectiveness: The collection trencMFrench drain option is a proven and reliable 
process. All the COCs present in the groundwater would be effectively removed using 
collection trenches and/or French drains. However, reliability of collection trenches 
falls off considerably at depths approaching 40 feet due to the difficulty of shoring 
during installation. This could present a problem at the FEMP site where it is 
anticipated that trenching depth requirements would vary between 20 to 40 feet, 
depending on the perched zone area under consideration. In addition, modeling studies 
indicate that up to 58,000 linear feet of trenches would have to be placed throughout the 
entire perched groundwater zone for effective remediation to less than 20 ppb uranium 
within the 35-year desired time frame. Also, short-term fugitive dust emissions would 
be of some concern to workers during the construction period. 

hmlementabilitv: Materials and equipment for this process option are readily available; 
however, skilled labor would be required as trenching depths approach 40 feet. The 
existence of tanks, buildings, or underground utilities tend to complicate the installation 
process. 

- 

- Cost: The capital costs associated with the construction and installation of collection 
trenches and associated collection sumps are expected to be moderate. O&M costs, 
which would include periodic inspections and maintenance, are expected to be low. 

Although this process option could not effectively remediate the entire perched groundwater zone in a 
timely manner, it may have limited applicability to certain shallow perched groundwater pockets 
where recharge rates are sufficiently high and no significant structures or underground utilities would 
interfere with the excavation procedure. The collection trencMFrench drain will be retained as a 
possible support option applicable to certain shallow pockets of perched groundwater at the FEMP 
site. 

0 

Excavation 
Excavatioddewatering involves the large scale removal of soil using traditional equipment such as 
backhoes, hydraulic excavators, bulldozers and front-end loaders, as appropriate, and the dewatering 
of the excavations by sump pumps to remove contaminated groundwater. At the FEMP site, this 
could be applicable to shallow perched water zones where the overburden containing contaminated 
groundwater can be excavated. This removal technique would be especially useful in those cases 
where excavation is also used to remove contaminated soil located above or adjacent to the saturated 
overburden. 

Effectiveness: Excavatioddewatering is a proven arid reliable process for removal of 
contaminated subsurface soil and groundwater. The process option would be effective 
in removing select saturated glacial deposits with contaminated perched groundwater. 
All the COCs present in the perched groundwater would be removed using excavation 
and dewatering. Short-te& fugitive dust emissions would be of some concern to 
workers during the excavation process. These risks could be reduced substantially by 
the use of PPE and dust suppressants. 
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Imdementability : The equipment necessary to perform excavation and dewatering of 
saturated overburden in the contaminated perched zones at the FEMP site is 
conventional and readily available. This procedure becomes more difficult as depths of 
contamination approach 40 feet; however, the depth of contaminated pockets of perched 
groundwater at the site are in the range of 25 to 40 feet. The general nature of the 
saturated overburden is such that dewatering should not be required before the 
excavation process. Excavation of soil beneath a building or structure may require 
bracing and/or shoring before implementation. 

- Cost: For excavation and dewatering, capital costs would be low and O&M costs 
would be negligible. Capital costs, which include skilled labor and equipment, would 
increase if buildings and/or other structures were located above or adjacent to the 
excavated overburden. 

Removal of contaminated water from perched zones by excavation and dewatering is a highly 
effective and implementable technique. Excavation will be retained for incorporation into remedial 
alternatives as a representative primary process option in conjunction with other identified perched 
water extraction options. As previously stated, a range of available process options must be 
maintained through the alternative development process to address the variable geologic conditions 
associatixi with the glacial till for the removal of perched groundwater. 

Electroosmosis 
Electroosmosis is a technique used for dewatering soil that contains significant .concentrations of 
ionized metals and inorganic contaminants. In this process an electrical field is applied to the soil or 
overburden to induce flow in a certain direction. Due to area limitations on this technology, it could 
only apply to shallow perched groundwater zones at the FEMP site. 

Effectiveness: Electroosmosis is a proven process used to dewater soil; however, it has 
seen very limited application at hazardous waste sites. Inorganic COCs present in the 
perched groundwater may be effectively removed using electroosmosis. (Treatability 
studies would be required to determine its effectiveness on specific COCs). The basic 
chemical reaction in electroosmosis causes the electrolysis of water which then leads to 
the formation of hydrogen gas. This reduction in hydrogen ion concentration in the 
saturated soil can increase the soil pH to 13 or greater. In addition, precipitation of 
salts and secondary minerals could decrease the effectiveness of this technology. 
Finally, any nonionic contaminants would remain in place. 

Implementability : Materials and equipment for this process option are readily available; 
however, skilled labor would be required for implementation. The existence of tanks, 
buildings, or underground utilities tends to complicate the installation process. 

- Cost: The capital costs associated with the installation of an electroosmosis system and 
associated collection sumps are expected to be moderate. O&M costs, which would 
include periodic inspections and maintenance and possible excessive electrical costs, are 
expected to be high. 
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There are several effectiveness and implementability concerns about electroosmosis. Therefore, it 
will be eliminated from further consideration as a removal process option for perched groundwater. 

M.4.5 TREATMENT 
The technologies considered for treatment include in situ treatment, physical treatment, chemical 
treatment, physicalkhemical treatment and biological treatment. 

M.4.5.1 In Situ Treatment Technologies 
The only process option evaluated under the in situ treatment technology is vapor sparging. 

VaDor SDarginq 
Vapor sparging could be applied to the Great Miami Aquifer as a support process option used to 
enhance the effectiveness of groundwater extraction technologies by increasing the solubility/mobility 
of uranium through oxidation to the hexavalent state, preferably in the carbonate form. Sparging with 
air or CO, could increase the mobility of uranium in a carbonate-rich groundwater matrix and should 
be an acceptable process option for the Great Miami Aquifer. 

Effectiveness: Vapor sparging, using air or C02, is a proven and reliable in situ 
process typically used to remove and enhance degradation of VOCs in unsaturated soil, 
but more recently has also been used as an oxidizer to assist in desorbing-certain metals 
from soil. This process could increase the mobility of uranium depending upon the 
amount of carbonates present in the groundwater, and therefore speed up contaminant 
plume remediation efforts in a pump and treat scenario. The reliability of vapor 
sparging decreases at greater depths. 

Imdementability: Materials, equipment, and labor for this process option are readily 
available as the air or CO, could be injected into the groundwater using a series of 
injection wells. Due to the sole-source drinking water status of the aquifer, obtaining 
the necessary regulatory approvals to perform sparging may be difficult. 

- Cost: The capital and O&M costs associated with air sparging are expected to be 
moderate to high, depending on whether air or C a  is used. Capital costs would 
include a system of injection fans, ducts, additional injection wells, and C02 storage 
tanks, if necessary. O&M costs would include equipment maintenance, electricity, 
periodic groundwater monitoring, and bulk liquid C02, if necessary. 

Vapor sparging has some questionable effectiveness and implementability concerns. Therefore, it will 
be eliminated as a representative process option in the formation of remedial alternatives; however, it 
may be used as a support option in conjunction with extraction and treatment techniques to decrease 
the time required for aquifer restoration by increasing the mobility of COCs such as uranium. 
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M.4.5.2 Physical Treatment Technologies 
Process options evaluated under the physical treatment technology include: 

Equalization 
SedimentatiodClarification 
Ultrafiltration 
Multimedia filtration 
Reverse osmosis 
Volatilization 
Adsorption. 

Eaualization 
Equalization, in the form of a holding tank or basin at the treatment plant inlet, allows for dampening 
of flow fluctuations and reduction of variations in chemical composition of the influent. This process 
option promotes a constant discharge rate and near-constant water quality to prevent flow surges or 
upset conditions that could affect downstream processes. Equalization could be applicable to all 
groundwater, process wastewater and collected storm water at the FEMP site. 

Effectiveness: Although equalization would not directly remove or treat inorganic, 
organic, and radionuclide COCs, it is a proven and reliable process that may be a 
necessary part of any treatment scheme at the site. Removal systems for both Great 
Miami Aquifer and perched groundwater will result in contaminated water of varying 
chemical composition and flow rates being received for treatment. Flow and chemical 
equalization may be required to dampen flow and COC concentration surges for select 
wastewater and groundwater streams to ensure the proper operation of downstream 
equipment. 

Imdementability: Equalization is readily implementable and could use existing facilities 
available at the FEMP site. 

- Cost: Capital costs and O&M costs are expected to be low. Capital costs include the 
installation of tanks or sumps and mixers. O&M costs would include equipment 
maintenance and electricity. 

Equalization would be effective in dampening flow and contaminant concentration surges and would 
be easily implementable. Therefore, this process has been retained as a support option for use in 
conjunction with other treatment process options in the formation of alternatives. 

SedimentatiodClarification 
Sedimentatiodclarification is -a process that removes the suspended solids from a liquid by producing 
quiescent hydraulic conditions, thus allowing the forces of gravity to settle out the settleable solids 
from suspension. This technology may be used as a support option in conjunction with precipitation. 
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groundwater. 

Effectiveness: Sedimentatiodclarification is a proven and reliable process which, when 
used by itself, will not reduce wastewater contaminant concentrations to sufficient levels 
to permit discharge. If precipitation is selected 'for the removal of radionuclide and 
inorganic COCs, a clarifierlthickener would be.used to collect and concentrate the 
precipitated solids before dewatering. No apparent short-term impact to human health 
and the environment would occur upon implementation of this option. 

ImDlementability : Sedimentatiodclarification is readily implementable and frequently 
designed into treatment systems as a part of the treatment scheme. 
require dewatering before off- or on-property disposal. 

Sludge would 

- Cost: Capital costs are expected to be moderate and O&M costs are expected to be 
low. Capital costs include the installation of the clarifierlthickener system. O&M costs 
would include electricity, maintenance of pumps and scraper mechanisms, and sludge 
handlingldisposal. 

The process option of sedimentatiodclarification has been retained as an inorganic treatment support 
option, to be used in conjunction with precipitation, in the formation of alternatives for all 
groundwater, process wastewater, and storm water requiring treatment before discharge. 

Ultrafiltration 
Ultrafiltration could be applicable for the removal of fine suspended or colloidal inorganic COC 
.particles, or any high molecular weight soluble organic COCs which are found in the perched 
groundwater, the contaminant plumes of the Great Miami Aquifer, process wastewater, or storm 
water. 

Effectiveness: Ultrafiltration is an emerging technology that is undergoing improvement 
and adaptation to numerous wastewater applications. Although this option could remove 
high molecular weight organic COCs in the dissolved state, these are not major COCs 
at the FEMP site, and they could be removed more efficiently by a process such as 
activated carbon adsorption. Fine suspended solid contaminants could also be removed 
by conventional filtration processes, which are more reliable. Ultrafiltration could not 
address the dissolved inorganics and radionuclides which are the major COCs for 
groundwater. No apparent impact to human health and the environment would occur 
upon implementation of this option. 

ImDlementability : Materials and specialized equipment for ultrafiitration are readily 
available; however; skilled labor would be required for implementation. In addition, 
residues generated by this treatment process require dewatering before on-property or 
off-property disposal. 
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Cost: Capital costs and O&M costs are expected to be high for ultrafiltration. Capital 
costs would include bench- and pilot-scale studies of various membrane types and design 
and construction of the system, while O&M costs would include equipment 
maintenance, membrane replacement, chemical additions, electricity, dewatering and 
disposal of sludge, and skilled operators. 

Ultrafiltration has several effectiveness concerns and implementability difficulties. Therefore, it will 
be eliminated from further consideration as a process option for the physical treatment of inorganics. 

Multimedia Filtration 
Multimedia filtration is a process using a porous medium to remove suspended solids from a liquid. 
The process could be applicable to all wastewater, storm water, and groundwater at the FEMP site as 
a pretreatment process to remove suspended solids before other treatment processes and/or for the 
final polishing of treated effluent. Filtration is especially useful in reducing conta'minant levels of 
particulate metals, radionuclide COCs, and organic COCs that are bound to suspended solid materials. 

Effectiveness: This technology is widely used and reliable for the removal of suspended 
- materials, and it can be staged to remove progressively smaller particles. These types 

of contaminants may not be easily and/or efficiently removed by other treatment 
methods such as reverse osmosis, ion exchange, or carbon adsorption, making filtration 
a common pretreatment step for those treatment processes. However, multimedia 
filtration is not effective in the removal of dissolved organic, inorganic, G d  
radionuclide COCs, and therefore could not achieve remedial goals by itself. No 
apparent impact to human health and the environment would occur upon implementation 
of this option. 

Imdementability: Multimedia filtration systems are commercially available from a wide 
variety of manufacturers and can be readily ordered to almost any specification. Filter 
media will need to 'be backwashed frequently and occasionally replaced or regenerated, 
resulting in the generation of sludge for dewatering and disposal. 

- Cost: Capital costs for multimedia filtration are low, as are O&M costs. Capital costs 
would include the filter equipment and the filtration media. O&M costs may elevate 
somewhat if high turbidity in the pumped groundwater or wastewater requires additional 
filter maintenance and replacement of media. 

Multimedia filtration would be effective in removing suspended matter from all FEMP groundwater, 
process wastewater, and storm water and would be easily implementable. Therefore, this process has 
been retained as a support option for use with other treatment processes in the formation of 
alternatives. 
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Reverse Osmosis 
Reverse osmosis, which could be applied to all FEMP groundwater, uses a semipermeable barrier to 
remove most dissolved COCs. The membrane is permeable to water but impermeable to most 
dissolved substances, both organic and inorganic. Reverse osmosis systems are operationally 
sensitive. Therefore, close monitoring of the temperature, pressure, and pH of the contaminated 
solution is necessary. In addition, the chemical and physical structure of the membrane must be 
closely monitored because the contaminants in the solution may react with it and reduce its integrity. 

e 

e 

e 

Effectiveness: Reverse osmosis is a commonly used and reliable process which reduces 
excess dissolved solids, removes many organics and metals, and produces almost 
turbidity-free water. It would be effective in removing many organic (nonhalogenated) 
and inorganic COCs. However, reverse osmosis is not as effective as ion exchange for 
the removal of low-level uranium contamination. Before treatment by this process, the 
wastewater should be pretreated to: adjust pH to within a range of 4.0 to 7.0, remove 
suspended materials which may plug the membrane, and remove certain organic COCs, 
such as dichloroethane, methylene chloride, trichloroethene and tetrachloroethene, 
which may degrade the reverse osmosis unit membranes. 

Imulementability : Although equipment and resources are specialized, the reverse 
osmosis process is commercially available. Reverse osmosis membranes, in general, 
are subject to deterioration and may require frequent replacement. Pretreatment will be 
required to optimize pH and remove substances that may foul or degrade the 
membranes. A sizeable reject stream, which could be as much as 25 percent of the feed 
stream flow rate, must be dewatered and disposed of at an on- or off-property facility. 

- Cost: Capital and O&M costs for reverse osmosis are high. Capital costs include pilot 
studies and design and construction of the system. The primary O&M costs would 
include membrane replacement, chemical additions, electricity, residual handling, and 
skilled operators. 

In conjunction with the proper pretreatment, reverse osmosis may be a viable process for the removal 
of uranium and other dissolved contamination in Great Miami Aquifer and perched groundwater, 
storm water, and process wastewater at the FEMP site. However, because of effectiveness and 
implementability concerns, and relatively high O&M and capital costs, reverse osmosis has been 
eliminated from further consideration. 

Volatilization 
Volatilization, or air stripping, could be applicable to all FEMP groundwater for the removal of 
volatile organic COCs. This aeration process encourages the transfer of VOCs from the aqueous 
phase to the gas phase as defined by Henry's Law. Removal efficiencies of VOCs typically exceed 
99 percent depending on the operating parameters as well as the physical properties of the organic 
contaminant(s). This process does not remove the nonvolatile COCs. The countercurrent packed 
tower is the most commonly used air stripping configuration. Steam strippingis very similar to air 
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stripping, except that steam is used as a carrier gas and provides heat to enhance removal. Steam 
stripping is generally considered for product recovery and/or for removal of organic compounds that 
are only slightly more volatile than water. 

Effectiveness: Air stripping is a well proven and reliable technology that would be 
effective for removing the volatile COCs such as dichloroethane, methylene chloride, 
trichloroethene and tetrachloroethene from groundwater at the FEMP site. Because air 
stripping only transfers the volatile contaminants from water to the air, the off-gas may 
have to be treated by other means such as granular activated carbon adsorption, catalytic 
oxidation, or thermal destruction. For contaminants at the FEMP, steam stripping does 
not provide any advantage in effectiveness beyond that of air stripping. 

Implementability: Air stripping would be readily implementable at the site. There are a 
significant number of vendors that provide air stripping technology. In order to meet 
air emission requirements, control of off-gas emissions may be required. A 
maintenance problem associated with air stripping is the channeling of flow resulting 
from clogging in the packing material. The presence of suspended solids, iron, and 
slightly soluble salts such as calcium carbonate in the groundwater could present a 
clogging concern, unless these materials are removed prior to air stripping. An air 

. emissions permit would be required. 

- Cost: The capital costs are moderate and include installation of the system and the cost 
of packing material. O&M costs range from low to moderate depending on influent 
contaminant concentrations, the degree of organic removal, and the type of off-gas 
treatment required. 

Air stripping, using a countercurrent packed tower, is an effective and reliable technology for VOC 
removal; however, volatile COCs are a very small part of the total contamination present in FEMP 
groundwater. Metals, including uranium contamination, must be addressed by other treatment 
processes. VOCs can be more efficiently removed from groundwater (along with the other 
nonvolatile organic contaminants) by aqueous phase activated carbon adsorption. Therefore, 
volatilization will be eliminated from further consideration as a physical treatment process option. 

Adsomtion 
Activated carbon adsorption, which would be applicable to all FEMP groundwater, storm water, and 
process wastewater, is a common technology used for the removal of organic contaminants from 
water. Activated carbon will adsorb many organic compounds to some extent, but is most effective 
for the more polar and less soluble compounds. The fundamental principle behind activated carbon 
treatment involves the physical attraction of organic solute molecules to exchange sites on the internal 
pore surface areas of the specially treated (activated) carbon grains. As water is filtered through the 
adsorbent, the organic molecules eventually occupy all of the surface sites on the carbon grains. The 
exhausted carbon must then be either regenerated or disposed of according to federal and state 
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regulations. Typical activated carbon adsorption treatment systems include gravity flow or pressure 
flow columns in series and/or parallel configuration with backwashing capability. 

Effectiveness: Activated carbon adsorption is a well proven, reliable technology that 
would be effective for removing the soluble organic COCs such as dichloroethane, 
dichloroethene, methylene chloride, trichloroethene and tetrachloroethene from the 
FEMP site groundwater. It can also remove certain heavy metals, especially those in 
complexed form. The low organic COC concentrations in the groundwater provide the 
ideal application for carbon adsorption resulting in a relatively low carbon consumption. 
No apparent impact to the environment would occur upon implementation of this option; 
however, a potential risk to human health from the disposal arid handling of spent 
carbon exists. 

Imulementability: This process option would be readily implementable as there are a 
sufficient number of vendors that provide carbon adsorption units. Pretreatment may be 
required to remove suspended solids concentrations above 50 mg/L, or calcium or 
magnesium concentrations above 500 mg/L to prevent clogging and high pressure drops 
across the carbon beds. Spent carbon containing the concentrated organic contaminants 
would have to be disposed of at an off-site or on-property disposal facility. Regeneration 
of the activated carbon would not be practical because some radioactive contaminants 

- would be adsorbed with the organics, thus making the spent activated carbon 
unacceptable for reuse. Special handling of the periodically generated backwash liquids 
must also be taken into account. 

- Cost: Capital costs and O&M costs for carbon adsorption are moderate. -Capital costs 
would include activated carbon cost plus design and installation of the system. O&M 
costs may vary depending on the carbon usage rate, which is a function of influent 
contaminant concentrations. 

Carbon adsorption is a viable process option for treating soluble organic COCs in Great Miami 
Aquifer and perched groundwater, process wastewater, and storm water at the FEMP site. In the 
development of alternatives, carbon adsorption has been retained as the representative primary process 
option for treatment of organic contaminants in the Great Miami Aquifer groundwater. Other process 
options will be required to address the inorganic and radionuclide contaminants. 

M.4.5.3 Chemical Treatment Technologies 
Process options evaluated under the chemical treatment technology include the following: 

Ion exchange 
Electrodialysis reversal 
CoagulatiodFlmlation 
Neutralization @H adjustment) 
Chemical precipitation 
Enhanced oxidation 
Chemical reduction. 
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Ion Exchange 
Ion exchange could be applicable to all FEMP wastewater, storm water, and groundwater as a method 
to remove inorganic ions, including metals and radionuclides. Ion exchange resins are insoluble 
polymer beads containing fixed cations or anions capable of reversible exchange with mobile ions of 
the same charge in solutions with which they are brought into contact. The ion exchange resins will 
eventually be exhausted and must be either disposed of or regenerated. The regeneration waste, 
which contains high concentrations of contaminants, must be further treated and/or disposed of in 
accordance with federal and state regulations. 

Effectiveness: Ion exchange is effective for the removal of both soluble metallic cations 
and anions such as halides, sulfates, and nitrates. Because of resin capacity and 
regeneration restrictions, ion exchange is most applicable for treating dilute waste 
streams. This process option could be designed specifically to remove the inorganic 
COCs such as arsenic, cadmium, lead, manganese, mercury and magnesium, and 
radionuclide COCs, such as technetium, uranium and strontium. Cyanide could also be 
removed if it is present in a metallic complex. Before treatment by this process, the 
groundwater and wastewater should be pretreated to remove suspended materials, which 
may plug the resin bed, and certain detrimental substances such as aromatic organics, 
which may decrease the capacity of the resin through irreversible adsorption. No 
apparent impact to the environment would occur upon implementation of this option; 
however, a potential risk to human health exists from the disposal and handling of 
regenerant solutions and spent resin. 

. 

Imdementability: Ion exchange would be implementable. There are many vendors that 
provide ion exchange units. The resins may be used once and disposed of or they may 
be regenerated. In either case, the exhausted resin must be disposed of at an off-site 
facility, or stabilized and placed in an on-site disposal facility. 

- Cost: Capital costs and O&M costs are moderate for ion exchange. Capital costs 
include initial resin cost, design, equipment, installation, and sophisticated 
instrumentation. O&M costs would include replacement resin and/or the cost of 
regeneration chemicals. 

Ion exchange is a viable process for the removal of uranium and other inorganic ionic species from 
Great Miami Aquifer and perched groundwater, storm water and other wastewater at the FEMP site. 
Ion exchange has been incorporated into the remedial action alternatives as the representative primary 
process option for treatment of radionuclide and inorganic ionic COCs from the Great Miami Aquifer 
groundwater. 

Electrodialvsis Reversal 
Electrodialysis reversal could be applicable to all FEMP groundwater, storm water, and process 
wastewater for the treatment of inorganics, metals, and radionuclide COG. This process 
concentrates or separates ionic species dissolved in an aqueous solution by passing contaminated water 
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applying electrical potential across the membranes as the motive force for ion migration. The ion 
selective membranes are made up of thin sheets of ion exchange resin reinforced with a synthetic fiber 
backing. 

Effectiveness: Electrodialysis reversal has been demonstrated to be effective in the 
recovery of metal salts from plating rinses. It could be applied to separate heavy metal 
COCs such as arsenic, cadmium, lead, manganese, mercury and magnesium. However, 
it has been used only on an experimental basis for treatment of radionuclide COCs such 
as technetium, radium and uranium. Treatability studies would be required to confirm 
the effectiveness of electrodialysis reversal for radionuclide removal. Before treatment 
by this process, the wastewater should be pretreated to remove suspended solids or any 
organic COCs which may foul the membranes. No apparent impact to the environment 
would occur upon implementation of this option; however, a potential risk to human 
health exists from the disposal and handling of the brine or concentrated residual waste 
stream. 

Imulementability : Electrodialysis reversal would be implementable, provided that 
treatability studies could show that it is effective for the treatment of uranium. The 

disposal. 
.. concentrated brine must be dewatered and sent to an off-site or on-property facility for 

- Cost: Capital costs and O&M costs are high for electrodialysis reversal. Capital costs 
include extensive studies, design, equipment, and installation. O&M costs would 
include membrane replacement, electricity, skilled operators, and brine handling and 
disposal. 

Electrodialysis reversal is potentially applicable; however, it has not yet proven to be reliable in the 
treatment of uranium as is the case with ion exchange processes. Therefore, electrodialysis reversal 
will be eliminated from further consideration as a chemical treatment process option. 

CoawlatiodFlocculation 
Small colloidal solid particles are often unable to be effectively removed by sedimentation or 
filtration. Aggregation of these particles into larger, more settleable/filterable particles is referred to 
as coagulation/flocculation. Common additives used to accomplish this aggregation include polymers, 
alum, lime, ferric chloride, and potassium ferrate. All of these reagents have been tested extensively 
on FEMP groundwater, storm water, and process wastewater. These chemicals act to neutralize 
surface charges and promote attraction of colloidal particles. 

Effectiveness: Coa-gulatiodflocculation is a well-proven and reliable process option 
closely associated with filtration and sedimentatiodclarification treatment processes. It 
will allow insoluble metal and radionuclide COCs to be effectivelv removed from 
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contaminated groundwater, storm water, and process wastewater. No apparent impact 
to human health or the environment would occur upon implementation of this option. 

Implementability: Coagulatiodflocculation is readily implementable, with many 
available vendors capable of providing the necessary chemicals. 

- Cost: Capital costs and O&M costs are expected to be low for flocculation/ . 
coagulation. Capital costs would include feed tanks, pumps, and mixers. O&M costs 
include maintenance of equipment, dewatering and disposal of sludge, and chemicals. 

Coagulatiodflocculation would be effective in aggregating fine solid particles and therefore in aiding 
the filtration and clarification processes. It would also be implementable and has been retained as a 
support treatment process applicable to all FEMP groundwater, stormwater, and process wastewater 
to be used in conjunction with other treatment process options,.such as chemical precipitation and 
clarification, in the formation of remedial alternatives. 

Neutralization (DH Adiustment) 
Neutralization is a treatment process for adjusting the pH (acidity/alkalinity) of a solution. This is 
generally accomplished by adding acidic compounds to balance alkaline solutions or vice-versa. This 
option could be applicable to all FEMP groundwater as either a pretreatment measure to optimize the 
effectiveness of other treatment processes or as a finishing step before discharge to meet specified 
water quality criteria. 

Effectiveness: Neutralization is a proven and reliable means of balancing or changing 
the pH of a solution. The process is best performed in a well-mixed system. A 
thorough analysis of the wastewater to be treated is advisable to avoid the creation of 
compounds more toxic than the original compounds and to ensure that incompatible 
compounds are not introduced into the system. No apparent impacts to human health or 
the environment, except for workers who would be handling the treatment chemicals, 
would occur upon implementation of this option. 

Imdementability: Neutralization is easily implemented, widely used, and commercially 
available. Limited construction is necessary to include neutralization equipment as a 
step in a treatment system. 

- Cost: The capital and O&M costs for neutralization are expected to be low. Capital 
costs would include feed tanks, pumps, and mixers, while O&M costs would include 
maintenance of equipment and replacement chemicals. 

Neutralization has been retained in the formation of alternatives as a support option for use in 
conjunction with other treatment process options to meet discharge requirements. It is applicable to 
all FEMP groundwater, process wastewater, and collected storm water. 
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1 

Chemical precipitation involves the addition of a chemical reagent, often an acid or base and usually 
in conjunction with a coagulant/flocculant aid, to create reactions that cause soluble inorganic 
contaminants to become insoluble and thus precipitate out of solution. This process option could be 
applicable to treat heavy metals, uranium, and other radionuclides in the Great. Miami Aquifer and 

2 

3 

4 

5 .  

perched groundwater, storm water, and process wastewater. 6 

Effectiveness: Chemical precipitation is a well-proven agd reliable process option that 
would allow insoluble metals and radionuclides to be effectively removed from 
contaminated groundwater, storm water, and process wastewater. Chemical 
precipitation could also remove cyanide if it is present in a metallic complex. No 
apparent impact to human health or the environment, except for workers who would 
handle the treatment chemicals, would occur upon implementation of this option. 

Imdementabilitv: Chemical precipitation is readily implementable, with many available 
vendors capable of supplying the necessary equipment. 

- Cost: Capital costs are expected to be low and O&M costs are expected to be moderate 
for chemical precipitation. Capital costs would include feed tanks, pumps, and mixers, 
while O&M costs would include maintenance of equipment, dewatering and handling of 
sludge, and chemicals. 

. 

Chemical precipitation using chemical reagents such as alum, ferric chloride or potassium ferrate in 
conjunction with pH adjustment would be effective in reducing the solubilities of uranium, heavy 
metals, and other radionuclides and could be used in conjunction with clarificatiodsedimentation to 
meet remedial goals. Chemical precipitation would be implementable and has been retained as a 
primary process option in the treatment of perched groundwater, process wastewater and collected 
storm water at the FEMP site. It is anticipated that concentrations of uranium, heavy metals and 
other radionuclides in the groundwater of the Great Miami Aquifer will not be sufficiently high to 
support the need for treatment by chemical precipitation. 

Enhanced Oxidation 
Enhanced oxidation processes typically use a controlled combination of either ozone or hydrogen 
peroxide and ultraviolet (vv) light to induce photochemical oxidation of organic compounds. This 
treatment results in the oxidation of organic contaminants at a rate many times faster than that 
obtained from applying W light alone. A typical continuous flow system consists of an oxygen or 
air source, an ozone generator or hydrogen peroxide feed system, an ultraviolet/oxidation reactor, and 
an ozone decomposer. Flow patterns and configurations are designed to maximize exposure of the 
contaminated water to the W radiation, which is supplied by an arrangement of W lamps. If ozone 
is used, reactor gases are passed through a catalytic ozone decomposer, which'converts remaining 
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ozone to oxygen and destroys any volatiles. Enhanced oxidation could be applied to all FEMP 
groundwater, storm water, and process wastewater for the treatment of organic contaminants. 

Effectiveness: Enhanced oxidation can effectively oxidize halogenated organics, 
benzene derivatives, and various aliphatics. Certain COC alkenes such as 
dichloroethene and trichloroethene have been reduced from levels of 20,000 ppb to less 
than 5 ppb. Effectiveness varies greatly depending on the COC. Typically, alkenes 
would be readily removed, while COC alkanes such as dichloroethane are more difficult 
to remove. This process is considered an innovative technology as only a few 
commercial systems have been installed and tested. Bench- and pilot-scale treatability 
studies would, therefore, need to be conducted to determine the actual effectiveness and 
cost of applying this process to the contaminants in the groundwater at the FEMP site. 
Pretreatment of very turbid perched groundwater would be necessary for this process to 
be effective. No apparent impact to human health or the environment would occur upon 
implementation of this option. 

Imdementability: Enhanced oxidation should be implementable. Only a few vendors, 
. however, currently offer this technology. Recent improvements have been made by 

hydrogen peroxideKJV vendors to minimize energy usage and reduce UV lamp fouling 
problems. With this treatment, no toxic materials are emitted to the atmosphere or 

- adsorbed onto media that require further treatment or disposal. Hydrogen peroxide is a 
strong oxidizing agent; therefore, containment and other engineering controls are 
required to minimize potential risks associated with peroxide releases. 

- Cost: Capital costs are high and O&M costs are moderate to high for enhanced 
oxidation. Capital costs include extensive studies, design, equipment and installation of 
the system. Operating costs vary significantly depending on flow rate and contaminant 
type and concentration. Enhanced oxidation requires high energy usage, which can 
result in prohibitive costs. 

Enhanced oxidation is effective in removing some organic COCs. However, organics are not the 
major COCs at the FEMP site, and because this innovative technology does not have the reliability 
record of other organic treatment processes, it will be eliminated from further consideration as a 
chemical treatment process option. 

Chemical Reduction 
Chemical reduction consists of the use of strong reducing agents, such as sulfur dioxide, sulfite, or 
ferrous iron, to chemically lower the oxidation state of inorganic contaminants present in wastewater. 
A few proprietary one-step processes are conducted at neutral pH using ferrous iron compounds to 
eliminate the conventional pH reduction step associated with this process. Chemical reduction could 
apply to all FEMP groundwater, stormwater, and process wastewater that may contain hexavalent 
chromium as one of the inorganic COCs. 
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Effectiveness: Chemical reduction of hexavalent chromium to the trivalent form is a 
well-proven process. However, most operational historical data available concerns 
process wastewater at much higher influent concentrations than anticipated for any of 
the expected contaminated water at the FEMP site. Typically, for hexavalent chromium 
reduction, the waste stream is first lowered to a pH between 2 and 3 using sulfuric acid, 
then a reducing agent such as sulfur dioxide is.added. Ferrous compounds such as 
ferrous sulfate or ferrous chloride can also be used effectively as reducing agents, which 
simultaneously precipitate the chromium. No apparent impact to the environment would 
occur upon implementation of this option; however, a potential risk to human health 
exists for workers who would be handling the treatment chemicals. 

ImDlementability: Chemical reduction would be readily implementable; however, only a 
few vendors are available for the proprietary processes which simultaneously precipitate 
the metals. Sludge generated must be dewatered and sent to an on-property or off-site 
facility for disposal. 

- Cost: Capital costs are expected to be moderate and O&M costs are expected to be low 
to moderate for the reduction process. Capital costs include feed tanks, pumps and 
mixers, plus installation of the system. Sulfur dioxide, ferrous sulfate, and ferrous 
chloride are primarily used as reducing agents because they are relatively inexpensive 
and effective. 

. 

Chemical reduction is effective in treating water containing hexavalent chromium as one of the 
inorganic COCs. However, its concentration in FEMP process. wastewater, groundwater, and storm 
water is expected to be too low for the effective use of this process option. Therefore, chemical 
reduction will be eliminated from further consideration as a chemical treatment process option for use 
in the formation of alternatives. 

M .4.5.4 Phvsical /C hemical Treatment Tech no1 og ies 
The only process option evaluated under the physical/chemical treatment technologies is treatment by 
the AWWT facility. 

Treatment Bv AWWT Facility 
The AWWT facility, located at the FEMP site, has recently been completed and began operation in 
January 1995. This system is designed to treat process wastewater, surface water, and contaminated 
perched groundwater generated at the FEMP site during remedial operations. Phase I and Phase I1 of 
the facility consist of two treatment trains, each containing identical support and primary treatment 
process options and operating in parallel. The treatment processes include: equalization, pH 
adjustment (1st stage), chemical precipitation (using potassium ferrate, alum or ferric chloride), 
clarification, multimedia filtration, carbon adsorption, pH adjustment (2nd stage), ion exchange, 
neutralization, and final filtration. The two parallel systems are combined just before discharge for 
the final neutralization and filtration steps. 
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The AWWT Phase I has a design flow rate of 700 gpm and is designed to treat storm water runoff 
from the storm water retention basin, flows discharged by the storm sewer l i f t  station. and projected 
volumes from the storm sewer improvement project. This design flow rate is approximately twice the 
expected storm water flow rate in order to handle flow surges and anticipated treatment plant 
downtime. 

The AWWT Phase I1 has a design tlow rate of 400 gpm in order to treat baseline site wastewater 
which includes effluents from the general sump, biodenitritication treatment plant. and sewage 
treatment plant, storm water collected from the former production area and the waste pit perimeter. 
and future remedial streams such as contaminated perched groundwater and wastewater generated 
from Operable Unit 5 remedial actions. 

The design basis for the AWWT Phases I and I1 does not include the treatment of contaminated 
groundwater from any Great Miami Aquifer extraction systems. However. as part of the 
EPA-mandated supplemental environmental project, the AWWT Phase I system can be used on an 
interim basis to treat an average of 350 gpm of Great Miami Aquifer groundwater from Operable 
Units 1 through 5 when no storm water is available. In addition, approximately 200 gpm of Great 
Miami Aquifer groundwater from Operable Unit 5 can be treated on an interim basis hy  the AWWT 
Phase I1 system. 

Effectiveness: Neither the Phase I nor Phase I1 AWWT facility would have adequate 
capacity to handle contaminated groundwater from the Great Miami Aquifer. However, 
either facility could easily handle anticipated volumes of contaminated perched 
groundwater removed during remediation at the site. Treatment of perched groundwater 
by these facilities should meet remedial goals, because each of the individual.treatment 
processes within the Phases I and I1 AWWT facility passed all screening steps in the 
evaluation of technologies and process options (see previous sections for individual 
evaluations). AWWT Phases I and I1 address treatment of all COCs in the 
Contaminated water including organics (carbon adsorption), uranium (chemical 
precipitation/ion exchange), and other radionuclides and inorganics (chemical 
precipitation and/or ion exchange). No apparent impact to the environment would occur 
upon implementation of this option; however, a potential risk to human health exists 
from the disposal and handling of the residuals produced by the tiltration. activated 
carbon, and ion exchange processes, and the ion exchange regeneration chemicals. 

Imnlementability: Because the AWWT Phases I and I1 facility is already designed and 
currently operational, treatment of perched groundwater would be easily implementable. 
General construction permits have already been acquired for the implementation of these 
facilities. 

- Cost: Because these treatment facilities are already designed and currently operational, 
additional capital costs would be negligible. O&M costs, including replacement resins, 
adsorbents, filter media, chemicals, and disposal of process residues. would be high. 
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replacement resins, adsorbents, filter media, chemicals, and disposal of process 
residues, would be high. 

The AWWT (Phases I and II) facility is a viable physical/chemical process option and has been 
retained in the formation of remedial alternatives as the representative primary option for treating 
perched groundwater, storm water, and process wastewater. 

M.4.5.5 Biological Treatment Technologies 
The only process option evaluated under the biological treatment technology is biosorption. 

Biosomtion 
Biosorption uses an algae-based resin to adsorb heavy metal ions from an aqueous solution. This 
process option could be applicable to all contaminated groundwater, storm water, and process 
wastewater for the removal of radionuclides and inorganic COCs. 

- 

Effectiveness: Biosorption is an innovative technology that has successfully removed 
uranium, heavy metals, and other radionuclides from contaminated water in pilot plant 
testing. It could be applied to remove inorganic and radionuclide COCs such as 
arsenic, barium, lead, manganese, cadmium, mercury, uranium and technetium. This is 
a relatively new process that may be considered a modification of the conventional ion 
exchange method. No apparent impact to the environment would occur upon 
implementation of this option; however, a potential risk to human health exists from the 
disposal and handling of the residuals produced by the biosorption process. 

Implementability: Biosorption would be difficult to implement due to the fact that it 
uses a proprietary sorption technique, and the availability of proven equipment and 
experienced skilled workers could be limited.. The resin would probably be used once 
then disposed of at an off-site facility due to radiological contamination. 

- Cost: Capital costs and O&M costs are expected to be high for this process option. 
Capital costs include extensive studies, design, equipment, installation and 
instrumentation. O&M costs would include replacement resin and/or residual disposal. 

Although biosorption is a viable process for the removal of inorganic and radionuclide COCs from 
contaminated water, this process is merely a form of ion exchange which uses 'algae as the resin. 
Biosorption will not be retained as a biological treatment process option for incorporation into 
remedial action alternatives due to its lack of an applied track record and the greater availability of 
similar more proven technologies. 
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M.4.6 DISPOSAL/DISCHARGE 
The technologies considered for the disposal/discharge of treated perched and Great Miami Aquifer 
groundwater, storm water, and process wastewater include on-property, on-property/off-property, and 
off-property . 

M .4.6.1 On-ProDertv DisDosal/Discharge Technolopies 
Process options evaluated under the on-property disposal/discharge technology include: 

Beneficial reuse 
Discharge to Paddys Run. 

Beneficial Reuse 
This process option considers use of the existing treated discharge for site process water. Beneficial 
reuse would be applicable to all treated water. Given the expected volume of treated water, total 
reuse would not be possible; however, partial reuse as makeup water to the site's various remediation 
and treatment processes would be a more likely scenario. Reuse for potable water is not a 
consideration. 

Effectiveness: Partial beneficial reuse of treated water should be effective if all COCs 
are treated to the necessary makeup water requirements. This process, if used in 
conjunction with other disposal processes, will be effective in reducing the volume of 
treated water required to be disposed of through the other options. No adverse impact 
to human health or the environment would occur upon implementation of this option. 

hmlementability: Beneficial reuse would be readily implementable, requiring only a 
large makeup water tank and distribution system to be added. 

- Cost: The capital and O&M costs for partial reuse are expected to be low. Capital 
costs would include the installation of a makeup tank, pumps and distribution lines. 
O&M costs would include equipment maintenance and line inspections. 

Partial reuse of treated effluent is effective and implementable and has been retained as a support 
option to be used in conjunction with other disposal process options. 

Direct Discharge to Paddvs Run 
This process option would discharge all treated water through a discharge line to Paddys Run, which 
is located within the FEMP property boundary. 

Effectiveness: Discharge of treated effluent to Paddys Run could potentially be 
effective, provided all discharge permit requirements regarding COC concentration 
limits are satisfied. 
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Imulementabilitv: Discharge of treated effluent to Paddys Run would be implementable. 
Construction of a discharge pipeline from the treatment plant to Paddys Run could be 
easily accomplished. The FEMP currently holds an NPDES discharge permit, allowing 
the discharge of treated water to the Great Miami River. Discharging to Paddys Run, 
an intermittent stream, instead of the Great Miami River would likely result in more 
stringent discharge limits assigned by regulatory agencies, because of the lower dilution 
factors provided by Paddys Run. 

- Cost: Capital costs and O&M costs are expected to be low for this process option. 
Capital costs include materials and labor required to connect the proposed discharge line 
to Paddys Run. O&M costs would include maintenance and monitoring costs. 

Discharge of treated water to Paddys Run generates greater concerns regarding effectiveness and 
implementability than discharging the treated water to the Great Miami River, which will be 
maintained as a disposal option. Therefore, this disposal option will not be retained for incorporation 
into remedial action alternatives. 

M. 4.6.2 On-ProuerhdOff-Prouertv Disuosal/Discharge Technologies 
The only process option evaluated under the on-property/off-property disposal technology is surface/ 
subsurface discharge. 

Surfacehbsurface Discharge 
Surface/subsurface discharge, which includes the use of spray irrigation or injection wells to reinject 
treated groundwater into an aquifer, would be applicable only to Great Miami Aquifer groundwater. 
Injection wells can be coupled with extraction wells to create a closed system in which extraction and 
injection rates are balanced. 

Effectiveness: Surfacehbsurface discharge is a reliable and effective means of 
disposing of the volumes of treated water generated by the site's groundwater pump and 
treat system. Injection wells offer the advantage of decreasing groundwater remediation 
time by increasing the groundwater flow rate through the Great Miami Aquifer. This 
option can be effective in diverting contamination away from receptor wells, but would 
have to be used in conjunction with treatment technologies to achieve remedial goals. 
The COCs effluent quality limits for subsurface discharge would probably be more 
stringent than,discharge to the Great Miami River, because the groundwater may need 
to be treated to achieve Great Miami Aquifer background conditions or drinking water 
Standards. 

Imulementability : Installation of a well system for underground injection is 
implementable; however, achieving a closed aquifer recirculation system may be 
difficult, considering the large volume of water to be treated. Reinjected water that is 
not captured by the extraction wells could potentially force contaminated groundwater 
into lesser contaminated areas. Periodic groundwater monitoring would be required to 
assess whether or not this condition is occurring. With the Great Miami Aquifer 
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considered a sole-source drinking water aquifer, it is uncertain that underground 
injection of treated groundwater would be allowed by local or state regulatory agencies. 
There would be minimal impacts to human health and the environment during the 
implementation of a reinjection system. 

- Cost: The capital and O&M costs for subsurfaq discharge are expected to be 
moderate. Capital costs for subsurface discharge are higher than for surface discharge. 
O&M costs would include maintenance of wells and pumps, electricity, and sampling 
and laboratory analysis costs. 

Due to questionable implementability considerations, including the potential difficulty of obtaining 
necessary regulatory approvals, surface/subsurface discharge will be eliminated from further 
consideration as a disposal option for treated site effluents in the formation of remedial alternatives. 
The process will be retained for consideration as a possible support option to be used to improve the 
efficiency of groundwater extraction well systems. 

M.4.6.3 Off-ProDertv DisDosaVDischarge Technologies 
The only process option evaluated under the off-property disposal technology is direct discharge of 
treated groundwater, storm water, and process wastewater to the Great Miami River. 

Discharge to Great Miami River 
This process option would discharge all treated Great Miami Aquifer and perched groundwater, storm 
water, and process wastewater through an enclosed pipeline to the Great Miami River, located about 
1.5 miles southeast of the FEMP property boundary. 

Effectiveness: Discharge of treated effluent to the Great Miami River would meet the 
remedial objectives. The FEMP currently holds an NPDES discharge permit, allowing 
the discharge of treated water to the Great Miami River. Discharge standards for COCs 
not presently on the NPDES permit would have to be obtained and complied with. The 
uranium content of the existing discharge is regulated by internal DOE derived 
concentration guides rather than the current NPDES permit. 

Imdementability: Discharge of treated effluent to the Great Miami River would be 
easily implementable. Construction of the discharge pipeline has been completed. 
Potential modification of the existing NPDES discharge permit to accommodate 
additional flow and potential contaminants other than uranium may be necessary. 
Implementing this option would cause no adverse impact to human health or the 
environment. 

- Cost: Capital costs-and O&M costs are expected to be low for this process option. 
Capital costs include materials and labor required to connect treated effluent streams to 
the recently completed pipeline. O&M costs would include maintenance and monitoring 
costs. 
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March 22, 1995 4 Discharge of effluent to the Great Miami River through a discharge pipeline is a viable process 

option. This process is effective and implementable, and will be retained for incorporation into the 
remedial alternatives as the representative primary disposal option for all treated site effluents. 
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M.5.0 EVALUATION OF TECHNOLOGIES AND 
PROCESS OPTIONS FOR SOIL AND SEDIMENT 

In this section of Appendix M, the technologies and process options for soil and sediment which have 
passed the initial screening are considered for further evaluation. The purpose of the evaluation is to 
obtain a reasonable number of process options to combine into remedial alternatives in Section 4.0 of 
this FS. The technologies and process options remaining after the initial screening were evaluated 
based on effectiveness, implementability, and cost. The process options within each technology type 
were then compared, and the preferred or representative process options were selected for 
incorporation into remedial action alternatives. 

Table M.5-1 summarizes the results of the evaluation of technologies and process options for soil and 
sediment. Shaded areas in this table represent those process options and/or technologies that have 
been eliminated from further consideration. Table M.5-2 presents the technologies and process 
options that will be retained for consideration in the development of remedial alternatives for soil and 
sediment at Operable Unit 5.  In these tables, the technologies are organized according to the general 
response actions developed in Section 3.1 of this FS. Retained process options are listed by type 
(primary or support and representative). a - 

Following is a description of the evaluation process for each of the soil and sediment process options 
which passed the initial screening procedure in Section 3.0 of this appendix. 

M.5.1 NO ACTION 
The no-action response is retained for development into an alternative as required by CERCLA. It is 
considered to provide a baseline level to which other remedial technologies and alternatives can be 
compared. Under this scenario no containment, removal, or treatment of the contaminants in any soil 
or sediment would occur. In addition, it is assumed that any existing institutional controls would be 
discontinued and the property released for unrestricted use. 

Effectiveness: The no-action response would not achieve any of the remedial action 
objectives nor provide for the adequate long-term protection of human health. This 
response would not attain human health-based goals or comply with ARARs. The 
contaminated groundwater plumes will continue to enlarge and thereby contaminate 
currently unaffected areas. The no-action option would provide no additional reduction in 
the toxicity, mobility, or volume of contaminants in the Great Miami Aquifer and perched 
groundwater other than-that offered by the natural environment. Over time, the potential 
for exposure would increase as contaminants continue to be released to the groundwater. 
The degree of contamination in the groundwater would decrease through natural attenuation 
and dilution over a long period of time (Le., greater than 1000 years) provided that no new 
sources of contamination were generated. 
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General 
Response 
Action 

No Action 

Institutional 
Controls 

TABLE M.5-2 

DOE, 13 
205,241 TECHNOLOGIES AND PROCESS OYI'IONS 

SUMMARY OF RETAINED SOIL AND SEDIMENT 

Remedial Representative 
Technology Process Option Primary Support I'rncess Option 

None Not Applicable X 

Monitoring Surface water monitoring X X 

Groundwater monitoring X X 

Leachate monitoring X X 

AccesslUse Phvsical barriers X X 

Security guards 

Continued federal ownership 

Multilayer cap 

Diversion collection 

Grading 

Deed restrictions 1 Containment 

X X 
X X 
X X 

X X 
X X 
X X - 

Removal 

Controls 
- 1 

Revegetation (earthen cover) X X 

Excavation Excavation x X 

Sorting/separation X X 

a The representative primary process options have been selected for incorporation into the remedial alternatives. Their 
selection does not preclude the use of other retained process options in the remedial design. 
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ImDlementability: No remedial actions would be implemented under the no-action 
response. 

0 Cost: There are no capital costs or O&M costs associated with the no-action response. 

As required by the NCP, the no-action response is retained for further evaluation as a baseline 
comparison for other remedial action alternatives. 

M.5.2 INSTITUTIONAL CONTROLS 
The technologies considered for institutional controls include accessluse restrictions and monitoring. 

M.5.2.1 Monitoring Technologies 
Process options considered for this technology include: 

Surface water monitoring 
Groundwater monitoring 
Leachate monitoring. 
I 

Surface Water Monitoring 
Surface water monitoring is applicable to contaminated soil and sediment because surface water can 
act as a transport mechanism for contaminants. Additionally, surface water sampling may be required 
in conjunction with on-property disposal or containment options. Sampling and analysis of collected 
storm water would be requ'ired for any water discharged to local surface streams. Surface water 
monitoring can also be helpful in evaluating potential surface water contaminant migration and the 
effectiveness of remedial treatment activities. 

Effectiveness: Surface water monitoring would not reduce the toxicity, mobility, or 
volume of contaminants in the surface water. Also, monitoring would not provide any 
additional protection of the environment since the contaminated surface water would 
continue to migrate to off-site areas. Monitoring will be helpful in measuring and 
evaluating the effectiveness of remedial actions. Potential impacts on human health and 
the environment during implementation would be minimal. Exposure for sampling and 
analytical personnel would also be minimal. 

ImDlementability : Surface water monitoring is implementable. Equipment and services 
are readily available. While CERCLA response actions are exempt from administrative 
requirements like NPDES permits, the substantive information typically found on permit 
applications would be required to be provided to the state for any proposed point source 
discharges to the Great Miami River or Paddys Run. 
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Cost: For surface water monitoring only, capital and O&M costs would be relatively 
low. O&M costs would include labor to collect samples, laboratory analysis, and data 
validatiodmanagement . 

Surface water monitoring would be effective in monitoring contaminant migration and the 
effectiveness of remedial actions. Surface water monitoring will be retained as a support option to be 
used in conjunction with other process options in the formation of alternatives. 

Groundwater Monitoring 
Groundwater monitoring, sampling, and analysis of selected wells can be used to assess the 
concentration levels and movement of the COCs. Monitoring of groundwater can also be helpful in 
evaluating the progress of other remedial activities. 

Effectiveness: Groundwater monitoring would not reduce potential threats to human health 
and the environment. Potential exposure to contaminants by sampling personnel would be 
negligible. There would be no threats to the environment associated with groundwater 
monitoring. Groundwater sampling and analysis are reliable and proven techniques for 
monitoring purposes. 

Imdementabilitv: Groundwater monitoring is readily implementable. There are presently 
numerous wells at the FEMP site, and additional wells could be easily installed, if needed. 
Minimal administrative complexities, including permit applications, are envisioned for 
monitoring well installation. 

- Cost: The only capital costs that may be incurred would be for the installation of additional 
monitoring wells, if needed. Easements may be required for the installation of off-property 
wells. Annual costs would be incurred for monitoring well maintenance and groundwater 
sampling and analysis. Capital and O&M costs are considered low. 

Groundwater monitoring would be appropriate as either compliance monitoring or response action 
monitoring. It would be effective and readily implementable, and is retained as a support process for 
incorporation into remedial action alternatives. 

Leachate Monitoring 
Leachate monitoring is applicable to site soil and sediment. Sampling and analysis of on-property 
leachate streams could be used to evaluate the progress of other remedial activities. 

Effectiveness: Leachate monitoring would not reduce the toxicity, mobility, or volume of 
contaminants in the perched groundwater. Also, monitoring wbuld not provide any 
additional protection of the environment since the contaminated groundwater would continue 
to migrate into the Great Miami Aquifer. Monitoring would be helpful in measuring and 
evaluating the effectiveness of remedial actions. Potential impacts on human health and the 
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environment during construction and implementation would be negligible. Exposure for 
sampling and analytical personnel would also be negligible. 

ImDlementability: Leachate monitoring is easily implementable. It only involves the 
sampling and analysis of collected leachate seeps or streams. Equipment and services are 
readily available. 

Cost: For leachate monitoring only, capital and O&M costs would be relatively low. 
Capital costs would include the possible installation of a few collection sumps. O&M costs 
would include sampling, laboratory analysis, and data validationlmanagement. 

Leachate monitoring would be effective in observing, but not controlling contaminant migration. 
Leachate monitoring would be implementable. As a result, leachate monitoring will be retained as a 
support option for soil and sediment to be used in conjunction with other process options in the 
formation of remedial alternatives. 

M. 5.2.2 Access/Use Restrictions 
Process options considered for accesduse restrictions include: 

Physical barriers 
Security guards 
Deed restrictions 
Continued federal ownership. 

Physical Barriers 
Physical barriers consist of fences, structures, and controls implemented at a hazardous waste and/or 
materials site to reduce human contact with the contaminants by preventing individuals from entering 
the site. Physical barriers would include a site perimeter fence with locked gates. This option may 
also include the installation of markers to delineate areas where hazardous materials or contaminants 
remain on the FEMP property. These barriers would discourage trespassing and require individuals 
to enter through security gates and controlled entrances. 

Effectiveness: Physical barriers would be an effective method for isolating and defining the 
area required to handle, treat, or dispose of contaminated material. Physical barriers alone 
are not effective in meeting remediation goals because they provide no reduction in the 
toxicity, mobility, or volume of contaminants. However, when used in conjunction with 
other technologies, physical barriers can assist in meeting remediation goals and are 
effective in protecting human health by restricting public access to a waste site. Physical 
barriers are only minimally effective in protecting the environment as contaminants could 
continue to migrate into the environment through groundwater, soil, surface water, and the 
atmosphere; however, physical barriers would limit access of certain animals to the waste 
site. The construction of physical barriers would have a negligible impact to both human 
health and the environment. Physical barriers are a reliable and proven method of 
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restricting access of the general public to a waste site; however, they 
during acts of vandalism or vagrancy. Maintenance of the barrier would be required to 
ensure its effectiveness over the long term. 

be breached 

Imulementabilitv: Physical barriers are administratively feasible and require no special 
permitting to implement. Physical barriers are currently in place; however, additional 
barriers and continued maintenance activities would be required for long-term 
implementation. 

- Cost: The capital costs necessary for physical barriers include materials and labor and are 
dependent on the extent of the area(s) to be enclosed. Once the physical barriers are 
installed, there would be minimal maintenance requirements and O&M costs. Costs are 
expected to be low. 

Physical barriers would be effective in restricting access and direct contact by humans, but would not 
remove the potential for contaminant migration. Physical barriers are retained as a support action for 
incorporation into remedial action alternatives. 

Securitv Guards 
Security guards would supplement physical barriers by monitoring for breaches in the barriers and for 
trespassers that may have entered the controlled areas. 0 

Effectiveness: Security guards are effective in supplementing physical barriers. Security 
forces would monitor the physical barriers for breaches. Random patrols would discourage 
vandalism or vagrancy. Security guards would physically remove trespassers that did 
breach the barriers. Security guards provide no reduction in toxicity, mobility, or volume 
of contaminants, but are effective in protecting human health by restricting public access to 
the contaminated media. Security guards are a reliable and proven method of restricting 
access of the general public to a waste site. 

Imulementability: Security guards are administratively feasible. Security forces are 
currently on site. Physical barriers would be required for long term implementation to 
assure boundaries are properly delineated. 

Cost: There are no capital costs associated with security guards. O&M costs would be 
relatively low. 
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with physical barriers. 39 

40 

Deed*Restrictions 41 

Deed restrictions may be potentially applicable for areas containing contaminated soil. 42 

43 

Deed 
. _  0 restrictions are a legal form of administrative control that would prohibit specified land use activities. 
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Limited land use may include prohibiting well drilling, farming, earth excavation operations, and/or 
erection of buildings. 

Effectiveness: Deed restrictions would be effective in placing legal restraints on the future 
use or development of areas used to contain or dispose of contaminated material on the 
FEMP property. Deed restrictions can be effective in protecting human health by 
restraining agricultural, construction, or other usage or development activities that could 
increase public exposure to the contaminated material. Deed restrictions can also be used to 
reduce public access to a waste site; however, they are only minimally effective at limiting 
public access unless used with other institutional controls (i.e., physical barriers). Deed 
restrictions alone would provide no protection to the environment, since the contaminated 
material would remain in place without treatment and wildlife access to the site would not 
be restricted. However, deed restrictions could prevent the drilling of wells into the 
underlying contaminated groundwater. 

ImDlementability: Deed restrictions are administratively feasible; however, deed restrictions 
are susceptible to changes in laws governing the transfer of property, deed adherence, and 
enforcement. Deed restrictions do not require any special resources to implement. Legal 
services would be required to implement deed restrictions. No consideration is being given 
in this FS to implementing deed restrictions on off-property areas through the purchase of 
laiid . 
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- Cost: Capital costs for this option include legal fees and are considered negligible. There 
are no annual O&M costs associated with this option. 

25 

Deed restrictions would be somewhat effective in restricting access and direct contact by humans, but 
would not remove the potential for contaminant migration. Deed restrictions are retained as a support 
action for incorporation into remedial action alternatives. 

Continued Federal OwnershiD 
Continued federal ownership is applicable to on-property soil and sediment. In this process option, 
the federal government could restrict or eliminate contact with contaminated soil or sediment on- 
property by continuing to exercise its rights as a property owner. The property owner would 
continue custodial oversight of the property through the DOE or another government entity. 

Effectiveness: Continued federal ownership would not reduce the toxicity, mobility or 
volume of contaminants in the groundwater; however, it would reduce the potential risk to 
human health by using property ownership rights to limit potential exposure associated with 
contaminants contained on the FEMP property. Physical barriers would also be required to 
maintain the access limitations of the facility. 

Implementability This option is readily implementable and administratively feasible as it 
represents the continuation of the existing situation with respect to property ownership. 
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- Cost: Because the implementation of this option does not require the transfer of property 
ownership, capital and O&M costs would be negligible. 

Continued federal ownership is retained as a support action for use with other institutional actions and 
containment options in the formation of the alternatives. 

M.5.3 CONTAINMENT 
The technologies considered for containment include capping and surface water control. 

M.5.3.1 CaDDinP Technologies 
Capping consists of the construction of a barrier that confines contaminated media to its current 
location. Capping is used to minimize infiltration, reduce transport of exposed waste materials, and 
minimize the potential for direct contact with contaminants. Capping typically involves the 
installation of a low-permeability compacted soil and/or synthetic liner over the waste or contaminated 
soil, and includes an overlying layer of topsoil and vegetation to protect the low-permeability barrier. 
Often, regrading of surface soil and relocation of the contaminated material within the area to be 
capped is required to maintain the proper side slopes on the cap in order to provide internal stability 
of the cap components and surface water control. The capping technologies reduce contaminant 
migration, but they do not reduce contaminant toxicity or volume. Capping is effective at reducing 
risks of exposure to the contaminated material. 

The only process option considered for this remedial technology is multilayer capping. 

Multilayer CaD 
Multilayer capping involves the installation of a barrier over the surface of the contaminated area. 
Capping can be used to control direct contact exposure and reduce the migration of contaminants to 
air, surface water, and groundwater. The cap would consist of a combination of low-permeability 
materials such as clay, concrete, asphalt, geotextiles, and synthetic membranes. 

The current design standards for mixed low-level radioactive and hazardous waste landfill caps 
commonly include: (1) an outer rock or vegetative layer to minimize erosion and provide for long- 
term stability, (2) a filter and drainage layer that transmits infiltrated water away from underlying low 
permeability layers to prevent ponding, and (3) an impervious flexible membrane overlying a 
compacted low-permeability clay layer. 

' 

Effectiveness: This option provides protection of human health by minimizing the potential 
for direct contact with or ingestion of contaminated soil and sediment. The primary COCs 
which pose the greatest threat by ingestion and/or dermal contact include: PAHs (e.g., 
benzo(a)anthracene, chrysene, and benzo(a)pyrene), radium, thorium, and arsenic. It also 
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reduces the potential for contaminant migration to air, surface water, and groundwater and 
for plant andfor aquatic life uptake. The cap will prevent surface water from filtering 
through the soil contaminated with uranium, the COC which poses the greatest risk to the 
groundwater. The only threats to human health and the environment during construction 
would be fugitive dust emissions, which can be readily controlled by using dust suppressants 
and PPE. Capping is proven and reliable, if properly maintained. A multilayer cap would 
ensure the long-term isolation of contaminants in the event that one layer failed. 

ImDlementability: Materials, equipment, and skilled personnel for the installation of a cap 
are readily available and acceptance from regulatory agencies for use with hazardous wastes 
is feasible. 

- Cost: Capital costs include material and installation costs. These costs are dependent on 
the type of capping materials and the extent of the area to be covered and are considered 
moderate. O&M costs are limited to inspections on a regular basis and any subsequent 
repairs or maintenance. O&M costs are considered low. 

The multilayer cap is a viable process option for control and containment of contaminated soil and 
sediment. It is retained for incorporation into remedial action alternatives as the primary 
representative process option for capping technologies. 

M.5.3.2 Surface Water Control Technologies 
Surface water controls evaluated include: 241 

Diversiodcollection 
Grading 
Revegetation 

DiversiodCollection 
Diversiodcollection would be used to control run-on and runoff from a waste area or a disposal 
facility. Diversion would be accomplished using dikes and berms; collection would be accomplished 
by using channels or trenches. 

Effectiveness: Diversiodcollection would be effective in reducing infiltration which would 
help to minimize COC migration. Diversiodcollection would not reduce contaminant 
toxicity, mobility, and volume. Maintenance of a diversiodcollection system would be 
required over the long term. 

Imdementabilitv: Diversiodcollection would be administratively feasible and require no 
special permitting to implement. Services to construct diversiodcollection systems are 
readily available. 

- Cost: Capital costs are considered moderate and include materials and labor. Once the 
diversiodcollection system is installed, there would be minimal maintenance and no 
operating costs. 
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Diversiodcollection of surface water will be retained as a support option in the development of 
remedial alternatives. 

Grading 
Grading would be conducted to recontour the surface to limit run-on, runoff and erosion. Grading 
would be conducted after excavation or for containment options. 

Effectiveness: Grading would be effective in minimizing run-on and erosion concerns from 
runoff. Grading would also help to minimize infiltration. Grading would not reduce 
toxicity, mobility, or volume. Maintenance of the graded area may be required over the 
long term. 

ImDlementability: Grading is administratively feasible and requires no special permitting to 
implement. 

- Cost: The capital cost necessary for grading includes equipment and labor and is 
considered moderate. Minimal maintenance and no operating costs would be incurred. 

Grading will be retained as a support action for incorporation into remedial alternatives. 

0 1  
is a cost-effective method to stabilize the surface, especially after 

excavation and backfilling. It decreases erosion by wind and water and contributes to the 
development of a naturally fertile and stable surface environment. Revegetation is used with removal 
options. 

Effectiveness: Revegetation can be effective in stabilizing surface soil when 
used in conjunction with removal technologies that excavate contaminated soil. 
Revegetation is effective in helping to achieve the remediation goal of protecting the 
environment by reducing the migration of surface soil into streams and controlling wind and 
surface water erosion. Revegetation is a reliable method for surface stabilization; however, 
it is not a reliable method for surface stabilization in areas where strong erosion forces, 
steep grades, ponding conditions, or infertile soil decreases the effectiveness of revegetation. 

ImDlernentability: Revegetation is administratively feasible and requires no 
special permitting to implement. Both resources and services required to place a vegetative 
cover are readily available. . 

Costs: Capital costs would include labor and materials. When compared to other surface 
controls options, revegetation has a low capital cost and low O&M costs. 

. . . . . . . 

Revegetation will be retained for incorporation into the alternatives as a support for 0 removal actions. 
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M.5.4 REMOVAL 
Under this technology, soil excavation and sorting/separation are considered. 

M.5.4.1 Excavation Technologies 
The process options that passed the initial screening for this technology include: 

Excavation 
Sorting/separation. 

Excavation 
Soil excavation can be accomplished with conventional heavy construction equipment and is applicable 
to almost all site conditions. Backhoes, hydraulic excavators, graders, and loaders are mosr 
appropriate for the removal of soil and dry stream sediment. Sections of Paddys Run, the storm 
sewer outfall ditch, and the pilot plant drainage ditch are dry during the summer and autumn months; 
therefore, standard excavation techniques can be accommodated. Conventional excavation techniques 
can also be used when these streams are flowing if controls are in place to minimize downstream 
transport of contaminated sediment during excavation. 

Large volumes of potentially contaminated soil are also located beneath site buildings and facilities. 
To excavate this soil, the buildings must first be demolished or excavation must be through the floor 
of the building. 

Effectiveness: Mechanical excavation effectively removes contaminated soil and sediment. 
The primary COCs which will be removed include uranium, thorium, radium, arsenic and 
PAHs. There is a potential risk for worker exposure to short-term fugitive dust emissions 
during the excavation process. These risks will be minimal provided that PPE and dust 
suppressants are employed. 

Imdementability: The equipment necessary for the removal of site soil and sediment is 
conventional and readily available. Site conditions are conducive to easy implementation 
using conventional excavation techniques. The removal of soil or sediment from off- 
property areas will require access approval and adherence to U.S. Arniy Corps of Engineers 
requirements for excavation from Paddys Run. Before excavation of soil underneath a 
building, a study of the existing building/structure would be required to determine any 
bracing and/or shoring requirements to ensure that no extensive load displacements occur 
during the excavation process. 

- Cost: The capital costs for soil and sediment excavation would include equipment and labor 
and are considered low; The cost would increase if buildings were not removed before 
excavation. There are no annual O&M costs associated with excavation. 
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March 22, 1995 0 Excavation of soil and sediment is deemed effective and implementable and is retained for 
incorporation into remedial alternatives as a primary representative process option. 

SortindSeDaration 
Sorting/separation will be used to separate excavated materials into one of the three following groups: 
radiologically contaminated material, contaminated material, or clean soil. 

Excavated material will be sorted visually using mechanical excavating equipment to separate large 
debris or pockets of radiologically contaminated materials. Materials may also be sorted in the field 
using gamma detectors or photoionization detectors to detect low-level radioactive waste or volatile 
organics, respectively. Mechanical screening techniques might also be employed to separate soil from 
waste media. 

- 

Effectiveness: Sorting/separation would be an effective technology for handling the volume 
.of contaminated material present. Sorting/separation would be effective for reducing the 
total amount of material that would have to be treated or disposed. The use of 
sorting/separation is not effective by itself in meeting remediation goals; however, it is 
effective when used in conjunction with other process options. During construction, risks to 
site workers using field screening equipment can be mitigated by using safe work 
procedures. Sorting/separation is reliable for visually identifying large debris and sorting 
using mechanical excavators. The identification process for separating radiologically 
contaminated materials from nonradiologically contaminated materials is relatively slow. 

ImDlementability : Sorting/separation is administratively feasible if conservative sorting 
decisions are made in the field. A method of quality assurance must be developed to 
calibrate the field readings with laboratory analysis to ensure that material sorted as 
noncontaminated is, in fact, clean. The resources for sorting using mechanical excavators 
and mechanical screening are readily available. The currently available resources for 
sorting radiologically contaminated material are slow. Devices that can identify large 
quantities of radiologically contaminated material relatively quickly are currently being 
developed. 

- Cost: Capital costs include equipment, labor expenses, and power usage, and are 
considered to be moderate. O&M costs include sampling and analysis, long-term 
maintenance, and monitoring of the waste after it is disposed of and are considered to be 
low. 

Sorting/separation will be retained for incorporation into the alternatives as a support action to other 
technologies that require contaminated waste to be separated before treatment or disposal. 
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M.5.5 TREATMENT 
The technologies considered under treatment include physical treatment, physicallchemical treatment, 
solidificatiodstabilization, and thermal treatment. 

M.5.5.1 Physical Treatment Technologies 
The only process option considered for this technology is dewatering/drying. 

DewaterindDrving 
Dewatering is a physical treatment process which is performed to reduce the moisture content of a 
material by a natural or mechanical process. By separating liquid from the solid material, the volume 
is greatly reduced and easier to handle. Additional dewatering by means of drying will further reduce 
the volume. 

- 

Drying may include physical or thermal processes. Some thermal processes may require physical 
drying as a pretreatment step to extract excess water from the raw material before thermal drying. 
Physical processes include filter presses or spreading the material in drying beds. Filter presses might 
be suitable for treating residue from a water treatment process option. 

Thermal processes are typically classified in two ways, direct and indirect heating. Direct heating 
methods accomplish drying by direct contact between the wet solids and hot gases. Indirect heating 
methods dry materials by transferring heat to the wet solids through a retaining wall. Indirect 
methods minimize dust creation, but are less energy efficient than direct methods. Either method will 
require air pollution controls such as high-efficiency particulate air (HEPA) filters or scrubbers to 
contain dust or other emissions such as volatile organics that may be driven off in the process. 

The typical methods of dewateringldrying include filter presses, centrifuges, and/or rotary dryers. 

Effectiveness: Dewateringldrying is an effective means of reducing the amount of material 
being handled as a solid and in some cases is a necessary step to meet specific handling, 
treatment, and disposal requirements. It does not treat the organic, inorganic or 
radionuclide COCs, but can be effective as a support process option. Emission control may 
be necessary to capture any volatiles which are released during drying. 

Imdementability: The various methods of dewatering are all readily implementable and 
they are technically and administratively feasible. The specific process selected will be 
based on the initial moisture content and the desired final moisture content. 
Dewateringldrying equipment is readily available. 

- Cost: Capital costs associated with this process which include equipment, labor, and 
utilities are considered to be moderate. O&M costs are negligible. 
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retained for use in the development of alternatives as a support process option in conjunction with 
other treatment and/or disposal options. 

M.5.5.2 Phvsical/Chemical Treatment Technologies ~ 

Process options that passed the initial screening for this technology type include: 

Soil washing 
Physical separation. 

Soil Washing 
Soil washing is an ex situ treatment process that incorporates the separation of chemical contaminants 
from the soil matrix by a combination of physical and chemical treatments. Soil aggregates are 
reduced to a single-grain composition by either mechanical- and/or chemical-based operations, 

- 

~. . . allowing for particle separation based on size and/or density characteristics. Selected physicochemical 
treatment operations can then aid in the extraction of inorganic, organic, and radiological chemical 
contaminants from the discrete soil particles. 

0 Limitations to conventional soil washing processes exist. Although this process may significantly 
reduce contaminant mass and mobility in the final treated soil, it may still not achieve a targeted 
cleanup criteria due to the indigenous nature of the soil contaminant matrix. The incorporation of 
additional processing steps (composed of chemical extraction and/or other innavative technologies) to 
meet targeted cleanup levels may result in a treatment process that is not cost competitive with off-site 
disposal or on-property consolidation. In addition, generation of secondary waste streams may reduce 
the net volume reduction. Regeneration of the soil fertility following treatment, in order to support 
plant life, should not be a major problem given standard agronomic practices. 

Several soil washing treatability studies have been conducted on FEMP property contaminated soil 
using a cross section of extractant methods and reagents. These tests have been conducted under the 
DOE’S Uranium in Soil Integrated Demonstration and Minimum Additive Waste Stabilization 
programs, and the FEMP’s soil washing treatability studies (refer to Appendix D for more 
information regarding these programs and studies). All of the DOE programs and most of the FEMP 
tests focused on removing uranium, the principal site COC. 

DOE Based on the results of the treatability studies to date, the following general conclusions are: 1) site 
soil generally contains a high siltklay fraction; 2) uranium contamination is present in all site soil 
fractions; 3) a carbonate extraction solution can reduce uranium concentrations in site soil to 100 
mgkg; 4) a sulfuric acid extraction solution can reduce uranium concentrations in site soil to 0 
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50 mg/kg; and 5) the sulfuric acid extractant process generates a relatively greater quantity of 
. . . . . . . . . . . . . . . . . . . . . . . 

treatment residues than does the carbonate extractant process. 2 
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Phvsical Seuaration 
The operational premise for a physical separation process is to derive waste minimization through a 
volume reduction process by separating out a size fraction of the soil containing little or no 
contamination. Physical separation operations in soil washing have included high pressure water, 
screening, attrition scrubbing, froth flotation, tall column, electromagnetic separation, mechanical 
separation, hydrogravimetric separation (including hydrocyclones, mineral jigs, and spiral classifiers), 
and multigravity separation. 

Primary limitations to the application of a physical separation-based soil washing process for Operable 
Unit 5 soil are the ubiquitous distribution of uranium throughout all soil particle-size fractions and the 
lack of predominately sand-based soil. In addition, since a number of soil contaminant matrices exist 
within Operable Unit 5, the effectiveness of water-based physical separation processes will depend on 
which soil-uranium matrix is being treated. However, significantreduction in contaminant mobility 
should result from in an oversize treated fraction coming off of the physical separation process. 
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The following is an evaluation of the physical separation process: 

Effectiveness: A physical separation process has the potential to achieve waste minimization 
through volume reduction. The use of selective equipment for separating the coarse soil 
particles, e.g., gravel, sand and possibly the coarse silt fraction as well as dense metal 
particulates, could result in a soil fraction with residual uranium concentrations and mobility 
meeting selected targeted cleanup levels by either reducing uranium concentration and/or 
uranium mobility. 

ImDiementabiiity: A full-scale site physical separation system would require a much more 
simplified process than for a full-scale soil washing system. Select equipment would be 
used to provide specific soil size fractions and dewatering operations within the system. 
Processing rates would be relative high tonnage per hour with a minimum number of 
operators being needed to run the system. 

- Cost: System design and capital cost for equipment are low. O&M costs include long-term 
monitoring and are considered low. 

Based on the current level of technological development, the retention of a physical separation-based 
soil washing process as a viable remedial technology for Operable Unit  5 soil must be as a support 
technology. Although, a physical separation process would certainly be cost competitive with off-site 
disposal and possibly with on-site consolidation, the nature of the soil contaminant matrix within 
Operable Unit 5 does not lend itself to a detinite resolution on whether the treated 'soil fraction would 
achieve the defined cleanup criteria. Its potential application would be as a support technology within 
a treatment-train process, possibly supported by other innovative technologies. o r  as a sole process 
targeting soil which either slightly exceeds cleanup criteria for total uranium concentration or soil 
with excessively high mobility levels for uranium or other COCs so as to exceed the on-site 
consolidation criteria. 

205 M.5.5.3 Solidification/Stabilization Technologies 
Process options that passed the initial screening for this technology type include: 

Cement-/Pozzolan-based sol id itication 
Thermoplastic soliditication 
Organic polymer stabilization 
Vitrification 

Cement-/Pozzolan-Based Soliditication 
Cement-based soliditication involves sealing excavated wastes in a matrix of portland cement to 
physically or chemically solidify the waste. Pozzolan-based soliditication is very similar to cement- 
based though the soliditication agent is a mixture of tine-grained siliceous material. lime. and water 
Other materials, such as tlyash, cement-kiln dust, or ground blast-furnace slag can be used as the 
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siliceous additive. Weight and volume increases are typical for the final product of cement-based 
solidification processes. Pozzolan-based methods also result in weight and volume increases. 

Solidification technologies are applicable to contaminated material whose primary COCs are 
inorganics and radionuclides. This technology reduces mobility through the binding of hazardous 
constituents into a solid mass with low permeability that resists leaching, or by chemically binding 
them to the solidification reagents and thereby resisting leaching. Solidification agents typically 
include pozzolanic-based materials such as portland cement, cement kiln dust, and flyash. Additives 
such as lime or proprietary reagents are often added to the solidification formula to increase the 
effectiveness of the treatment. Specifically, lime can be added to reduce the solubility of metals and 
organophilic clay can be added to adsorb organic contaminants. 

Solidification technologies have been most successful when applied to 

organics such as PCBs and creosote 
contaminated soil containing nonvolatile 

and incinerator ash containing heavy metals 

-$ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

The EPA has used solidification on many hazardous waste sites to determine treatment standards and 
the best demonstrated available technology. It has been demonstrated that small amounts of organic 
contaminants can retard the cementing reaction in cement-based and lime/flyash-based processes. 
Such contaminants decrease the compressive strength and increase the leachability of the contaminants 
(Sheffield et al. 1987, Eaton et al. 1987). Although several vendors have successfully used 
organophilic proprietary compounds as additives to bind organics (at low concentration levels) to the 
solid matrix to inhibit their retarding effect, high concentrations of VOCs will still cause retarding 
effects. Pretreating the waste before solidification to remove the organics by soil washing, thermal 
treatment, or chemical oxidation can prevent retarding effects. 

Site demonstration tests were conducted using the Hazcon cement-/pozzolan-based solidification 
process on six different sludges and soil containing a wide variety of organic and metal contaminants. 
The tests indicated that, in general, a significant reduction in mobility was achieved for the heavy 
metals but not for the organic contaminants, both volatile and semivolatile (Sawyer 1988). 

The performance of a solidification system is 
designed to accommodate the specific waste. 

highly waste specific; therefore, the process must be 
A thorough physical and chemical characterization of 
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waste and treatability testing is essential to determining the most suitable solidification reagents and 
mixing ratios, as well as any special pretreatment or material handling methods that may be required. 

The equipment used in solidification includes a feed system (conveyor or hopper), mixing vessels 
(pug mill or containers with excavating equipment), and bulk storage bins. After the waste is mixed 
with the solidifying agents the material is allowed to cure for a specified time period which is I 

dependent on the strength required before handling or disposal. The solidified waste can be in the 
form of a treated block or a modified soil which can be compacted in a disposal area using standard 
construction equipment. 

Effectiveness: Cement-based or pozzolan-based (lime or flyash) solidification methods can 
be effective in immobilizing radioactive and inorganic COCs. The effectiveness in 
immobilizing organics depends on the concentration and mobility of the organic compounds. 
Solidification of contaminated soil will reduce the leachability of the primary radionuclide 

and inorganic COCs, including uranium, thorium, radium and arsenic. The mechanism to 
reduce leachability may be a result of pH adjustment or by the addition of a reagent which 
will chemically bind the contaminant to the solidified matrix. A treatability study will be 
required to determine optimum mix ratios and the need to add special reagents to reduce 
mobility of the contaminants. The primary organic COCs are PAHs (e.g., 
benzo(a)anthracene, chrysene, and benzo(a)pyrene). These organics are relatively immobile 
and primarily present risks from direct contact. Solidification will minimize migration of 
the PAHs; however, the solidified mass will require some type of cover to eliminate the risk 
of dermal contact. The solidification process would be effective in eliminating direct 
exposures to receptors and in minimizing the leaching of soil and sediment contaminants to 
other environmental media. Long-term stability and leachability, however, are potential 
concerns because the contaminants are not destroyed, but remain within the solidified mass. 
This type of solidification also results in a volume increase. 

Imdementabilitv: The equipment necessary for this process is similar to that used for 
cement mixing and handling. It includes a feed system, mixing vessel, and a curing area. 
A solidification process will require bulk storage for the solidification agents such as cement 
and flyash. The solidification agents will be metered at controlled rates using weight 
feeders. The solidification agents will be pneumatically fed to a pug mill where the soil and 
cement additives will be blended. The final mix will be deposited into reusable forms for 
curing. After curing, the solid blocks will be removed from the forms and transported to 
the appropriate disposal destination. No permits, except for construction permits, would be 
required for an on-property treatment system. , 

- Cost: Capital costs include equipment, reagents, labor expenses, and power usage and are 
considered high. O&M costs include long-term maintenance and monitoring of stabilized 
areas and are considered low. 
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Because of concerns associated with the long-term stability, high reagent consumption, and significant 
volume increases following treatment, this process option is not retained for incorporation 

DOE into the remedial alternatives. 

Thermoplastic Solidification 
Thermoplastic encapsulation involves sealing a waste in a matrix by the addition of a binder. The 
binder material may be asphalt bitumen, paraffin, sulfur cement, polystyrene, or polyethylene. The 
waste is dried, heated, and mixed with a heated binder material. The heated (266°F to 500°F) waste- 
binder mixture is placed in a container or mold where it solidifies as it cools. 

Thermoplastic encapsulation reduces the hazard potential of a waste by physically surrounding the 
waste and containing it in a less soluble, mobile, and/or concentrated form. Because there is no 
chemical reaction associated with this remedial technology, there is a decreased possibility that the 
waste would be incompatible with the binder. This technology will result in a volume increase due to 
the addition of the binder material. 

- .  

Thermoplastic techniques include both micro- and macro-encapsulation processes. Micro- 
encapsulation isolates and surrounds individual particles and macro-encapsulation produces a solid 
mass of particles surrounded by a thermoplastic container. Macro-encapsulation, also called 
jacketing, isolates the waste by completely surrounding it with a durable, impermeable coating. 
Methods include sealing the waste in polyethylene or in a polyethylene-lined drum or mixing the 
waste with an organic polymer and then compressing the mixture into a polyethylene-coated block 
using a pressureheating technique. 

Bench-scale thermoplastic encapsulation of DOE Rocky Flats wastes was performed by Brookhaven 
National Laboratory (BNL). The low-level radioactive wastes included in the thermoplastic 
encapsulation bench-scale testing were reactor-generated evaporator concentrate salts (sodium sulfate 
and boric acid), incinerator ash, and ion exchange resins. Full-scale thermoplastic encapsulation of a 
simulated nitrate salt waste was also successfully performed by BNL. BNL reports that thermoplastic 
encapsulation cannot be used for waste that contains highly volatile organics unless the waste is 
pretreated for their removal. 

Effectiveness: Solidification of contaminated soil will reduce the leachability of the primary 
radionuclide and inorgac  COCs, including uranium, thorium, radium isotopes, and 
arsenic. This method is most applicable to heavy metals. Relative to cement-based 
solidification, the increase in volume and rate of leaching is significantly less. The energy 
intensity of the operation (to heat the thermoplastic material to a liquid) is increased by the 
requirement that the wastes be thoroughly dried before solidification. The primary organic 
COCs, which include benzo(a)anthracene, chrysene, benzo(a)pyrene and other PAHs, will 
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be treated during this process. This process has not been applied full-scale to radioactive 
materials, and the long-term stability and leachability with respect to such materials are 
uncertain. 

Imdementability: Thermoplastic solidification requires specialty equipment and highly 
trained operators to mix the wastes arid solidification agent. No permits would be required 
for on-site treatment. 

- Cost: Capital costs include specialized equipment, specialized reagents, trained operators, 
and power and are considered high. O&M costs include long-term monitoring and 
maintenance of stabilized materials and are considered low. 

Based on the overall evaluation and the availability of more-proven methods, this option is not 
. retained for further consideration. 

Organic Polvmer Stabilization 
This process involves mixing contaminated soil and sediment with a polymer and catalyst to form a 
stable solid. In solidifying wastes with organic polymers, the waste does not have to be dried before 
polymerization. Any liquid associated with the waste will remain after polymerization, if not dried, 
and the polymer mass must often be dried before disposal. Significant amounts of residual water may 
have an adverse effect on the physical integrity of the polymer structure. 

Effectiveness: The long-term effectiveness of the various organic polymers is questionable. 
Stabilization of the contaminated soil will reduce the leachability of the COCs, but many of 
the polymers are biodegradable and over time could release the contained radionuclide, 
organic, and inorganic COCs. This shows that these solidification methods are more for 
ease of handling than for long-term security of the wastes. Hazardous or harmful releases 
may occur from catalysts, "weep" water, and fumes from the resins. Little is known about 
suitable waste types for some polymer solidification processes. 

Imdementability: Specialized equipment, reagents, and trained operators are required for 
this process. No permits, except for construction permits, would be required for on-site 
treatment. 

- Cost: Capital costs include equipment, specialized reagents, and trained operators and are 
considered high. O&M costs include long-term monitoring and maintenance of stabilized 
materials and are considered low. 

Because of the overall evaluation and the availability of more proven methods, this option is not 
retained for further consideration. 

Vitrification 
The vitrification of contaminated soil is achieved in a reaction chamber in which high temperature is 

used to reduce toxic organic compounds to elemental gas and carbon. The inorganic contaminants are 
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either entrained in the glass and siliceous melts or are volatilized at the temperatures they are exposed 
to in the reaction chamber. The advantages of vitrification over other thermal processes are the lack 
of oxidation products and large air emissions, and the reduced leachability of inorganic materials such 
as heavy metals (EPA 1992). 

The reaction chamber melter is divided into an upper and lower section, both of which are refractory- 
lined and have separate electric heating systems. During operation, the upper section accepts the 
waste feed via gravity and contains gases and other products of pyrolysis. The lower section contains 
the molten glass and inorganics of the waste. The off-gas and particulates are drawn off by an 
induction fan and treated through a cyclone, a baghouse, and an acid gas scrubber. The molten 
material containing the inorganics is withdrawn from the lower section of the chamber. The process 
operates on a continuous cycle with the waste entering the reactor, mixing with additives (fluxes) and 
molten glass being withdrawn. The off-gas and vapors are treated in a gas scrubber system and 
released to the atmosphere. The water in the scrubber system is recycled. The concentrations of 
hazardous constituents and the reduction of leachability in the residuals are such that further treatment 
is not required (EPA 1992). 

- 

Soil containing radioactive material such as uranium can be successfully treated by vitrification. The 
organics in the soil would be treated by the off-gas system during pyrolysis when they become 
vaporized. The uranium and metals in the soil would be bonded in a glass product. 0 
In designing the vitrification system, considerations should be given to the organic and silica content 
of the soil and the volume of soil to be treated. The off-gas collection system would be sized based 
on the amount of organics in the soil and would include HEPA filters, scrubbers, etc., to prevent any 
airborne radionuclides from entering the atmosphere. The ratio of silica to flux in the waste would 
determine the waste loading of the melter and whether any additives (flux) would be needed in the 
soil before melting. The amount of soil to process would also determine the size of melter needed. 
The off-gas systems and melters for vitrification would be commercially available through several 
vendors. The melter sizes that are available range from 150-pounds-per-hour units to 100-tons-per- 
hour units. 

The weathering behavior of volcanic glass (a natural analog to the vitrified product) can provide some 
measure of the long-term stability and durability of the vitrified product. Only very thin weathering 
rinds develop on volcanic glass over a period of several million years. The slowness in the overall 
degradation of a glass grain suggests that the diffusion coefficient or leachability index would remain 
relatively unchanged over time. Data on the long-term stability of vitrified material are not available, 
and the life expectancy of the vitrified product is difficult to estimate from short-term leach rates. On 0 
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the basis of the longevity of volcanic glass and diffusion calculations, the vitritied product would be 
expected to withstand environmental exposure for thousands of years. 

Effectiveness: The effectiveness of this process varies depending on the types of 
radionuclides and other chemical constituents in the contaminated material. It  has been 
developed specifically for applications to radioactivi waste sites. particularly by the DOE in 
its remediation programs. When compared to other waste soliditication methods. 
vitrification offers the greatest degree of containment. Vitrification of contaminated soil 
will reduce the leachability of the primary radionuclide and inorganic COCs, including 
uranium, thorium, and radium isotopes and arsenic. The primary organic COCs are PAHs 
(e.g., benzo(a)anthracene, chrysene, and benzo(a)pyrene) that will be released as an off-gas 
during vitrification and will require collection and treatment. A treatability study will be 
required to determine the process parameters. The volume of waste is reduced after 
vitrification. The collection and treatment of off-gases is an important technical 
consideration. 

Imnlementability: Most techniques for this process are not commercially available but can 
be made available for DOE sites, because much of the research and development were 
conducted in support of DOE programs. Highly trained operators would be required. 
Approval for air emissions may not be required because this is not an incinerator. 

- Cost: Capital costs are expected to be moderate to high. Because soil will vitrify at 
relatively low temperatures, utility costs will be moderate; however, equipment costs will be 
high. Long-term monitoring of vitritied waste placement areas may be required, but O&M 
costs are considered low. 

Vitrification is a potentially viable process which will be used as a support option in the treatment of 

smaller quantities of soil, sediment, or waste treatment residuals. A small, 20-ton-per-day 
vitrification unit will be employed to clean the wastes in the K-65 silos as part of the Operable Unit  4 

remedial action plan. Once the K-65 silo wastes are cleaned up in 2002, this vitritication unit may be 
used to process a very limited amount of 

r 

have nearly enough capacity at 20 tons per day to handle the two to three million tons of soil which 
would potentially need to be remediated in Operable Unit 5. 

, , . . . . . , , , . . . , , . . . . . . . . . . . . . . . . . . , , . . . . .. 
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M.5.5.4 Thermal Treatment Technologies 
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Thermal desorption a Rotary kiln incineration 

32 

33 

34 

35 

36 

31 

38 



FEMP45FS-5 DRAFT RNAL 
March 22. 1995 

Fluidized bed combustion 
Circulating bed combustion 
Infrared incineration 
Plasma centrifugal furnace. 

Thermal Desomtion 
Thermal desorption is the process by which organic contamination is removed from soil by raising the 
temperature of the soil to cause volatilization of the specific organic chemicals. The vapor phase is 
then captured and treated by carbon adsorption, concentrated, or destroyed by incineration. The 
concentrated organics or spent carbon would be shipped off site for disposal. This thermal treatment 
process would be used to treat soil contaminated with RCRA waste constituents (Le., solvent wastes), 
and/or other organics such as semivolatiles and PCBs. 

Effectiveness: This process is able to remove volatile and semivolatile organic 
contaminants. The primary organic COCs which pose the greatest threat are PAHs (e.g., 
benzo(a)anthracene, chrysene, and benzo(a)pyrene), which will be removed by this process. 
Additionally, volatile organics and PCBs are present in the soil. This process is not capable 
of treating the inorganic or radionuclide COCs. This process is therefore only effective in 
achieving the RAOs for some of the organic contamination and applicable only as a 
pretreatment. 

ImDlementability: This technology is widely available. Specialized equipment and trained 
personnel would be required, but it is technically and administratively feasible. Mobile 
units are available. 

- Cost: Capital costs for equipment, labor and utilities are considered high. O&M costs 
include long-term maintenance and monitoring of the final disposal area and are considered 
to be low. 

Thermal desorption can be an effective means to remove specific organics and has been selected as 
the representative thermal treatment support process option for the pretreatment of certain organics in 
soil, sediment and treatment process residuals. 

Rotary Kiln Incineration 
Rotary kiln incinerators are slightly inclined, refractory-lined cylinders. Their primary use is the 
combustion of organic solids. This thermal treatment process would be used to treat soil 
contaminated with RCRA waste constituents (i.e., solvent wastes) andfor other organics such as semi- 
volatiles and PCBs. Wastes are injected into the kiln at the higher end and are passed through the 
combustion zone as the kiln rotates. The rotation creates turbulence and improves combustion. Most 
rotary kilns are equipped with afterburners to ensure complete combustion. Waste retention time can 
vary from several minutes to an hour or more depending on the contamination, moisture content, and 
British thermal unit (Btu) value in the soil. Wastes are substantially oxidized to gases and inert ash 
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within this zone. Ash is removed at the lower end of the kiln. Flue gases are passed through a 
secondary combustion chamber and then through air pollution control units for particulate and acid 
gas removal. 

Rotary kilns are separated into three sizes. The small r o w  kiln generally operates below 20 million 
Btu/hour with a capacity of 1 to 2 tonshour, and is applicable for projects less than 5000 tons 
containing both volatile and semivolatile organics. The medium-sized rotary kiln generally operates 
in the range of 20 to 40 million Btu/hour with a capacity from about 4 to 7 tonshour. Typical 
project size is from 5000 to 30,000 tons and can handle many different types of wastes with only a 
minimum amount of pretreatment feed-size reduction. The large rotary kiln generally operates above 
40 million Btu/hour with a capacity of more than 10 tonshour, and is cost effective only on projects 
requiring greater than 20,000 tons of soil to be processed. Rotary kiln incinerators are used 
extensively on hazardous waste projects. 

Effectiveness: Rotary kilns are capable of burning a wide range of waste in any physical 
form (solid, liquid, gas). The organic COCs which are volatile organics, PCBs, and PAHs 
will be removed by this process, but the inorganic and radionuclide COCs are not. This 
process, therefore, is not effective in reducing the toxicity, mobility, or volume of these 
COCs, but often can be used as an effective pretreatment for the removal of organics. It is 
also effective in both the short term (during construction and implementation) and the long 
term. 

Imdementability: Rotary kiln incinerators, both fixed and mobile, are widely available 
commercially from many vendors and are in broad use for most hazardous waste 
applications, including RCRA, CERCLA, and other toxic substances. Specialized 
equipment and skilled labor are required. Some pretreatment and careful maintenance is 
required. The process has been found to be technically and administratively feasible. 

- Cost: Capital costs for equipment, labor and utilities are considered high. O&M costs 
include long-term maintenance and monitoring of the final disposal area and are considered 
to be low. 

Rotary kilns are an established and effective means of destroying organic contamination and therefore 
can be used as a pretreatment process option. This technology will be retained as a potential support 
process for the treatment of organics in soil, sediment and treatment process residuals. 

Fluidized Bed Combustion 
The fluidized bed system is an efficient combustion process which can operate.at lower temperatures 
than most combustion devices because of the high-mixing energies aidini the combustion process. 
The most typical wastes treated in fluidized beds include slurries and sludges as well as halogenated 
and nonhalogenated solids. This thermal treatment process would be used to treat soil contaminated 
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with RCRA waste constituents (Le., solvent wastes) and/or other organics such as semivolatiles and 
PCBs. 

The fluidized bed incinerator consists of a refractory-lined vessel containing a bed of inert granular 
material. The waste is injected directly into the bed or at its surface. Combustion air is forced 
upward through the bed, which fluidizes the material at a minimum critical velocity. A combustion 
environment that resists temperature fluctuations and enables the retention time to be controlled is 
established. Combustion gases are drawn out and treated for removal of acid gas and particulate 
constituents. The standard temperature operating range is from 850°F to 2100°F. 

Effectiveness: This process is well suited for incineration of high-moisture wastes such as 
municipal wastewater treatment plant sludges and only limited data exists on the use of 
fluidized beds for hazardous waste incineration. This process will destroy the organic 
COCs which are volatiles, PCBs, and PAHs, but will not treat the radionuclide and 
inorganic COCs. This process has a relatively low throughput capacity, and it is difficult to 
handle the residues and ash produced in the bed. Although it is effective in achieving the 
remediation goal for organics it still does not handle inorganics or radionuclides and its 
short-term effectiveness for this application is unsure. 

Imdementability: This technology is used widely in the pulp and paper industry, but limited 
information is available for environmental applications. Equipment would have to be 
special ordered and require trained personnel to operate the equipment. This technology is 
technically and administratively feasible. 

- Cost: Capital costs for equipment and utilities are considered high. Low O&M costs are 
associated with the disposal of the by-products of this process are considered to be low. 

Because this technology does not have the track record that other thermal technologies have in 
treating hazardous wastes, this process option will not be retained for further consideration as a 
pretreatment option. 

CirculatinP Bed Combustion 
The circulating bed combustor (CBC) system is an efficient process that can operate at lower 
temperatures than most combustion devices because of the high mixing energies aiding the combustion 
process. This thermal treatment process would be used to treat soil contaminated with RCRA waste 
constituents (i.e., solvent wastes) and/or other organics such as semivolatiles and PCBs. The CBC 
system operates in the same manner as the fluidized bed, except that the system operates at higher air 
velocities which allow it to operate at lower temperatures. The CBC consists of a refractory-lined 
vessel containing a bed of inek, granular-matetial. The waste is injected directly into the bed. 
Combustion air is forced upward through the bed. A combustion environment that resists temperature 
fluctuations is established. Combustion gases are drawn out and treated for removal of acid gas and 
particulate constituents. The standard operating temperature is approximately 850°F. 
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Effectiveness: This process is well suited for incineration of high-moisture soil and wastes 
with low Btu values. Limited data exists on the use for hazardous waste application. This 
process will remove the organic COCs but will not treat the radionuclide and inorganic 
COCs. This process is therefore only effective as a pretreatment to remove the organic 
contamination. It is effective in the short and long term, but only for organics. 

Im~lementability : Circulating fluidized bed incinerators are relatively new developments 
that have not been widely used for waste incineration. Equipment would have to be special 
ordered and require highly trained personnel to operate the equipment. This technology is 
technically and administratively feasible, but has not been widely implemented. 

- Cost: Capital costs for equipment, labor, and utilities are considered high. This technology 
is more fuel efficient than the rotary kiln for low-Btu soil. The O&M costs associated with 
the process include long-term maintenance and monitoring of the final disposal area and are 
considered to be low. 

Because this technology does not have the track record that other thermal technologies have in 
treating hazardous wastes, this process option will not be retained for further consideration as a pre- 
treatment option. 

Infrared Incineration 
Infrared incineration treats waste by passing material through the primary chamber on a belt exposed 
to thermal radiation. After the primary chamber, combustion products flow into a secondary 
chamber, which can be either a combination gas-firedhnfrared unit or a conventional gas-fired 
secondary chamber. Flue gas treatment is accomplished by any conventional off-gas cleanup system, 
The unit has a soil capacity of about 3 tonshour. The operating range is around 1400°F for the 
primary chamber and 1600°F for the secondary chamber. The organics are removed in the primary 
chamber and destroyed in the secondary chamber. This thermal treatment process would be used to 
treat soil contaminated with RCRA waste constituents (Le., solvent wastes) and/or other organics such 
as semivolatiles and PCBs. The residuals from this process, like the other thermal treatment 
processes, are ash, scrubber water, and off-gases. 

L _  c -  

. .  

" 0 

Effectiveness: Infrared units require a uniform feed and are most applicable to low-Btu 
soil. The organic COCs (volatile organics, PCBs, and PAHs) will be removed by this 
process, but the inorganic and radionuclide COCs are not treated by this process. These 
units are therefore effective only as a pretreatment for organics. , 

ImDlementabilitv: Commercial use of the infrared technology has been employed; treatment 
of CERCLA wastes containing halogenated and nonhalogenated organics has been 
completed. Specialized-equipment and personnel are required to operate this system. This 
technology is technically and administratively feasible; mobile units are available. 
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- Cost: Capital costs for equipment, labor, and utilities are considered high. Low O&M 
costs associated with this process include long-term maintenance and monitoring of the final 
disposal and are considered to be low. 

Infrared incineration ia applicable to site soil, sediment and treatment process residuals, and will be 
retained for consideration as a potential organics pretreatnient support process option. 

Plasma Centrifugal Furnace 
The plasma centrifugal furnace is a thermal treatment process that uses the heat from a plasma torch 
to create a molten bath to decontaminate soil. Organic contaminants are vaporized and react at very 
high temperature to form harmless products. Solids melt and are incorporated into the molten bath. 
Metals are retained within the molten bath that, when cooled, results in a solid nonleachable matrix. 
This process is most appropriate for soil contaminated with metals and hard-todestroy organic 
compounds, and for highly concentrated waste. It is effective for almost any toxic material, but 
because of the electric power required, it is most beneficial for wastes with a high solids content 
containing heavy metals andor organics. Mixed hazardous and radioactive waste can also be 
effectively treated using this process. 

Effectiveness: This process is most appropriate for soil contaminated with heavy metals and 
organic compounds. Mixed radioactive waste can also be processed. This process degrades 
or destroys the organic COCs and immobilizes inorganic and radionuclide COCs in the 
resulting matrix formed in the high-temperature reactor. Potential risks to human health 
and the environment are present if off-gas emissions are not treated properly. This process 
is effective in achieving the remediation objectives and effective in the long and short terms. 
It is most appropriate for highly concentrated wastes. 

Imdementabilitv: The plasma centrifugal furnace process is still in the research and 
development stage. Specialized equipment and skilled workers are required. Problems 
have been encountered with the short electrode life and volatilization of metals. 
Technically, feasibility is pending and no information exists on application reliability. 

- Cost: Capital costs for equipment, labor, and utilities are considered high. O&M costs 
include maintenance and monitoring of the final disposal area and are considered to be low. 

Due to implementability concerns, this process option is not retained for further consideration in the 
development of remedial alternatives. 

M.5.6 STORAGE 
The storage of site waste andtor contaminated materials generated during remedial activities would be 
performed at an intermediate storage facility. 
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M.5.6.1 Intermediate Storage Technologies 
The only process option evaluated under the intermediate storage technology is a central storage 
facility (CSF). 

i 

J 

Central Storage Facility 5 

This option would provide storage capacity at a central location pending final disposition of the waste. 6 

The central storage facility will store contaminated bulk soil, bulk hazardous debris, and containerized 7 

hazardous material. It would be an unheated tension support structure on a concrete pad with X 

secondary containment and would have forced ventilation equipment to remove vehicle fumes from 
inside the facility. A sump/drain system would also be included to collect water that may leach from 

It is anticipated that storage capacity should be several thousand cubic yards for bulk soil plus several 

9 

IO 

stored materials which would be segregated in the storage facility according to type of contamination. I I  

12 

13 thousand square feet for bulk hazardous debris and containerized material. 
14 

Effectiveness: This option is effective in isolating contaminated soil. sediment and debris so 
that it would not pose potential threats to human health and the environment. A CSF would 
provide only a temporary storage before permanent disposal of chemically and radioactively 
contaminated soil and sediment. Effectiveness is dependent on continued maintenance of the 
facility. 

Im~lementabilitv: The design and construction of a storage facility is readily 
implementable. Equipment and skilled workers are available. A permit would not he 
required for an on-site facility; however, regulatory agencies would retain approval 
authority for siting of a storage facility. 

- Cost: The capital cost of constructing such a facility would be considered moderate. The 
O&M requirements include monitoring, maintenance, and security measures and are also 
considered to be moderate. 

Construction of a CSF will be retained for further consideration as a support to other excavation and 
disposal options. 

M.5.7 DISPOSAL 
The technologies considered for the disposal of soil and sediment include waste transportation, on- 
property disposal and off-site disposal. 

M.5.7.1 On-ProDertv Dis~osal Technologies 
The process options evaluated under on-property disposal for this technology include: 

Backfilling . .  

Consolidation 
Engineered disposal facility. 
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Backfilling 
a March 7-2. 1995 

i 

This option involves the backfilling of on-property excavations with clean or slightly contaminated 

required, as long as the contaminant levels in the material satisfy remediation goals. If such goals are 
not met, it could be possible to supplement this option with containment and monitoring to ensure 

2 

soil, sediment or debris. The material could be backfilled with no other actions or monitoring 
- 4  

- >  

protection of human health and the environment. h 

Effectiveness: On-property backfilling cannot be used unless the radionuclide, organic, and 
inorganic COCs meet the remediation goals for soil. If the contaminant concentrations in 
the backfilled materials attain the remediation goals, then backfilling would be highly 
effective. If remediation goals are not attained, backfilling could be supplemented with 
other actions, such as containment, monitoring, stabilization and/or institutional actions. 

Imulementability: Equipment, labor, and on-property disposal sites are readily available. 
Permits would not be required. 

- Cost: Capital costs would include costs for standard earthmoving and handling equipment 
and are considered low. There are low O&M costs associated with this option. 

Backfilling of on-property excavations with site soil. sediment and debris is retained for incorporation 
into remedial action alternatives as a primary representative process option. 

Engineered Disuosal Facility 
This option involves construction of an on-property engineered disposal facility for disposal of site 
soil and sediment, nonrecoverable debris, and treatment process residuals. 

Effectiveness: An on-property engineered disposal facility would be effective in isolating 
contaminated material so that direct contact threats and the potential for contaminant 
migration are reduced. It would be necessary to determine whether the primary 
radionuclide and inorganic COCs, including uranium, thorium. and radium isotopes and 
arsenic pass waste acceptance criteria requirements. The primary organic COCs (e.g.. 
benzo(a)anthracene, chrysene, and benzo(a)pyrene) are relatively immobile and primarily 
present risks from direct contact. It would therefore be necessary to prevent direct contact 
or determine that the material satisfies waste acceptance criteria requirements. An on- 
property disposal cell would be a permanent solution for disposal of contaminated material. 
The effectiveness is dependent on the continued maintenance'and permanence of the facility. 

ImDlementability: Disposal cell design and construction are widely practiced techniques. 
Permits would not be required for an on-property disposal facility; however. regulatory 
agencies would retain approval authority for facility siting. Site conditions and land 
limitations may pose problems. 

- Cost: The capital cost of constructing an on-property disposal facility is considered high. 
The cost is dependent on the volume of material to be placed in the facility. A engineered 
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disposal facility would require inspections, monitoring, maintenance. security measures. and 
institutional controls for the life of the facility. O&M costs are considered moderate. 

An engineered disposal facility, which is applicable to site soil. sediment. nonrecoverable debris and 
treatment process residuals, would be effective and implementable and is retained for incorporation 
into remedial action alternatives as a primary representative process option. 

Consolidation 
This option involves the consolidation of slightly contaminated soil and sediment at a central location 
at the FEMP site. The intent of consolidation is to remove contaminated material from portions of the 
FEMP property to allow for alternative uses. It may be necessary to supplement this option with 
containment and/or monitoring to ensure protection of human health and the environment. 

Effectiveness: The effectiveness of consolidation depends on the contaminant ccmcentrations 
in the material being consolidated. The primary COCs include arsenic. uranium. thorium. 
radium, and PAHs. If the concentration exceeds the waste acceptance criteria. consolidation 
could be supplemented with other actions such as containment. monitoring. and/or 
institutional controls. It is effective for freeing portions of the FEMP property for alternate 
uses. 

ImDlementahility: Equipment and labor are readily available. Permits would not be 
required. Regulatory barriers to this process option may exist clue to the location of the 
FEMP site over a sole-source aquifer. 

- Cost: Capital costs would include costs for standard earthmoving and handling equipment 
and are considered low. O&M costs could include monitoring and are also considered low. 

On-property consolidation of slightly contaminated soil and sediment is retained for incorporation into 
remedial alternatives as a primary representative process option. 

M.5.7.2 Off-Site Disoosal Technologies 
Process options being evaluated for the off-site disposal technology include: 

The Nevada Test Site 
Permitted commercial facility. 

Nevada Test Site (NTS) 
This option involves the disposal of wastes at an existing DOE facility. NTS is located in Nye 
County, Nevada, with the southeast corner lying about 65 miles northwest of Las Vegas. The NTS 
encompasses about 1350 square miles. NTS has an arid climate and is surrounded on the east. north. 
and west sides by public access exclusion areas which provide a buffer zone between the test areas 
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and public lands. Depths to groundwater beneath the NTS vary from about 500 feet to greater than 
2000 feet. An Environmental Impact Statement for waste disposal activities at the NTS is currently 
being prepared to satisfy the requirements of the National Environmental Policy Act. 

Low-level contaminated soil and sediment, solid residuals from waste treatment processes, or 
unrecoverable debris could be transported for permanent disposal at the NTS. As a condition of 
disposal at NTS, no untreated wet, raw waste or free liquids are accepted. An additional NTS 
requirement is that the waste can be characterized only as a low-level radioactive waste. The site 
cannot accept mixed (hazardous and radioactive) waste at this time; however, a permit to accept 
mixed waste is pending. In addition, the waste cannot contain PCBs at concentrations above 50 parts 
per million (ppm) and all wastes shipped to the NTS must be containerized; no bulk material will be 
accepted. Radioactive waste from the FEMP is currently being shipped to NTS. Waste transport to 
the NTS would be by truck as there is no rail line directly to the disposal site. 

Effectiveness: The NTS would effectively isolate the waste materials from potential 
receptors. The primary radionuclide COCs which would require the soil to be disposed of 
in a low-level disposal facility are uranium, thorium, and radium. Primary organic and 
inorganic COCs on-site are PAHs and arsenic, respectively. This facility can accept all 
soil, sediment and waste treatment process residuals from Operable Unit 5 except those 
classified as mixed waste or that contain more than 50 ppm of PCBs. 

Imdementability: Appendix E discusses waste acceptance criteria and the disposal sites’ 
ability to meet them. Logistical implementation would be moderately difficult due to the 
distance from the FEMP site. As no rail transportation is available into the site, shipment 
by truck or railhruck combination would be required. Administratively, however, this 
process option is readily implementable since the FEMP site has an approved NTS waste 
shipment and certification program already in place. 

- Cost: The capital cost for waste disposal at NTS is considered high and would include 
packaging costs in addition to the disposal fees. There would be no O&M costs associated 
with this option after completion of remedial activities. 

Off-site disposal at NTS would be effective and implementable and is retained for incorporation into 
remedial alternatives as a primary process option. 

Commercial DisDosal Facility 
The Envirocare commercial disposal facility evaluated is representative of a typical permitted 
commercial disposal site. It is licensed by the State of Utah for naturally occurring radioactive 
material (NORM), low-activity radioactive waste, mixed NORM, and chemically hazardous waste. 
The facility license restricts the quantities of waste that can be actively processed at one time, 
maximum quantities of special nuclear material that may be handed, and maximum concentration of 
mixtures of radionuclides that may be present in each waste stream. Hazardous wastes that can be 
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accepted at the facility include D-characteristic wastes, and most F-, P-, U-, and K-listed wastes. F- 
listed dioxin wastes cannot be accepted at the facility. The facility can receive wastes in bulk 
shipments. 

The site is located on the eastern edge of the Great Salt W e  Desert in Toole County, Utah, 
approximately 81 miles west of Salt Lake City. The site occupies approximately 540 acres in an area 
zoned for radioactive waste disposal and is located approximately 1 mile south of a railroad switch 
point identified as Clive. Much of the land surrounding the site is public domain administered by the 
U.S. Bureau of Land Management. 

-... ,., r. . . 
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The site is situated in an arid desert rated by the Bureau of Land Management as poor for grazing or 
forage production. Vegetation at the site is a homogeneous, semidesert low shrubland, composed 
primarily of shadescale. No wetlands or other aquatic habitats are present at or in the vicinity of the 
disposal facility. The nearest stream channel ends approximately 1.9 miles east of the site, and the 
nearest body of permanent surface water is located about 28 miles east of the facility. 

Effectiveness: An operating permitted commercial disposal site would be effective for 
isolation of the waste materials from potential receptors. The primary radionuclide COCs 
which require the soil to be disposed of in a low-level disposal facility are uranium, 
thorium, and radium. Primary organic and inorganic COCs are PAHs and arsenic. The 
representative site is located near Clive, Utah, an arid western location isolated from the 
aquifer and nearby population. This facility can accept all contaminated soil, sediment, 
waste treatment residuals, and nonrecoverable debris from Operable Unit 5 .  

Imdementability: Similar to the NTS process option, this facility is a relatively long 
distance from the FEMP site; however, shipment by rail alone is possible in transporting 
wastes to the commercial site. Low-specific-activity waste designated for this site does not 
require containerization and can be shipped in bulk using rail transportation. To ship waste 
to this facility, a new waste certification program would need to be developed and 
implemented to assure compliance with the disposal facility’s waste acceptance criteria. 
This waste certification program, discussed in Appendix E, would be moderately difficult to 
implement. 

- Cost: The capital cost of implementation for disposal would be high because of the quantity 
of waste requiring disposal. However, the costs may be lower than those required for NTS 
because containerization of the contaminated soil is not required. There would be no O&M 
costs after completion of the remediation. 

Off-site disposal at a permitted commercial facility such as Envirocare or an equivalent facility would 
be effective and implementable and is retained for incorporation into remedial alternatives as a 
primary process option. 
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Selection of a Reuresentative Disposal Process Oution 
For purposes of this FS, it is assumed that the commercial disposal facility that can accept both low- 
level radioactive and mixed wastes will be used for off-site disposal and will be selected as the 
representative process option. 

M.5.7.3 Waste Transuortation Technologies 
The process options evaluated under waste transportation include: 

Truck transport 
0 Rail transport. 

- Truck 'I'ransDort 
Truck transport can easily offer portal-to-portal service with the road system available at the FEMP 
site. The primary disadvantages with this process option are the size, relatively undeveloped nature, 
and heavy traffic patterns related to the roads near the FEMP site, and the higher cost to the public as 
compared to rail transport. 

- 

Effectiveness: Truck transport is effective for short distances, but is not as effective as rail 
transport for the distances required for the off-site disposal option at NTS or other facilities, 
depending on the availability of rail spurs. Truck transportation is a highly reliable means 
of transporting contaminated material. Truck transport would be required for  on-property 
disposal and off-site disposal to facilities without rail spurs. Potential exposures caused by 
accidents could be reduced by placing the transported wastes into containers. 

ImDlementabiliW: Truck transport would be moderately difficult to implement due to the 
large volumes of waste and the long distances involved for off-site disposal. 
Implementation would be relatively easy with regard to on-property disposal options. Truck 
transport would require full compliance with all applicable Department of Transportation 
(DOT) regulations. Notification to state and local agencies along the transport route would 
be required. 

- Cost: Capital costs for truck transportation, which includes construction of access roads, 
are considered to be moderate, while O&M cost, which includes trucking fees, and 
maintenance of the access roads and loading areas, would also be moderate. 

The option of using truck transportation is being retained for further consideration as a support action 
with on-property and off-site disposal options. It has been selected as a representative process 
option. 

Rail Transuort 
The FEMP site can readily support rail transportation by using existing on-site' rail spurs. Some off- 
site disposal options have facilities with the capability of receiving the waste by rail. Transportation 
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to NTS may require a combination of truck and rail transport. Contaminated material shipped by rail 
to NTS would go through the Las Vegas, Nevada terminal. In cases where exclusive-use shipments 
are required, the contaminated material would be placed within a container that would be placed on a 
flat-bed rail car. At the Las Vegas terminal, the container would be removed from the train without 
losing exclusive-use status and placed on flat-bed trucks where they would be transported to NTS. 
The Las Vegas Terminal is a new facility which has been constructed to handle the transfer of 
hazardous materials, including radioactive material for the NTS. Truck transportation would not be 
required for shipment to the permitted commercial disposal site. Although rail transport has a lower 
percentage of accidents per trip, the volume of material hauled per trip is many times higher. 

a 

Effectiveness: Rail transportation is effective for transportation of contaminated material to 
off-site disposal facilities with railroad spurs and to NTS. Rail transport would be 
applicable to off-site disposal options at facilities with rail spurs and in combination with 
truck transport for disposal at NTS. Rail transportation allows large volumes of 
contaminated material to be transported at one time. Rail transport is highly reliable. 
Typically, fewer accidents occur on a per-trip basis by rail than by truck. However, should 
an accident occur, the public could be exposed to much larger quantities of contaminated 
material. Exposures could be reduced by the containerization of the transported wastes. 

Imolementability: Rail transport is readily implementable because the FEMP site has an 
existing on-site rail spur. However, rail transport is susceptible to route availability and 
coordination with state and local agencies along the route, arid would require full 
compliance with all applicable DOT regulations. In addition, some rail upgrades may be 
required. 

- Cost: Capital costs for rail transportation, which include upgrading of the on-site rail spur 
and the loading areas is considered to be high. O&M costs, which include rail fees, would 
be low. 

The option of using rail transportation has been retained for further consideration as a support action 
to off-site disposal options, and has been selected as a representative process option. 
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