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EXECUTIVE SUMMARY

This document presents the Initial Screening of Alternatives for Operable Unit 4 at the Feed
Materials Production Center (FMPC), Fernald, Ohio. This screening was conducted as part of the
site-wide Remedial Investigation/Feasibility Study (RI/FS) pursuant to the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA). Operable Unit 4 includes
the storage silos (two K-65 silos and Silo 3) and the potentially contaminated soils surrounding

them.

REMEDIAL ACTION OBJECTIVES

Remedial action objectives (RAOs) are medium-specific cleanup goals for protecting human health
and the environment. They address the contaminants of concem as well as exposure routes and
receptors identified in the baseline risk assessment. For Operable Unit 4, it must be demonstrated
that remedial alternatives meet airbome and direct radiation RAOs at a point immediately adjacent
to the silos, as well as drinking water RAOs in any perched water that might be encountered

directly below the silos.

RAOs were developed based on chemical-specific applicable or relevant and appropriate
requirements (ARARs). Moreover, additional RAOs were developed based on risk analysis for the
pathways. The media for which RAOs were developed included: direct radiation, air, soils,
sediments and surface water, groundwater, silo contents, and silo structures. An RAO that was
applied across all media was that total cancer risk from radionuclides must be below 25 percent of
the 10* to 10°lifetime risk goal set forth in the National Oil and Hazardous Substances Pollution
Contingency Plan, or 2.5 x 10° to 2.5 x 107

GENERAL RESPONSE ACTIONS

General response actions are broad categories of media-specific remedial actions that will satisfy
one or more of the RAOs. In the case of Operable Unit 4, these general response actions include
no action, institutional action, containment with and without treatment, and removal with treatment

and disposal.

IDENTIFICATION AND SCREENING OF 'i'ECHNOLOGIES AND PROCESS OPTIONS
Technology types potentially capable of satisfying the applicable RAOs were identified for each
general response action. These technology groups were further broken down into various process

FER/OU4-12/SA.129-6/10-22-90 ES-1
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options. The process options and technologies were then screened on the basis of technical
implementability. Those that were considered for assembly into alternatives are the following:

Containment;

»  Environmental Isolation Enclosure

»  Capping, including concrete-based covers, asphalt-based covers, soil-based covers,
chemical sealants, and multimedia caps

»  Subsurface flow control, including pumping wells, slurry walls, and grout curtains

*  Run-on/runoff control, including sedimentation basins, diversion/collection, grading, and
revegetation

Removal:
*  Mechanical removal consisting of a crane and clamshell system
¢ Hydraulic removal, consisting of a mining pump equipped with a jetting ring and

cutterhead
»  Pneumatic removal consisting of a vacuum airlift equipped with a cutterhead

Structure Removal:

*  Hydraulic Splitter
«  Nonexplosive demolition agent
*  Gas torch

Treatment/Disposal:

»  Ex situ stabilization, includirig asphalt encapsulation, cement-based solidification,
thermoplastic encapsulation, and vitrification

e In situ stabilization, including shallow soil mixing of cement and fly ash, vitrification,
and surcharging

»  Air treatment, including roughing filters, high efficiency particulate air (HEPA) filters,
and carbon adsorption units

»  Water treatment, including neutralization, precipitation, clarification, centrifugation,
flotation, ion exchange, biodenitrification, and reverse osmosis

»  On-property disposal, including above grade and below grade vaults and tumulus
The process options were finally evaluated for their effectiveness, implementability, and cost. The

evaluation was in relation to other process options within the same technology group. In a few

cases, process options were carmried in parallel, awaiting further data.

FER/OU4-12/SA.129-6/10-22:90 ES-2 . 030G4i3
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DEVELOPMENT OF ALTERNATIVES

General response actions were combined in the form of process options to create an alternative that
would potentially satisfy the RAOs. The alternatives were developed to provide a number of
possible approaches to meeting these objectives. No-action alternatives, nonremoval altematives,
and alternatives that involve the removal of the silo contents to either an on-property or off-site
location were developed. Because the materials and structures for Silos 1 and 2 are nearly
identical, they are always treated in the same alternative. Silo 3 is treated in separate alternatives.

SUMMARY OF ALTERNATIVES - SILOS 1 AND 2

Alternative OA - No Action

This altemnative calls for no action and provides a baseline against which the other alternatives can
be compared. It provides for the silos and its contents to remain unchanged without the
implementation of any removal, treatment, containment, or mitigation technologies. However, it
does include the installation of long-term monitoring equipment as well as the cost of the

monitoring program.

Alternative 1A - Nonremoval, Silo Isolation

This nonremoval alternative for Silos 1 and 2 consists of enhancing the containment integrity of the
silos and utilizing them as permanent disposal facilities. An impermeable clay cap and slurry walls
are among the technologies considered for this alternative. |

Alternative 2A - Nonremoval, In Situ Stabilization, and Cap

This nonremoval alternative for Silos 1 and 2 consists of in situ stabilization and capping.
Conventional physical stabilization and vitrification were considered as options. However,
vitrification was screened out as a process option due to concems about the difficulty of
implementability. The capping and isolation technologies, with the exception of the slurry wall, are
identical to those described for Altemative 1A.

Alternative 6 - Removal, Treatment, and On-Property Disposal
This altemative for Silos 1 and 2 calls for the removal and conventional stabilization or vitrification
of the silo contents prior to on-property disposal in an engineered disposal facility. This alternative

includes silo demolition and disposal of the debris.

FER/OU4-12/5A.129-6/10-22-90 ES-3 000 G1d
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Altemative 7 - Removal, Treatment, and Off-site Disposal
This altenative for removal of the K-65 material is identical to Alternative 6 except that the
material would be packaged for shipment to an approved off-site disposal facility.

Altemative 8 - Removal, Contaminant Separation, and On-Property Disposal

This removal altemnative for the K-65 material is similar to Alternative 6, but adds an additional
step of contaminant separation to remove various radionuclides and metals before stabilization and
on-property disposal. This would result in significant volume reduction and allow for the possible
recovery of precious metals. This alternative would include silo demolition and disposal of the

debris.

Alternative 9 - Removal, Contaminant Separation, and Off-site Disposal
This alternative is identical to Alternative 8, except that the material would be packaged and
shipped to an approved off-site disposal facility.

SUMMARY OF ALTERNATIVES - SILO 3

Alternative OB - No Action
The no-action altemative for Silo 3, as was the case for Silos 1 and 2, provides a baseline, but no
remedial action. Only installation of long-term monitoring equipment and the cost of the

monitoring program are included.

Altemative 1B - Nonremoval, Silo Isolation
This nonremoval alternative for Silo 3 consists of enhancing the containment integrity of the silo
and utilizing it as a permanent disposal facility. An impermeable clay cap and slurry walls are

among the technologies considered for this alternative.

Alternative 2B - Nonremoval, In Situ Stabilization, and Cap
This nonremoval altemative for Silo 3 consists of in situ stabilization and capping. The capping
and isolation technologies, with the exception of the slurry wall, are identical to those described in

Alternative 1B.

FER/OU4-12/SA.129-6/10-22-90 ES.4 000015
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Alternative 3 - Removal and On-Property Disposal
This alternative for Silo 3 calls for removal and conventional stabilization or vitrification prior to
disposal in an engineered on-property disposal facility. This alternative includes silo demolition and

disposal of the debris.

Alternative 4 - Removal of Metal Oxides and Off-site Disposal
This altemative for Silo 3 is identical to Alternative 3, except that the material would be packaged

for shipment to an approved off-site disposal facility.

Alternative S - Removal and Replacement in Rehabilitated Silos

This alternative for Silo 3 provides for the removal of the metal oxides and their return to a
rehabilitated Silo 3 or Silo 4 reconstructed as a permanent disposal facility. This alternative was
not carried through to detailed analysis because of its inadequate effectiveness and implementability.

129- , ES-5 I~
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ALTERNATIVE EVALUATION MATRIX FOR SILOS 1 AND 2
ALTERNATIVE
CRITERIA OA 1A 2A 6 7 8 9
Short-Term Public Health 1 5 3 3 3 3 3
Short-Term Environmental Protection 1 5 3 2 3 4 3
Long-Term Public Health 1 1 3 4 5 4 5
Long-Term Environmental Protection 1 1 4 4 5 4 5
Reduction in Mobility, Toxicity, or Volume 1 2 4 4 5 5 5
Constructability 5 5 3 3 3 3 3
Reliability 2 4 3 5 4 4 5
Maintenance/Monltoring/Operation 5 3 3 3 5 3 5
Agency Approvals . 1 2 2 2 3 3 3
Special Engineering & Equipment 5 5 1 3 3 3 3
(Implementability)
SUMMATION 23 33 29 33 39 36 40
ALTERNATIVE EVALUATION MATRIX FOR SILO 3
ALTERNATIVE
0B 1B 2B 3 4 5
CRITERIA
Short-Term Public Health 1 5 3 4 4 3
Short-Term Environmental Protection 1 5 3 4 3 3
Long-Term Public Health 1 1 4 4 5 2
Long-Term Environmental Protection 1 1 4 4 5 3
Reduction In Mobility, Toxicity, or Volume 1 3 4 5 5 1
Constructability 5 5 3 3 4 2
Reliability 2 4 3 4 4 2
Maintenance/Monitoring/Operation 5 3 3 3 5 3
Agency Approvals 1 2 2 3 4 1
Speclal Engineering & Equipment 5 5 1 3 3 3
(Implementability)
SUMMATION 23 34 30 37 42 23
1 = Poor 3 = Average 5 = Good
2 = Below Average 4 = Above Average

FIGURE ES-1. ALTERNATIVE EVALUATION MATRIX - SILOS 1,2, AND 3
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1.0 INTRODUCTION

1.1 PURPOSE

In accordance with the Remedial Investigation/Feasibility Study (RI/FS) Work Plan (Revision 3) for
the Feed Materials Production Center (FMPC) at Fernald, Ohio, distinct tasks have been established.
There are three tasks: (1) to develop remedial action altematives and to screen technologies; (2) to
refine, evaluate and screen altematives; and (3) to conduct a detailed analysis of screened
alternatives.

The purpose of this report is to document the refinement, evaluation, and screening of the identified
remedial action altematives for the K-65 silos (Silos 1 and 2) and the metal oxide silo (Silo 3) of
Operable Unit 4. The alternatives are further developed and refined to provide the necessary
differentiation required for the evaluation. The alternatives are then evaluated for effectiveness,
implementability, and cost, followed by the alternative screening process to determine which should
be carried forward for detailed analysis in a subsequent task. In accordance with U.S. '
Environmental Protection Agency, "Guidance for Conducting Remedial Investigation and Feasibility
Swdies Under CERCLA," (OSWER Directive 9355.3-1) this report also identifies additional data
considered necessary for the detailed analysis and subsequent selection of a preferred action.

1.2 ORGANIZATION OF REPORT
This report will first introduce the alternatives identified in the previous task. Section 2.0 will

discuss the identification and screening of technologies and process options. Section 3.0 reviews
the development of alternatives. Section 4.0 will address the methodology for and the thought
process behind the altemative screening process. This will include a discussion of the requirements
for altemative development, evaluation, and screening as outlined in OSWER Directive 9355.3-1.

In addition, Section 4.0 also discusses treatment and on-property/off-site disposal considerations.
Section 5.0 will present the evaluation of the alternatives as they are rated against the evaluation
criteria. Section 6.0 will rank the alternatives, recommend those altemnatives for consideration in the
subsequent detailed analysis of alternatives, and discuss additional data requirements.

1.3 BACKGROUND
On July 18, 1986, a Federal Facility Compliance Agreement (FFCA) was jointly signed by the U.S.
Department of Energy (DOE) and the U.S. Environmental Protection Agency (EPA) pertaining to

the environmental impacts associated with the FMPC. The FFCA was entered into pursuant to
Executive Order 12088 to ensure compliance with existing environmental statutes and implementing
regulations. In particular, the FFCA was intended to ensure that environmental impacts associated

FER/OU4-12/SA.129-6/10-22:90 1-1 §]4; 0019



=—-560

FMPC-0412-6
October 22, 1990

with past and present activities at the FMPC are thoroughly and adequately investigated SO that
appropriate remedial response actions can be formulated, assessed, and implemented. Subsequent 0
the oral presentation of the Initial Screening of Altematives for Operable Unit 4 in June 1989, a
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) Section 120

Consent Agreement was executed.

In response, a site-wide RVFS is in progress pursuant to the CERCLA 42USC9601. The
performance of the RUFS is in conformance with current EPA guidance and the guidelines, criteria,
and considerations set forth in the National Oil and Hazardous Substances Contingency Plan (NCP)
40CFR300 and the Superfund Amendments and Reauthorization Act (SARA) 42USC11001 et. seq.
of 1986.

1.3.1 Site Description

The FMPC is a uranium metal production facility located near Fernald, Ohio, approximately 18
miles northwest of Cincinnati. Figure 1-1 shows the FMPC location and a five mile radius of
adjoining areas. The site covers approximately 1050 acres and is used for the production of
uranium metal cores, target element cores, and the interim storage of low-level radioactive and
mixed wastes. In addition to uranium production facilities, the site also contains waste SlOrage
facilities consisting of waste pits, storage silos, a burn pit, a clearwell, two fly ash piles, a sanitary
landfill, and lime sludge ponds (Figure 1-2).

1.32 Operable Unit Description
Operable Unit 4 consists of the K-65 silos (Silos 1 and 2), the metal oxide silo (Silo 3), and
unused Silo 4 located south of the waste pit area (Figure 1-3).

All four domed material storage silos are 80 feet in diameter, 36 feet high to the center of the silo
dome, and 27 feet high to the top of the vertical walls. The walls are 8-inch concrete, as are the
outer part of the domes, which taper to 4 inches in thickness at the center. The floor consists of
4-inch concrete over an underdrain system. This underdrain system consists of a 2-inch slotted pipe
in an 8-inch gravel layer underlain by concrete and compacted clay. The entire K-65 silo exteriors
have been coated with 0.75 inch of gunite and are surrounded by an earthen berm to a height of
approximately 26 feet, while Silo 3 is free-standing (Figures 14 and 1-5).

FER/OU4-12/5A.129-6/10-22-90 12 060620
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The K-65 silos were used for the storage of radium-bearing residues formed as by-products of
uranium ore processing. Silos 1 and 2 received residues from 1952 to 1958. Raffinates 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 wall. Seuling and decanting
continued until the silos were filled to approximately 4 feet below the top of the vertical wall.

Corrective actions have been performed in the past to maintain the integrity of the K-65 silos.
These include repairing the walls and constructing a berm on a 1-1/2 to 1 slope (mid 1960s) and
enlarging the berm to a 3 to 1 slope in the early 1980s. In 1985 a structural assessment was
performed. This assessment revealed that the walls and base slab are structurally stable and can
function as a containment of dry solids for a period of 10 to 15 years. However, the center 20-
foot section of the dome was determined to be structurally unsound for a load greater than the
existing static load (Camargo 1986). Remedial actions taken since 1985 include placement of pro-
tective covers constructed of steel and plywood over the center portion of each K-65 silo dome.
Three inches of rigid polyurethane foam topped by a 45-mil waterproof, ultraviolet-resistant,
urethane-finish coating was placed over each K-65 silo dome in 1987 to provide weather protection
and insulation. During the installation process, a temporary radon removal system was installed to

reduce radiation exposure to the workers.

Silos 3 and 4 were constructed in 1952 in a manner similar to Silos 1 and 2; however, the silos
were designed to receive dry materials only. Raffinate slurries from refinery operations were
dewatered in an evaporator and spray-calcined to produce dry materials for storage in the silo. The
material was blown in under pressure to fill Silo 3, but Silo 4 was never used and remains empty

today.

1.3.3 Nature and Extent of Contamination

The primary radioactive constituents of Silos 1 and 2 are radium (Ra-226), radon (Rn-222), uranium
(0.71 weight percent U-235), and thorium (Th-230). The majority of the material is silica and
metallic compounds. Table 1-1 lists the silos constituents and their approximate quantities, based
on past sampling efforts. Tables 1-2 and 1-3 summarize the results of the current sampling efforts.
Documentation of the past sampling efforts is included in the reference section.

D
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TABLE 1-1
SILO WASTE CHARACTERISTICS
Silos 1 and 2 Silo 3
Characteristic Litz* NLO’ Vitro DOE*
Moisture content (wt %) - - 30 -
Dry wi, kg - 8.79 x 10° 1.59 x 10° -
Estimated volume, m® - 5,522 3,155 3,902
Density, kg/m’ - - 1,179 -
Uranium, ppm 1,800 - 3,200 600 2,110 -
Lead, ppm 60,000 - 70,000 48,000 - 52,000 94,900 -
Radium, ppb 280 - 360 200 300 -
Barium, ppm 50,000 - 45,300
Iron, ppm 13,000 - 18,000 - -
Gold, ppm 65 - 78 <40 - 60 -
Platinum, ppm 09 - 14 - -
Palladium, ppm 13 - 18 - -
Silver, ppm 18 <20 -
Copper, ppm 500 - 800 400 - 600 -
Cobalt, ppm 1,600 - 2,000 1,500 - 2,000 -
Nickel, ppm 3,500 - 3,700 2,000 - 3,000 -

Source: °Litz, J.E., 1974, "Treatment of Pitchblende Residues for Recovery of Metal Values," Hazen
Research, Inc., for Cotter Corp., Canon City, CO.

*NLO, Inc, and Battelle Columbus Laboratories, 1980, "Scoping Investigation of Short-Term
and Long- Term Storage Costs for Afrimet Residues-NFSS and FMPC," Report to the U.S.
Dept. of Energy, Remedial Action Program Office, Washington, D.C.

“Vitro Corp., 1952, "Summation Report: Recovery of Radium from K-65 Residue,” U.S.
Atomic Energy Commission, KLX-1222.

“U.S. Department of Energy, 1987, "Remedial Investigation and Feasibility Study, Feed Materials
Production Center, Fernald, Ohio, Task 1 Report: Description of Current Situation," DOE, Oak
Ridge Operations Office, Oak Ridge, TN.

000G<Y
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TABLE 1-2
RADIONUCLIDE CONCENTRATION SUMMARY IN THE SILOS
Nuclide (pCi/g) Silo 1 Silo 2 Silo 3
Ac-227 NA®* NA 234 - 1363
Pa-231 NA NA 266 - 931
Th-228 ND® ND - 638 ND - 996
Th-230 10,569 - 43,771 8365 - 40,124 21,010 - 71,650
Th-232 ND - 766 ND - 851 ND - 1451
Ra-224 NA NA 64 - 453
Ra-226 89, 280 - 192,600 657 - 145,300 467 - 6435
Ra-228 ND ND ND - 559
Pb-210 48,980 - 181,100 77,940 - 399,200 454 - 6427
U-234 326 - 897 129 - 1404 348 - 1935
U-235/236 ND - 56 ND - 74 ND - 158
U-238 398 - 920 46 - 1240 320 - 2043
U-Total (ppm) 1189 - 2753 137 - 3717 738 - 4554
*NA = Not Analyzed
*ND = Not Detected
Note: Data validation is currently in progress
Source: 1989 WMCO sampling
)
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TABLE 1-3
CHEMICAL CONCENTRATIONS IN THE SILO WASTE
Silo 1 Silo 2 Silo 3

Contaminant (ng/kg) (ng/kg) (ng/kg)
PCB Organics Analysis Data
Aroclor-1248 ND - 8000 ND ND
Aroclor-1254 1100-12000 420 - 6000 ND

. Silo 1 Silo 2 Silo 3
Contaminant (mg/kg) (mg/kg) (mg/kg)
Inorganic Analysis Data
Aluminum 60.4 - 1430 464 - 2570 10,800 - 23,700
Antimony ND ND - 7.2 ND
Arsenic 14.7 - 68.4 57.5 - 1960 532 - 6380
Barium 1970 - 7860 89.2 - 8370 118 - 332
Beryllium 0.88 - 2.8 0.66 - 6.0 10.0 - 39.9
Cadmium 2.1-80 34 -19.1 215 - 204
Calcium 2150 - 5700 2430 - 301,000 21,300 - 39,900
Chromium 21.0 - 165 129 - 68.8 139 - 560
Cobalt 349 - 1260 6.2 - 2430 ND - 3520
Copper 122 - 473 ND - 1790 1610 - 7060
Iron 4340 - 75,100 4010 - 37,800 13,900 - 67,600
Lead 35,800 - 85,100 153 - 29,800 646 - 4430
Magnesium 1500 - 6020 1520 - 8740 38,200 - 80,900
Manganese 33.5 - 257 74.2 - 403 2420 - 6500
Mercury 023-28 ND - 23 ND - 0.69
Nickel 629 - 2580 14.6 - 2200 1200 - 6170
Potassium 158 - 492 37.8 - 289 1300 - 22,800
Selenium 106 - 180 ND - 118 101 - 349
Silver 5.0-233 ND - 22.8 9.2 -238
Sodium 360 - 13,100 226 - 4070 22,900 - 51,700
Thallium ND - 0.52 ND - 14 3.1-739
Vanadium 72.2 - 240 219 - 214 418 - 4550
Zinc 144 - 212 11.2 - 154 301 - 672
Cyanide 052-44 ND - 4.5 ND

ND = Not Detected

Note 1: All detected volatile and semivolatile compounds resulted from laboratory contamination

or are at or below the contract required quantification limits (CRQL)
Note 2: Data validation is currently in progress

Source: 1989 WMCO sampling

FER/OU4-12/SA.129-6/10-22-90
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Radon and the elements resulting from its decay (daughter products, progeny, etc.) are the nuclides
of concern from a health and environmental perspective. Radon is known to be diffusing out of
the silos via cracks and structural joints. Radon and its daughter products are relatively mobile and
capable of migrating through air and water. However, there is no evidence to date that any of the
other contaminants have migrated into the environment from the silos. Due to the diffusion of
radon into the berms, it is believed that the berms and subsoils contain elevated levels of Pb-210
and Po-210. The Pb-210 and Po-210 resulted from the decay of radon which diffused into the
berm. There may have been leakage from the existing leachate collection system beneath the silos
into the surrounding soils. Sampling of the berms and soil beneath the silos is scheduled, and upon
completion will confirm the nature and extent of contamination and contaminant migration, if any.

Silo 3 contains uranium (0.71 weight percent U-235), thorium (Th-230), silica, a very small amount
of radium (Ra-226), and other metal oxides. Silo 3 is not a significant radon source, and, due to
the physical characteristics of the silo contents (dry and powdery), it is not believed to be the
source of any contaminant migration to the surrounding and underlying environs. It is, however,
still a source of radioactivity and a potential airborne contaminant hazard due to its dry, powdery
consistency.

GC0G30
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2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND
PROCESS OPTIONS

2.1 INTRODUCTION
This section discusses the development and screening of the technologies and process options used

to assemble the remedial action altematives for Operable Unit 4. The steps involved in this
screening include:

Develop media-specific remedial action objectives

Develop media-specific general response actions

Identify and screen remedial technologies within each general response action
Identify and screen process options within each technology

In the case of Operable Unit 4, the general response actions were similar for each medium of
concem; therefore, a single set of general response actions was used to determine technologies and
process options. The following paragraphs discuss the process of alternative development and

screening.

2.2 REMEDIAL ACTION OBJECTIVES
Remedial action objectives (RAOs) are medium-specific, operable unit-specific cleanup goals for

protecting human health and the environment (EPA 1988a,b). The objectives must address the
contaminants of concemn and the exposure routes and receptors identified in the Operable Unit 4

Baseline Risk Assessment.

In determining RAOs, all significant sources and exposure pathways must be identified to ensure
that the RAO for a single source or pathway adequately protects the receptor from the total risk
that may be associated with the site. At the FMPC, this concem is addressed by limiting the risk
from a single operable unit to 25 percent of the total allowable risk. Twenty-five percent was
chosen as the allowable risk from a single operable unit because the FMPC RI/FS is being
managed as four source operable units and a single environmental media operable unit. Conser-
vatism is built into this criterion because the same receptor is not likely to be affected by the
exposure pathways associated with all operable units. If a single operable unit is identified as
contributing multiple significant sources or exposure pathways by which a single constituent may
contact a receptor, operable unit-specific RAOs will address this issue. |

As stated in the preamble to the NCP (EPA 1990a), chemical-specific applicable or relevant and
appropriate requirements (ARARs) will be used to the degree possible to determine remediation

FER/OU4-12/SA.129-6/10-22-90 2-1 (§]8; 0G24
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goals for the operable unit. Where ARARs do not exist for a constituent, risk-based cleanup goals
will be developed as suggested by EPA (EPA 1990a; EPA 1988b).

2.2.1 Point of Compliance
For each operable unit at the FMPC, the point of compliance must be identified. The point of

compliance is the geographical location at which the RAO must be achieved. At most hazardous
waste sites, the point of compliance is the nearest identified receptor location for each exposure

pathway.

The baseline risk assessment for Operable Unit 4 identifies two major human exposure categories:
current land-use exposures, and future potential land use exposures. The current exposure setting at
the site is based on the assumption of active institutional control (e.g., fencing, restricted access,
security measures, etc.). These controls are assumed to reméin in place for 100 years, as required
by DOE Order for radioactive waste management (5280.2A). After 100 years, it is assumed that no
active controls can be relied on for protection of human health. Under these assumed conditions,
the point of compliance under current exposure conditions would be the FMPC property boundary.
However, to be health protective in developing RAOs once institutional controls are lost after 100
years, the point of compliance becomes the boundary of the waste unit.

For Operable Unit 4, it must be demonstrated that remedial alternatives achieve airborne and direct
radiation RAOs at a point immediately adjacent to the silos and meet drinking water RAOs at a
point in the Great Miami Aquifer at the boundary of the operable unit.

2.2.2 Contaminants of Concemn

Contaminants of concemn for Operable Unit 4 are identified in the baseline risk assessment. Those
associated with significant current and future exposure pathways and associated media are listed in
Table 2-1.

The baseline risk assessment points out that groundwater is not currently contributing to risk but is
addressed because of potential future exposures.

2.2.3 Remedial Action Objectives Based on Applicable or Relevant and Appropriate Requirements
The development of RAOs is concurrent with the identification of ARARs. In the case of the
FMPC, ARARs may need to be interpreted in relation to site-specific conditions to ensure sufficient

000632
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TABLE 2-1

CHEMICALS OF CONCERN FOR OPERABLE UNIT 4 BY MEDIA

Medium

Current and Future
Chemical(s) of Concem

Direct radiation

Air

Soil"

Sediment/surface water’

Groundwater*

Direct penetrating radiation

Radon
Radon progeny

Uranium
Radium
Thorium
Radon progeny

Uranium
Radium
Thorium
Radon progeny

Uranium Cobalt
Radium Copper
Thorium Lead
Actinium Manganese
Protactinium Mercury
Arsenic Nickel
Barium Selenium
Beryllium Silver
Cadmium Thallium
Chromium Vanadium
Zinc

*All silo constituents are chemicals of potential future concem if the silos begin to leak

FER/OU4-12/SA.129-610-22-90
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health protection based on multiple sources and pathways. As stated in Section 2.1.1, 25 percent of
the chemical-specific ARAR is the RAO for a single operable unit. The 25 percent may need to
be adjusted if a single operable unit contains multiple sources or exposure pathways. For Operable

Unit 4, however, the silos are considered a single source.

Chemical-specific ARARs have been identified for the control of direct penetrating radiation,
airborne radon, and for some of the silo constituents that may reach the groundwater. These
chemical-specific ARARs are listed in Table 2-2. In the case where both a maximum contaminant
level (MCL) and a proposed MCL exists for a constituent, the proposed MCL is used to develop
the RAO.

2.2.4 Remedial Action Objectives Based on Risk Criteria
For several silo constituents, no MCLs or proposed MCLs exist. In this case, the RAO is based on

available toxicity information. EPA provides guidance on using toxicity-based references doses
(RfDs) and cancer potency factors (CPFs) (EPA 1990) to determine acceptable intake levels in
water (EPA 1988b). The method is similar to the manner used to develop MCLs (EPA 1989).
Briefly, the RAO is estimated using the following steps:

» Determine the acceptable daily intake, or RfD, for noncarcinogens based on dose
response data and appropriate safety factors.

« Determine the acceptable risk level for carcinogens.

» Determine the acceptable water concentration (c) based on the assumption that a 70-
kilogram adult drinks two liters of water per day, such that:

[(c mg/M)(2 liter/day)}/70 kg = RfD (mg/kg/day), for noncarcinogens or
[(c mg/M)(2 liter/day)]/70 kg = (acceptable risk level)/CPF mg/kg/day), for carcinogens.
*  Apply any site-specific or operable unit-specific relative source contribution factors.

The acceptable risk level for carcinogens as specified by the NCP is 10* to 10°.
Twenty-five percent of this is 2.5 x 10° to 2.5 x 107.

2.2.5 Summary of Operable Unit 4 Remedial Action Objectives

RAOs for all relevant media associated with Operable Unit 4 are summarized in Figure 2-1. As
shown, many of the RAOs for Operabie Unit 4 are based on chemical-specific ARARs. Risk-
based RAOs had to be developed for five inorganic metals for the groundwater pathway. RAOs for
each medium are briefly summarized below. An RAO that must be applied across all media is that
total cancer risk from radionuclides be below 25 percent of the 10* to 10 goal set forth in the

NCP, or 2.5 x 10°t0 2.5 x 10", i
0C00G3%
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TABLE 2-2
CHEMICAL-SPECIFIC ARARS APPLICABLE
TO OPERABLE UNIT 4 REMEDIATION
Chemical-Specific Standard ARAR/TBC Regulation
Radionuclide emission Public dose Applicable 40CFR61
(except airborne <10 mrem/yr Subpart H
Rn-222)
Radon-222 emissions No source Applicable 40CFR61
<20 pCi/sq m-s Subpart Q
Radiation dose limits 100 mrem/year “To be DOE Order
(All pathways) considered 5400.5
Chemicals or Arsenic <0.05 mg/L Applicable 40CFR141.11
radionuclides in Barium <1.00 mg/L OAC3645-
drinking water Cadmium <0.01 mg/L 81-11
Chromium <0.05 mg/L
Lead <0.05 mg/L
Mercury <0.002 mg/L
Selenium <0.01 mg/L
Silver <0.05 mg/L
Radium <5 pCi/L
Chemicals or Barium <5.0 mg/L To be 40CFR Parts
radionuclides in Cadmium <0.005 mg/L considered 141, 142, 143
drinking water Chromium <0.1 mg/L Proposed
Selenium <0.05 mg/L Rule
Radionuclides in soils . Thorium Relevant and 40CFR192.02
Radium appropriate
S pCi/g, first 15 cm
soil
15 pCi/g, below 15 ¢cm
Chemicals in surface Arsenic <48 pg/L To be 40CFR 141
water* Beryllium <5.3 pug/L considered

Cadmium <1.1 pg/L
Chromium <11 ug/L

Copper <12 pg/L
Lead <3.2 pg/L

Mercury <0.012 pg/L

Nickel <160 pg/L

Selenium <36 pg/L
Thallium <40 pg/L

Zinc <47 pg/L

*Ambient water quality criteria for chronic freshwater fish exposures, included for protection of the

environment
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October 22, 1990

2.25.1 Direct Radiation
A goal of remediation of the silos is to prevent penetrating radiation doses to the public from

exceeding 25 percent of the 100 mrem annual dose limit, as specified in DOE Order 5400.5. This
order has been identified as a to-be-considered (TBC) for Operable Unit 4. Present baseline
conditions do not meet this goal.

2252 Air :

Two ARARs were identified as applicable to Operable Unit 4: 40CFR61 subparts H and Q.
Subpart H allows for a 10 mrem/yr limit to the public for all airborne radionuclides except Rn-
222. Twenty-five percent of this limit is 2.5 mrem/yr. The objective identified for Rn-222
emissions: Subpart Q requires that radon flux from -a single source cannot exceed 20 pCi/m?s.
Because this ARAR applies to a single source, no relative source contribution factor is necessary.

2.25.3 Soils

Berm soils surrounding Operable Unit 4 and subsurface soils beneath the silos must meet the
following objectives: prevent direct contact with soils, and prevent soils from migrating to surface
waters and sediments. In both cases, the goal is to prevent contact with chemicals in the soils that
would result in cancer risks of 2.5 x 10® to 2.5 x 107, and noncancer hazards that would be above
a hazard index of 0.25. Radionuclides concentrations must also satisfy DOE Order 5400.5, which
limits the radiation dose to 100 mrem/yr (or an operable unit limit of 25 mrem/yr). The cleanup
level for uranium (total) is 35 pCi/g based on a U.S. National Regulatory Commission (NRC)
branch technical position. Currently, only uranium, radium, and thorium have been detected in
soils, but it is suspected that Pb-210 may be in berm soils. However, the objective extends to all
silo constituents because the potential exists for future silo leakage to contribute elevated levels of
all constituents to the soils.

The environmental objectives of preventing contact with the soils are similar except quantitative
goals are based on potential contributions to a receiving water body in excess of Ambient Water
Quality Criteria (AWQC), as laid out in the Clean Water Act. AWQC are nonenforceable goals for
protecting the environment.

2.2.54 Sediments and Surface Water

RAOs for sediments and surface water are based on the same criteria used to determine RAOs for

soil.

FER/OU4-12/5A.129-6/10-22-90 29
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2.25.5 Groundwater

Of great concem is the potential for the constituents of the silo to enter the underlying Great Miami
Aquifer sometime in the future. RAOs developed for groundwater specify that future releases
should not result in concentrations in the regional aquifer that exceed MCLs specified in
40CFR141. For chemicals without MCLs, future releases should not exceed risk-based derived
cleanup levels. Specific groundwater RAOs for Operable Unit 4 are listed in Tables 2-3 and 2-4.

With the exception of radium, which has a promulgated MCL, RAOs for radionuclides, present as
chemicals of concem were derived by dividing the allowable drinking water radiation dose of 4
mrem/yr (DOE Order 5400.5) by the annual drinking water intake (730 liters) and the radiation
dose conversion factor (dcf). Thus for uranium, with a dcf of 2.69 x 10* mrem/pCi (EPA 1990),
the resultant acceptable drinking water concentration is 20 pCi/L. Table 2-3 lists the resulting
concentrations for all radionuclides associated with Operable Unit 4. These limits do not reflect the
"sum" rule, which requires that the sum of the radiation dose from all radionuclides (excluding Ra-
226, Ra-228, and radon) not exceed 4 mrem/yr. However, this requirement will be specifically
considered in situations at the FMPC where more than one radionuclide contributes to a radiation

dose near the 4 mrem/year limit.

Table 2-4 lists RAOs for the nonradioactive constituents of the silos. Five RAQOs are based on
RfDs (EPA 1990), as described in Section 2.1.5.

2.25.6 Silo Contents
The qualitative RAOs identified for the silo contents is to prevent direct contact with the contents
and to prevent migration of the contents to the surrounding environment.

2.2.5.7 Silo Structures

Two qualitative RAOs exist for silo structures. One is to ensure that the silos do not degrade and
result in a release of silo materials to the environment. Silo constituents also may have migrated
into the concrete structures; thus contact with the structures should be prevented.

Nonradioactive chemicals of concem for Operable Unit 4 are inorganic substances that are chemical
toxicants via the oral intake route. Therefore, RAOs are based on RfDs, not on CPFs. RfDs for
calculating acceptable water concentrations are found in the IRIS database (EPA 1990b) and in the
Health Effects Assessments Summary Tables (EPA 1990c).

0000623
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TABLE 2-3

OPERABLE UNIT 4
GROUNDWATER REMEDIAL ACTION OBJECTIVES FOR RADIONUCLIDES

Drinking Water FMPC Action
Concentration Level for a
Corresponding to 4 mrem/yr Single Operable Unit*
Constituent (pCi/L) (pCi/L)

U-234 19 4.8
U-235 21 53
U-238 21 53
Th-228 14 35
Th-230 10 25
Th-232 2 0.50

Po-210 3 0.75
Pb-210 1 0.25
Ac-227 04 0.10

Radium® 5 1.3

*Twenty-five percent of ARAR or risk-based standard
®Maximum contaminant level

600050
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TABLE 2-4
OPERABLE UNIT 4
GROUNDWATER REMEDIAL ACTION OBJECTIVES FOR CHEMICALS
Acceptable FMPC Action
Basis for Water Level for a Single
Remedial Concentration Operable Unit*
Constituent Objective (mg/L) (mg/L)
Arsenic 0.05 mg/L MCL 0.05 0.001
Barium 5.0 mg/L proposed MCL 5.0 1.3
Beryllium 0.005 mg/kg/d RfD 0.2 0.05
Cadmium 0.005 mg/L proposed MCL 0.005 0.001
Chromium 0.1 mg/L proposed MCL 0.1 0.03
Copper 1.3 mg/L® 1.3 0.3
Lead 0.05 mg/L* 0.05 0.01
Manganese 0.2 mg/kg/d RfD 7.0 1.8
Selenium 0.003 mg/kg/d RfD 0.1 0.03
Thallium 0.00007 mg/kg/d RfD 0.002 0.0005
Vanadium 0.007 mg/kg/d RfD 0.2 0.05
Zinc 0.2 mg/kg/d RfD 7.0 18
"Twenty-five percent of ARAR of risk-based standard
*EPA is considering a substantially lower number
‘Drinking Water Health Advisory
000041
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2.3 GENERAL RESPONSE ACTIONS
General response actions are broad categories of media-specific remediation actions that will satisfy

one or more of the remedial action objectives. In the case of Operable Unit 4, these general
response actions include no action, institutional action, containment with and without treatment, and
removal with treatment and disposal. Figure 2-1 shows the relationship between the remedial action
objectives and these general response actions.

2.3.1 No Action
This general response action is required for consideration by the NCP and will be carried through
as an altemmative. The no-action altemative would provide no remediation and would simply leave

the silos and silo material in their present state. It would include the installation of long-term

* monitoring equipment. The no-action alternative provides a baseline against which the other

alternatives can be compared.

2.3.2 Institutional Actions
Institutional actions refer to actions taken by the responsible authorities to minimize the potential

for danger to human health and the environment as a result of any ongoing activities. Examples of
institutional actions include monitoring and access control. It should be noted that the no-action

alternative may include some institutional actions.

2.3.3 Containment

Containment refers to the prevention of any uncontrolled leakage of materials, leachate, and/or gases
by proper in situ isolation of the material. Isolation techniques in this category include run-
on/runoff control, capping, and/or subsurface flow control.

2.3.4 Containment With Treatment

Containment with treatment is similar to containment as mentioned above, with the exception that
the material would be stabilized in situ before isolation. Several stabilization technologies are
available for this purpose.

2.3.5 Removal, Treatment, and Disposal &

]

This general response action considers treatment of the silo 1 afier removal from its present

e:

1

ateri
location. After the treatment process, the silo material would be disposed either on or off property.

000042
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2.4 IDENTIFICATION AND SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS
Technology types potentially capable of satisfying the applicable remedial action objectives were

identified for each general response action. These technology groups were further broken down
into various process options.

At this stage in the FS process, process options and technology groups were screened on the basis
of technical implementability only. Figure 2-2 shows the results of this initial screening. The
remaining technologies represent the potential pool of options to be evaluated by engineering
judgment for assembly into remediation altenatives. Following is a brief description of the
technologies under consideration with a discussion of appropriate process options.

2.4.1 Containment

2.4.1.1 Environmental Isolation Enclosure

Before initiating any silo contents removal under the removal altematives, an Environmental
Isolation Enclosure (EIE) would be constructed to enclose Silos 1 and 2 and/or Silo 3 and the
surrounding work area (Figure 2-3). The purpose of the enclosed facility would be to create an
isolated area, thus protecting the public, other site workers, and the environment from the
contamination hazards associated with silo demolition and silo contents removal.

The EIE would be a tension arch structure with negative intemal pressure. The design would
incorporate equipment and manway airlocks as well as a remote-controlled gantry crane system over
the silos. All exhausted air from the EIE would be filtered to meet site-specific air emission limits.
The facility would be designed to withstand 100 mile per hour winds and include redundant safety
systems such as a standby electrical power generator and heating, ventilation, and air conditioning
(HVAC) system,

The construction of the EIE would require the following:
» Silo berm modifications (Figures 2-4 and 2-5)

« Utility and general construction/remediation support services at both interior and exterior
work staging areas '

« EIE foundation

»  Gantry crane system (Figures 2-3 and 2-5), structural steel box girder frame with low
bearing pressure grade beams or conventional footing foundations

000043
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» Remote-controlled traveling gantry crane with dual lifting hoists
+  Remote-controlled video camera with tilt and pan capabilities

« Installation of HVAC system
- High efficiency particulate air (HEPA) filters, carbon adsorbers, dehumidification
equipment
- Localized radon removal system if necessary

- Installation of equipment and personnel airlocks (main equipment airlock should be
constructed on east side between silos)

» Equipment access ramp at maximum grade of 10 percent

« Installation of a central control station inside the EIE in a nonobstructive location to
facilitate silo material handling activities, to include:
- Crane system controls
- Alarm and general monitoring equipment
- Communications equipment
- Radiation shielding, separate air supply, and separate manway leading to the exterior
of the EIE

During EIE construction, similar pressurized enclosures could be erected in the exterior staging area

to provide containment for silo material transfer, storage, and/or treatment activities.

2.4.1.2 Cappin

Capping involves the installation of a barrier over the surface of the contaminated area to control
erosion and to prevent the generation of leachate caused by surface water infiltration. Capping can
also alleviate possible direct -and/or indirect exposures. It is applicable to the nonremoval response
actions and is generally used in combination with other technologies.

A cap can be single or multiple layers and can consist of asphalt, chemical sealant/stabilizer, clay,
concrete, or multimedia. Chemical sealants and stabilizers require a homogeneous soil base, are
typically feasible for small areas, but can be susceptible to cracking and weathering.

A multiple-layer cap would be utilized for Operable Unit 4 and would be designed in accordance
with EPA guidelines under Resource Conservation and Recovery Act (RCRA). The guidelines
recommend a three-layer system that consists of:

«  An upper vegetative layer

¢ A drainage layer
« A low-pemeability bottom layer

000051
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The vegetative layer would be supported by a topsoil cover. The drainage layer would consist of
sand, and the low permeability layer would consist of clay with a permeability of less than 1 x 107
cm/s. The design would divert rainfall away from and minimize infiltration into the enclosed
materials (Figure 2-6).

In addition to RCRA, cap design must be in accordance with applicable regulations, including
40CFR264 (Standards for Owners and Operators of Hazardous Waste Treatment, Storage, and
Disposal Facilities), 40CFR61 (National Emission Standards for Hazardous Air Pollutants), and
10CFR61 (Licensing Requirements for Land Disposal of Radioactive Waste).

2.4.1.3 Subsurface Flow Control
Slurry walls are the most commonly used subsurface barriers. Slurry walls are constructed in a

vertical trench that is excavated and backfilled with a slurry. The slurry (which is usually a
mixture of bentonite and water) assists in shoring the trench to prevent collapse and forms a filter
cake on the trench walls that prevents fluid loss to surrounding ground.

Other types of subsurface flow controls include pumping wells and injection grouting. Groundwater
pumping includes the extraction of water from or the injection of water into wells to capture a

plume or alter the direction of groundwater movement.

Injection grouting is the injection of a low slump mortar-type grout under relatively high pressure
to displace and compress the surrounding soil particles. The grout pipes are installed in a
predetermined design pattern to the required depth and grout is pumped until a refusal criterion is

met or until ground heave is observed.

2.4.14 Run-On/Runoff Control
Run-on/runoff control refers to the control of any surface water streams and erosion around and

above an area. This can be accomplished through the use of sedimentation basins,
diversion/collection, grading, and revegetation.

Sedimentation is a method of containing surface water and runoff for a specific period of time to

aliow the settiement of suspended soil sediments before discharge. The basin is generally

000052
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pre-engineered and constructed by erecting suitable earthen dams, by using a natural depression, by

excavation, or by a combination of these.

Surface water diversion and collection forms an essential part of surface water management and
includes dams, dikes/berms, channels (earthen/pipe), waterways, terraces/benches, chutes, downpipes,
seepage ditches/basins, levees, and flood walls. These techniques can be used as temporary or
permanent measures for effective surface water control to prevent flooding, control erosion, and

direct surface runoff.

Grading is a general term for techniques used for managing surface water runoff and for controlling
infiltration and erosion. Soil spreading and compaction, which are essential components of grading,
are used extensively in land development and at sanitary landfills. Grading modifies the topography
and the runoff characteristics thus accomplishing infiltration and erosion control. One of the steps
in grading is to establish continuous surface grades to eliminate possible ponding of surface runoff.
This technology is often used in combination with surface sealing and revegetation.

Revegetation (providing a vegetative cover) assists in stabilizing the surface and is generally used in
conjunction with capping and/or grading. It reduces erosion by wind and water and helps in
developing a stable and naturally fertile surface environment. Revegetation can be useful for
upgrading the appearance of a possible disposal site and would involve the selection of suitable
plant species, seed bed preparation, seeding/planting, mulching and/or chemical stabilization, and
fertilization and maintenance. Revegetation has application for both short-term stabilization,
including intermediate covers at waste disposal sites, and long-term site reclamation.

2.4.2 Removal

2.4.2.1 Mechanical Removal
Mechanical removal would require the use of an overhead gantry hoist equipped with a clamshell or

bucket capable of transferring the silo contents either directly into containers or onto a closed belt
or bucket-type conveyor system for transport to a packaging facility. The major pieces of
equipment that would be required are:

» Remotely operated front-end loaders

e  Gantry supported clamshell
» Closed belt or bucket-type conveyor system

0000543
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2.4.22 Hydraulic Removal
This system would use a mining pump equipped with a water blasting ring or cutter head to loosen

and remove the silo contents as a slurry (Figure 2-7). Because only a portion of the silo contents
is water-sprayed at any one time, a limited amount of water would be in the silo and the risk of
leakage to the environment would be small. The existing leachate collection and detection system,
if still intact, would be used to collect leakage. Additional leakage collection pipes could be
installed beneath the existing system, if necessary.

This slurry would be pumped to solid/liquid separation equipment in the process building, which
would provide filtration, centrifugation, sedimentation, drying, or evaporation to remove the liquid.
The dewatered sludge would be transferred to a treatment or packaging area and the contaminated
water would be recycled. This would result in the net generation of little, if any, wastewater
requiring treatments in the wastewater treatment plant. The actual equipment to support this type of
removal would be determined by slurry composition and final disposition of the sludge. The major
pieces of equipment required would be:

Combination blasting/suction hydraulic mining tool

Mechanical cutter head

Double-walled suction line (eight-inch flexible hose)
Centrifuge, evaporators, and/or calciners

2.4.2.3 Pneumatic Removal
The pneumatic removal method would involve the use of a mechanical cutter head and an airlift to

entrain the material in an airstream, which would be routed to a temporary storage system for
separation of solids (Figure 2-8). This separation scheme would utilize filters, cyclone separators,
and dust collectors, among other devices. The silo material would then be routed to a packaging
facility and the filtered air recycled to the removal system or discharged. All operations would be
conducted in closed vessels and all vents would be equipped with HEPA filters and carbon
absorbers (if necessary) for emission control. The major pieces of equipment required would be:

< Rigid pipe suction nozzle
e Mechanical cutter head

Double-walled suction line (eight-inch flexible hose)
Cyclone separators, baghouse, HEPA filters

2.4.3 Structure Removal
Listed below are five process options that could be utilized for the demolition of Silos 1, 2, and 3
if required under the selected altemative. A short discussion listing the relative disadvantages and

advantages of each technology is provided. The concrete walls are approximately eight inches thick

FER/OU4-12/SA.129-6/10-22-90 2-26 ' 000055
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with wire-wound post-tensioned steel. The walls also have vertical prestressed steel tendons spaced
around the wall as well as deformed reinforcing steel bars. It may be necessary to clean the inner
surface of the silo before demolition.

2.4.3.1 Wrecking Ball

This method would utilize a large steel ball attached to a crane and has been proven to be an
effective means to demolish concrete tanks such as the silos. The steel wire and rebar would
require cutting with a gas torch once the concrete is demolished. The major drawback to this
method is the substantial dust generation. As this dust would very likely contain radioactive
contamination, this option is unsuitable for Silos 1, 2, and 3.

2.4.3.2 Explosive Charges

This method would be quite effective; however, it would create airborne radioactive contamination

and excessive ground vibration; therefore it is an unsuitable option for all silos.

2.4.3.3 Hydraulic Splitter

This method uses a high pressure stream of water and is effective in cutting both concrete and

stecl. The operation can be conducted remotely to prevent the possibility of injury to workers due
to unexpected collapse of the silo. This method would not generate airborne contamination as no
dust would be created. Water used to cut the concrete would require collection and possible
treatment if contaminated.

2.4.3.4 Nonexplosive Demolition Agent

This method would involve drilling a hole pattern into the silo and placing a demolition agent
inside the holes. When mixed with water, the agent would expand and break the concrete. The
reinforced steel would require cutting with a torch. This method would create no dust and would
be effective only in breaking the silo into large pieces.

2435 Gas Torch

A gas torch (similar to or the same type as used to cut steel) could be used to cut both the
concrete and steel in the silo. Although this method would be effective, it might present a hazard
to the workers in the event of a sudden silo collapse, unless it is performed remotely.

For Silos 1, 2, and 3, the demolition methods discussed above would be used inside an EIE with
the exception of the wrecking ball and the explosive charges. Concemns about dust could be

FER/OU4-12/SA.129-6/10-22-90 2-29 030062
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eliminated if demolition were to occur inside such a structure. Other features such as underground
piping and tanks would require removal in addition to the silo. If an off-site disposal alternative is
selected, the concrete rubble and piping would have to be sized to fit shipping containers. A
combination of demolition technologies may be desirable to demolish the silos and reduce the .
debris to a volume suitable for on- or off-site disposal.

244 Treamment/Disposal

Ex situ stabilization involves the removal of the silo contents from its current location and a
solidification/stabilization process to treat the silo contents. Although there are interpretive
differences between solidification and stabilization, this discussion will treat them the same.
Solidification may be necessary for preparation for disposal to reduce liquid volumes to acceptable
levels and to provide structural integrity to prevent slumping, subsidence, and collapse when
disposed. A number of different solidification agents are available as indicated below. Laboratory
testing would be required to determine the proper solidification formula.

2.44.1 Ex Situ Stabilization ‘
Ex situ stabilization technology offers the following possible process options for Silos 1, 2, and 3:

*  Asphalt encapsulation: Ex situ asphalt stabilization could be achieved by removing the
silo contents to a heated mixer where it would be blended with molten asphalt and
extruded into a form. Activated powdered carbon could be blended with the material
in an attempt to control radon emissions both during the mixing process and after the
material is treated. The result of this process would be a monolithic product with
excellent leach control properties.

»  Stabilization with lime, fly ash, and activated carbon reagents: Silo contents and
reagent mixing would be done in a cement mixer or covered pug mill equipped to
scrub the radon off-gases. Activated carbon would help control the off-gassing of
radon during and after treatment. It would be necessary to implement a completely
self-contained system with off-gas control if the mixing of activated carbon in the
waste is not determined to be beneficial. No other off-gassing is expected to occur
because no ammonia is present and none of the reagents are expected to be acidic.
The stabilized material would then be poured into forms for packaging and disposal.
The potential for biological activity is very slight given the expected high pH of the
mix and the fact that the activated carbon (mostly graphite) would not be attacked by
bacteria.

» Stabilization with proprietary cement-based technologies: The silo contents would be
conveyed to a mixer or pug mill where it would be mixed with water, the proprietary
reagents, and activated carbon. The stabilized material would then be poured into
boxes or bags for curing before disposal into the disposal facility.

»  Stabilization with polymerized organic monomers: For this process option, the silo
contents would be mixed in a drum or box with an organic monomer and an initiating
agent or catalyst before deposition in the disposal facility.
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2.44.2 In Siwm Stabilization _
This process option would stabilize the silo contents through the addition of cement and fly ash.

Following silo dome removal, these materials would be added to the silo contents and mixed by
augers lowered into the silos by the gantry crane. Although this process is commonly applied to
shallow soil mixing, it can treat the entire depth of the silos. It is a relatively new process in this
country, but has been used extensively in Japan.

Shallow soil mixing can be used to mix portland cement, fly ash, bentonite, or any other stabilizing
agent into the silo contents. Because the silo contents are somewhat dry, especially that in Silo 3,
the chemicals would be added as a slurry. The amount of stabilizing agent required and the
subsequent volume increase would depend on the system used and would require treatability studies.
If the volume of the silo contents was increased by more than 10 to 20 percent, the berms around
the silos would have to be raised.

Core samples could be drawn to determine that adequate stabilization had been achieved because
previous applications of this technology indicate that nonuniform mixing can be a problem.

24.4.3 Ex Situ Vitrification
Ex situ vitrification of the silo contents would require that the water content of the material be no

greater than 30 percent by weight. A water content greater than this can cause foaming problems
and increase power requirements. The material should have a water content of 15 to 20 percent
(ideally) so that the material would resemble a fine, damp silt.

The dried material would be conveyed to the vitrification system surge hoppér. The vitrification
rate would be approximately SO to 100 tons per day, so the surge hopper would be sized for
approximately 100 tons of material. All equipment would be under negative pressure and vented to
the air pollution control system, which would feature dehumidification and HEPA filtration and
carbon absorption.

The glass melter of the vitrification unit could be either a conventional cold cap design, a drop tube
device as is used on higher level radwaste, or a mechanically stirred melter. The melter would be
electrically heated and designed to minimize emissions of radon, dust, and volatile metals. The
glass from the melter would be cast into steel containers similar to low specific activity (LSA)
boxes (four- to six-foot-cubes). The steel containers would be cooled by air and water during
casting, and after cooling, the boxes would be sealed and placed in the disposal facility.
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The vitrification facility would be enclosed in a ventilated process building. The equipment would
be designed for remote operation to minimize exposure.

2.44.4 In Situ Vitrification

Following removal of the silo domes, vitrification equipment would be lowered into the domes.

The electrodes used in the process would be installed in a grid pattem. Close spacing would be
required because of the 25-foot depths.

In this process option, fume hoods would be installed over the active (melting) settings to capture
any contaminated steam generated during the vitrification process. This stecam would be condensed
and treated by an air pollution control system separate from the general building ventilation system.
This system would remove radon, volatile metals and fumes, and contaminated dust. Electrodes
would be energized and blocks of silo contents melted. The melting process would be controlled
so that all of the silo contents and much of the silo walls would be vitrified. The vitrified silo
contents, silo walls, and adjacent portions of the berm would form a continuous monolithic mass
that would not require additional structural support. Thermocouples would be placed along the
bottoms of the silo walls to verify the extent of vitrification. Cores could also be drilled into the
cooled glass to confirm complete vitrification.

244.5 Air Treatment

An air treatment system would be installed to minimize radon and radioactive particulate emissions
to the environment and to maintain airborne contamination levels as low as possible in work area
containments. During the design of the existing radon removal system, it was determined (by
calculation and engineering judgment) that, given the rate of radon emission from the silo contents,
the lowest inventory level to which the radon level could be reduced effectively would be one
curie. Therefore, the conceptualization of the air treatment system assumed that the existing
temporary radon removal system at Silos 1 and 2 would be upgraded and used to reduce the high
equilibrium radon levels in the airspace of each silo to less than one curie before removing the silo
domes.

Typical air treatment equipment would consist of roughing filters, HEPA filters, and carbon
adsorption units. The specific arrangement for the air treatment system will be dependent on the
type of remedial action chosen. To supplement the installed ventilation system, any vitrification
equipment would need the built-in capability to treat gases generated during the vitrification process.

FER/OU4-12/SA.129-6/10-22-90 2-32 (814 g G bd



==-560

.

FMPC-0412-6
October 22, 1990

Also, as an option to supplement the general ventilation system, carbon adsorption trains could be
installed to provide localized radon removal.

244.6 Water Treatment

Water treatment would be required for a wide variety of types, concentrations, and flows of
wastewaters. Many of the waters would have metals contamination, low-level radioactivity, possibly
low levels of organics, and high nitrate. To treat the relatively concentrated streams, bulk removal
methods for metals would be utilized followed by additional treatment with ion exchange and
denitrification as necessary.

Concentrated waters would be pH-adjusted and treated with chemicals to facilitate the formation and
precipitation of insoluble metal compounds. Flocculation causes particle agglomeration. Solids
would be separated from the water using one or a combination of methods, depending on the size
and concentration of the particles. Clarification, filtration, centrifugation, and flotation would be
considered. Sludges from these operations would be treated with solidification or vitrification.

Effluent from these processes would be further treated using ion exchange to remove residual
contaminants. Typically, this would be necessary to treat water with low levels of radioactive
metals and should allow direct discharge of the water. Various ion exchange resins having
differing selectivity would be used, depending on the mixture of metals and other ions present in
the water. Some resins would be regenerated using a suitable regenerant solution that removes the
contaminant from the resin. This solution would be neutralized and then recycled back to the
precipitation unit. Other resins would be used one time and then disposed of as a stabilized
hazardous and/or radioactive waste.

The data available to date indicate no significant levels of organics. Therefore, it is assumed that
the organics .in the waste streams would be at such low concentrations that specific treatment for
organics removal would not be required. Some wastewaters might require nitrate removal to meet
surface water quality goals before they could be discharged. The existing biodenitrification system
at the FMPC would likely be used for this service, although new units could be utilized such as
small sequencing batch reactors. Biological denitrification would generate clean effluent for
discharge, and the resultant biological sludge could be disposed of as part of Westinghouse
Materials Company of Ohio’s (WMCO's) ongoing waste operations program. To the extent
practical, it is intended to utilize a common water system for a cost-effective operation. Any
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additional pre- or post-treatment units will be designed on a modular skid-mounted basis so that
they can be used effectively as needed. Figure 2-9 presents a flow diagram for water treatment.

2.44.7 On-Property Enginecred Disposal Facility
An Engineered Disposal Facility was considered for the on-property disposal of the waste material.

A basic tumulus disposal concept would consist of mounding over waste that has been placed on a
stable structural pad. An aboveground structure would be a reinforced vauli-like concrete structure
designed for permanent waste disposal. For reasons of structural integrity (cap subsidence) and
concems for water infiltration (leaching), both the tumulus and the aboveground structure should
accept only containerized and highly stabilized waste forms. The design options that were
considered for each are shown in Figures 2-10 through 2-12:

e Tumulus:

- On-grade reinforced concrete structural pad incorporating the following:

1. RCRA-type closure cap with a leachate collection and detection system
2. RCRA-type impermeable liner and underlayment

»  Aboveground Structure:
- Design 1 - Vault constructed directly on-grade incorporating the following:
1. Design 1A uses a liner system with a leachate collection and detection system
2. Design 1B uses only a leachate collection and detection system

- Design 2 - Vault constructed with a structural support slab placed six feet above-
grade using an extended height reinforced concrete foundation incorporating the
following:

1. Design 2A uses a liner system with a leachate collection and detection system
2. Design 2B uses only a leachate collection and detection system

A combined Engineered Disposal Facility for all operable units at the FMPC could be useful if
available at the time of Operable Unit 4 remedial action.

2.5 PACKAGING/TRANSPORTATION
The Department of Transportation (DOT) in Title 49 of the Code of Federal Regulations provides a
number of general categories under which radioactive material may be shipped. Within the possible

shipping designations allowed in the DOT regulations, there are four which apply to the K-65 and
Silo 3 residues (with certain restrictions):

. Limited Quantities
. Low Specific Activity (LSA) material
. Type A package quantities
. Type B package quantities
FER/OU4-12/SA.129-6/10-22-90 2-34 000067
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Under each of these categories, the K-65 and Silo 3 residues will be specified as "normal form"
because they have not been tested to meet the requirements of 49CFR173.469 (Tests for Special
Form Radioactive Materials).

2.5.1 Limited Quantities
"Limited Quantities” of radioactive material is a designation for shipping the least restricted articles

and the smallest quantities of radioactive material. Generally, items such as radioactive watches,
clocks, and fire alarms are shipped under this category. Although the K-65 and Silo 3 residues
could be made to conform to the restrictions of this classification, it would not be practical. This
classification places a restriction on the activity level allowed in each shipping container and, due to
the relatively high level of radioactivity found in the residues, it will require well over a billion
packages to ship the residues. The logistics of inventorying and accounting for this number of
packages alone renders this shipping classification unsuitable for the shipping of the silo contents.

2.5.2 Low Specific Activity
The advantage to shipping radioactive material as LSA is to gain exemptions from using

specification packaging (i.e., Type A, Type B, etc.). Whereas the other packaging and shipping
classifications place a limit on the curie content of a package, the LSA classification places a limit
on the specific activity of each package.

There are several subparts to the definition of LSA material, two of which may apply to the silo
contents. The silo material may meet the definition of 49CFR173.403(n)(1) (Definitions) as
"Uranium or thorium ores and physical or chemical concentrates of those ores.” However, if it is
decided that these residues are not ores or ore concentrates, they must meet the restrictions of
49CFR173.403(n)(4) (Definitions) which states: "Material in which the radioactivity is essentially
uniformly distributed and in which the average concentration of the contents does not exceed:
(i) 0.0001 millicuries per gram of radionuclides for which the A, quantity is not more than
0.05 curie;
(ii) 0.005 millicuries per gram of radionuclides for which the A, quantity is more than 0.05
curie, but not more than 1 curie; or

(iii) 0.3 millicuries per gram of radionuclides for which the A, quantity is more than 1
curie."

(Note: A, is the maximum activity of normal form radioactive material permitted in a Type
A package.)

In order to apply this second definition, it must be noted that 49CFR173.433(b)(3) (Requirements
for Determination of A, and A, Values for Radionuclides) states that "In the case of a mixture of
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different radionuclides, where the identity and activity of each radionuclide is known, the
permissible activity of each radionuclide R, R,, ... R, must be such that F, + F, + ... F, is not

greater than unity, when:
Total activity of R,
1 =
AR
Total activity of R,

AR)
Total activity of R,

AR

2

Where A(R,, R,, ... R) is the value of A, or A, as appropriate for nuclide R;, R,, ... R.."

(Note: A, is the maximum activity of special form radioactive material permitted in a Type

A package.)

Another explanation for the above formula is that the Operable Unit 4 radionuclides in the decay
chain present in the silos will have to be divided into three categories: those with an A, value
equal to or less than 0.05 curies, those with an A, value greater than 0.05 but not more than 1
curie, and those with an A, value greater than 1 curie. Based on present information, the
radionuclides in all three of the silos are from the U-238 decay chain and fall into the categories

just mentioned.

253 Type A
The silo residues can be shipped in Type A packaging which requires that the activity level in each

package not exceed the A, value for the radionuclide of concem. 49CFR173.411 (General Design
Requirements) and .412 (Additional Design Requirements for Type A Packages) list the design and
performance specifications for Type A packaging. Type A packages are designed to more stringent
requirements than LSA packages and are typically used for the packaging of materials with greater
levels of radioactivity. Type A containers are generally more expensive than LSA containers.

Due to the activity levels of the silo residues and the package activity level restrictions for Type A
packages, the silo contents are estimated to require more than one million packages. As in the

000073
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Limited Quantities discussion, the logistics for storing and accounting for this large quantity of

packages would be prohibitive.

254 Type B
Type B packaging is required for all material which exceeds Type A packaging requirements.

49CFR173.411 (General Design Requirements) and 10CFR71.51 (Additional Requirements for Type
B Packages) list the design and performance requirements for Type B packages. Type B packaging
is constructed to much higher standards than either Type A or LSA packaging and is therefore

much more expensive.

Generally, shipments of Type B quantities are made in a primary disposable container that is placed
in a Type B overpack for transportation purposes only. The main advantages to Type B shipments
are the use of larger packaging and less risk during shipment due to the higher grade packaging.
The main disadvantages are cost, increased number of truck trips, and obtaining Type B overpacks.
The silo contents can be shipped in Type B containers.

2.6 EVALUATION OF PROCESS OPTIONS
After the initial screening of technologies and process options, the surviving process options were

evaluated individually for their effectiveness, implementability, and cost in relation to the other
process options within the same technology group. These evaluations again were based on engin-
eering judgement and not detailed analysis. Figure 2-13 shows the results of these evaluations.

2.6.1 Effectiveness Evaluation
Specific technology processes that have been identified were evaluated further on their effectiveness
relative to other processes within the same technology type. This evaluation focused on: (1) the

potential effectiveness of process options in handling the waste and meeting the remediation goals
identified in the remedial action objectives; (2) the potential impacts to human health and the
environment during the construction and implementation phase; and (3) how proven and reliable the

process is with respect to the contaminants and conditions at the site.

2.6.2 Implementability Evaluation
Implementability encompasses both the technical and administrative feasibility of implementing a
technology process. As previously discussed, technical implementability was used as an initial

screen of technology type and process options to eliminate those that were clearly ineffective or
unworkable at a site. Therefore, this subsequent, more detailed evaluation of process options placed
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greater emphasis on the institutional aspects of implementability, such as the ability to obtain
necessary permits for off-site actions, the availability of treatment, storage, and disposal
services (including capacity), and the availability of necessary equipment and skilled workers to

implement the technology.

2.6.3 Cost Evaluation
At this stage in the process, the cost analysis was made on the basis of engineering judgement.
Each process was evaluated as to whether costs are high, low, or medium relative to other process

options in the same technology group.
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3.0 DEVELOPMENT OF ALTERNATIVES

In assembling the following altematives, general response actions were combined in the form of
process options to create an altenative that would potentially satisfy the RAOs of Operable Unit 4.
After completing the evaluation of process options, specific process options were selected that best
represented each technology type. These process options were used in assembling the remediation
alternatives and provided a basis for developing performance specifications during preliminary
screenings. Note that the specific process actually used to implement the remedial action at a site
may not be selected until the remedial design phase. In some cases, more than one process option
was selected to represent a technology type if there were sufficient differences in performance such
that one would not adequately represent the other (e.g., stabilization versus vitrification). During
assembly of the remediation alternatives, the technology of contaminant separation was considered
separate from treatment technologies. This separation was not accounted for during the screening
and evaluation of technologies and process options, primarily because contaminant separation
involves several process options already listed under treatment technology and does not contribute
any new process options by itself. Figure 3-1 details the above process and Figures 3-2 and 3-3
summarize the results of the combinations. A detailed description of each alternative is presented

in Section 5.0.
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