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EXECUTIVE SUMMARY

This feasibility study (FS) examines a range of alternatives and provides
recommendations for selecting a preferred alternative for remediating contamination at the
200-BP-1 operable unit. The 200-BP-1 operable unit is located in the center of the
Hanford Site along the northern boundary of the 200 East Area. The 241-BY Tank Farm
is located immediately to the south of the operable unit.

200-BP-1 is a source operable unit with contaminated soils associated primarily with
nine inactive cribs (known as the 216-B cribs). These cribs were used for disposal of low-
level radioactive liquid waste from U Plant uranium recovery operations, and waste
storage tank condensate from the adjacent 241-BY Tank Farm. The cribs used for
disposal of U Plant waste were in operation from 1955-1965, and the cribs used for
disposal of tank condensate were in operation from 1965-1975. In addition to the cribs,
four unplanned releases of radioactive materials have occurred within the operable unit.
Contaminated surface soils associated with the unplanned releases have been consolidated
over the cribs and covered with clean soil to reduce contaminant migration and exposure.

Discharge of wastes to the cribs has resulted in soil and groundwater contamination.
The groundwater is being addressed as part of the 200 East Aggregate Area groundwater
operable unit. Contaminated soils at the site can be categorized by the types of
contaminants, their distribution in the soil column, and the risk posed by the various
potential exposure pathways. Below the clean soil cover, the near surface soils contain

O low-levels of contamination with cesium-137, radium-226, strontium-90, thorium-22, and
uranium. The lifetime incremental cancer risk associated with these soils if they were
exposed at the surface is 9x10 5.

The majority of the high activity contaminated soils are located between about 5-15
m (15-50 ft) below ground surface. The most significant contaminants in this zone include
strontium-90, cesium-137, plutonium-238 and 239+240, and uranium. Most of the
radioactivity is attributable to strontium-90 and cesium-137. These radionuclides have
relatively short half-lives (29-30 yr, respectively) and are highly immobile in the soils.
These soils, if exposed at the ground surface through human or biotic intrusion pose
unacceptable risk (> 10.2 lifetime incremental cancer risk). However, due to the relatively
short half-lives and immobility of strontium-90 and cesium-137, they do not pose a risk to
groundwater. The plutonium isotopes are highly immobile, however plutonium 239+ 240
are extremely long lived (half-life > 10,000 yr). Uranium is relatively mobile and
extremely long-lived (half-life in excess of 100 million yr) and poses the most significant
future risk for ground water contamination from the operable unit.

Contaminants of concern present in soils below 15 m (50 ft) include nitrate, cobalt-
60, technetium-99 and total uranium. Nitrate, cobalt-60 and technetium-99 are highly
mobile and reached groundwater very soon after being discharged to the cribs. The peak
groundwater concentrations associated with these contaminants are located more than a

O mile downgradient of the operable unit. Concentrations currently entering groundwaterfrom the soils at 200-BP-1 are declining and only nitrate is in excess of drinking water
standards. Concentrations of cobalt-60 and technetium-99 entering groundwater from the
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contaminated soils are below both current and proposed drinking water standards,
however they exceed Washington State Model To_'ics Control Act (MTCA) Cleanup
Regulations Method B standards.

The primary contaminant of concern below 15 m (50 ft) is uranium. Due to it's
relatively high mobility, uranium has migrated to extensive depths in the soil column
beneath the cribs and is likely impacting groundwater at low concentrations. Vadose zone
modeling indicates that, if no action is taken to remediate the operable unit, uranium will
reach the groundwater at concentrations that exceed the proposed drinking water standard
(30 pCi/L) in about 700 years.

Remedial action objectives have been developed based on the location of the 200-BP-
1 operable unit, and the risk posed by site contaminants through the relevant exposure
pathways. These remedial action objectives are as follows:

• Limit human receptor exposure to near surface and subsurface high-activity
soils to maintain a risk in the range of 10.4 to 106.

• Limit biotic intrusion into high-activity contaminated soils that could result in
exposing contaminants at the surface.

• Limit future impacts to groundwater by taking measures which minimize
infiltration and downward migration of contaminants (primarily uranium), such
that ARARs are not exceeded.

• Consider the proximity and potential remedial actions at the adjacent 241-BY
Tank Farm in evaluation of alternatives and remedy selection for 200-BP-1.

Based on these remedial action objectives, a range of potential remedial technologies
were evaluated and combined to form 10 alternatives for detailed analysis. The range of
alternatives includes: No Action with monitoring; Institutional Controls; three barrier
alternatives; four alternatives that involve excavation of the high-activity soils with and
without treatment; and one in-situ treatment alternative.

A detailed analysis of these alternatives was conducted for compliance with the seven
evaluation criteria required by Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA) and the National Oil and Hazardous Substances Contingency Plan
(NCP). The most significant aspects of the evaluation criteria in terms of remedy selection
include the following:

• Long-term effectiveness -- how effective and reliable the alternative is at
meeting remedial action objectives to limit residual risk of surface exposure to
high activity soils, and in limiting future groundwater contamination due to
uranium;
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• Short-term effectiveness -- the potential for radiation exposure of workers
involved in remedial activities for alternatives that require excavation and
treatment or drilling into the contaminated soils;

• Implementability-- the need for development of specialized equipment for
robotics, remote handling: shielding, and contaminant control facilities
associated with the excavation and treatment alternatives; and

• Cost -- Estimated costs for the alternatives cover a very wide range ($1.1
million - $268 million). The barrier alternatives would all cost less than $10
million, while the next least expensive alternative (in-situ fixation) would costs
$54 million and the least expensive alternative that includes excavation would
cost $81 million.

A comparative analysis w_ conducted to evaluate the ability of the alternatives to
meet the criteria. The comparative analysis was conducted by first determining relative
scores for each of the alternatives against the individual criteria. The relative scores were
then normalized on a 0 to 10 preference scale, with 10 being the most preferred. The
criteria were then weighted in terms of importance. Finally, composite scores were
calculated by multiplying the criteria weight by the alternative score and summing for ali
criteria.

A multi-attribute decision analysis computer program was used to assist in

O conducting comparative analysis, program rapid input
the This allows for interactive and

analysis, provides sensitivity analysis of the criteria weights to the results, and provides
graphical display of the output for presentation of the results.

The results of the comparative analysis indicate that the low-permeability barriers
(with Institutional Controls and components that prevent biointrusion) score the highest.
The Hanford Barrier scored highest, just slightly higher than the modified RCRA Barrier.
Following these two barriers, the next highest scoring alternative is Institutional Controls.
The remaining alternatives all score significantly lower. The sensitivity analysis indicates
that the Hanford Barrier scores highest across a wide range of criteria weights.

Both the Hanford and RCRA Barriers meet remedial action objectives by providing
protection from intrusion and exposure to the near-surface, high-activity soils and by
limiting infiltration and migration of uranium. Vadose zone modeling indicates that, with
infiltration rates of 0.01 cm assumed through the barriers, uranium will not reach
groundwater in excess of proposed drinking water standards for more than I0,000 yr.

This is the first complete FS for contaminated soils associated with use of cribs for
disposal of radioactive wastes in the 200 Area of the Hanford Site and provides
information that can be used to accelerate remedy selection elsewhere. There are
numerous similar contaminated sites in the 200 Area. In accordance with the Hanford Site

past practice strategy, the results of the RI and FS at the 200-BP-i operable unit can be
used to identify analogous facilities which pose similar risks for installation of barriers.
Sites such as cribs and trenches elsewhere in the 200 Area that received similar wastes, but
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received similar wastes, but that are not located adjacent to facilities such as 241-BY Tank
Farms, should be evaluated to determine if they are suitable for accelerated Records of
Decision (RODs) for installation of barriers.

While a low-permeability barrier is recommended as the ultimate remedy for the
200-BP-1 operable unit, installation of the barrier should be delayed until the remedial
action for the adjacent 241-BY Tank Farm is selected. When a remedy is selected for the
241-BY Tank Farm, installation of the barrier at 200-BP-1 should be coordinated with
those activities. Delay of the barrier installation does not pose any unnecessary risk to
human health or the environment and will ensure cost-effectiveness and consistency with
overall remedial measures for this portion of the Hanford Site. Therefore, the
recommended alternative for the 200-BP-1 operable unit is to maintain institutional
controls and monitoring, followed by installation of a low-permeability barrier closely
coordinated with 241-BY Tank Farm remediation.

ES-4
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LIST OF ACRONYMS

ALARA as low as reasonably achievable
AMSL above mean sea level

ARAR applicable or relevant and appropriate requirement
CERCLA Comprehensive Environmental Response, Compensation and

Liability Act of 1980
CFR Code of Federal Regulations
CWA Clean Water Act
DCG derived concentration guide
DHEW U.S. Department of Health, Education and Welfare
DNR Washington State Department of Natural Resources
DOE U.S. Department of Energy
Ecology Washington State Department of Ecology
EDMC Environmental Data Management Center
EPA U.S. Environmental Protection Agency
ERA expedited response action
ERDA United States Energy Research and Development Administration
ERSDF Environmental Restoration Storage and Disposal Facility

FDM Fugitive Dust Model
FS feasibility study
GILA general response actions
HFSUWG Hanford Future Site Uses Working Group
HI Hazard Index
HMS Hanford Meteorological Station
HPDE high-density polyethylene
HQ hazard quotient
HSBRAM Hanford Site Baseline Risk Assessment Methodology

IAREC Washington State University Irrigated Agriculture Research and Extension
Center

ISV in-situ vitrification
LICR lifetime incremental cancer risk
MCL maximum contaminant level
MCLG maximum contaminant level goals
MTCA Model Toxics Control Act

MTR minimum technology requirements
NCP National Oil and Hazardous Substances Contingency Plan
NEPA National Environmental Policy ACt
NPL National Priorities List

NRC Nuclear Regulatory Commission
NRDA Natural Resource Damage Assessment

PQL practical quantification limits
QC Quality Control
RAGS Risk Assessment Guidance for Superfund
RAO remedial action objective
RCRA Resource Conservation and Recovery Act
RCW Revised Code of Washington (State)
RfD reference dose

RI remedial investigation
RL Richland Field Office
ROD Record of Decision
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LIST OF ACRONYMS (Cont.)

SAR Safety Analysis Report
SDWA Safe Drinking Water Act
SMCL secondary max
TBC to be considered
TRU transuranic waste
USFWS United States Fish and Wildlife Service

USGS United States Geological Survey
USWB United States Weather Bureau
UV ultra violet

VOC volatile organic compound
WAC Washington Administrative Code
WDOW Washington Department of Wildlife
WHC Westinghouse Hanford Company
WIPP Waste Isolation Pilot Plant
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1.0 INTRODUCTION

The U.S. Department of Energy (DOE) Hanford Site, in Washington State, is

organized into numerically designated operational areas including the 100, 200, 300, 400,
600, and 1100 Areas. The U.S. Environmental Protection Agency (EPA) in November 1989
included the 200 Area (as well as the 100, 300, and 1100 Areas) of the Hanford Site on the

National Priority List (NPL) under the Comprehensive Environmental Response, Compensation
and Liability Act of 1980 (CERCLA). The 200 Area is divided into eight waste area groups
largely corresponding to the major processing plants (e.g., B-Plant). Each waste area group
is further subdivided into one or more operable units based on waste disposal information,
location, facility type, and other site characteristics. The 200-BP-1 operable unit is one
specific site located within the 200 East Area (Figure 1-1).

Inclusion on the NPL initiated the remedial investigation and feasibility study
(RI/FS) process for characterizing the nature and extent of contamination, assessing risks to
human health and the environment, and evaluating remedial alternatives for the 200-BP-1
operable unit. These efforts are being addressed through the Hanford Federal Facility
Agreement and Consent Order (Ecology et al. 1989) which was negotiated and approved by
the DOE, the EPA, and the State of Washington Department of Ecology (Ecology) in May
1989. This agreement, known as the Tri-Party Agreement, governs ali CERCLA efforts at
the Hanford Site. In March of 1990, an RI/FS work plan (DOE-RL 1990a) for the 200-BP-1

operable unit was issued by DOE-Richland Field Office (DOE-RL). The work plan initiated
the first phase of site characterization activities associated with the 200-BP-1 operable unit.
Draft A of the Phase l Remedial Investigation Report (Phase I RI) has been prepared and is
currently in the review process (DOE-RL, 1993). This document is the Decisional Draft
Feasibility Study report (FS) for the 200-BP-1 operable unit, and represents the next step in
the RI/FS process.

1.1 PURPOSE AND SCOPE

The purpose of the 200-BP-1 operable unit FS is to use data collected during the
Phase IRI to develop and analyze remedial alternatives. The FS alternative analysis will, in
turn, be used by Tri-Party Agreement signatories to make a risk management-based
selection of remedies for the releases of hazardous substances that have occurred at the

200-BP-1 operable unit.

In accordance with the Tri-Party Agreement, the 200-BP-1 operable unit RI and FS
were conducted in a concurrent, interactively phased manner. Data collected and
evaluated during the RI provide information needed to develop and analyze remedial
alternatives presented in the FS. Several agreements were reached between the Tri-Party
Agreement signatories prior during the FS process. A proposal was made by the EPA on
September 9, 1992 to adopt EPA's streamlined approach for an accelerated Record of
Decision (ROD) for the 200-BP-1 operable unit.

To accomplish this, groundwater beneath the operable unit was removed from the
scope of work and assigned to the 200 East Aggregate Area operable unit, simplifying the
200-BP-1 operable unit to a soils/source control operable unit. Separate Phase I, II, and III
FS reports were combined into a single FS report, based on the consensus that a Phase II

1-1



DOE_L-93-35, Rev. 0

RI would not be required. While the FS considers ali relevant technologies for remediating
contamination at the operable unit, a presumptive remedy consisting of a barrier to prevent

biological intrusion and minimize infiltration was assumed as a standard for evaluation of
alternatives identified by the FS process. At the same time, a plan to implement a
prototype Hanford Barrier over Crib 216-B-57 was proposed by the EPA and accepted by
the DOE and Ecology.

In a series meetings, the Tri-Party Agreement signatories also agreed on the
following points:

• completion of the prototype Hanford Barrier, to be constructed on
Crib 216-B-57, was not needed for the FS process, and construction
and testing information would not be available in time for inclusion

in the barrier alternatives section of the FS report

• a listing of technology classes and technologies was adopted to
provide the investigators with the minimum technologies expected to
be considered by the regulatory agencies for inclusion in the FS

• an accelerated FS schedule was adopted to provide a Record of
Decision by January 1994.

• the agreements and schedule were incorporated into TPA Change
Package M-15-92-5

The goal of the FS report is to document the development of screening and analysis t_
of remedial alternatives to allow DOE-RL, EPA, and Ecology (the primary data users and
decision makers) to assess the ability of various remedial alternatives to mitigate threats to
human health and the environment from hazardous substances found in the soils at the

200-BP-1 operable unit. A separate FS for remediation of contaminated groundwater
beneath the 200-BP-1 operable unit will be included in the groundwater aggregate area FS
being conducted for the 200 East Area. This report is consistent with the statutory
requirements of CERCLA, the regulatory requirements of the NCP, and the Tri-Party

• Agreement.

1.2 OVERVIEW OF THE FEASIBILITY STUDY PROCESS

The methodology used in this FS report follows a step-by-step evaluation process as
specified in EPA's document "Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA", Interim Final, dated October 1988. For explanatory purposes, the
FS may be viewed as occurring in three phases: 1) the identification and screening of
potentially applicable technologies and process options; 2) the development and screening
of alternatives from among applicable technologies; and 3) the detailed analysis of
alternatives to support selection of a preferred remedy for the operable unit. In practice,
the delineation between phases is not so distinct, and the development of the phases is
somewhat iterative.
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Development of alternatives begins with development of remedial actions objectives
(RAOs) to establish goals for clean-up of the site. The RAOs specify contaminants and
media of interest, potential exposure pathways, and preliminary remediation goals based

on chemical-specific applicable or relevant and appropriate requirements (ARARs) and site
specific risk-related factors. The next step is to develop general response actions (GRAs) for
each medium of interest defining containment, treatment, excavation or other actions that

may satisfy the RAOs. Volumes and areas of media to which GRAs might be applied are
then developed, followed by identification of technologies that might achieve the GRAs and
meet the RAOs. Screening of the list of possible technologies to eliminate those that cannot
be implemented at the site completes the activities of the first phase of the FS.

The second phase of the FS consists of assembling the remaining technologies and
evaluating process options to select a representative process for each technology type
retained for consideration. In practice, the evaluation and selection of representative
process options can be part of the technology screening and can be included in Phase I
activities, as was done in this report. The representative technologies are then assembled
into alternatives representing a range of treatment and containment combinations that
meet RAOs for the media of concern at the site. Those alternatives that are developed and

considered to be appropriate are refined and screened on the basis of a general evaluation
of effectiveness, implementability and cost, to reduce the number of alternatives that will be

analyzed in detail.

During the final phase of the FS, alternatives brought through the screening process
are further refined and analyzed in detail with respect to evaluation criteria established in
the National Oil & Hazardous Substances Contingency Plan (NCP) in 40 CFR 300.430.

These include: overall protection of human health and the environment; compliance with
ARARs; short term effectiveness; long term effectiveness and performance; reduction of

toxicity, mobility and volume through treatment; implementability; and cost. Two
additional criteria are evaluated during the preparation of the ROD and following public
review and comment. These are State and community acceptance. The detailed analysis
is conducted so that decision-makers are provided with sufficient information to compare
alternatives with respect to the evaluation criteria and to select an appropriate remedy.
The FS provides a comparative analysis of alternatives and a recommendation for a

preferred alternative for consideration by decision-makers in selecting a remedial alternative
for the site.

In addition to the phased screening and analysis procedures prescribed by the NCP,
CERCLA and the Clean Water Act (CWA) provide that natural resource trustees may assess
damages to natural resources resulting from a discharge or release of a hazardous
substance and may seek to recover those damages. According to the NCP, the lead agency
shall make available information and documentation that can assist the respective trustees

in the determination of actual or potential damages. To date, a Natural Resources Damage
Assessment (NRDA) has not been conducted for the 200-BP-1 operable unit.

1.3 REPORT ORGANIZATION

The 200-BP-1 operable unit FS report is organized in a format similar to that
recommended in EPA (1988a). In addition to this introduction, the FS report consists of the

following 8 chapters with appendices. Chapters 2 through 4 comprise the Phase I FS. The
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Phase II FS is incorporated into Chapter 5. The Phase III FS is contained in Chapters 6 and
7. Details of chapter contents are outlined below:

• Chapter 2.0, Site Summary, includes a detailed description of the

operable unit, its history of operations, characterization of waste
units, and summaries of the physical setting, nature and extent of
contamination, and the areas and volumes of contamination found at

the operable unit.

• Chapter 3.0, Remedial Action Objectives, includes a summary of the
baseline risk assessment completed for the Phase IRI, identification of
potential ARARs, and development of remedial action objectives.

• Chapter 4.0, Identification and Screening of Remediation
Technologies, includes identification of potential technology classes,
technologies, and process options which are then screened for

applicability at tile operable unit.

• Chapter 5.0, Assembly and Screening of Remediation Alternatives,
assembles representative technologies into alternatives to meet
remedial action objectives. The alternatives are then screened using
CERCLA criteria.

• Chapter 6.0, Detailed Analysis of Alternatives, provides a description
of evaluation criteria and the detailed evaluation of each of the

remaining alternatives against these criteria.

• Chapter 7.0, Comparative Analysis of Alternatives, includes a final
comparison of alternatives using decision analysis tools to provide
guidance to decision-makers regarding use of the FS results.

• Chapter 8.0, References, provides a list of documents cited within the
body of the FS report.

1-4
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2.0 SITE SUMMARY

A summary of the site characterization derived from the 200-BP-1 operable unit
Phase IRI (DOE-RL 1993) is presented in this chapter. The summary includes a
description of the operable unit with a brief history of operations, the physical setting of
the site, the nature and extent of contamination, and estimates of the areas and volumes of
contaminants in the operable unit soils.

2.1 OPERABLE UNIT DESCRIPTION

2.1.1 Location

The Hanford Site is a 1,450 km2 (560 mi2) tract of land located along the Columbia
River in southeastern Washington and covers portions of Benton, Grant, Franklin, and
Adams Counties (Figure 2-1). The Hanford Site is located approximately 280 km (174 mi)
southeast of Seattle and 210 km (130 mi) southwest of Spokane.

The 200 Area was designated an NPL site by EPA in November, 1989. The 200 Area
NPL site is divided into eight waste area groups largely corresponding to the major
processing plants (e.g., B Plant). Each waste area group is further subdivided into one or
more operable units based on waste disposal information, location, facility type and other
site characteristics. The 200-BP-1 operable unit is one of the 11 operable units within the
B-Plant waste area group (Figure 1-1). The 200-BP-1 operable unit waste disposal activities
were associated with the management of waste from the U-Plant uranium reclamation

operations and waste storage condensate from the adjacent 241-BY tank farm (Figure 2-2).

The 200-BP-1 operable unit is located in the approximate center of the Hanford Site,
along the northern boundary of the 200 East Area. A site plan of the 200-BP-1 operable
unit is shown in Figure 2-2. Topography of the operable unit is shown in Figure 2-3. The
200-BP-1 operable unit is bordered by operable units 200-BP-4 to the east, 200-BP-7 and 200-
BP-3 to the south, and 200-BP-10 to the west. The 600 Area, which includes ali areas at the

Hanford Site not located in other designated areas (i.e., 100, 200, 300, 400, and 1100 Areas),
borders the 200-BP-1 operable unit to the north.

The 200-BP-1 operable unit is located within the southeast quadrant of Section 34 of

Township 13 North and Range 26 East and encompasses a total area of approximately 10
ha (25 ac). The majority of the waste management units within the 200-BP-1 operable unit
ai e concentrated in a 1.6 ha (4 ac) region at the eastern end of the 200-BP-1 operable unit

(Figure 2-2). The operable unit is bounded within the Washington State plane (NAD 83)
north/south coordinates of N42012.2 m (N137800 ft) and N41920.7 m (N137500 ft) and
east/west coordinates of E174756.1 m (E573200 ft) and E174939.0 m (E573800 ft).

Contamination in groundwater beneath the 200-BP-1 operable unit is being
addressed in a separate groundwater operable unit, as part of the 200 Aggregate Area FS

per Tri-Party Agreement change request M-92-15.

1 2-1
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2.1.2 Identification and History of Waste Units

Thissectionpresentsa reviewofthe sourcesand theknown and suspected
contaminants which have been associated with the waste management unRs at the 200-BP-
1 operable unit, either through disposal activities, or through unplanned releases. Included
is historic information about waste generating processes in the 200-BP-1 operable unit
vicinity and waste management practices at each waste management unit.

Since 1943, the Hanford Site has been used for reactor operations, reprocessing of
spent fuel, and management of radioactive waste. The historical mission was plutonium
production for defense purposes; plutonium was produced in reactors located in the 100
Area via the irradiation of uranium fuel, and subsequently separated from the other
constituents in the irradiated fuel at the separations plants located in the 200 East and West
Areas. In recent years, the mission at the Hanford Site has changed from production of
special nuclear materials to waste management and environmental restoration.

2.1.2.1 Waste Units. The 200-BP-1 operable unit includes nine inactive cribs (known as the
216-B cribs) and four unplanned releases (UNs) (Figure 2-2). The cribs within the 2IX)-BP-1
operable unit, except 216-B-61, received liquid, mixed waste from two sources: low-level
liquid waste from the U Plant uranium reclamation operations, and waste storage tank
condensate from the adjacent 241-BY Tank Farm. A tenth crib (216-B-61) was constructed,
but there is no evidence that it was ever used or received any wastes (DOE-RL 1990a).
Soils samples taken during the Phase I RI indicate that crib 216-B-61 does not currently
have any detectable contamination 0DOE-RL 1993).

The disposal cribs were designed to receive, disperse and infiltrate liquid waste
effiuef_Lq underground. Waste effluents were diverted to the cribs via the flush tank and
underground pipe and were discharged through pipe perforations and sumps to a gravel
bed. The gravel infiltration zones are generally located about 3.4 to 6.1 m (11 to 20 ft)
below ground surface. While the exact concentrations and quantities of radionuclides and
contarainants of concern discharged to the cribs is uncertain, records indicate that cribs
216-B-43 through -49 received an estimated 33,840,000 L(8,940,000 gl) of tributyl phosphate
(TBP) process (described below) supernatant waste over their operational life (1955-65), and
cribs 216-B-50 and -57 received an estimated 139,200,000 L (36,780,000 gl) of in-tank
solidification condensate while they were in operation from 1965-74.

During the time period when the 216-B-43 to -49 cribs were in use, the concept of
"specific retention disposal" was employed at various liquid waste disposal facilities in the
separations area. This type of disposal was used for "intermediate-level" wastes, including
TBP supernatant and other types of radioactive wastes, which were generally not
considered disposable by conventional cribbing techniques because of appreciable
concentrations of radioisotopes. The term referred to that volume of water which could be
disposed to the soil and be held against the force of gravity by the surface tension
characteristics of the soil surfaces and pores. In practice, it represented the volume of
liquid which could be discharged to a pit without leakage to the groundwater. The
practice differed from conventional cribbing techniques in that discharge volumes were
limited to the specific retention volumes of the soils, based on their moisture retention
capacity.



DOE/RL-9B-35, Rev. 0

While specific retention disposal was employed at some cribs in the separations
area, the 216-B-43 through -49 cribs were apparently not operated in this manner, based
upon information presented in Haney and Honstead (1958). In general, the quantities
disposed at each crib exceeded the cribs' calculated specific retention capacity. For cribs
216-B-43 through 216-B-49, the volumes disposed of exceeded calculated retention capacities
by from one and two times; however, at cribs 216-B-50 and 216-B-57, which received the
greatest volumes of liquid waste, the disposal volumes wpre approximately 15 and 45 times
the calculated retention capacities, respectively.

Rather than operating the cribs as specific retention disposal facilities, the amount of
TBP supematant waste discharged to any one of the 216-B-43 through 216-B-49 cribs was
theoretically linfited by the resulting concentration of any "critical nuclide" in the
underlying groundwater rrhomas et al. 1956). A critical nuclide was defined as a
radioactive isotope with a half-life greater than 3 years. Discharge to a crib was permitted
until the concentration of such a nuclide in a groundwater sample collected from an
adjacent well was found to exceed one-tenth the nuclide's maximum permissible drinking
water concentration. For example, the maximum permissible drinking water concentration
for cobalt-60 during _his period was 400,000 pCi/L. The corresponding maximum
groundwater concentration was, therefore, 40,000 pCi/L. However, cobalt-60 was found
exceeding this discharge limit in a monitoring well installed adjacent to the cribs by a factor
of more than 100 in early 1956 (Thomas et al. 1956), thereby indicating that the operational
plan to control crib discharges did not function as intended in limiting impacts to the
underlying groundwater. The "time lag" between disposal of the TBP supematant waste
and the appearance of the radionuclides in the groundwater was apparently not accounted
for.

Cribs 216-B-43 through -49 received tributyl phosphate (TBP) supematant waste
: generated in the TBP process, which occurred in the 221-U building. The TBP process was

used for the recovery of uranium metal from wastes generated in the bismuth phosphate
(BiPO4) process in the B-Plant. Before implementing the TBP process, this waste had been
stored at the 241-BY tank farm.

From 1952 to 1958, waste stored within the 241-BY tanks was transferred to the U
Plant for uranium recovery. The sludge was dissolved in nitric acid, and then the uranium
was extracted using TBP in a normal paraffin diluent. The TBP process wastes contained
fission products, sulfate, and phosphate ions in aqueous nitric acid solution. The acid
solution was made alkaline for transfer and storage in 241-BY Tank Farm. The TBP process
wastes in the 241-BY tanks were treated with potassium ferrocyanide [K4Fe(CN)6 ] as a
cesium scavenger. The supernatant was decanted to cribs 216-B-43 through -49 (Anderson
and Mudd 1979). Chemical and radioactive constituents known and/or suspected to be
present in the decanted supernatant included the following (DOE-RL 1992a and Stenner et
al. 1988):

ferrocyanide cesium-137
nitrate ruthenium-106

phosphate strontium-90
sodium plutonium
sulfate gross alpha
tributyl phosphate gross beta
paraffin hydrocarbons uranium

2-3
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tritium (H-3)
cobalt-60
technetium-99

Cribs 216-B-50 and -57 received ITS condensates that were high-volume, low-level
wastes. These waste streams were apparently considered suitable for disposal by the
conventional cribbing techniques employed during the time they were in use. Waste sent to
cribs 216-B-50 and -57 consisted of storage tank condensate from the in-tank solidification
units nos. 1 and 2 (ITS nos. 1 and 2), respectively. In-tank solidification was accomplished

by in-tank heating. Both units were located in the 241-BY tank farm. The ITS no. 1 unit
start-up occurred on March 19, 1965, and the ITS no. 2 unit started up on February 17,
1968. On August 24, 1971, the ITS no. 1 unit was converted from an evaporator to a cooler
for ITS no. 2. Evaporates were collected and condensed. Condensate was discharged to
either the 216-B-50 or the 216-B-57 crib. The 216-B-50 crib has similar concentrations of

contaminants as cribs 216-B-43 through -49. lt is therefore probable that this crib received
additional wastes other than just ITS effluent.

Chemical and radioactive constituents known and/or suspected to be present in the

storage tank condensate included the following (DOE-RL 1992a and Stenner et al. 1988):

ammonium carbonate cesium-137
ammonium nitrate ruthenium-106
nitrate strontium-90

sodium plutonium
gross alpha
gross beta
uranium

tritium (H-3)
cobalt-60
technetium-99

The 216-B-61 crib was constructed to receive ITS no. 1 unit condensate, but there is

no documentation that it received any process wastes. Soil samples collected during the
Phase IRI show no detectable contamination at the 216-B-61 crib (DOE-RL 1993).

2.1.2.2 Unplanned Releases. Four unplanned releases have been identified (Figure 2-2)
within the 200-BP-1 operable unit. These unplanned releases have been designated as the
following waste units:

• UN-200-E-9
• UN-200-E-63
• UN-200-E-89
° UN-200-E-110.

Available information regarding the details of these UNs is provided in
Appendix H, of the Phase IRI Report (DOE-RL 1993).

UN-200-E-63 was an unplanned mixed waste release, and is described as
tumbleweeds becoming contaminated by uptake of radionuclides from the BC crib and
trench in the 200-BP-2 operable unit. This vegetation was then uprooted and blown
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around, contaminating the surrounding ground surface. The contaminated vegetation was
removed and a weed control program was initiated to control future growth of
tumbleweeds.

Waste unit UN-92)0-E-9 involved approximately 41,600 L (11,000 gl) of TBP
supernatant waste which leaked onto the ground from the 216-B crib flush tank. The spill
occurred in an area directly north of the flush tank. Most of the wastes were removed to a
site south of the 216-B-43 crib and were covered with 0.6 m (2 ft) of clean soil. The
contamination left near the flush tank was covered with 3 m (10 ft) of clean soil (DOE-RL
1992a).

Surface radiological conditions at the UN-2.IX)-E-89 area were documented in a series
of surveillance reports identified in Hayward (1992). The reports identified soil surface
radiation readings that exceeded allowable levels, and the lack of an adequate surface
barrier to prevent migration. This unplanned release was originally named UN-216-E-17
which has been changed to UN-200-E-89. The interim stabilization action was undertaken
to correct the deficiencies identified in these reports and bring the site into compliance with
WHC-CM-7-5, Part L, "Inactive Radioactive Waste Sites" (WHC 1988a). The source of the
contamination was suspected to be the manhole and risers near the 216-B cribs, and the
BX/BY tank farms (Hayward 1992).

Waste unit UN-21X)-E-89 was bounded on the east by Baltimore Avenue, on the
north by 12th Street, and on the south by the BY tank farm (Figure 2-2). The majority of
the unplanned release (approximately 4.3 ha [10.6 ac]) was within the 200-BP-1 operable
unit. The remainder (approximately 0.85 ha [2.1 ac]) was within the 200-BP-7 operable unit
to the south (Hayward 1992).

Interim stabilization actions consisted of a combination of scraping and replacement
of surface contaminated soils followed by covering (stabilization) with clean soil and rock,
and covering (stabilization) of soils in-piace. The UN-22X)-E-89 area was divided into 7
zones based on the treatment they would receive for the interim stabilization. Scraping
occurred to depths of up to 15 cm (6 in.) over much of the UN-200-E-89 area. Scraped soils
were placed either in the low area in the center of 216-B-43 through -50 or over the surface
of 216-B-57. Once the consolidation was complete, the crib areas were stabilized with
approximately 46 to 61 cm (18 to 24 in.) of clean soil. Figure 2-4 depicts the zones within
the UN-200-E-89 area and treatment received. Additional detailed information of the UN-

200-E-89 interim stabilization activities are included in Hayward (1992).

Waste unit UN-200-E-110 involved the release of first-cycle waste from the 112-BY
tank in the 241-BY tank farm that impacted an area of approximately 2,300 m 2 (25,000 ft2)
around the 112-BY pit. It is possible, although currently unknown, that the release flowed
into the 2IX)-BP-1 operable unit. No information was obtained on the quantity of the
release or whether remedial action was taken at the time of the release. The interim

stabilization actions described above were conducted prior to RI field activities. They
involved identification and stabilization of ali surface contaminated soils within the

operable unit, including any possible surface contamination resulting from UN-21X)-E-110.

2.1.2.3 Interaction with Other Operable Units. Some contamination in 200-BP-1 may be a
result of activities conducted on adjacent operable units. The 200-BP-1 operable unit is
bordered by operable units 200-BP-4 to the east, 200-BP-7 and 200-BP-3 to the south, and
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the 200-BP-10 operable unit to the west. The 600 Area, which includes ali areas at the
Hanford Site not located in the other designated areas (i.e., 100, 200, 300, 400, and 1100),
borders the operable unit to the north.

The waste disposal cribs and waste storage tanks in adjacent operable units received
or contain many of the same constituents as the cribs in the 200-BP-1 operable unit. Cribs
in adjacen_ operable units were designed for underground infiltration of waste water
effluents. Leake. have occurred from single-shell storage tanks in 21X)-BP-7 operable unit,
resulting in release of wastes containing higher concentrations of radionuclides than were
normally disposed of in the cribs (WHC 1988).

Th_ proximity of the 241-BY tank farm in the 200-BP-7 operable unit located south
and east of the 200-BP-1 operable unit has significant impacts on several of the remedial
alternatives considered in this FS. This is due tc, the proximity of th_s tank farm to the
cribs, the high level of hazard associated with s_ngle-shell tank wastes, and the uncertainty

regarding final remedial actions at the 200-BP-7 operable unit. These implications are
discussed in more detail as they affect implementability of remedial alternatives in Chapter
6 of this FS.

The proximity and nature of contaminants at adjacent operable units also affect the

groundwater beneath the 200-BP-1 operable unit. Most of the adjacent operable units are
hydraulically upg_'adient of the 200-BP-1 operable unit and may bc contributing to

groundwater contaminati_r, in the area. Therefore, remedial actions taken for the
contaminated groundwater beneath and near 200-BP-1 must be coordinated to provide
remediation ef contamination emanating from the other operable units as well as the
contribution from the sources within 2f_BP-1. For this reason, groundwater was removed

from the 200-BP-1 operable unit and combined into a 200 East Aggregate Area feasibUity

study for restoration actMties.

In addition to the op_:rable umts immediately adjacent to the 2f_BP-1 operable unit,
other major potential contaminant sources include B-pond effluent infiltration to
groundwater, reverse well 216-B-5, and possible stack emission fallout associated with
processing plants in the 200 East Area.

2.2 PHYSICAL SETTING

A detailed descriptior, of the regional and local aspects of the 200-BP-1 operable unit
physical characteristics is provided in Chapter 3 of the Phase I RI (DOE-RL 1993). The
following summary focuses on the major issues related to _.he meteorology, surface
hydrology, geology, soils, hydrogeolo_d and ecology.

2.2.1 Meteorology

This section presents an interpretation of meteorological data for the Hanford Site
and the 200-BP-1 operable unit. The data has been collected primarily at the Hanford
Meteorologic Station (HMS), which is located between the 200 East and 200 West Areas of
the Hanford Site, approximately 8 km (5 mi) to the west of the 200-BP-1 operable unit.

i 2-6
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Data from the HMS are assumed to be representative of the general climatic conditions of
the region, and of the 200-BP-1 operable unit.

A large compilation and summary of HMS data for the period from 1946 to 1980,
and of additional data from other nearby stations for the period 1912 to 1943, was
conducted by Stone et al. (1983). The discussion which follows, unless otherwise noted, is
based on this compilation.

2.2.1.1 Precipitation. The Cascade Range is located approximately 130 km (80 mi) west of
the Hanford Site and has an average crest elevation of about 1,800 m (6,000 ft) AMSL. This
mountain range creates a rain shadow that limits the average total annual precipitation at
the HMS to about 16 cm (6.3 in.). The total annual precipitation (98 percentile) ranges from
8 to 28 cm (3 to 11 in.). The three months November through January generally contribute
approximately 42% of this total, while the three months July through September contribute
only 12%. January is the wettest month with an average of 2.3 cm (0.9 in.) while July is the
driest month with an average of only 0.4 cm (0.15 in.). Precipitation intensity is greatest in
the summer months. This seasonal intensity peak coincides with the thunderstorm season.

Rain is the usual form of precipitation at the HMS, but snowfall regularly occurs
during winter, and hail storms, though infrequent, may occur during the summer
thunderstorm season. Approximately 38% of ali precipitation during the months of
December through February is in the form of snow. However, in only one winter in four
does an accumulation in excess of 15 cm (6 in.) occur. The average annual snowfall is 33
cm (13 in.). Complete snowmelt generally occurs within a month of a snowstorm.

2.2.1.2 Temperature and Humidity. The summer months at the Hanford Site are typically
hot and dry, and winters are moderately cold. July is the warmest month of the year with
an average temperature of 24.7 °C (76.4 °F), and January is the coolest month with an
average temperature of-1.5 °C (29.3 °F). Average high temperatures in the summer are
37 °C (99 °F) and average lows in winter are -5 °C (23 oF). Annual high temperatures are
normally recorded in July and the annual lows normally occur in January. Historical
extreme temperature readings of 46 °C (115 °F) and -29 °C (-20 oF) have been recorded.

The diurnal temperature range is substantial, due to low humidity. During summer
months, when the average relative humidity is 30 to 40%, the diurnal temperature range is
greatest, on the order of 15 °C (27 °F). In winter, with relative humidity ranging from 60 to
80%, the diurnal temperature range is reduced to about 8 °C (14 oF) (DOE-RL 1990b).

The annual average relative humidity at the HMS is 54%, with maxima during the
winter months (averaging about 75%) and minimum average relative humidity during the
summer (about 35%) (Stone et al. 1983).

2.2.1.3 W_nd. Wind directions at the HMS varies over 360 degrees, with a prevailing wind
direction from west-northwest to northwest for every month of the year (average of 31.6%
of the time). Secondary maxima occur for southwesterly winds. The months of June and
July have the highest percentage of winds from the WNW and NW (38 and 37%,
respectively). October has the lowest percentage (25%) from those directions.

Elsewhere on the Hanford Site, the predominant wind direction may differ from
those at HMS. Mountain ridges and fiver vail_ys locally influence wind direction,
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particularly along the Columbia River where predominant wind directions parallel the
river. There is also a strong diurnal effect observed from March through August, when
wind speeds tend to increase 7 to 10 knv_ (4 to 6 mph) during the afternoon and evening
hours (DOE-RL 1990b).

Monthly average wind speeds are generally lowest during the winter months,
averaging 10 to 12 _ (6 to 7 mph), and highest during the summer, averaging 15 to
17 km/h (9 to 10 mph). The highest monthly average wind speeds occur in June (15.3 km/h
[9.2 mph]) and the lowest monthly average wind speeds occur in November and December
(10.2 km/h [6.1 mph]).

At the HMS, the strongest winds observed, with speeds up to 130 km/h (80 mph),
generally are southwesterly. Most hourly wind speeds greater than 50 knV_ (31 mph) are
from the south-southwest to west-southwest and occur at the highest frequency from
March through May (Hulstrom 1992).

Wind-blown dust accompanies strong winds on the Hanford Site. Blowing dust
originating from the site itself has been observed at wind speeds greater than 32 km/h (20
mph). Dust entrained elsewhere and transported to the Hanford Site has been observed
for lower wind speeds of 7 knV_ (4 mph) (DOE-RL 1990b). Observations of blowing dust
may occur with any wind direction, however, the strongest winds at the HMS are from the
southwest and therefore there are more cases of blowing dust from that direction. Dust
transported to the Hanford Site from elsewhere is most often associated with winds from
the north and northeast.

2.2.1.4 Evapotranspiration. Pan evaporation data was obtained from the Washington State
University Cooperative Extension for Prosser, Washington located approximately 40 km (25
mi) southwest of the 200 East Area. Monthly rates of pan evaporation at the Washington
State University Irrigated Agriculture Research and Extension Center (IAREC) average from
about 8 to 25 cm (3 to 10 in.). These averages are based upon data collected over the
period 1924 to 1988 for the months April through October. Total pan evaporation over the
April througtt October period averaged about 127 cm (50 in.). This seasonal component
represents approximately 80% of the total annual pan evaporation.

Free surface evaporation (or potential evaporation) is expected to equal
approximately 70% of the pan evaporation for the Hanford Site vicinity, or about 109 cm
(43 in.) (Weather Bureau 1966). Free water surface evaporation is of interest because it
closely represents the potential evaporation from adequately watered surfaces, such as
vegetation and soil, and the evaporation from a surface body of water.

A monitoring program was conducted for the Hanford Site beginning in the late
1970s to study groundwater recharge and measure parameters that affect recharge rates.
Rockhold et al. (1990) reported on water balance data that was collected as part of this
program from three sites in 1988 and 1989. The sites included the 300 Area buried waste
test facility and grass site, and the 200 East Area closed-bottom lysimeter. While
evapotranspiration was not specifically reported for the 200 East Area site, it was reported
that measured water contents in the soil implied that significant recharge had not occurred
within the lysimeter.
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For the 300 Area buried waste test facility, evaporation and transpiration were
determined to be about 14.3 cm (5.6 in.) for a bare surface and 19.9 cm (7.8 in.) for a
vegetated surface, using measurements of changes in water storage, drainage, and
precipitation. Precipitation during this period was approximately 18 cm (7.1 in.). Drainage
was about 4 cm (1.6 in.) from the bare surface and 1 cm (0.4 in.) from the vegetated surface.
The excess of evapotranspiration and drainage over precipitation was compensated for by a
reduction in soil moisture.

Figure 2-5 presents a plot of monthly evapotranspiration totals for the north (bare)
and south (vegetated) weighing lysimeters at the buffed waste test facility during the
period December 1987 to August 1990. Figure 2-5 illustrates the large seasonal and annual
variations in evapotranspiration and the large differences that can occur as a result of
vegetation.

2.2.2 Surface Water Hydrology

There are no perennial or ephemeral streams in the 200 East Area or adjacent land,
as the topography is relatively fiat and the precipitation, combined with high
evapotranspiration, provides little water to generate runoff. Surface drainage from the
200-BP-1 operable unit is primarily to the north. West Lake, located approximately 2.8 km
(1.7 mi) north of the 200 East Area, is the nearest surface water body to the 200-BP-1
operable unit. The pond, with a surface area of approximately 4 ha (10 ac) and a depth of
approximately I m (3 ft), is located in a topographic depression where it intersects the
surface of the water table. As such, the lake constitutes a surface representation of the
water table. The source of recharge to the lake is groundwater which is locally mounded
as a result of 200 Areas operations. The Columbia River, an important regional surface
water resource, is located to the north and east of the 2IX)-BP-1 operable unit. At its closest
approach to the operable unit, the river is located approximately 20 km (12 mi) to the
northwest.

2.2.3 Geology

2.2.3.1 Stratigraphy. The operable unit is underlain by massive basalt flows that form a
regional bedrock, and by the overlying assemblage of sedimentary deposits. The geologic
units of interest in the vicinity of the 20_BP-1 operable unit include, from oldest to
youngest: (1) the Pomona Member of the Saddle Mountains Basalt, (2) the Rattlesnake
Ridge interbed of the Ellensburg Formation, (3) the Elephant Mountain Member of the
Saddle Mountains Basalt, (4) the Ringold Formation, (5) the Hanford formation, and (6) the
Holocene surficial deposits. Borehole locations are shown on Figure 2-6. A generalized
stratigraphic column of the geologic units below the 21_BP-1 operable unit is shown on
Figure 2-7. Cross sections are shown on Figures 2-8 through 2-12; a fence diagram is
shown on Figure 2-13.

The lower of the two basalts, the Pomona Member, varies in thickness from

approximately 50 m (164 ft) throughout much of the study area to 0 m (0 ft) along the axis
of the Umtanum Ridge-Gable Mountain anticline (in the Gable Gap area) where the unit
has been completely eroded by floodwater erosion. Overlying the Pomona Member is the
Rattlesnake Ridge interbed, a sedimentary deposit which varies in thickness from over 25 m
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(82 ft) in the southwest portion of the 200 East Area to 0 m (0 ft) in the Gable Gap Area
where the unit has been completely removed by erosion. The interbed consists of air fall

and fluviaUy-reworked fine-grained siliciclastic material, and arkosic sands. @

The uppermost basalt in the immediate vicinity of the 2{X)-BP-1 operable unit is the
Elephant Mountain Basalt Member of the Saddle Mountains Basalt Formation. The
Elephant Mountain Member thickens from approximately 21 m ( 69 ft) in the northwestern
portion of the study area to over 30 m (98 ft) in the south. As with other units in the area,
the buried surface of the Elephant Mountain Member has been eroded to varying degrees
by floodwater erosion. North of the 200-BP-1 operable unit, in the Gable Gap Area, the
unit has been completely removed, exposing underlying deposits to the unconsolidated
sediments of the Hanford formation. The total depth and extent of erosion in the Gable

Gap Area and the geologic materials which are exposed are uncertain. In addition, an
erosional "window", which may be continuous with the erosional feature in the Gap Area,
is apparently present in the vicinity of two boreholes (699-53-55 and 699-55-55) north of the
200-BP-1 operable unit. Within this erosional "window", the unconsolidated sediments of
the Hanford formation are in direct contact with the Rattlesnake Ridge interbed.

Overlying the bedrock is the Ringold Formation, a mixed deposit of fluvial sands
and gravels, lacustrine muds and overbank deposits. The formation is present only in the
southern portion of the study area and is generally absent from the area immediately
beneath the 21X)-BP-1 operable unit and to the north where the sediments of the Hanford
formation directly overlie basalt or sedimentary interbeds in the basalt.

Above the Ringold Formation is the Hanford formation, a variable mixture of
boulders, cobbles, pebbles, sands and silts of glaciofluvial origin. The deposit is continuous
over all of the study area except for Gable Mountain where basalt is exposed. Generally,
the Hanford formation overlies basalt where the Ringold Formation is not present and
overlies the Ringold Formation elsewhere. In the study area, the formation has been sub-
divided into three primary stratigraphic sequences: an upper I_ravel, a middle sand and a
lower gravel. The total thickness of the Hanford formation in the study area varies from
approximately 50 to 100 m (164 to 328 ft).

Holocene eolian deposits form a veneer (< 10 m [33 ft]) over the Hanford formation
in the area of the operable unit. These deposits consist of very-fine-to-medium-grained
sands or silty sands that were originally derived from the Hanford formation.

2.2.3.2 Vadose Zone Characterization. The vadose zone is the region above the water

table in which the fluid pressures of the sediments are negative with respect to local
atmospheric pressure. It occurs between the ground surface and the water table, and is
the zone through which natural and man-made recharge waters may flow to the water
table. This section will address vadose zone sediments which occur at depths greater than
4.6 m (15 ft). Vadose zone sediments above 4.6 m (15 ft) are discussed in Section 2.2.4.

In the vicinity of the 200 East Area, the vadose zone encompasses units of the
Hanford formation and the Ringold Formation (Lindsey et al. 1992). Beneath the 200-BP-1
operable unit, however, the vadose zone consists of the interlayered sandy gravel, gravely
sand, and silty sandy gravel of the Hanford formation only. The Ringold Formation,
because of erosion which occurred during cataclysmic flooding, has been removed from the
immediate vicinity of the 200-BP-1 operable unit and the areas to the north. W
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The total thickness of the vadose zone in the studyarea varies from approximately
75 m (246 ft) directly beneath the 200-BP-1 operable unit to between 25 to 50 m (82 to
164 ft) in the Gable Mountain/Gable Butte area. Except for localized areas where basalt
bedrock occurs above the water table, ali portions of the vadose zone in the area
surrounding 200-BP-1 are comprised of the Hanford formation.

Beneath the 200-BP-1 operable unit, the vadose zone is comprised of three primary
lithologic units: the Hanford upper gravel, the Hanford sand, and the Hanford lower
gravel. The water table occurs within sediments of the lower gravel. Based on
information collected from two boreholes drilled in the immediate vicinity of the cribs
(299-E33-40 and -38), the lower gravel unit is approximately 14 to 20 ra (46 to
66 ft) in thickness directly beneath the 216-B cribs. The sand unit is the thickest of the
three lithologies and varies from approximately 30 to 41 m (98 to 134 ft) in thickness while
the upper gravel sequence ranges from approximately 5 to 14 m (16 to 46 ft) in thickness
beneath the cribs. The upper gravel and the sand generally thicken from south to north
beneath the crib area while the lower gravel thins.

In addition to the three main stratigraphic units of the Hanford Formation, several
relatively continuous silt layers were revealed during the recent drilling (Hoffman et al.
1992). The most significant of these is a thin silt horizon identified at a depth of
approximately 58 m (190 ft) which appears to be relatively continuous beneath the 200-BP-1
operable unit and crib area (Figure 2-13). Beneath the 200-BP-1 operable unit, the layer is
continuous between boreholes 299-E33-40, 299-E33-38, 299-E33-31, 299-E33-32, 299-E33-41,
299-E33-34, and 299-E33-30. The unit was also detected in deep vadose zone drilling
boreholes 299-E33-296, 299-E33-302 and 299-E33-304 that were drilled directly through cribs
216-B-43, 216-B-49, and 216-B-57, respectively. The unit was apparently not detected in
boreholes 299-E33-12 and 299-E33-39, located directly east of the 200-BP-1 operable unit.

The silt horizon at a depth of about 58 m (190 ft) is the only fine-grained layer
observed beneath the 200-BP-1 operable unit which is interpreted to be continuous beneath
the entire crib area (Figure 2-13). The thickness of the zone beneath the 200-BP-1 operable
unit varies from approximately 0.1 to 1.5 m (0.5 to 5 ft). Directly beneath the cribs, the zone
is from about 0.15 m (0.5 ft) in thickness at borehole 299-E33-302 to 1.5 m (5 ft) at 299-E33-
40. The dip of the silt horizon, based on the observed elevations in boreholes 299-E33-30,
299-E33-34, 299-E33-38 and 299-E33-40, is gentle and generally is toward the north at about
1 degree.

Samples collected during the Phase I RI were predominantly sands and gravels with
only a few examples of fine-grained material. The fines contents of the soils were generally
low, typically less than 10%. In boreholes 299-E33-38 and -40, a fine grained layer was
identified at depths of 58 and 59 m (190 and 194 ft), respectively. The fines contents of the
two samples were 87 and 23% by weight, respectively. This layer is felt to be continuous
beneath the crib area, as discussed above.

Although a variety of methods have been developed to directly measure
unsaturated hydraulic conductivity, these are often costly and difficult to implement. An
alternative to direct measurements is the use of theoretical approaches that predict
unsaturated hydraulic conductivity relationships from measured soil water retention data.
As such, under Task 4 of the 200-BP-1 operable unit work plan (DOE-RL 1990a) and other
200 area RCRA and CERCLA projects, water retention measurements (for both wetting and
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drying)were made on 60 unsaturatedzone samples collectedfrom 13 boreholeslocated
throughout the200 EastArea,threeof which are locatedinthe 200-BP-Ioperableunit(299-
E33-38,-40and-307).The water retentiondata were used inconjunctionwith the

theoreticalapproach ofvan Genuchten etal.(1991)to definethe unsaturatedhydraulic
conductivityvs.soilmoisturecontentrelationshipforeach sample. The theoreticalbasisof
thisapproach and results,as wellas allretentioncurvesand hydraulicconductivityvs.
matHc potentialcurves,aresummarized in Connellyetal.(1992).Detailedpresentationsof
thework areprovided in Smoot etal.(1989)and Bergeronetal.(1987).

For the Hanford grave[[,a totalof fifteensoilmoistureretentioncurveswere

measured,includingeightcurvesforsamples from the200-BP-1operableunitboreholes
299-E33-307,299-E33-38,and -40.The functionalrelationships,which arepresentedin
Connellyetal.(1992),exhibitstrongnon-linearcharacteristics,i.e.,fora smallchange in
volumetricmoisturecontent,the hydraulicconductivitychange can be severalordersof
magnitude. The totalrange of unsaturatedhydraulicconductivitiescalculatedforthe

2 20 1 17
Hanford gravelswas from approximately10" to10" cnVs (10 to 10" ft/d).Saturated

-6 3 3 0
hydraulicconductivitiesranged from approximately10 to10" cm/s (10"to 10 ft/d).The
low hydraulicconductivityvaluewas measured ina sample ofsandy claycollectedat
57.9m (190ft)depth from borehole299-E33-38.The high valuewas measured ina sandy
gravelcollectedfrom borehole699.42-41B.These resultsindicatea high degreeof
variabilitywithintheHanford gravelswith respectto theirhydraulicproperties.

A total of 41 samples were evaluated for the Hanford formation sand sequence of
which three were collected from the 21X)-BP-1operable unit (from borehole 299-E33-38). As
with the grave[[, the degree of non-linearity is high. The range of unsaturated hydraulic
conductivities was similar to that exhibited for the gravels. Saturated hydraulic
conductivities ranged from approximately 10.5 to 10"zcm/s (10.2 to 101 ft/d), indicating a
high degree of variability as with the gravels.

The results of the unsaturated hydraulic conductivity measurements indicate that
both saturated and unsaturated hydraulic conductivity can vary by several orders of
magnitude within a lithologic unit. As discussed in Connelly et al. (1992), it is necessary to
evaluate sample collection and textural description when selecting moisture characteristic
curves. Typically, the choice of a water retention curve is made by examining water
retention curves along with the particle size analyses to distinguish lithologies with
significantly different soil textures and hydraulic conductivities.

Additional saturated hydraulic conductivity data is included in Hoffman (1992)
where the results of physical soils testing performed under Tasks 2, 4, and 6 of the 200-BP-1
operable unit work plan are presented. Hydraulic conductivities presented include the
results of vertical hydraulic conductivity measurements. Results range from 10"z to 10-6

cm/s (101 to 10.3 ft/d). Most of the values fell in the 10.3 to 10.5 cm/s (10 o to 10"_ft/d) range.

2.2.4 Pedology

This section will address the physical characteristics of soils within the upper
4.6 m (15 ft) of the 200-BP-1 operable unit. The 4.6 m (15 ft) depth designation is consistent
with evaluations of risk presented in the Phase I RI. Results referred to in the discussiol:
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which follows are taken from only those borings completed within the 200-BP-1 operable
unit or immediate vicinity.

In a soil survey of the Hanford Site (Hajek 1966), three major soil types were
identified in the vicinity of the 200 East Area, each of which is represented in
approximately equal areal extent. These include the Ephrata Sandy Loam, the Burbank
Loamy Sand, and the Rupert Sand. The Ephrata Sandy Loam and Burbank Loamy Sand
appear to be present within the operable unit, although recent field studies were not
conducted for confirmation. Surface soils over crib areas are disturbed and represent back-
filled materials that are not representative of native surface soils.

The soils of the operable unit vicinity are largely dominated by the characteristics of
the parent material from which they are derived. As such, and due to limited weathering
and soil formation, the soil characteristics are very similar to the properties of the Hanford
formation. The moisture content of the soils is generally low, ranging from approximately
1 to 6% by weight, with an average of just under 3%. These values indicate that the water
content of the soils to be near or at residual levels.

The surficial soil characteristics of the 2(X)-BP-1 operable unit were significantly
modified in the UN-200-E-89 interim stabilization effort. An approximately 4-ha (10-ac) area
in the eastern half of the 200-BP-1 operable unit was scraped of the uppermost 15 cm (6 in.)
of soil to reduce the level of surface soil radiation. This soil was collected, consolidated, and

re-placed atop the 216-B-43 through -50 cribs and then covered with approximately 46 to
61 cm (18 to 24 in.) of clean soil. Other areas within the 200-BP-1 operable unit (Figure 2-3)
were also covered with clean soil (15 to 30 cm [6 to 12 in.]) to facilitate drilling during the
Phase IRI activities. Areas outside the 200-BP-1 operable unit, specifically the steep
embankments on the east and north sides of the BY tank farm were stabilized with large
cobble and pit run soil (Hayward 1992). Due to this disturbance, as well as additional
surface disturbances which have likely occurred in the past due to general construction
activities, the in-piace surficial soils probably do not have the same properties as the
undisturbed major soil types. The Task 2, 4, and 6 drilling for the 2LD-BP-1 work plan,
however, was undertaken after the UN-200-E-89 interim stabilization work. The samples
collected and tests performed are, therefore, representative of the current, in-piace soil
conditions.

Soil samples collected during the Phase IRI activities were tested for moisture
content, porosity, dry bulk density, and grain size. These soil characteristics varied with
depth. The 0 - 4.6 m (0-15 ft) interval of soils in the immediate area of the cribs have an
average moisture content of 2.75% by weight, with a porosity value of 35%, and a dry bulk
density of 1.69 g/cm 3 (105 lh/ft3). The 0 - 4.6 m (0-15 ft) interval has been affected by the
sludge disposed to the 200-BP-1 operable unit. These soils are composed of approximately
70% gravel, 20% sand, and 10% silt (or fines) by weight (Hoffman 1992, and Hoffman et al.
1992).

2.2.3 Hydrogeology

There are two primary hydrostratigraphic units of interest in the vicinity of the 200-

BP-1 operable unit. These include a highly conductive, upper unconfined aquifer whichoccurs within sediments of the Hanford and Ringold Formations, and a deeper, more
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moderately conductive confined aquifer which occurs in sediments of the Rattlesnake Ridge
interbed. Directly beneath the operable unit and to the north, the Ringold Formation is
absent, due to erosion from catastrophic flooding. Directly beneath the 2IX)-BP-1 operable
unit and immediately to the north (downgradient), the uppermost aquifer is generally very
_hin, ranging from only about 1 to 5.5 m (3 to 18 ft) in thickness. The Ringold formation is
ab._ent due to erosion from catastrophic flooding. Further to the north (in the Gable Gap
Area and in the erosional "window" feature), the aquifer thickens to approximately 20 to 30
m (66 to 98 ft). The vadose zone varies in thickness across the study area from
approximately 75 m (246 ft) directly beneath the operable unit to between 25 to 50 m (82 to
164 ft) in the Gable Gap area. In the study area, except for localized areas, ali portions of
the vadose zone are comprised of sediments of the Hanford formation.

On the Hanford Site, groundwater flow in the unconfined aquifer is primarily from
the recharge areas, principally small ephemeral streams located around the western
periphery of the Pasco Basin, to the discharge zones located along the Columbia River.
Superimposed on this predominantly west to east groundwater flow pattern is an artificial
pattern of flow which has arisen from the waste disposal activities associated with Hanford
Site operations. In the separations area, disposal activities at B-Pond have resulted in the
creation of a water table mound located beneath the eastern portion of the 200 East Area.
Groundwater flows radially outward from this mound. In the 200-BP-1 operable unit study
area, groundwater in the unconfined aquifer flows under the influence of this mound
towards the Gable Gap area to the north.

The uppermost regionally confined aquifer is the Rattlesnake Ridge aquifer. The
Elephant Mountain Basalt Member acts as a confining layer separating the Rattlesnake
Ridge from the uppermost aquifer except for in areas where the basalt has been removed
by erosion. As with the uppermost aquifer, the predominant flow direction is primarily
from west to east. The groundwater mound which has developed in the unconfined
aquifer, however, has lead to the creation of a localized disturbance to this general pattern.
The creation of the water table mound has resulted in the establishment of downward

hydraulic gradients between the uppermost and confined aquifers, and has lead to a radial
pattern of flow beneath B-Pond in the Rattlesnake Ridge aquifer. North and west of the
200 East Area, flow in the Rattlesnake Ridge aquifer is apparently towards the Gable Gap
Area. Potentiometric data suggests that once reaching the Gap Area, discharge from the
Rattlesnake Ridge aquifer is to the uppermost aquifer. Groundwater of the unconfined
aquifer then flows generally to the east where it discharges to the Columbia River.

Currently, the downward gradients between the two aquifers are confined to the
immediate vicinity of the B-Pond. In the past, however, the area characterized by
downward gradients is expected to have been significantly larger in areal extent. In
conjunction with erosional features and possibly joint/fracture systems, the introduction of
contaminants to the Rattlesnake Ridge confined aquifer occurred. There are at least one,
and possibly two, erosional features where direct aquifer communication has occurred in
the past. Currently however, except for the B-Pond area, gradients between the two
aquifers are generally upward throughout the study area.
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2.2.6Ecology

Accessto theentireHanford Sitehas been administrativelycontrolledsince1943.

Accessto most ofthe 200 Areas,includingthe200-BP-Ioperableunit,isfurtherrestrictedin
additiontothe generalHanford Siteadministrativecontrols.Although DOE isexpectedto
retaincontrolofthe Hanford Sitefortheforeseeablefuture,a Hanford FutureSiteUses

Working Group (HFSUWG) islayingout land use alternativesforDOE to considerwhen it
developsan environmentalimpactstatementfortheHanford Site.The finalreportofthe
HFSUWG recommends "some typeof government presenceor oversightofthe areashould
be assumed forthe foreseeablefuturedue tothe anticipatedlevelof residualcontamination
in the200 Areas"(I-IFS_G 1992).The reportrecommends sixfutureuse optionsforthe
200 Areas,allofwhich includea bufferzone around theAreas,and assume thatthe 2lA)

Areas remain as managed waste storageand disposalfacilities.

Since1944,therehas been no agriculturalactivityor residenthuman popul_.fionon
theHanford Site.Based on 1980censusdata,approximately110 peoplelivewithPl17 km
(10mi) ofthe 200 EastArea. The nearestresidentisatleast12 km (7mi) away _rom the
200-BP-1operableunitas thisisthe approximatedistanceto the nearestHanford Site
boundary. The working populationforall200 Areas shiftsisapproximately2,400.

The Columbia River,which islocatedapproximately12 km (7mi) from the 200-BP-I
operableunitatRs closestapproach,isthe most significantsurface-waterbody inthe
regionand isused as a sourceof drinkingwater,industrialprocesswater,crop irrigation,
and fora varietyof recreationalactivities,includingfishing,hunting,boating,water skiing,
and swimming. Downgradient groundwater in theimmediate vicinityof the200-BP-I

operableunitisnot used foreitherdrinkingor irrigation.The nearestdrinkingwater
supply wellsarethosethatservethe400 Area,approximately13 km (8mi) to thesoutheast
ofthe operableunit.

The 200-BP-1operableunitislocatedon the200 Areas plateau.Habitatwithinthe
undisturbedareasof the200 Areasplateauconsistprimarilyofthe big
sagebrush/Sandberg'sbluegrasscommunity thatdominatesmost ofthe Hanford Site.
Because ofthe operationaldisturbanceswhich have takenplacein the operableunit,
however, the majorityof the plantsoccurringinthe 200-BP-1operableunitareinvader
species.In thenonradiationareasthe major vegetationincludesrabbitbrush,Sandberg's
bluegrass,Russianthistleand cheatgrass.In the radiationzone plantspeciesinclude
revegetatedwheatgrassand thickspikeused tostabilizesoilof two cribs.The major plants
around thecribsarecheatgrass,Sandberg'sbluegrass,Russianthistleand rabbitbrush.No
endangered or threatenedplantspecieswere observedinthe operableunit.

The most abundant fauna in the regionincludethewestern meadowlark, Great

Basinpocketmouse, deer mouse, Townsend's ground squirrel,Black-tailedjackrabbit,mule
deer,coyote,badger,and variousraptorand insectspecies.The ferruginoushawk,
Swainson'shawk, loggerheadshrike,and long-billedcurlewarecandidatespeciesfor
inclusionon the Federalthreatenedor endangered specieslist.Candidatesforstatelisting
are theburrowing owl,sagesparrow, sagethrasher,and long-billedcurlew. With regards
to mammals, two speciesof concernare Merriam'sshrew,a candidateforlistingby
Washington State,and thePacificwestern big-earedbat,a candidateforfederalprotection.
The northerngrasshoppermouse isa Statemonitor listedspecies.None ofthesecandidate

specieswere observedon the200-BP-Ioperableunit,however, they arecommonly

_l 2-15
' ' H , , , , ,



DOE/RL-93-35, Rev. 0

associated with the big sagebrush/Sandberg's bluegrass habitat of the 200 Area plateau.
The striped whipsnake is a State candidate listed reptile. There are no Federal- or State-
classified threatened, endangered or candidate species among the insects of the Hanford
Site.

2.3 NATURE AND EXTENT OF CONTAMINATION

The Phase IRI report (DOE-RL 1993) uses a step-wise screening process that defines
the extent of contamination associated with the waste management units within 21X)-BP-1
operable unit. In this screening process, chemical constituents detected in soil and
groundwater samples were compared to levels observed in sample blanks, established
background concentrations, and to calculated risk-based screening levels with the goal of
identifying those compounds that constitute actual contamination and potentially pose risk
to human health and the environment. The compounds that were defined in this process
were designated contaminants of potential concern and were used in the baseline risk
assessment. Ali compounds which were eliminated by the screening process were dropped
from further consideration in the Phase IRI and have not been considered in the FS. This
subsection will summarize the chemical and contaminant characteristics of concern for the

operable unit which resulted from the baseline risk assessment.

Risk-based screening was conducted for soil and groundwater. For soils, the
screening was performed separately for two different zones. The first zone, near surface
soils, is defined as soil between the ground surface and 4.6 m (15 ft). This zone consists of
stabilized surface soils, trench backfill and the top 0.3 to 1.2 m (1 to 4 ft) of crib infiltration
gravels. The second zone consists of soils beneath 4.6 m (15 ft). This zone, designated
subsurface infiltration gravels/soils, includes the remainder of the crib infiltration gravels
(approximately 1.5 m [5 ft]) and underlying natural materials. The 4.6 m (15 ft) cut-off is
based on guidelines presented in the Washington State Model Toxics Control Act (MTCA)
Cleanup Regulations, and also represents a demarcation in contaminant concentration since
effluent discharges were made just below 4.6 m (15 ft) depths. For both the near-surface
soils and subsurface infiltration gravels/soils, three soil exposure pathways are used in
calculating preliminary risk-based benchmark concentrations: soil ingestion, air inhalation
(including inhalation of fugitive dust) and external exposure to radioactivity. For
groundwater, the only exposure pathway evaluated is groundwater ingestion. A typical
crib cross section showing the general distribution of contaminants is included on
Figure 2-14.

For near surface soils, the identified contaminants of concern include the following:

• cesium-137, radium-226, and thorium-228.

For subsurface infiltration gravels/soils, the identified contaminants of concern
include the following:

• cesium-137, cobalt-60, plutonium-239 and -240, radium-226, strontium-
90, technetium-99, thorium-228, and total uranium.

The type of radionuclide contamination detected within the 200-BP-1 operable unit
near surface soils is similar within the nine cribs. Cesium-137, radium-226, and thorium-228
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were detectedineach ofthe cribs.Totaluranium was detectedincribs216-B-44,216-B-46,

216-B-47,216-B-48,216-B-50and 216-B-57.Allthe contaminantsaredistributedfairlyevenly

with respecttodepth,with no obvioushorizonsof increasedradionuclidecontamination.

The radionuclidecontaminationconcentrationsdetectedwithinthe200-BP-I

operableunitsubsurfaceinfiltrationgravels/soils(>4.6m [>15 ft]),aremuch higherthan
thosedetectedinthesurfacesoils.Cobalt-60,and plutonium 239+240 which were not
detectedin thenear surfacesoils,arefound consistentlyin the sub-surfaceinfdtration
gravelsand underlyingnativesoils.The specificcontaminantsdetectedineach of thecribs
aresomewhat variable,only plutonium-238and -239,and strontium-90,arefound
consistentlyineach ofthe cribs.

Crib57 has significantlylowerconcentrationsof strontium-90and cesium-137.This
isconsistentwith historicalrecordsthatshow cribs216-B-57and 216-B-50received

evaporativecondensateas opposed toactualliquidwaste. However, the contaminationin
crib216-B-50isconsistentwith cribs216-B-43-49and may, in fact,have received

supematant decantliquidwaste from the BY tankfarm.

The largestdetectedconcentrationsof radionuclidesarebetween (4.6-9.1m
[15-30ft])below theground surface,althoughcontaminationwas detectedup to 71.9m
(236ft)below thesurface.For strontium-90,cesium-137,plutonium 239+240,and total
uranium, maximum concentrationsareconsistentlybetween 4.9-7.9m (16-26ft)and mostly
between 5.4-6.7m (18-22ft).The concentrationoftheseradionuclidesatthebottom ofthe
cribsisconsistentwith theirrelativeimmobility(highpartitioningwith soilrelativetowater

ph_es) and may alsoindicatethattheseradionuclideswere dischargedto thecribsas a
suspended flocculentwithinthesupernatanteffluent.

The dataand the contrastsbetween thenear surfaceand subsurfacegravels/soils
are consistentwith the cribconstructionand waste disposalmethods utilized.Based on
informationfrom thesample drillingoperation,the top and bottom of thecribs(engineered
infiltrationgravels)are generallyfrom 3.46.1m (11-20ft)below ground surface,
respectively.The waste dischargepipeswere designedtodischargeeffluentbelow the top
of the cribgravelsand infiltratethrough approximately1.8m (6ft)of gravelsbefore

reachingpresumably in-situsoilatthecribbottom. Samples were generallytakenof the
soil/graveland gravel/soilinterfacezones,respectively,foreach crib.Allthe samples taken
inthe soil/gravelinterfaceat thetop of thecribs(typically2.7-4m [9-13ft])show much less
contaminationthan samples takenatthe gravel/soilinterfaceatthe bottom ofthe crib.The
few samples takenat4.6m (15ft)(thecutoffbetween nearsurfaceand subsurfacezones
forthisreport),containsignificantlylower levelsof radionuclidesthan samples inthe
same cribtakena few feetdeeper.'i

I Results of the soil sampling and spectral gamma-ray logging indicate that
I contamination is generally confined to the area beneath the cribs and that significant lateral
_1 waste migration due to perched groundwater conditions does not appear to have occurred.

The precise lateral extent of contain! ation away from the cribs, however, is not precisely
known, but is thought to be less than 100 feet (DOE-RL 1993). Exploration coring currently
underway at 216-B-57 may provide additional information regarding the lateral spread of
contaminants at this crib.
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Extensive contamination of groundwater in the 200-BP-1 operable unit study area
has occurred due to Hanford Site operations. This contamination is likely the result of
multiple sources located throughout the 200 East and West Areas. While still in exceedance
of regulatory standards, levels which are currently present in groundwater are, for most
radioisotope constituents, one or more orders of magnitude less than concentrations which
occurred in the early years of Hanford operations.

Contaminant plumes were identified throughout the study area for gross beta, total
cyanide, cobalt-60, nitrate, technetium-99, and tritium at concentrations exceeding
background levels, risk-based screening concentrations, or other regulatory criteria. For the
other contaminants of potential concern in groundwater, the extent of contamination tends
to be confined to localized areas and/or is characterized by relatively lower concentrations.
Generally, the plumes are centered at well 699-50-53a where maximum contaminant levels
are consistently observed. Well 699-55-57 is also characterized by relatively high
concentrations as compared to other monitoring wells throughout the study area.

Currently, the 200-BP-1 operable unit sources are contributing technetium-99,
nitrate, cobalt-60, and possibly uranium to the underlying unconfined aquifer. These are
the only contaminants of concern currently impacting groundwater from the 200-BP-1
source operable unit.

2.4 CONTAMINANT FATE AND TRANSPORT

A transport analysis of the contaminants of potential concern identified above was
included in the Phase IRI. The purpose of the analysis was to evaluate the behavior of
each contaminant of.potential concern in the environmental media in which it is
transported, specifically to provide estimates of the contaminant concentrations at points of
potential receptor exposure. Air, surface water, subsurface water, and biotic exposure
pathways were evaluated. Although the subsurface water pathway includes both an
unsaturated and a saturated pathway, transport in the saturated pathway was not
addressed since groundwater is not a part of the operable unit. The groundwater pathway
wiU be addressed in the 200 East Aggregate Groundwater Study.

Potentially operative contaminant transport pathways were evaluated for the Phase
I RI (DOE-RL 1993), taking preliminary toxicity screening results into account. The results
are summarized in the following sections.

2.4.1 Air Pathway

There are three possible release mechanisms by which soil contaminants can enter
the atmosphere: radioactive decay, volatilization, and emission of fugitive dust.
Radioactive decay is a possible release mechanism when the daughter product is a gas, and
can apply to Ra-226, decaying to Rn-222, and Th-228, decaying eventually to Rn-220.
Volatilization most often occurs when an organic liquid passes into the vapor state, and is a
possible release mechanism for only one potential contaminant of concern, PCB. Emission
of fugitive dust acts as a release mechanism for contaminants which adsorb onto soil
particles, and hence is applicable to ali of the potential contaminants of concern.
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2.4.1.1 Air Emissions. Air emissions of Rn-222 and Rn-220 from the near surface and

subsurface infiltration gravels/soils were evaluated in the Phase IRI. These radioisotopes
are gaseous decay products of Ra-226, and Th-2_, respectively. Because of the relatively
long half-life of Ra-226, and the small quantities of both Th-228 and Ra-226 present in the
crib soils, radioactive decay is not considered a significant airborne release mechanism for
this operable unit (DOE-RL 1993).

2.4.1.2 Volatile Emissions. Volatile emissions of PCBs from the subsurface infiltration

gravels/soils were also considered in the Phase IRI. Because of the low vapor pressures
and high soil adsorption constants characteristic of PCBs, as well as the low PCB
concentrations measured, the volatilization release mechanism is not considered to be

significant at this operable unit (DOE-RL 1993). PCBs were determined not to be
contaminants of concern in the Phase IRI Baseline Risk Assessment.

2.4.1.3 Fugitive Dust Emissions. Fugitive dust emission and subsequent atmospheric
transport was modeled using EPA's Fugitive Dust Model (FDM) (Winges 1991). The FDM
is a computer code which analytically solves a commonly used air dispersion equation.
The model was used to calculate concentrations of fugitive dust and the resulting fallout
which will characterize the study area in the year 2018 (2018 represents the earliest year for
which alternative land uses may occur at the Hanford Site). It was assumed in the model
simulations that the current protective clean soil cover (from the interim stabilization
activities) is not maintained in the future and that the contaminated near surface soils are
exposed and accessible to wind erosion. Furthermore, a major disturbance of the crib
infiltration gravel materials is assumed to potentially occur, such as excavation, thereby
exposing these soils directly to wind erosion. These assumptions were made to provide a
full spectrum of future scenarios for the baseline risk assessment, and are felt to provide a
strong conservative bias to the modeling results.

The results of the modeling for the contaminants of concern indicate that airborne

particulate matter is transported and deposited over an elliptically shaped area which
extends principally to the southeast from the operable unit, and reaches the approximate
vicinity of the B-Pond at its furthest downwind extent. Concentrations of airborne dust
vary from about 1 to 1 x 10-6 _g/m 3. Based on these estimates of airborne particulate
concentrations and appropriate decay factors, the projected soil concentrations resulting
from contaminants originating from the 200-BP-1 operable unit were calculated. Soil
concentrations, mixing factors, assumed dust layer thickness, and other parameters were
then used as input parameters to the RESRAD code (Argonne 1992) to compute dose-based
results which were then converted to risk-based results using EPA risk factors. Estimated

exposures resulting from fugitive dust deposition result in a life incremental cancer risk of
less than 10-6 (DOE-RL 1993).

2.4.2 Surface Water Pathway

This pathway includes surface water transport resulting from run-off from storm
events and deposition of airborne fugitive dust on nearby surface water bodies with
subsequent transport. After consideration of the potential for run-off and review of the
results of the fugitive dust modeling, the potential for transport by the surface water

pathway was considered to be insignificant in the Phase I RI report (DC)E-RL 1993).
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2.4.3 Subsurface "WaterPathways

The unsaturatedor vadose zone consistsofali soilbetween theground surfaceand
thewater table.The saturatedzone liesbeneaththewater tableof unconfinedaquifers,or

the confininglayerof confinedaquifers.The physicsdescribingmovement of water inthe
saturatedand unsaturatedzones aredifferent,so the two zones arefrequentlyseparated

intodifferentpathways.

2.4.3.1 SaturatedPathway. By definition,this operableunitdoes not includethesaturated
pathway. A portionofthe saturatedzone was, however, incorporatedintothe unsaturated
pathway. The unsaturatedpathway modeled liesbetween the bottom of the cribsand the
bottom of the unconfinedaquiferdirectlybeneaththe cribs.Inclusionofthe saturated
zone inthe unsatur_..,dpathway was necessarytodeterminewhich of thepotential
contaminantso_:concern reachthe water tableatunacceptableconcentrations.Although
the 2/X)-BP-Ioperableunitisa sourceoperableunit,the predictionoffuturepotential
impactstothe underlyingunconfinedaquiferisneeded to formulateremedialaction
objectivesand evaluateappropriatesourcecontrolmeasures.

2.4.3.2UnsaturatedPathway Modeling. Contaminant migrationthrough the vadose zone,
due to historicalcriboperationand subsequentinfiltrationof meteoricwater,was modeled
usinga finite_ifferencecomputer code (PORFLO-3) (Runchal,etal1992).The modeling
objectivewas toidentifypotentialfuturein',pactsto theunconfinedaquifer.

Severalscenarioswith differentinfiltrationrateswere modeled usingPORFLO-3.
Simulationswere run with an unrealisticallyhigh infiltrationrateof22_5crn/yr,10 cm/yr,
and ata more realisticnaturalinfiltrationrateof1.0crn/yr.Each simulationwas run until
eitherthe contaminantreachedthe watertabledirectlybelow the operableunit:sta
concentrationof I pCFL, or the simulationsindicatedthatitwas unlikelythatthe
contaminantwould reachthewater tableattheseconcent1_.tions.In general,those
contaminantswhich were both immobileand short-livednever reachedthewater tableat

unacceptablelevels.These includedCs-137and Sr-90which were bound inthe upper 23 m
(75ft)atthe timedischargetothe cribsceased.Radioactivedecay followingcessationof

dischargepreventedeithercontaminantfrom reachingthe water table,even under extreme
infiltrationratesof22.5crn/yrsimulatedinthe model.

Migrationof Co-60 tothe water tablewas shown tooccur rapidlywith
concentrationsinthe saturatedzone reachingmaximum valuessoon aftercriboperations

began. Because of itsshorthalf-life,however, within100 yearstheconcentrationofCo-60
in thegroundwater was reduced tolessthan I pCi/L.The modeling resultsindicatethat
the most mobileconstituents,Tc-99and nitrate,reachedthe aquiferat maximum

concentrationshortlyaftercessationof dischargeto thecribs.ResidualTc-99and nitrate
arecurrentlyimpactingthe groundwater atconcentrationsofabout 400 -700 pCi/Land
10- 20 mg/L, respectively.

Of the compounds modeled, potential future impacts to groundwater were confined
to plutonium and uranium. Ai_hough plutonium has a distribution coefficient similar to
that of Cs-137, it also has an extremely long half-life thereby allowing it to reach the water
table in an estimated 9,500 yr. Diffusion is the dominant transport mechanism for
plutonium. Although the maximum concentration of plutonium in groundwater was not d]k
modeled, it is expected to be significant (> 100 pCi/L) in tens-of-thousands of years. Total U

2-2O

........ IIi_ !



DOEfllL-93-35, Rev. 0

is shown reaching the water table by about 15 yr after the start of crib operations. The
maximum concentration of total uranium in the saturated zone could exceed 3,000 pCi/L
approximately 4,500 yr in the future. Detailed modeling results are evaluated and
presented graphically in Chapter 6.

The unsaturated pathway modeling predicts potential future impacts to the surface
of the aquifer directly beneath the cribs. These estimates illustrate contaminant
concentrations at the top of the aquifer and not at the boundary of the operable unit. As a
result, the estimated travel times are conservatively short in that they do not account for

the time required to migrate laterally to the operable unit boundary. Up to three or four
times the estimated vertical travel time may be required before contaminants substantially
impact groundwater at the operable unit boundary (see Chapter 6).

2.4.4 Biotic Pathways

Terrestrial biological transport of cesium-137, radium-226, strontium-90, thorium-228,
and total uranium from near surface soils to Swainson's hawk, loggerhead shrike, and
burrowing owl were considered in the Phase IRI. Two generalized contaminant transport

pathways for the species of concern were considered. The first model assumed that the
exposure mechanism for the birds was ingestion of the Great Basin pocket mouse, while in
the second model the bird's diet consisted entirely of insects. Within each type of prey,
estimated contaminant concentrations attributable to the operable unit were estimated for
the near surface soil contaminants of potential concern. The estimated tissue
concentrations were carried forward for use in the ecological risk assessment. Due to the
lack of species-specific concentration data, conservative simplifying assumptions and
surrogate uptake factors were necessar5 ;n the biological transport pathway evaluation.

2.5 SUMMARY OF BASELINE RISK ASSESSMENT

2.5.1 Human Risk Assessment

The human health baseline risk assessment evaluates the risks posed by

contaminants in the 200-BP-1 operable unit under four exposure scenarios (industrial,
residential, recreational, arid agricultural) and three locations (operable unit, Hanford Site,
off Hanford Site). These evaluations are performed for current conditions as well as for
several future conditions. Evaluation of the future conditions is divided into three

possibilities:

• the clean soil cover is maintained and undisturbed

• the near surtace soils are exposed and/or excavated
• the infiltration gravels/soils are exposed and deposited on the ground

surface.

Non-radioactive contaminants were evaluated for both non-carcinogenic and

carcinogenic effects, as appropriate. Radioactive contaminants were evaluated only for

their carcinogenic potential. No systemic toxic effects are expected to occur as a result of
exposure to contaminants at the operable unit under any scenario; the largest estimated
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hazard quotient (HQ) is 0.007. The remaining summary of the humanhealth assessment
focuses on estimates of cancer risk.

Evaluation of the current scenario recognizes that a clean soil cover exists at the

operable unit and that access to the unit is limited. For both crib groupings (cribs 216-B-43
through -50 and crib 216-B-57), the estimated cancer risks under the current scenario is less
than lx10.6.

Although future land use of the 200 Area is assumed to be limited to industrial
activities based on recommendations from the Hanford Future Site Uses Working Group

(HFSUWG 1992), for the purposes of this human health baseline risk assessment,
radiological controls are assumed to be nonexistent for the future industrial scenarios.
Even without restricting access to the operable unit, this risk assessment indicates that a
cancer risk of 10.6 is exceeded only under the future industrial scenario for receptors on the
operable unit, and only if near surface soils or infiltration gravels/soils are uncovered,
permitting direct contact with contaminants.

Assuming near surface soils are exposed, the risk for operable unit receptors is
9x10"s for cribs 216-B-43 through -50, and 2x10"s for crib 216-B-57. Risk estimates associated
with excavation of infiltration gravels/soils (which are approximately 4.6 m [15 ft] below

ground surface) for operable unit" receptors exceed 10.2 for both crib groupings. Because
risk estimates made using a linear dose-response equation become increasingly inaccurate
as they approach a value of 1, LICR values that exceed lx10 "zare reported as > 10"z.

Risk estimates for receptors on the Hanford Site (excluding the 200 Area) and off the
Hanford Site are less than lx10 "6under ali future conditions. This is the case even with the

assumption that infiltration gravels/soils are deposited on the surface and contribute
exposures resulting from fugitive dust emissions and deposition of cesium-137 and
strontium-90.

The risk estimates for future conditions do not consider the probability that the
clean soil cover will be absent or present in the year 2018, or that future operable unit
workers will excavate the near surface soils or infiltration gravels/soils. In addition, because
this is a deterministic risk assessment, the uncertainty associated with all risk estimates

cannot be quantified. In order to compensate for the uncertainty associated with input
parameters, estimates used to characterize these parameters are often conservatively biased.
As a result, the risk estimates provided in this assessment represent a set of assumptions
which, as a whole, is extremely unlikely. Use of a more realistic set of assumptions is likely
to yield significantly lower risk estimates.

2.q.2 Ecological Risk Assessment

The baseline ecological risk assessment evaluates the impact of near surface soil
contaminants on six indicator species (Great Basin Pocket mouse, Jack rabbit, Swainson's
hawk, loggerhead shrike, burrowing owl, and coyote). No data have been obtained to
provide concentrations of contaminants in biological media within the operable unit;
therefore, biological uptake of contaminants by indicator species is estimated by combining
soil concentrations, bioconcentration factors, gastro-intestinal absorption efficiencies,

biological half-lives, and food intake rates. Inhalation and soil ingestion pathways were not ....
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evaluated. External exposure to wildlife from radioactive contaminants has been shown to
be a minor contributor to dose and was not evaluated.

Tl-_e:cological assessment is based on the assumption that a clean soil cover does
not exist, and that no controls exist to prevent access to the operable unit by the indicator
species. In addition, it is assumed that ecological conditions on the unit (e.g., vegetation
and food supply) are identical to the natural habitat of these species. Such conditions do
not currently exist, and, given the assumption of permanent industrial land use in the 200
Area, the presence of indicator species on the operable unit could be controlled indefinitely.

The freql,ency of exposure of a receptor to contaminants was determined by
estimating the p_oportion of the site area to the receptor's home range. For organisms
whose home range is smaller than the operable unit, it is assumed that 100% of their diet
consists of contaminated foodstuffs. The 95% UCLs of the mean soil concentrations are
used as the exposure concentrations for modeling and dose calculations.

Contaminant intakes are calculated in units of mg/kg-d for non-radioactive
contaminants, and rad/d for radionuclides. These intakes are divided by benchmark
intakes to yield (unitless) hazard indices. The benchmark intake level for radioactive
contaminants is 0.2 rad/d (20% of the 1 rad/d dose-rate at which slight effects of radiation
become apparent in important population maintenance attributes). A hazard index (HI)
value greater than 1 indicates that a benchmark intake value may be exceeded, potentially
resulting in an adverse impact on the ecological receptor population.

For the six key receptors evaluated, HI values range from 0.001 to 16 fo - radioactive
contaminants. The potentially impacted receptors (HI > 1) are the Pocket mouse, jack
rabbit, loggerhead shrike, and burrowing owl. This assessment indicates that these
receptors could be adversely impacted by near surface soil contaminants on the operable
unit if exposure to these soils is allowed to occur. Uncertainty associated with the results
of the ecological assessment are extremely high because of the limited number of exposure
pathways evaluated, and the conservative assumptions made in the evaluation of the food
chain pathway.

V
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Figure 2-1. Hanford Site Map.
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Figure 2-8a. 200-BP-1 Operable Unit Map
Cross Section Locations.

-! 2F-%_



DOE,.'PL-93-_-,."_ P_v.._ 0

Explanation of Symbols

'.:-,-:r S;:e E,::" e. ,n_;ca_es
F:.2_r_nirq,]nt ,'._r]i '_ -.SiZe T,, ,3n ir_erzo

? "= 'C:'v_., and silt

S _ r_S ._b,:r d

i j p Peboie rl, rcvet

t. : '.,'E C/"@ C,q:.c:le or'd t:.oulder gravel

/_ddit:.n: L:"'cl::]:.:: :..,'._coi_
.- , . .

DeLbqgEeqtS L,'- :.:rC:"'"te !-,:-_,--.q:es

.,,-,,,,, -it-r;ch

.. c ]r;:3'_

.'. " • T;.D!J

'.. " " c ..,5,] it

O ?:trier "-,,mE,:is

:, > F.t)rmq.tionol cont,:.r:t. "7 where :nferrecl

_'_ ' rccn."ir'ed A/cter Toc.!e _dul'..v-A_g Ig9')

]tratigra:,nic Abbreviat..cns

H_In ,- Undifferentlcte] Ho'_forrJ _ormction
Hug - UDDer gr]ve_ sequence. Hanford formction
HS -- 2dn_7 Sequepce, "_onford formoti_r,
_:q - L " w_r <;r,a'.ze_:esven':.e, Noqfor'l _orm_tion
F.'.I - £ _:pi,ant Ll,:uqt.Zn _Z.s..gt
_i - P]tt!esnake _;:Jge tnterC,eo
e - Pomon,] Bas,alt

S,::u r c e -4',c f *_-r c;..... t ] . : :) c)2.

".,4c,p._:_c.:,:_0".,-:'255: ;. 22 0_ 2o:'.:

"0
Ntgure 9--8b. Explanation of Symbols
Used in Geologic Cross-Secttons.

2 s-_ ,gb

II ....... I,



A
NORTH

Feet
(AMSL)

-650

.600

699-55-55* 699-53-55A,B,C 699-52-54"

-550
Hug

Hug
-500 =.. --'"

.450 :':."'

_ _O

_ A._" Elephant Mo,
Basalt I

-350 :-I ..,. -,- __,. HI(j _ Rattlesnake Ric
._ .v _/ Interbed

-300

_-- -" Pomona Boe
-250

-200

Grain Size Scale
(indicates dominant lithoioay)

SP
I I I I

c/z C/B

J

Source: Modified from Hoffman et al. 1992. Note: • mecns well installed as part of the 200-_

ii , lr,



.ZOE,"-_L-}Z-}5. Re,,' 0

m

SOUTH

- 300

----?
lt

- 250

- 200

Horzontal Dimension Not to Scale
1 m = 3.28 ft

P-1 RI.

\WORK\9031216\42558 6-22-93 20:15

Figure 2-9. Cross Section A-A'.

_F-9



DOE/RL-93-35, Rev. 0

IF,._.,,I
I I I I i i i I i I I I I t

I ,_ 0 ,._ 0 ur) 0 ,._ 0 ,.0 0 _0 0 ,.0 0
I'_ 1.0 _ 0 i_ _ _ 0 I'_ i.0 ('xi 0 r-,. _ 0

i 2F-lO



DOE/RL-95-55, Rev. 0

i 2F-tl



DOE,/RL-95-35, Rev. 0

2F-I "_



DOE/RL-95-55, Rev. 0



DOE/RL-93-35, Rev.0

I I I I I I_1
0 0 0 0 0 0 0

1=1'qlde(]

v

2F-14

...... . ,



DOE/RL-93-35, Rev. 0

3.0 REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS

Remedial action objectives (RAOs) for the feasibility study are developed in this
chapter. They provide the foundation for the FS, and the basis for identification and
screening of remedial technologies presented in Chapter 4. Remedial action objectives are

operable unit-specific goals for protecting human health and the environment. For the
200-BP-1 soils operable unit, RAOs are based on the findings of the Phase IRI and on the
statutory requirements of CERCLA, the NCP and the Tri-Party Agreement. The
development of RAOs is founded on the baseline risk assessment and chemical-specific
ARARs, and are specific for the contaminants of concern and exposure pathways identified
for the site. Using this information, allowable exposures for each contaminant (or group of
contaminants) and for each pathway are defined in Section 3.1. RAOs are then formulated
in Section 3.2, specifying the goals for protecting human health and the environment based
on allowable exposures. General response actions (GRAs) are formulated to satisfy the
RAOs in Section 3.3. Finally, the areas and volumes of contaminated soils to be impacted
by each GILA are estimated in Section 3.4.

3.1 ACCEPTABLE EXPOSURE

As specified in the NCP in 40 CFR 300.430 (e)(2)(i), remediation goals for the
21X)-BP-1 operable unit are based on establishing acceptable exposure levels that are
protective of human health and the environment by considering chemical-specific and
location-specific ARARs and risk-based exposure concentrations.

The NCP states that acceptable exposure levels will be based on ARARs, where they
are available and are sufficiently protective. For known or suspected carcinogens where
ARARs are not available, acceptable exposure levels are concentration levels that represent
an excess upper bound lifetime cancer risk to an individual of between 10.4 and 10"_. The
10.6 risk level is to be used as the point of departure for determining remediation goals for
alternatives when ARARs are not available or are not sufficiently protective, because of
multiple contaminants or multiple pathways of exposure. The NCP specifies that in cases
involving multiple contaminants or pathways, where attainment of chemical-specific ARARs
will result in cumulative cancer risk in excess of 10-4, the cleanup level should be
established using risk-based criteria.

Potential chemical-specific, location-specific and action-specific ARARs are discussed
in Section 3.1.1. Acceptable risk-based exposure concentrations are discussed in Section
3.1.2.

3.1.1 Potential Applicable or Relevant and Appropriate Requirements

This section consists of a review of potential federal and state applicable or relevant
and appropriate requirements (ARARs) which may be pertinent to the remedial actions
which are considered in the FS. Identification and refinement of ARARs is an ongoing
process which occurs throughout ali phases of the RIFFS. The review of ARARs included
herein is an update of the preliminary ARAR identification which was presented in the
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Phase I RI. The ARAR development process is based on CERCLA guidance (EPA 1988a and
EPA 1988b).

Section 121 (d) of CERCLA, as amended establishes cleanup standards for remedial
actions. This section requires in part that, any applicable or relevant and appropriate
standard, requirement, criteria or limitation under any federal environmental law, or any
more stringent state requirement promulgated pursuant to a state environmental statute, be
met for any hazardous substance, pollutant, or contaminant remaining on-site.

A requirement for Superfund compliance at a hazardous substance cleanup site may
be either "applicable" or "relevant and appropriate", but not both. Identification of ARARs
must be done on a site-specific basis and involves a two-part analysis: first, a determination
is made whether a given requirement is applicable; then if it is not applicable, a
determination is made whether it is nevertheless both relevant an....ddappropriate. The EPA
guidance also includes To-Be-Considered (TBC) materials which are advisories and non-
promulgated guidance issued by federal or state governments that are non-statutory
requirements evaluated along with ARARs as part of the risk assessment used to establish
protective cleanup limits.

The EPA may waive ARARs and select a remedial action that does not attain the
same level of cleanup as identified by ARARs. Section 121 (d)(4) of CERCLA identifies six
circumstances where EPA may waive ARARs for on-site remedial actions. The six
circumstances are:

• The remedial action selected is only a part of a total remedial action
(such as an interim action) and the final remedy will attain the ARAR
upon its completion.

• Compliance with the ARAR will result in a greater risk to human
health and the environment than alternative options.

• Compliance with the ARAR is technically impracticable from an
engineering perspective.

• An alternative remedial action will attain an equivalent standard of
performance through the use of another method or approach.

• The ARAR is a state requirement that the state has not consistently
applied (or demonstrated the intent to apply consistently) in similar
circumstances.

• In the case of Section 104, Superfund-financed remedial actions,
compliance with the ARAR will not provide a balance between
protecting human health and the environment and the availability of
Superfund money for response at other facilities.

The different types of requirements that CERCLA actions may have to comply with
are identified as chemical-specific, location-specific and action-specific ARARS. The
following definitions are excerpts from EPA guidance in CERCLA Compliance with Other
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Laws Manual: Interim Final (EPA 1988b). However, some requirements may not fall neatly
into the classification system.

Chemical-specific requirements are usually health- or risk-based numerical values or
methodologies which, when applied to site-specific conditions, result in the
establishment of numerical values. These numbers establish the acceptable amount
or concentration of a chemical that can be found in, or discharged to the ambient
environment.

Location-specific requirements are restrictions placed on the concentration of
hazardous substances or the conduct of activities because they occur in special or
sensitive locations or environments.

Action-specific reouirements are those that place either technology-based or activity-
based requirements on remedial actions at CERCLA sites.

Federal and state regulations along with other guidance were evaluated as potential
ARARs and TBC materials. The laws and regulations evaluated a potentially applicable or
relevant and appropriate requirements for the 200-BP-1 operable unit are summarized in
Tables 3-1 and 3-2. Significant requirements are discussed in the following sections.

3.1.1.1 Chemical-Specific ARARs. Chemical-specific ARARs may be federal, state
regulations and other guidance that identify acceptable health or risk based contaminant
levels for different media known to be contaminated.

3.1.1.1.1 Federal Chemical-Specific ARARs. Federal chemical-specific
requirements, criteria, or guidance for the contaminants of concern at the 2D0-BP-1 operable
unit are listed in Table 3-1. Regulatory limits for contaminants of concern, established by
these regulations are presented in Table 3-3.

National Primary Drinking Water Regulations. The National Primary Drinking
Water Regulations (40 CFR 141) promulgated under the Safe Drinking Water Act (SDWA)
establish maximum contaminant level goals (MCLGs) and maximum contaminant levels
(MCLs) for community drinking water systems. MCLs and MCLGs have been established
for a large number of both non-radioactive contaminants and radionuclides. Because there
are no drinking water systems affected by the 200-BP-1 operable unit, the regulations are
not applicable. However, the regulations would be relevant and appropriate requirements
to the 200-BP-1 operable unit if affected portions of the Hanford Site converts to other land
uses, and the groundwater in the area is considered a potential source of drinking water.
Section 300.430 (e)(2)(i)(B) of the NCP states that remedial actions for ground or surface
water that are current or potential sources of drinking water shall attain standards
established under the SDWA, where the MCL or MCLG is relevant and appropriate to the
circumstances of the release. Although groundwater affected by the 200-BP-1 operable unit
is not currently used for drinking, it could be used in the future if the site is released from
institutional controls. There is also potential for discharge of contaminated groundwater to
the Columbia River which is used for drinking water. Remedial alternatives for the
200-BP-1 cribs and contaminated soils need to evaluate actions to prevent migration of
contaminants from soils to groundwater at concentrations that cause the groundwater to
exceed MCLGs and MCLs. Drinking water MCLGs and MCLs for radionuclide
contaminants of concern are listed in Table 3-3. Nitrate was reported in the Phase I RI as

rl
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the only non-radioactive contaminant of concern 03OE-RL 1993). The MCL and MCLG for
nitrate are both set at 45 mg/1.

National Secondary Drinking Water Regulations. The National Secondary
Drinking Water Regulations control contaminants in drinking water that primarily affect
aesthetic qualities of the water that relate to public acceptance. These regulations are not
applicable nor relevant and appropriate to the 200-BP-1 operable unit since they are not
federally enforceable. However, under Washington State regulations (173-340-720(2)(9)(ii))
they are a potential ARAR because State regulations specify secondary maximum
contaminant levels (SMCLs) as enforceable standards. Secondary maximum contaminant
levels have not been established for operable unit contaminants of concern.

National Emission Standards for Hazardous Air Pollutants. EPA standards for

radionuclides from facilities owned and operated by DOE under 40 CFR 61.90, National
Emission Standards for Hazardous Air Pollutants are potentially applicable since
radionuclides are present in operable unit soils and there is potential for airborne release.

Environmental Radiation Protection Standards for the Management and Disposal

of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Waste. A performance
standard of 1,000 years is currently required in the Enviro.qmental Radiation Protection
Standards for the Management and Disposal of Spent Nuclear Fuel, High-Level, and
Transuranic Radioactive Waste (40 CFR 191). Groundwater protection standards
established under the regulation specify that disposal systems provide a reasonable
expectation that for 1,000 years after disposal, the system shall not cause the radionuclide
concentrations averaged over any portion of a special source of groundwater to exceed the
levels presented in Table 3-3. However, the proposed rule published on February 10, 1993
(58 FR 7924) proposes that disposal systems shall be designed so that for 10,000 yr of
undisturbed performance after disposal shall not cause the levels of radioactivity to exceed
the limits specified in 40 CFR 141, as they exist on the date the implementing agency
determines compliance. Under the proposed rule, disposal methods would be required to
limit radiation exposure to an individual to no more than 15 mrems per year.

The requirements of 40 CFR 191 are not potentially applicable requirements to the
200-BP-1 operable unit because the contaminated soils do not meet the definition of waste
subject to the regulation. However, the long-term performance standards of 58 FR 7924 are
potentially relevant and appropriate because of the long-lived radionuclide uranium that
could impact groundwater within the 10,000 year time frame. Vadose zone modeling
indicates that plutonium will not impact groundwater within this time frame. Table 3-3
summarizes the maximum allowable exposure to members of the public that may result
from activities conducted at these facilities.

Health and Environmental Protection Standards for Uranium and Thorium Mill

Tailings. Requirements of 40 CFR 192, Health and Environmental Protection Standards for
Uranium and Thorium Mill Tailings are potentially relevant and appropriate requirements
to the operable unit since they establish maximum acceptable cleanup levels for Ra-226, 228
and gross alpha radioactivity, which are contaminants of the 200-BP-1 operable unit. The
standard states that remedial actions intended to stabilize the site be designed to be

effective for up to 1,000 years, to an extent reasonably achievable, and in any case, no less
than 200 years. This is a design standard and monitoring after disposal is not required to
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demonstrate compliance. The requirements are not applicable since the facility is not
associated with uranium or thorium milling.

Standards for Protection Against Radiation. The NRC Standards for Protection
Against Radiation found in 10 CFR 20 are relevant and appropriate to the operable unit
since the regulation establishes standards for protection against radiation hazards that may
result from occupational exposure or discharges to air and water. The standard is not
applicable because it only applies to operations licensed by the Nuclear Regulatory
Commission. The concentration limits for radionuclides in airborne and liquid effluent
discharged to unrestricted areas established under the standard are summarized in
Table 3-3.

DOE Order 5400_ Radiation Protection of the Public and Environment. Radiation

protection and radioactive waste management requirements issued under the Atomic
Energy Act are implemented at DOE facilities as DOE orders. Under CERCLA these
standards are TBC for activities conducted at the 200-BP-1 operable unit since they are not
formally promulgated regulations. However, compliance with DOE Orders is required at
Hanford. DOE Order 5400.5, Radiation Protection of the Public and Environment, includes
derived concentration guides (DCGs) for radioactively contaminated liquid discharges to
surface waters, aquifers, soil, and sanitary sewage systems. The order incorporates most of
the same control and cleanup provisions of EPA's 40 CFR 192 and provides factors used to
estimate external and internal doses received from exposure to radiation, as well as
expanded requirements and guidance on environmental monitoring.

The DOE Order applies the "As Low As is Reasonably Achievable" (ALARA) process
to radiation protection. The ALARA process is not a dose-based limit, but a process that
has the objective of reducing exposures as far below applicable limits as practicable, while
taking into account social, economic, technical, practical and public policy considerations.
The ALARA process includes procedures for evaluating alternative operations and other
factors to reduce radiation exposures.

Radiological protection requirements are established for residual radioactive material
and cleanup of residual materials. The basic public dose limit is 100 mrem effective dose
equivalent per year in excess of natural occurring background. Additional guidelines for
residual radioactive material in soils for radium and thorium are set at the levels issued

under 40 CFR 192. Airborne radon decay product levels within habitable structures are set
at 0.002 Working Levels, the same as promulgated under 40 CFR 192. The level of gamma
radiation in any habitable structure shall not exceed 20 uR/h above background and
residual concentrations of radionuclides in air and water are set at the DCGs or as required
by applicable state and federal law. Long-term management guidelines for uranium,
thorium and their decay products include:

• Control and stabilization features designed to provide to the extent
possible an effective life of 1,000 yr, but no less than 200 yr.

• Rn-222 emanation limited to less than 20 pCi/m2/s and prevent
increase in Rn-22 concentrations at any point at or outside the
boundary by more than 0.5 pCi/l.



DOE/RL-93-35, Rev. 0

• Groundwater protection in accordance with legally applicable federal
and state standards

DOE Order 5400.5 identifies circumstances where supplemental limits or exceptions
to the standards may be implemented. Situations identified by DOE that may warrant use

of a supplemental standard include situations where remedial action would pose a clear
and present risk to workers or members of the public using reasonable measures to reduce
or avoid the risk. Supplemental standards may also be issued where the costs for remedial
actions for contaminated soils is unreasonably high relative to the long-term benefits and
where residual material does not pose a clear present risk after taking necessary control

measures. The likelihood that persons will not erect buildings or spend long periods on
the property should be evaluated in considering the site risk.

The DOE published proposed rule, Radiation Protection of the Public and the
Environment (10 CFR 834), in the March 23, 1993 Federal Register (58 FR 16268), which

promulgates the standards presently found in DOE Order 5400.5. The proposed rule
retains the substantive portions of the DOE Order and differs from the existing Order in
format, enhanced emphasis on the ALARA process, and changes the usage of DCGs. The
proposed rule identifies DCGs not as "acceptable" discharge limits, but to be used as
reference values for estimating potential dose and determining compliance with the

requirements of the proposed rule. Where residual radioactive materials remain, the
proposed rule states that various disposal modes should address impacts beyond the 1,000
year time period identified in the existing DOE Order.

3.1.1.1.2 State of Washington Chemical-Specific ARARs. CERCLA 121(d) requires
that, in addition to satisfying Federal ARARs, any state standard, requirement, criterion, or
limitation that is more stringent must also be met. State requirements must be legally
enforceable regulations or statutes, identified in a timely manner, and be of general
applicability to ali circumstances covered by the requirement. Table 3-2 identifies
preliminary chemical-specific Washington State ARARs for the 200-BP-1 operable unit.
Tables 3-3 and 3-4 present regulatory limits for operable unit contaminants of concern.

Model Toxics Control Act Cleanup Regulation. Regulations under Chapter 173-340

WAC, which implement requirements of the Model Toxics Control Act (MTCA) are
potentially applicable to the 200-BP-1 operable unit. These regulations establish
administrative processes and standards to identify, investigate and cleanup facilities where
hazardous substances have been released. The state regulations have the potential to be
stricter than federal standards. For example, MTCA specifies secondary drinking water
MCLs as applicable requirements. Secondary MCLs are nonenforceable standards under 40
CFR 143 and are based on non-human health-based goals relating to qualities of taste and
odor.

The MTCA regulations establish three basic methods for determining cleanup levels
for soils, as set forth in WAC 173-340-700. These include Method A - Tables, Method B -
standard method, and Method C - Conditional method. The MTCA regulations specify
procedures for establishing levels that are protective of human health and the environment
based on reasonable maximum exposure assuming either a residential site use (WAC 173-
340-740) or industrial site use (WAC 173-340-745). Section 740 establishes standards under

ali three methods and Section 745 uses only Methods A and C.

3-6
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Method A is generally used for routine cleanups with relatively few contaminants.
Standards for Method A cleanups are established based on other federal or state ARARs,
including those developed:

• at a 10-6 risk-level, based on residential site use in WAC 173-340-740,

• at a 10"5 risk level, based on industrial site use in WAC 173-340-745,

• based on natural background concentrations, or

• based on practical quantification limits (PQLs).

Since the cleanup at the 200-BP-1 operable unit cannot be considered routine and
most of the contaminants are not included in _ables 1 or 3, Method A cleanup standards

are not appropriate for use.

Method B is the standard method for determining cleanup levels and assumes a
residential site use. Method B levels for soil are determined using federal or state ARARs

or are based on risk equations specified in WAC 173-340-740. For individual carcinogens,
the cleanup levels are based on the ,lpper bound of the excess lifetime canc__r risk of one in
one million (1 x 10"6). Total excess cancer risk under Method B for multiple substances and
pathways cannot exceed one in one hundred thousand (1 x 10"5). Residential use of the
200-BP-1 operable unit is not a likely scenario either currently or in the future; therefore,
Method B is not considered to be an appropriate requirement. Method B soil clean up
levels for radieactive contaminants of concern are, however, shown in Table 3-3 for

comparison purposes. Method B clean up level for nitrate is set at 1.28 x 105 mg/kg.

Method C industrial cleanup levels are appropriate for use at the 200-BP-1 operable
unit. Method C cleanup levels are used where: Method A or B cleanup levels are below
area background concentrations; cleanup to Method A or B levels has the potential for
creating greater overall threat to human health and the environment than Method C;
cleanup to Method A or B is not technically possible; or the site meets the definition of an
industrial site. Method C cleanups must comply with other federal or state ARARs, must

| use ali practical levels of treatment and must incorporate institutional controls as specified
- in WAC 173-340-740. Risk-based equations for Meth_ d C cleanup levels for soil are

specified in WAC 173-340-74(3 ior residential and WAC 173-340-745 for industrial exposure

assumptions. Total ex-.ess cancer risk for Method C cannot exceed 1 in one hundred
thousand (1 x 10"5). Method C industrial cleanup levels are most appropriate for use at the
200-BP-1 operable unit based on current and projected future land use. An industrial land
use with institutional controls is currently planned for the 200 Areas, which also includes a
buffer zone (HFSUWG 1992). Method C soil clean up levels for radionuclides are shown in
Table 3-3. The Method C soil clean-up level for nitrate is 5.12 x 105 mg/kg.

I All three MI'CA methods for determining cleanup levels require minimum

compliance with other federal or state ARARs, and consideration of cross-media
contamination. For example, soil cleanup standards may be based on protection of

groundwater. The regulations specify soil cleanup to levels equal to or less than one
hundred times the groundwater cleanup levels established in accordance with WAC 173-

340-720, unless it can be demonstrated that a higher soil concentration is protective of
groundwater at the site. Vadose zone fate and transport modeling has been used at the

3-7
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200-BP-1 operable unit to determine the potential of hazardous substances in the soil to
impact groundwater, rather than the arbitrary 100 times the groundwater cleanup level.
Groundwater cleanup levels based on WAC 173-340-720 Methods B and C for radionuclides
are included in Table 3-3 for comparison with the results of the vadose zone fate and

transport modeling. Method B and C cleanup levels for nitrate are 26 mg/l and 45 mg/1,
respectively.

The point of compliance for soil cleanup based on protection of groundwater and
for cleanup levels based on human exposure via direct contact are defined under MTCA.
The point of compliance is defined as the point or points throughout the site where
cleanup levels are established in accordance with the cleanup requirements for

groundwater and soil specified in Sections 173-340-720 through 750. The point of
compliance for soil cleanup levels based on the protection of groundwater are to be
achieved in ali soils throughout the site. For soil cleanup levels based on human exposure
via direct contact, soil cleanup levels are established for the upper fifteen feet, from the
ground surface to fifteen feet. These depths represent the extent that could be excavated
or disturbed as a result of site development. For alternatives that involve containment of
hazardous substances, cleanup levels typically will not meet points of compliance
established for groundwater protection or human exposure via direct contact. In these
case., compliance monitoring and other requirements identified in 173-340-360 (8) may be
required to ensure long term integrity of the containment system.

Department of Health Radiation Protection Standards. Radiation Protection
Standards were developed pursuant to the Atomic Energy Act of 1954, as amended. The
standards set maximum allowable annual radiation doses in restricted and unrestricted
areas, set maximum dose levels that minors may receive in restricted areas and establish

acceptable concentration limits in effluent released to unrestricted _reas. Radiation
protection standards contained in Chapters 220 through 255 of WAC 246 are not specifically
applicable to the operable unit, however, they are relevant and appropriate because they
address similar contaminants and establish standards for acceptable levels of exposure.

3.1.1.2 Location-Specific ARARs. Location-specific ARARs at the 200-BP-1 operable unit
are restrictions placed on the concentration of hazardous substances or the conduct of
activities at the site based solely on site characteristics of the 200-BP-1 operable unit.

3.1.1.2.1 Federal Location-Specific ARARs. Federal location-specific requirements
that were evaluated are summarized in Table 3-1.

The National Historic Preservation Act. The National Historic Preservation Act of

1966 is not an ARAR since no facilities located in the operable unit are listed or considered
for inclusion on the National Register of Historic Places.

The Archeological and Historic Preservation Act. The Archeological and Historic
Preservation Act is also not currently an ARAR since no archaeologic or historic sites have
been identified at the operable unit. This act is similar to the National Historic Preservation
Act but differs in that it mandates only protection of historic or archaeologic data and not
the actual archaeologic or historical site.
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The Endangered Species Act. The Endangered Species Act of 1973 is not an ARAR

since no endangered or threatened species or habitat was identified in the operable unitduring ecological surveys of the Hanford Site.

Fish and Wildlife Coordination Act. Requirements under the Fish and Wildlife
Coordination Acts are not an ARAR to remedial actions at the site since remedial actions

are not expected to involve loss of habitat.

The Wild and Scenic River Act. The Wild and Scenic River Act is not an ARAR

since the Columbia River is not currently included in the national system of wild and
scenic rivers. The Columbia River has been nominated for inclusion on the list and

remedial alternatives proposed for the site should consider migration of contaminants from
soils to groundwater and potential impacts to the river. This will be reevaluated as a
potential ARAR in the 200 Area Aggregate Management Study for groundwater.

3.1.1.2.2 State Location-Specific ARARs. State of Washington Department of
Game procedures for compliance with the Washington State Environmental Policy Act are
not an ARAR since threatened, endangered or sensitive wildlife or habitat have not been
identified at the operable unit. The act requires that management plans be developed if
threatened, endangered, or sensitive wildlife or habitat are affected by remedial actions at
the site.

3.1.1.3 Action Specific ARARs. Action-Specific ARARs are presented in Tables 3-1 and 3-2
and will be refined once general response actions have been formulated and alternative
formulation and screening have been completed. This will allow the ARARs to be
identified in an effective and efficient manner. Action-specific ARARs are presented and
evaluated with the detailed analysis of alternatives in Chapter 6.

3.1.2 Acceptable Risk-Based Exposure Concentrations

3.1.2.1 Present Exposure Conditions. Under present conditions ali of the contaminants of
concern in the soils operable unit exist below ground surface from depths of 3 to 230 feet.
As presented in the baseline risk assessment, the total Life Incremental Cancer Risk (LICR)
on the operable unit with the soil cover in place for cribs 216-B-43 through 50 is 4X10"7and
the LICR from crib 216-B-57 is lx10 "7. These levels are below MCLs and MTCA standards

for the contaminants, taken individually and in combination, and are below ali other ARAR
limits identified in Section 3.1.1 above. Under current conditions, there are no exposure
pathways for any of the contaminants of concern that exceed a 1 x 10.6 risk based allowable
exposure level based on LICR.

Vadose zone transport of contaminants was discussed in Chapter 5 of the Phase I
RI report (DOE-RL, 1993). To achieve source control for the soils operable unit, the
contaminants that are reaching groundwater above ARARs or risk-based concentrations are
contaminants of concern. Under present conditions, contaminants currently reaching
groundwater beneath the operable unit at, or near, these concentrations include
technetium-99 and nitrate.

The highest concentrations of technetium-99 measured beneath the operable unit
correspond to a LICR of I x 10"5,a level that is below the MCL for technetium-99 but is

3-9
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above the State MTCA level for a single radionuclide contaminant. The risk level is,
however, within the middle of the range (1 x 10-4 to 1 x 10.6) acceptable risk promulgated
by the NCP as being protective of human health and the environment. The State MTCA
not withstanding, a case can be made that the existing I x 10.5 risk level represents an
allowable exposure level.

The concentration of nitrate (NO3) beneath the operable unit is above the MCL.
However, there are significant concentrations of nitrate up-gradient from the operable unit.
The net addition of nitrate to the groundwater from the operable unit as presented in the
Phase I RI is 10-20 ug/l, an incremental addition from the operable unit that is below the
MCL for nitrate and represents an acceptable exposure from the operable unit.

3.1.2.2 Future Exposure Conditions. Future land use on the operable unit through the
year 2117 will be limited to industrial land use only. No residential, recreational, or
agricultural uses will be permitted within this time frame. Land use beyond the year 2118
is assumed to remain the same, based on the current policy of using the 200 Areas as
pezTnanently controlled waste storage and disposal facilities and on the recommendations
from the Hanford Site Future Uses Working Group (HFSUWG 1992).

The baseline risk assessment includes one future exposure scenario that poses
lifetime incremental cancer risk in excess of 10.6. This is a future industrial scenario, with
clean cover soils removed and workers exposed to near surface contaminated soils and the
infiltration gravels and underlying highly contaminated soils. The pathway that poses the
greatest excess HSk is external exposure to radionuclides, with ingestion of contaminated
soils being less significant. The risk associated with external exposure is > 10"2,due almost
entirely to the high levels of cesium-137. The Hsk associated with the soil ingestion
pathway is about 10.2 for cribs 216-B-43 through -50, and 8x10"5for crib 216-B-57. Cesium-
137 and strontium-90 dominate the Hsk with the soil ingestion pathway. The Hsk levels for
this scenario are summarized in Tables 6-17 through 6-20 of the 200-BP-1 operable unit
Phase IRI report (DOE-RL 1993). The Hsk assessment identifies the risk to human health
and the environment separately for contaminants in cribs 216-B-43 through 50, and in crib
216-B-57. Presented below are the contaminants that exceed the 10.6 point of departure for
soil ingestion and external pathways of exposure under this scenario.

..

Location Cribs 216-B-43 through 50 Crib 216-B-57i,, i i

Near Surface Soils cesium-137 cesium-137
radium-226 radium-226
thorium-228 thorium-228

Infiltration cesium-137 cesium-137

Gravels/Soils radium-226 radium-226
thorium-228 thorium-228
cobalt-60
strontium-90

plutonium-239 & 240
uranium (total)

Future potential exposures from the more slowly migrating contaminants that will
eventually reach groundwater most also be considered. Several of the species will decay
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before reaching the groundwater table under the conditions modeled in the Phase IRI.
These include cesium-137 and strontium-90. Other species are present in too low of
concentrations to pose a risk, or have already reached groundwater (i.e., cobalt-60) in peak
concentrations and have already declined below risk-based concentrations or MCLs.

The long-lived radionuclides that will pose a future exposure in excess of ARARs

and risk-based limits without remedial action include plutonium -239/240, and total
uranium. These species migrate very slowly and are currently concentrated in the 4.6 to 9.2
m (15 to 30 ft) depth range in cribs 216-B-43 through -50. These contaminants do not pose
a risk via the groundwater pathway in crib 216-B-57. The risk assessment conducted for
the Phase IRI calculated risk-based limits at the top of the unconfined aquifer directly
beneath the cribs. Significantly longer periods of time are expected for contaminants to
substantially impact groundwater at the operable unit boundary.

Table 3-4 shows the contaminant concentrations at the 10-6 risk level for the external

and/or ingestion pathways of exposure under the future industrial scenario, and also for
groundwater ingestion for plutonium and uranium.

3.2 REMEDIAL ACTION OBJECTIVES

Remedial objectives establish site remediation goals by taking specific contaminants,
contaminated environmental media, and potential contaminant exposure pathways into
account (40 CFR 300.430(e)(2)(i)). Remedial action objectives focus the development,
screening, and analysis of remedial alternatives to ensure that they are protective of human
health and the environment.

The 200-BP-1 operable unit is a source operable unit, with contaminants contained
in the soil matrix or adsorbed to soil particles. Under current conditions, the risk to human
health and the environment from the source operable unit is below 1 x 10-6 for ali
pathways combined. Unacceptable risk above this level, requiting remedial actions, occurs
under future industrial scenarios for land use at the operable unit.

Groundwater beneath the 200-BP-1 operable unit is included in a separate,
groundwater-operable unit, the 200 East Groundwater Aggregate Area. An assessment of
environmental risk which is posed by the groundwater pathway, and consideration of
remedial objectives aimed at addressing groundwater contamination will be included in the
200 East Groundwater Aggregate Area Study.

The existence of a separate operable unit for groundwater in the 200 East Area leads
to questions regarding the allocation (separation) and potential overlap of remedial action
objectives between the groundwater- and source-operable units. These questions are
related primarily to whether, in spite of the fact that groundwater is not included as a part
of the source-operable unit, remedial action objectives for source-operable units should
address the issue of potential future impacts to groundwater. There is the opportunity, in
the separation of groundwater from the source-operable units, for the establishment of a
framework which allows for the efficient coordination of remedial actions between the

source- and groundwater-operable units in the separations area. This framework is
! described below.
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There are numerous sources of contamination which impact groundwater in the 200
East Area. Impacts from these sources will need to be considered in the remedial plan of
the 200 East Groundwater Aggregate Study. Impacts from these sources can be addressed
in one of the following two ways:

• Groundwater-operable unit studies could include evaluations of
impacts to groundwater for each source-operable unit, with the
ultimate remedial solution for groundwater dependent on the
completion and integration of these individual source studies.

• The concept of source control can be adopted for the 200 East Area
where it is assumed that, by definition, the individual source-operable
unit remedial actions will control source migration to groundwater,
where this is likely to occur at unacceptable concentrations. In this
manner, the remedial objectives of the groundwater-operable unit
RI/FS can be focused on addressing the existing groundwater
contamination only, thereby decoupling the groundwater-operable
unit study from the individual source-operable unit evaluations.

The second of these two alternatives, by eliminating the dependency of the
groundwater study on the source studies, will allow the groundwater-operable unit RIFFS
to proceed more quickly and efficiently because of the more limited and clearly defined
scope. The work which has been performed in this FS, by evaluating the potential for
future contaminant migration to the water table, has been completed in this manner.

Therefore, based on the results of the fate and transport analysis and the baseline
risk assessment completed in the Phase I RI report (DOE-RL 1993), and within the context
of the approach outlined above, recommended remedial action objectives include the
following:

• Limit human receptor exposure to near surface and subsurface
infiltration gravels/soils to maintain receptor risk in the range of
10.4 to 10"s. The results of the risk assessment performed in Chapter
6 of the Phase IRI indicate that, of the various human environmental
exposure scenarios which were evaluated, a cancer risk of 104 is
exceeded only under the future industrial scenario on the operable
unit, and only if near surface soils or infiltration gravels/soils are
exposed, permitting direct contact with the contaminants. As long as
the current clean soil cover is maintained, or subsurface soils are not
disturbed, the risks to human health will remain below a 10.6 cancer
risk level.

• Limit biotic exposures to near surface and subsurface infiltration
gravels/soils. The results of the ecological risk assessment indicate
that biota could be adversely impacted by near surface soil
contaminants on the operable unit if exposure to these soils is
allowed to occur. A remedial action objective of the FS, therefore,
shall be to include measures which limit such exposures. These
measures may largely overlap with and consist of those which will
limit human exposures; however, additional measures may also be
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required to address those pathways which are unique to biota. These
may include exposures due to the activities of burrowing animals or
the systemic uptake by deep rooting plants.

• Limit future impacts to groundwater by taking measures which
minimize infiltration and downward migration of contaminated
vadose zone pore water, such that ARARs are not exceeded or risk-
based concentrations in groundwater remain below the range of 10-4
to 10"s. The 200-BP-1 operable unit is currently impacting
groundwater with Tc-99, nitrate, cobalt-60 and possibly uranium. The
concentration of Tc-99 is about 400 to 700 pCi/L in groundwater
immediately downgradient of the cribs. This concentration is below
the current MCL of 900 pCi/L, and well below the proposed MCL of
3,800 pCi/L. However it is slightly above the MCTA Method C
standard of 350 pCi/L and over an order of magnitude greater than
the MCTA Method B standard of 35 pCi/L. The highest
concentrations beneath the operable unit correspond to the 1 x 10.5
risk level. Nitrate contamination of the aquifer appears to be
contributed from the operable unit by 10 to 20 mg/L over upgradient
groundwater. This is less than the current MCL of 45 mg/L (as NOs),
but contributes to groundwater being above the MCL in much of the
operable unit. Current Co-60 and uranium impacts to the aquifer are
below MCLs and MCTA Method C standards, but exceed MCTA
Method B standards.

In the future, the 200-BP-1 operable unit sources will continue to
impact the underlying aquifer. Impact from Tc-99, nitrate, and Co-60
will decrease with time, with Co-60 decreasing at a relatively rapid
rate due to its short half-life of 5 years. Uranium and plutonium are
expected to significantly impact the aquifer in the distant future.
Uranium could exceed proposed MCLs (30 pCFL) in groundwater in
hundreds to possibly even a thousand years depending on
infiltration rates and other model assumptions. Plutonium is

expected to reach and impact the water table in the tens of thousands
of years at levels above the current MCL of 15 pCi/L and the
proposed MCL of 65 pCFL.

Remedial action objectives for groundwater impact should be
consistent with current groundwater use and address future impacts
within reasonable time frames. Tc-99, nitrate and Co-60 have already
impacted the aquifer in much of the study area and are found at
much higher concentrations downgradient of the operable unit. The
200 East Aggregate Area Groundwater Study will define remedial
action objectives for these plumes and incorporate appropriate
measures for the entire 200 East Area. Source control measures do

not appear warranted for Tc..99, nitrate and Co-60 since their current
impacts from the operable unit are declining with time and are below
MCL standards, although they are above certain MTCA standards.
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Remedial action objectives for uranium and plutonium must consider
the long time frame required for significant impacts from these
contaminants. "_tle appropriate long term performance objectives
should be at least 200 to 1,000 years or more based on 40 CFR 192,
DOE Order 5400.5, and proposed DOE regulations in 10 CFR 384.
Based on these time frames uranium is the only site contaminant for
which remedial measures to limit infiltration and migration rates
need be considered.

• Take into account impacts of the proximity of the 2_I-BY tank farm
on remedial objectives. Remedial alternatives for the 21X)-BP-1
operable unit should not be developed without consideration of the
adjacent 241-BY tank farm. One of the remedial action objectives for
the 200-BP-1 operable unit will be to evaluate remedial alternatives for
any potential impacts to, and consistency with, likely alternatives for
the adjacent tank farm.

3.3 GENERAL RESPONSE ACTIONS

General response actions (GRAs) are broad categories of actions that may be taken
at 200-BP-1 to limit exposure of contaminants to humans, the environment, or groundwater
via ali identified receptor pathways, under future industrial or intrusion scenarios. The
response actions are limited to future scenarios due to the low risk posed by the
contaminants at the operable under present conditions. Actions taken to address future
scenarios include those that must be taken to maintain the current low levels of risk into
the future, before, during and after remediation.

The environmental medium of concern at the 2130-BP-1 operable unit is
contaminated soils, which includes all of the cribs themselves. The piping systems that

conveyed effluent discharges to the cribs can be considered part of the cribs and are
addressed by the GRAs for soils. Groundwater beneath the operable unit will be addressed
in the 200 East Aggregate Area FS. Development of specific actions are based on RAOs to
facilitate the selection of technology types and process options and the formulation of
alternatives that will subsequently be expected to meet the RAOs.

RAOs may be met in several ways. The preferred method is to destroy (degrade)
the contaminants, reducing the concentrations and the associated risks to acceptable levels.

Destroying contaminants is usually the most reliable method of ensuring that contaminants
do not cause further problems at the site following completion of remedial action.
However, contaminants such as radionuclides that are the major contaminants of concern
at the 200-BP-1 operable unit cannot be destroyed. For such contaminants, risk may be
lessened by containment actions that allow the radionuclides to safely decay over time,
away from sensitive receptors, or by treatment actions that reduce the mobility (and hence
the opportunities for exposure) and the volume of the radionuclides, or combinations of
both.

GRAs for soils at the 200-BP-1 operable unit therefore fall into three categories: No
Action/Institutional Actions, Containment Actions, and Excavation/Treatment Actions.
Formulation of No Action/Institutional Controls actions are required under CERCLA
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Guidance and the NCP (EPA 1988). For 200-BP-1, this GRA leads directly to the
formulation of a No Action alternative and an Institutional Controls alternative for the

operable unit. Each of these is introduced and developed in more detail in Chapter 5.
Briefly, No Action assumes that any existing institutional controls are discontinued. This
forms the baseline alternative against which ali of the other alternatives are evaluated. An
Institutional Controls alternative assumes that access and use of the operable unit is
maintained, so that human and environmental exposures can be broadly controlled.
Monitoring of contaminants on the operable unit is also part of this general response
action.

Containment actions are the second category of GRAs. Containment prevents
exposure to human and environmental receptors by preventing contact with contaminants
onsite, and by preventing migration of contaminants offsite. As long as there is no
exposure, there is no risk to human health or the environment. Containment actions for

200-BP-1 include surface barrier systems that keep the contaminants in place and reduce
migration to groundwater, and placement of contaminants in a controlled disposal facility,
such as the Hanford Environmental Restoration Storage and Disposal Facility (ERSDF).

However, because the contaminants still exist within the containment, exposure
could occur if the containment, such as a surface barrier or a landfill liner, were to fail. In

addition, containment is often imperfect. Surface barriers are never 100 percent efficient at
preventing infiltration from entering the soil column, leaving the possibility of migration,
over a long period of time, of radionuclides to groundwater in concentrations that exceed
RAOs. The risk is not completely eliminated by containment actions. The same
possibilities exist for engineered landfill facilities, although in this case the risks F 3sed by
the contaminants are relocated from the operable unit to the ERSDF.

A third category of GRAs includes treatment and disposal actions. Treatment
actions reduce mobility and volume, and secure disposal provides additional containment
of treated contaminants. Both sets of actions reduce risk to receptors. At the 200-BP-1
operable unit, treatment actions can be either in-situ or ex-situ. In-situ actions involve
treating the contaminants and leaving them in place, away from humans and the
environment. Ex-situ actions involve excavation of the contaminants (along with greatly
increased worker exposure risk), followed by treatment to accomplish reduction in mobility
and in volume, followed by disposal. Disposal, however, can either be back into the
excavation, or into the ERSDF, resulting once again in containment of the untreated
contaminants.

Finally, GRAs can lead to the formulation of alternatives based on technologies that
combine elements from ali GRA categories in attempting to meet RAOs. A wide variety of
these alternatives is necessary to provide decision makers with enough information to
select a preferred alternative based on CERCLA Guidance criteria. This process is
presented in Chapters 4, 5, 6, and 7.

In summary, the general response actions that meet the remedial action objectives
include:

• No Action/Institutional Controls

• Containment using a surface barrier

i
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• Excavation followed by containment in a suitable landfill

• In-situ treatment and containment in piace

• Excavation followed by Ex-situ treatment and containment, either in a
suitable landfill or replacing in the excavation

• Combinations of ali of the above.

Table 3-4 contains a summary of the RAO's and applicable GRA's and the

corresponding risk-based contaminant levels and exposure pathways for contaminants of
concern identified for each of the soil zones beneath the operable unit.

3.4 AREAS AND VOLUME OF CONTAMINANTS

Areas and volumes of contaminated media, based on RAOs and GRAs, are required

to provide an overall context for the qualitative evaluations performed in Chapters 4 and 5
(Phases I and II) of the feasibility study, and to provide a basis for the more detailed
evaluations presented in Chapter 6 (Phase III).

3.4.1 Areas of Contaminated Soils

Estimates of ground surface area overlying contaminated soil are needed to evaluate
those remediation technologies that are implemented at the ground surface, such as
construction of surface barriers. The following assumptions have been made to form a
basis for comparison of remedial alternatives:

• A buffer zone of 15 m (50 ft) beyond the edge of the crib at the

ground surface will be adequate to (a) extend over any lateral
contamination, and (b) prevent surface infiltration from contacting
significantly contaminated zones. Wells near the cribs sampled
during the Phase I RI indicate the extent of lateral contamination to
be no more then 50 feet from the cribs (Well 33-40) (DOE-RL, 1993a).

While this assumption may be revised as detailed evaluation of
alternatives proceeds, it provides a basis for comparison of competing
barrier alternatives. Additional data or modeling may be required to

support detailed design following selection of a preferred alternative
and issuance of a ROD.

• Crib 216-B-61 will not be remediated. This crib never received waste,

and soil testing did not indicate any contamination.

• The underground piping system leading to ali cribs, including those
pipes leading to 216-8-61, will be remediated. The piping system is
shown schematically on Figure 2F-2. The extent of contamination in

the piping system is unknown; however, the system is not a primary
consideration in development of remedial alternatives. Formulation
of alternatives will include remediation of the piping system that will _.-
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meet RAOs while resulting in minimal increases in worker risk,
equipment contamination, and associated costs (see Chapter 6).
While the crib 216-B-61 was never used, operation of valves may have
allowed effluent to travel to the point just before entering the crib.

• Contaminated soil from unplanned releases have been consolidated
over the 200-BP-1 cribs and are included in the volume/area estimates
for the cribs.

• Contamination from adjacent operable units is not considered. To
the extent practical, remediation activities stop at the boundary of the
200-BP-1 operable unit.

• The flush tank at the south end of the area of cribs 216-B-43 through
216-B-50 is treated as a crib for remediation purposes.

Using these assumptions, the surface area requiting remediation is approximately
15.000 mz (162,000 ftz) for cribs 216-B-43 through 216-B-50 and 7,000 mz (76,000 ft"z)for crib
216-B-57. The total for both areas is approximately 22,000 mz (238,000 ftz).

3.4.2 Volumes of Contaminated Soils

Estimates of the volume of contaminated soil are needed to evaluate remedial
alternatives such as in-situ stabilization and those treatment processes which involve
excavation. Based on available data on the extent of contamination, a conservative set of

assumptions has been developed to provide a basis for comparison of remedial alternatives.
The previously estimated surface areas were modified using a 6 m (20 ft) buffer zone and
multiplied by the depth of contamination to provide the volume estimates. With this

approach, the assumptions previously listed apply to the volume estimate as weil. In
addition, the following assumptions have been made:

• Technetium-99 is not considered in defining the volume of
contaminated soil. Because of its high mobility, this radionuclide has
already reached groundwater, whereas the other contaminants of
concern have traveled significantly shorter distances. The risk level

associated with the highest measured concentrations below the
operable unit is 1 x 10"_,below the MCL and within the range of
acceptable risk supported by CERCLA guidance, but above the MTCA
ARAR standard. Due to its mobility, the majority of the mass of
technetium-99 has already reached groundwater and future vadose
zone migration will result in declining concentrations and risk levels
in the unconfined aquifer. Volume estimates for potentially feasible
alternatives for remediating technetium-99 generally depend on
details of the particular technology, and will be developed in the
detailed evaluation of alternatives, if appropriate.

• Zones contaminated by nitrate are also not included in the volume
estimate. Additional contribution of nitrate to the unconfined aquifer

V
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beneath the operable unit is about 10 to 20 mg/L, below the MCL and
ARARs, and future impact should be declining.

• A 6 m (20 ft) buffer zone around the crib areas is assumed, measured

from the edge of the cribs at the ground surface. For excavation
alternatives, it is not necessary to prevent lateral migration of
infilitration following remediation. Therefore, a 6 m (20 ft) buffer
(rather than a 15 m [50 ft] buffer used for the barrier alternatives) is
used to account for uncertainty regarding the lateral distribution of
contaminants. The 15 m (50 ft) buffer zone also provides a uniform
basis for comparison of competing excavation and treatment
alternatives. This assumption results in an area of contamination of
approximately 11,500 m2 (124,200 ft2) for cribs 216-B-43 through -50
and about 4,100 mz (44,200 ft2) for crib 216-B-57. The total for both
areas is about 15,600 m2 (168,400 ft2).

° The depth of significant contamination requiring remediation for
most radionuclides of concern is assumed to be 15 m (50 ft) for the

purpose of providing a basis for detailed analysis. Although
contaminants of concern were detected to depths of 72 m (236 ft) the
majority of radionuclide concentrations were found at depths of 4.6
to 9.1 m (15 to 30 ft) below ground surface. The 15 m (50 ft)

assumption should be adequately conservative for cesium-137,
strontium-90 and other relatively immobile radionuclides. However,

the fate and transport modeling for uranium indicates that with an
infiltration rate of 1 cm/yr, the depth of contamination requiring
remediation to prevent exceedance of MCLs in groundwater is
greater than 46 m (150 ft) in cribs 216-B-43 through -50. (Uranium is
not a problem from the groundwater pathway at crib 216-B-57.)
Because excavation to such depths would be extremely difficult, 15 m
(50 ft) depth is used for volume estimation to provide a basis for
evaluation of alternatives. Volume estimates for remediating uranium

will be developed in the detailed analysis of alternatives, if
appropriate.

Using these assumptions, the volume of contaminated soil beneath the area of cribs
216-B-43 through 216-B-50 and crib 216-B-57 is about 238,000 m3 (312,000 yd3). Of this, the
upper 3 m (10 ft) above the infiltration gravels has a volume of 47,000 m_(62,000 yd3), and
the soil from the 3-15 m (10-50 ft) depth has a volume of 191,000 m 3 (250,000 yd3). These
estimates do not include additional, non-contaminated soil which may need to removed for

some technologies, for example, during excavation to provide stable slopes. Such
additional volumes will be estimated during detailed analysis of the pertinent alternatives.
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Table 3-3. Preliminary Chemical-Specific ARARS for the 200-BP-1 Operable Unit Contaminants of Concern.
(Sheet 3 of 3)

DOSE RELATED STANDARDS FOR RADIONUCLIDES

Environmental Standards for the Uranium Fuel Cycle 40 CFR 190

The annual dose equivalent is not to exceed
25 mrems/yr to whole body

75 mrems/yr to thyroid
25 mrems/yr to any other organ

Environmental Radiation Protection Standards for Management and Disposal of Spent Nuclear Fuel
High-Level and Transuranic Radioactive Wastes 40 CFR 191

Subpart A - Facilities regulated by the commission are not to exceed standards set by 40 CFR 190.
Facilities not regulated by the Commission shall provide reasonable assure that the combined annual
dose to the public resulting from discharges shall not exceed

25 mrems/yr to whole body
75 mrems/yr to any critical organ

Alternative standards may be established that prevent any member of the public from receiving
continuous exposure of more than 100 mrems/yr and an infrequent exposure of 500 mrems/yr from ali
sources.

Subpart B - Environmental Standards for Disposal sets groundwater protection levels at

Radium-226/228 at 5 pCV1
Alpha emitters at 15 pCM, including Ra-226/228, excluding Radon
Combined concentrations of beta or gamma emitters shall not produce an annual dose equivalent

to whole body or any internal organ greater than 4 ,,nrern/yr if an individual consumed 2 l/day
from the groundwater source

National Emission Standards for Hazardous Air Pollutants 40 CFR 61

Subpart I - National Emission Standards for Radionuclide Emissions from Facilities Licensed
by the Nuclear Regulatory Agency and Federal Facilities not Covered by Subpart H

Emission of radionuclides, including iodine, to the ambient air from a facility regulated under this
subpart shall not exceed those amounts which cause any member of the public to receive in any year
an effective dose equivalent of 10 mrem/yr
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Table 3-5. Soil and Groundwater Concentrations at the 10.6 Risk Level for

the 200-BP-1 Operable Unit =.

Contaminant Soil Ingestion External Exposure Groundwater
(pCi/g) (pCi/g) Ingestion (pCi/l)

Cesium-137 b 244.6 0.24 NA

Cobalt-60 456.7 0.055 NA

Plu ton iu m-239/240 29.8/29.8 27,647/17,407 --/0.87

Radium-226 b 57.1 0.078 NA

Strontium-90 b 190.3 NA NA

Thorium-228 b 124.5 0.084 NA

Uranium (total) b 244.6 13.1 7.1

aAssumes industrial exposure on the operable unit with contaminated soils exposed.
bIncludes daughter products.
NA = Not Applicable.

,,

3T-5



DOE/T<L-93-35,Rev. 0

4.0 IDENTIFICATION AND SCREENING OF REMEDIAL
TECHNOLOGIES AND PROCESS OPTIONS

In this chapter, technologies are identified that are potentially applicable for
remediating contaminated soils at the 200-BP-1 operable unit. A comprehensive list of
technologies and process options that are potentially applicable to this operable unit was
developed to cover ali of the applicable general response actions. The list of technologies
was then screened to develop a refined list of potentially feasible technologies that can then
be used to develop remediation alternatives for this operable unit. Wastewater treatment
technologies are also included in the screening, although they would only be ancillary to
other technologies that produce wastewater requiring treatment. These remediation
technologies were screened using the following criteria (EPA 1988):

• Effectiveness - The potential effectiveness of the technology to 1)
address site-specific conditions, including applicability to the media and
contaminants of concern for this operable unit, 2) meet remedial action
objectives, 3) minimize human health and environmental impacts during
implementation, and 4) provide proven and reliable remediation under
site-specific conditions.

• Implementability - The technical and administrative feasibility of
implementing a technology at the site. Technical implementability is
used to screen technologies or process options that are clearly ineffective
or unworkable at the site. Administrative implementability is used to
screen based on considerations that include the ability to obtain permits
and the availability of workers, equipment, power, disposal services, and
supplies.

• Cost - The relative capital costs and the operation and maintenance
costs are evaluated for each technology. Cost plays a limited role in the
screening of technologies and process options. Cost analysis is made on
the basis of engineering judgement on a relative scale of high, medium,
or low. At the screening stage, cost is used to reject a technology only if
another technology is retained within the same general response action
that is at least as effective in meeting remedial action objectives and has
a lower cost. Costs are expected to vary more between technologies in
different GRA categories than within a category.

The technologies and process options were screened against the criteria in the priority
order listed above using the "fatal flaw" approach. This approach was adopted for

efficiency, and is based on ranking the criteria in order of importance, as listed above. The
ranking is in turn based on CERCLA Guidance (EPA 1988). Once a technology is rejected,
based on effectiveness, it is not further evaluated based on implementability or cost.
Similarly, if a technology is effective, but not implementable, the technology ,is rejected;
evaluation of cost is not undertaken. For example, a technology that is ineffective for site
contaminants or other site conditions is not evaluated against implementability or cost, as
further evaluation is unnecessary. This approach streamlined the evaluation of
technologies while maintaining the screening methodology required under CERCLA.
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Screening of technologies and process options has been performed in a single step.
The key criterion in selecting the screening level (technology class, individual technology, or
process option) is whether there is a significant difference between the technologies or
process options when evaluated against the screening criteria (effectiveness,
implementability, and cost). Technologies and process options that are judged to have

j significant differences are screened separately, and the retained technologies or process, options will be developed into separate remediation alternatives to allow full evaluation
I and comparison.

J Process options retained for any given technology that are screened together (i.e., not

.J evaluated separately) are considered equally suitable (at the screening level of evaluation).
] Selection of representative process options is performed during the development of

alternatives, so that best engineering judgement may be used to select and combine
appropriate technologies and process options into cohesive, integrated remediation
alternatives.

|
_i
!

!

I The general response actions and potentially applicable technologies and process
J options considered for remediation of soil at Hanford's 200-BP-1 site are presented in

j Table 4-1. The technology screening is also summarized in this table. Brief descriptions of
! the listed technologies and discussions of the screening evaluations a:'e provided below.

Technologies retained through this screening process are then incorForated into
; remediation alternatives (Chapter 5).

4.1 INSTITUTIONAL CONTROLS

Institutional controls, including monitoring, are usually included as a component of

any remedial alternative. Institutional controls for soils prevent or minimize direct
exposure to contaminated soil, thereby reducing risk. They do not prevent offsite transport
of contaminants via air, surface water, or infiltration into groundwater, and are often

ineffective in preventing ecological exposures (e.g., to birds). They also require ongoing
maintenance, albeit simple and inexpensive, to remain effective. Institutional controls and
monitoring are effective within their limitations, are easily implemented, and are low in
cost (and thus very cost-effective). Institutional controls are typica.lly included in any
remedy where contaminants will remain after completion of remediation. These controls
are therefore retained for further consideration.

4.1.1 Access Restrictions
_

Access restrictions involve preventing access by unauthorized personnel. Risk is
" minimized by preventing exposure except in cases of trespass. Fencing the site perimeter is

the most common means of restricting site access. Security personnel at entrance gates or

l patrolling can also be used to restrict site access and prevent or discourage trespass.

i Security personnel are significantly more expensive than other access restriction measures,and are therefore use of security personnel is often limited to the period of active

I remediation. Long-term use of security would probably be limited to occasional patrols.

4-2
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4.1.2 Warning Markers

Warning markers would be installed to discourage site trespass by warning potentialintruders of the hazards of entering the area. Warning markers have been developed for
long-term isolation of radioactive waste at the Hanford site. Markers could include large
stone pylons with pictorial and verbal warnings that most people could understand. In
addition, ceramic disks with similar information would be buried at the site where they

would be encountered by anyone digging there.

4.1.3 Land Use Restrictions

Land use restrictions can include zoning and deed restrictions. At present, the
Hanford site is not subject to zoning. However, zoning could become relevant under some
future uses.

Deed restrictions involve specific limitations on future land use that are incorporated
in the deed of ownership to the property. Such restrictions would prevent activities that
could cause direct exposure or releases of contaminants. Deed restrictions accompany the
deed to the property in a manner that is legally binding and must be transferred to ali
subsequent owners of the property. The restrictions should include a description of the
site and reasons for the limits on future activity. Examples of deeds restriction for the
200-BP-1 operable unit are those that would prohibit residential or agricultural use and
prohibit or restrict excavation to maintain the integrity of a surface barrier. Drilling for
minerals, water, or other purposes would also be prohibited. Requirements to maintain
access restrictions could be included.

4.1.4 Monitoring

Under CERCLA, site monitoring is a required component of any site remedy
(including "no action"). Short-term monitoring is conducted to ensure that potential risks
to human health and the environment are controlled while a site remedy is being
implemented. Long-term monitoring is conducted to measure the effectiveness of the
remedy and thereby ensure that the remedy continues to be protective of human health
and the environment. A monitoring plan will be developed for the selected remedial
action. The monitoring performed will depend on the nature of the remedy. Monitoring
would include sampling and analysis of air, surface water run-off, and groundwater as
appropriate. Monitoring would also include periodic site inspections to determine
maintenance needs.

Air monitoring would be used to detect airborne contamination generated during

remedial activities, so that appropriate mitigation measures could be taken. Long-term air
monitoring is normally not necessary if no contaminated soil remains exposed on the
surface following completion of remediation.

Surface water would be monitored for contamination in waters that contact or might
have contacted contaminated materials from the site. As with air monitoring, surface water
monitoring is normally a short-term measure conducted during remedial activities, lt
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would not be necessary if no contaminated soil remains exposed on the surface following
completion of remediation. There are no surface water bodies near 200-BP-1.

Groundwater monitoring would consist of establishing a network of groundwater

wells (using existing wells where possible) upgradient and downgradient of contaminated
soil, and collecting and analyzing water samples from them on a regular basis. For this soil
operable unit, groundwater monitoring would be conducted on a long-term basis to
determine if the remedy is successful in meeting remedial action objectives (such as
prevention of ongoing groundwater contamination from infiltration). The objectives of
groundwater monitoring would be combined with objectives for the 200 East Aggregate
Area groundwater operable unit to result in an integrated monitoring plan.

4.2 REMOVAL (EXCAVATION)

As a general response action, soil removal can include site-wide excavation or selective
excavation of highly contaminated soil. Removal does not provide remediation by itself,
but must be coupled with subsequent treatment and/or disposal. Soil excavation would
expose site workers, and potentially offsite personnel also, to contaminants that are
currently unexposed. Excavation would therefore increase potential risk during
remediation. The increased short-term risk would need to be offset by a significant
decrease in long-term risk for excavation to be justified.

Conventional excavation equipment could be used: a backhoe, bulldozer, or similar
equipment could be used for most excavation; a clamshell or dragline could be used for
deep excavation. Excavated soil would be staged (placed in temporary storage) or
immediately delivered for onsite or offsite treatment and disposal. If transportation outside
of the operable unit were required, the soil would be loaded into special shielded
containers for hauling. Excavated areas are then usually backfilled, compacted and graded
for proper drainage.

For this site, special attention would be required to minimize worker exposure to
radioactivity or contact with contaminated soil. This would include personnel protection
equipment, mOdifications to excavation equipment (e.g., shielding), and stringent dust
control measures, including working under temporary domes. Remotely operated
excavation equipment would be considered.

Although dust control and surface water management are typically used during
excavation, particularly stringent measures would be required for this site to minimize
offsite exposure to radionuclides in contaminated soil. Excavation is a necessary
component of remedial alternatives involving disposal (e.g., landfilling) or ex-situ treatment.
This technology is therefore retained as a component of overall site remediation.

4.3 IN-SITU CONTAINMENT

In-situ containment is a general response action used to prevent exposure to
contaminated material left in piace and control migration of contaminants. Common
methods of containment are discussed below.
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4.3.1 Dust Control

Dust control incorporates any measures to prevent wind dispersion of contaminated
material. Several approaches to dust control are available. Materials such as cement, clay,
and organic polymers can be sprayed on or mixed with soil to bind the soil matrix.
Vegetation can be planted to hold the soil together and reduce wind velocity at the ground
surface. Temporary structures (domes) can be used to cover an excavation.

Dust control can be relatively inexpensive and easy to accomplish. Over the short
term, it is likely to be effective. However, it is essentially a surficial treatment. It does not
prevent humans or animals from directly contacting contaminated soil at the site. Dust
controls are not generally effective in preventing offsite migration of contaminants in
surface water run-off. More effective dust control measures, such as water sprays or

soil-binding additives, are only short-term measures. Binding additives deteriorate
relatively quickly. Longer lasting measures, such as vegetation, are much less effective.
Where very careful dust control is required, such as excavation of high-activity soil from
this site, a temporary building (dome) is sometimes used. This is the most effective, and
also the most expensive dust control measure. It is only feasible for covering excavations,
treatment plants, or storage areas. It is not feasible during surface barrier construction.

Dust control is not considered effective for permanent remediation of soil. It is
retained for consideration in combination with other technologies that involve handling of

contaminated soil and generate dust during remediation activities.

4.3.2 Surface Water Management

Surface water management involves controlling surface water run-on and run-off at
the site. The purpose of these controls is to minimize erosion that can entrain exposed
contaminated soil and expose underlying contaminants, and to prevent ponding that could
increase the amount of water infiltrating through contaminated soils.

The most common surface water control is grading the ground surface to promote

adequate drainage without excessive erosion. In addition, diversion measures, such as
berms and ditches, are commonly used to prevent clean surface water from entering a site
(run-on) and prevent potentially contaminated surface water from leaving a site (run-off).
Potentially contaminated surface water can be collected and treated, if required, prior to
discharge. Revegetation can also be used to reduce erosion by stabilizing the soil.
Vegetation can be difficult to reestablish in arid climates. However, once established,
revegetation requires little or no maintenance.

Surface water controls by themselves are not generally effective as a permanent
remedy. These controls may be used as short-term measures, such as during excavation, or
as long-term measures as a component of a surface barrier, for example. Routine
maintenance is required for continuing effectiveness.

Surface water management is effective, easily implemented and relatively inexpensive,
using well-understood, proven design and construction techniques. This technology is
therefore retained for use in conjunction with other remediation technologies.

4-5
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4.3.3 Surface Barriers

Barriers comprise a containment measure that minimizes risk by preventing direct
contact with contaminated soil and preventing offsite migration of contaminants in surface
water or airborne dust. Where infiltration through contaminated soil is a concern, a low-
permeability barrier is used to minimize the potential for contaminant migration into
groundwater by minimizing infiltration of water through the contaminated soil.

Barriers are constructed on the ground surface, over contaminated materials. Barriers

may be constructed of a variety of materials such as clay, other types of soils, synthetic
membranes, asphalt, and concrete. They may consist of a single layer or be composite
barriers with several layers. Barriers provide containment in three primary ways:

• The barrier serves as a physical barrier to prevent humans, other
animals, and vegetation from coming in contact with contaminated
materials.

• The barrier prevents erosion of contaminated soil by surface water and
wind, thereby preventing offsite transport of contaminants via these
media.

• If needed, the barrier can have low permeability and thus function as a
barrier to infiltration of surface water. Less infiltration will reduce the

potential for transport of contaminants from the soil to the groundwater
via infiltration.

Barriers can be designed to be compatible with many potential future site uses.
Institutional controls (deed restrictions) are often used along with barriers to prevent future
site activities that could violate the integrity of the barrier. For example foundation pilings
would not be allowed to penetrate an impermeable barrier.

Barriers are a proven, effective technology that is readily implemented using standard
design and construction techniques. It is a relatively low cost technology that generally
provides high cost effectiveness (i.e., high incremental protection relative to remediation
cost). However, a wide variety of barrier designs are possible that vary in effectiveness,
implementabiUty and cost. The following barrier designs have been evaluated to provide a
representative screening:

• Soil

• Asphalt
• Concrete

• Low-permeability clay
• Synthetic membrane with soil cover
• Composite low-permeability barriers

- Modified RCRA design
- Hanford barrier.
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4.3.3.1 Soil Barrier. One or more layers of soil may be used to cover a contaminated site.

Native soil is usually used for soil barriers, although it may be amended to improve its
properties (e.g., adding gravel.to the top layer to protect against wind erosion). A
sufficiently thick soil barrier, or one with a layer of coarse soil materials, is effective in
preventing humans, other animals, and vegetation from contacting contaminants, yet
requires little or no maintenance. For the purposes of this FS, soil barriers differ from

composite barriers (discussed below) in that they are composed entirely of soils and are
primarily designed for preventing contact with contaminated materials and preventing
offsite migration of contaminated materials via surface water or wind erosion.

Soil barriers are typically the most implementable and least costly of the barrier types,
and are retained for further consideration. Soil barriers (as defined in this FS) are not

specifically designed for low permeability.

WHC has designed a soil cover, utilizing several layers of coarse materials, designed to

prevent biointrusion by promoting free drainage. This cover, referred to as a biointrusion
barrier, will only be used where infiltration of precipitation is not a concern. The top layers
are formed from coarse material the discourage moisture retention, and hence plant
growth. They also resist wind erosion and burrowing animals. However, these course
layers enhance infiltration, permitting rapid percolation of water away from the plant

rooting zone, but directing it downward into the soil column.

4.3.3.2 Asphalt Barrier. Asphalt can be used to provide a single-layer, low-permeability
barrier (not counting foundation layers, if required). While effective in the short-term,

asphalt requires relatively high maintenance to offset weathering and cracking. Because a
relatively thin layer of asphalt is typically used (3 to 6 in.), asphalt is easier to breach than
thicker barriers. When maintained, asphalt can be an effective barrier against wind
erosion, intrusion from burrowing animals and deep rooting plants, and surface water
erosion.

A soil barrier is more effective and reliable at preventing direct human and
environmental contact for less cost than the asphalt equivalent. Composite barriers are
more effective at providing low permeability. Asphalt barriers are therefore not retained.

However, an asphalt layer is used in some of the composite barriers.

4.3.3.3 Concrete Barrier. Similar to asphalt, concrete can be used to provide a single-layer
barrier. Concrete can have varying permeability, depending on the concrete mixture used.
However, concrete is prone to cracking over the long term, and is therefore difficult to
maintain as an impermeable barrier. Concrete barriers are relatively effective in preventing
wind and surface water erosion. If cracking can be minimized, biointrusion can be
minimized. Unfortunately, once cracked, concrete becomes susceptible to intrusion from

deep rooting plants and ground nesting insects.

Concrete is very expensive relative to most other barrier materials. A soil barrier

prevents direct contact for much less cost. Composite barriers are more effective at
providing low permeability. Concrete barriers are therefore not retained.

4.3.3.4 Low-Permeability Clay Barrier. Clay barriers are generally constructed with a layer
of low-permeability, high plasticity clays covered by clean native soil for vegetative growth

and to prevent the clay from cracking due to freezing. The clay layer may use native or
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imported clay, or may use native soils amended with bentonite or other materials that
lower its permeability. With a vegetative soil cover, clay barriers are effective against wind
erosion. However, vegetative covers lend themselves to intrusion from burrowing animals,
deeply rooting plants and ground nesting insects. Reliability with respect to surface water
erosion depends upon the slope, drainage area, and vegetative state of the cover. Once
breached, clay barriers are susceptible to wind and water erosion, conditions that are made
worse if the clay becomes cracked due to freeze thaw activity or becomes desiccated.

Clay barriers are generally considered effective and reliable. However, at Hanford, the
arid climate makes clay subject to desiccation, which can crack the clay and raise its
permeability. Clay barriers are not as reliable as composite barriers for long-term, low-
permeability containment, and are therefore not retained.

4.3.3.5 Synthetic Membrane Barriers. Flexible synthetic membranes (e.g., polyvinyl

chloride, high density polyethylene [HDPE], and neoprene) are commonly used in landfill
liners and covers. Their primary purpose is as a barrier to infiltration of precipitation and
surface runoff. A synthetic membrane can provide lower permeability than clay or other
soils so long as the membrane does not puncture, tear or deteriorate. A hydraulic barrier
relying primarily on a synthetic membrane would have a bedding layer of soil to provide a
foundation and protect the membrane during installation. The membrane is then covered
with overlying layer soil to protect against damage and exposure to ultraviolet components
of sunlight, which can weaken or degrade the membrane.

In this sequence, synthetic membrane barriers are resistant to wind and surface water
erosion. The overlying soil cover is usually resistant to deep rooting plants and ground
nesting insects. This soil layer often has special design requirements to discourage
burrowing animals, however, as many species have teeth of sufficient size to chew through
the membrane. Once the overlying cover is breached, the membrane becomes susceptible
to a variety of degradation mechanisms.

Synthetic membranes can be very effective initially. However, widespread use began
only recently; consequently, long-term effectiveness and reliability of synthetic membranes
as impermeable barriers is uncertain. By themselves, the membranes provided little
protection against direct contact with contaminated materials; this protection is provided by
the overlying soil.. Membranes require specialized equipment and careful installation to
avoid punctures or latent stresses than cause tearing. Stresses from settling and
temperature variation can also tear the membrane. The longevity of the barrier membrane
polymers under long-term field conditions is uncertain. Composite barriers (which
typically include synthetic membranes) are more reliable. This barrier type is therefore not
retained.

r "

4.3.3.6 Low-Permeability Composite Barriers. Composite (multi-media) barriers are
designed using multiple layers of different materials to achieve highly effective and reliable,
long-term pro_,ection of contaminated sites. Low permeability is a key design consideration
in these barriers to protect groundwater. The most well-known composite barrier type is
the "RCRA barrier", which is a barrier designed to meet the minimum technology
requirements (MTRs) specified in 40 CFR 264.310 for hazardous waste landfills. EPA has
published guidance for complying with MTRs (EPA 1989a). A RCRA barrier design will

_ typically contain (top to bottom):
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• Vegetative layer - vegetated topsoil and clean fill, typically 0.6 m (2 ft)
thick, to protect the barrier against damage (e.g., erosion) and provide
evapotranspiration to decrease infiltration.

• Drainage layer - either sand (0.3 m [1 ft] thick) or synthetic geonet to
divert infiltration away from the covered area.

• Low-permeability liner- typically a synthetic membrane over 0.6 to
0.9 m (2 to 3 ft) of compacted clay with a permeability no greater than
1 x 10.9 m/,_ (2.8 x 10"4ft/day). Use of two liners provides redundant low
permeability; the synthetic membrane protects the clay Jagainst
desiccation, and the clay provides a thick barrier capable of some self-
healing with settling and other geological stresses.

Design and installation of composite barrier requires specialized expertise, and
synthetic liners part!cularly require specialized installation. However, this expertise and
equipment are readily available. Composite barriers are more expensive than less
sophisticated barriers, but long-term maintenance and monitoring costs can be lower (e.g.,
compared to asphalt or concrete).

Experience with composite barrier designs in arid climates is limited. In addition,
where radioactive contamination is involved, concern over long-term ability of the barriers
to maintain their integrity, meeting ARARs for periods of up to 1,000 years, is even greater
than for hazardous waste. Consequently, for this operable unit, two composite barrier
designs will be considered: a modified RCRA barrier design and the Hanford Barrier.

The modified RCRA .barrier will start with a standard RCRA barrier design, and
modify it to better suit conditions found at the Hanford site. Modifications include

replacing the geosynthetic membrane liner with an asphalt layer with base course to
provide improved longevity on the order of hundreds of years. Other modifications

include expansion of the typical single component drainage layer to a multiple layer
drainage system designed to form a capillary break, and admixture of gravel in a silt matrix
as a top layer to maximize evapotranspiration and minimize infiltration under Hanford
Site-specific climatic conditions.

The Hanford Barrier is a composite barrier system specifically designed for the
Hanford Site. lt is intended to provide a high degree of protection and reliability with no
maintenance under Hanford Site conditions over time periods up to 1,000 years.

Both the modified RCRA Barrier and the Hanford Barrier have surface layers that
have coarse gravel admixed with silty soils. These layers are wind resistant, retain surface

water near the surface promoting rapid evapotranspiration, and discourage borrowing
animals. Growth of shallow rooted plants is encouraged; subsequent layers are designed
to resist biointrusion from deeply rooted plants and burrowing animals. Both the modified
RCRA Barrier and Hanford Barrier are retained for further consideration.

In summary, three barrier types are retained for use in developing remedial
alternatives: a soil barrier (biointrusion barrier), a modified RCRA barrier, and the Hanford

O Barrier.
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4.3.4 Vertical Barriers

Vertical barriers are intended to minimize lateral flow of groundwater, preventing or {lib
minimizing contaminant migration. For reliable containment, vertical barriers should be

111lp'

keyed into a continuous low-permeability stratum or an artificial horizontal barrier to
prevent migration underneath the vertical barrier. Slurry walls, sheet piling, grout curtains,
and freeze walls are established technologies for constructing vertical barriers under
appropriate site conditions.

Slurry walls are constructed by excavating the native soils and adding admix in a
slurry to construct a low-permeability wall. Bentonite and cement/bentonite are common
admixes, with cement used where structural strength is required in addition to low
permeability. Slurry walls are widely used in site remediation.

A sheet pile wall is constructed by d,'iving interlocking steel sheets into the soil. Sheet
piling is primarily used for providing structural containment in excavation. Leaking can
occur between individual sheets unless special measures are taken (such as grouting) to
seal the seams. Steel piles will eventually deteriorate via rusting. Sheet piling may not be
feasible at the 200-BP-1 operable unit because the large gravel and cobbles could prevent
driving the piling to the required depth.

A grout curtain is constructed by drilling boreholes and injecting cement or other
grout into the boreholes and outward into the surrounding soil. The boreholes are spaced
closely enough to obtain overlapping grout zones, forming a continuous wall. Grout
injection is more difficult to control than slur D' wall construction, and is considered less

reliable. @

Freeze walls are established technology for short-term containment during dam '"
construction and deep excavation, where technical difficulties can make this expensive
technology cost-effective. A freeze wall (cryogenic barrier) is formed by installing pipe
using drilling techniques and circulating refrigerant to freeze the water in the surrounding
soil. Frozen soil is substantially less permeable than unfrozen soil and possesses more
structural strength. Continuous operation of a cryogenic (refrigerant) unit is required to
prevent the wall from melting.

Freeze walls for long-telm containment are unproven technology. In addition, at this
site, the unsaturated soils have insufficient moisture to allow formation of a freeze wall.

The cryogenic plant is required to operate indefinitely to maintain the barrier, making it an
active barrier in contrast to more permanent and proven passive barriers. This technology
is therefore not considered suitable as permanent containment.

For this operable unit, groundwater containment is not a major concern and will be
addressed in the 200 East Aggregate Area FS. Infiltration through the soils will move
primarily downward. There are no shallow laterally continuous confining layers or zones
of greatly reduced hydraulic conductivity beneath the cribs. Lateral spreading is not a
concern at shallow depths where installation of vertical barriers would be feasible.
Therefore, vertical barriers are not applicable to soil remediation at this site, and are not
retained.

@
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4.3.5 Horizontal Subsurface Barriers

Horizontal subsurface barriers are intended to minimize infiltration of leachate fromcontaminated soil into the underlying groundwater. In general, horizontal barriers are
difficult to implement and, primarily due to difficulties in construction and verification
(quality control), have questionable reliability. Grout injection and ground freezing
(cryogenic barrier) are two technologies often proposed for creating subsurface horizontal
barriers.

Similar to vertical grout walls, grout injection constructs a horizontal barrier by drilling
inclined or horizontal boreholes around the contaminated zone. Grout is injected into the
boreholes and outward into the surrounding soil. An overlapping pattern of holes should
form a continuous grout barrier under the contaminated zone.

However, Crout injection to form an low-permeability horizontal barrier is unproven
technology thac has not been performed at full scale. Inclined and horizontal drilling is
more difficult to accomplish and control than vertical drilling, and requires specialized
equipment. The continuity of the completed barrier is difficult to verify, particularly with
heterogeneous soils. Consequently, subsurface horizontal grout walls are not considered
effective and reliable for this site, and are not retained.

Ground freezing (cryogenic barriers) has been proposed for constructing horizontal

barriers. This is the same technology as would be used for vertical barriers (see preceding
discussion). This technology is unproven for long-:erm containment. At the 200-BP-1
operable unit the unsaturated soils have insufficient moisture to allow formation of a freeze
wall. The cryogenic plant is required to operate indefinitely to maintain the barrier,

making it an active barrier in contrast to more permanent and proven passive barriers.
This technology is therefore not considered suitable as permanent containment.

4.4 EX-SITU TREATMENT

This section considers a wide range of technologies for ex-situ treatment following
excavation. Treatment is intended to reduce the toxicity, mobility or volume of
contaminated material. Many treatment technologies convert contaminants to less toxic
forms.. Destruction or degradation of organic compounds is possible (e.g., oxidation to
carbon dioxide and water) although not always feasible or cost-effective. However, metals
and radionuclides cannot be destroyed by treatment. Heavy metal toxicity can be reduced

via chemical conversion to a less toxic compound of the metal. Effective toxicity due to
radioactivity can be reduced via containment (shielding), but the inherent radioactivity
remains. Therefore, treatment for radionuclides focuses on reducing mobility or volume.

Ex-situ treatment technologies provide treatment following excavation. The advantage
to treatment ex-situ is greater control of the treatment process, hence greater effectiveness
(better treatment results) and greater reliability by assuring that treatment objectives have
actually been achieved. However, the benefits of greater control of treatment must be
balanced against potential short-term exposure risks due to excavation and handling, and
greater costs.

4-il
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4.4.1 Dry Soil Sieving

Dry soil sieving is an ex-situ physical separation process that is performed without the
addition of water. Soil is passed through one or more screens and separated into various
size fractions. The concept behind remediation using this technology is that the degree of
contamination often increases with decreasing particle size. Therefore, the volume of soil
requiring remediation can be reduced by sieving and removing various soil size fractions
that meet the c_eanup criteria. This technology is inexpensive and easily implemented,
although dust control and shielding must be added to conventional implementations to
minimize potential worker exposure to radionuclides and to prevent migration of the dust
off-site. However, dry sieving is not as effective as wet separation processes (see discussion
of physical soil washing), and therefore is not retained.

4.4.2 Physical Soil Washing (Aqueous Physical Separation)

The term "soil washing" is used to describe a variety of treatment processes. In
particular, there is often semantic confusion between soil washing intended to physically
separate soil into clean and cont'_minated fractions, and soil washing intended to extract
contaminants from the soil. For clarity, the term "physical soil washing" is used in this FS
to refer to soil washing for physical separation, and "chemical soil washing" to refer to soil
washing for contaminant extraction.

Physical soil washing is applicable to any contaminated soil where the contaminants
are concenl:rated in a particular size fraction. In practice, the majority of radioactive
contaminants in soils are often associated with the silt and clay soil fractions (collectively
called the fines), with coarser soil (sand and gravel) being relatively clean. If the
contaminants on coarser particles is concentrated on the particle surfaces, attrition
scrubbing (surface abrasion) can be successful in removing the surface contamination.

Physical soil washing can be effective in providing significant volume reduction. In

general, soil washing is feasible under the following conditions:

• contaminants are concentrated in one soil size fraction (typically the fines)

• the contaminated fraction is a small percentage of the soil volume

• the relatively clean soil particles (typically sand and gravel) meet remedial
action objectives either as found or after attrition scrubbing.

Physical soil washing is performed using a combination of unit or _cations, which can
include:

• Screening (wet and dry)
• Gravity separation
• Classification

- Spiral classifiers
- Hydrocyclones (liquid-phase cyclones)

• Attrition scrubbing
• Flotation
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• Dewatering.

Treatment of contaminated washwater is necessary prior to discharge. When
contaminant solubilities are low, such as for this site, washwater would be recycled and
would not require treatment until final discharge on completion of soil treatment. Because
it is a wet process, dust control requirements are greatly reduced compared to dry
separation processes.

The unit operations employed in soil washing have been widely used in the mining
and mineral processing industries for many years, and the equipment is readily available.
D_onstration projects have been conducted as part of EPA's Superfund Innovative
Technology Evaluation Program (SITE) (EPA 1989b). Soil washing systems are currently
being tested on a variety of contaminated soils, including metals and radionuclides.

A number of physical soil washing processes are currently being marketed. Published
flowsheets for these processes show different combinations of unit operations. However,
the appropriate design of a soil washing system depends on the remedial action objectives,
the specific -ontaminants, and soil characteristics, including the percentage of fines and
contaminant distribution between soil size fractions. Consequently, a soil washing process
is often modified, for example, using a hydrocylone instead of a spiral classifier to operate
more effectively under site-specific conditions.

Soils at this site may be well suited to physical soil washing, being predominantly
coarse sands and gravels, with less than 10% fines (silts and clays). Contaminants in
similar soils from the 300 Area were found to be on the surface of larger soil particles (and,
therefore, amenable to removal by attrition scrubbing) or in soil particles less than
100 microns (0.0039 in. or 150 mesh) in diameter (Gerber 1992). An estimated 85% - 94%
reduction in the volume of contaminated soil requiring further treatment or disposal could
be achieved. However, treatability testing would be required to determine the actual
effectiveness. This technology is retained for further consideration.

For the FS, a treatability study for soil washing would involve a combination of
laboratory-scale testing and bench-scale testing. Laboratory-scale testing would determine
the distribution of contaminants by particle size and include batch washing tests to
determine the effectiveness of washing the various soil size fractions. Different washing
solutions would be tested, such as varying pH, adding surfactants, and possibly also
evaluating chemical extraction of radionuclides. If soil washing appeared effective at this
stage, the proposed soil washing process would be simulated using bench-scale equipment
to estimate the effectiveness of the proposed process in achieving the theoretical
effectiveness found in laboratory-scale tests. Bench-scale testing would also be conducted
for a variety of washing conditions, such as varying solution:soil ratios. Field testing with
pilot-scale equipment would be performed during the remedial design phase, should soil
washing be part of the selected remediation alternative. A treatability study would add
between several months to over a year to complete, depending on the results and the

extent of the study.,
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4.4.3 Chemical Soil Washing (Radionuclide Extraction)

Chemical soil washing is a treatment technology where a liquid solvent is used to
extract contaminants, in this case, radionuclides from contaminated soil. The term "solvent
extraction"is sometimes also used for this technology. Chemical soil washing differs from

physical soil washing in that the purpose of the treatment is removal of contaminants from
the soil, rather than separation of soil into contaminated and clean fractions.

The appropriate solvent will vary according to the contaminant to be extracted.
Water, wate, r with surfactants, acid, inorganic salts, and metal complexing chemicals (e.g.,
EDTA) have ali been tested with varying degrees of success. Other, non-aqueous solvents
have been used for extraction of organic contaminants, but these processes are not

applicable to this site. Most of the extraction testing for metals and radionuclides has been
restricted to the laboratory studies, as compared to soil washing of organic compounds
which has been successful in field tests. Published data indicate that extraction of metals,

including radionuclides, can be highly effective; however, the data also show large
variation in effectiveness between sites.

A treatability study would be required to determine the effectiveness of chemical soil
washing on soils from the 200-BP-1 operable unit. If effective, the implementabilty would
also have to be determined, considering that chemical soil washing is unproven technology.
Finally, a key factor in evaluating chemical soil washing (particularly in comparison to
physical soil washing) is the cost of the solvent and the difficulty in treating the extract.
Contaminant extraction is typically expensive, and yet only concentrates the contaminants
into a sludge that still requires disposal (in contrast to organic contaminants, which can be

extracted). However, because the effectiveness of the other retained ex-situ /degraded once

treatment technologies are also uncertain at this time, this technology is retained for further
consideration.

4.4.4 Fixation (Chemical Stabilization)

Fixation, also called chemical stabilization or stabilization/solidification, involves mixing
contaminated soil with binding agents to form a solid matrix that immobilizes the
contaminants, and thereby reduces contaminant mobility (leachability) and associated risk.
This technology should also reduce contaminant bioavailability. Fixation typically uses
pczzolanic agents, such as cement, fly ash, and lime. Proprietary additives are available
that are claimed to improve immobilization. Plasticizers and hardening agents are also
available when specific bulk physical properties are needed.

Fixation is a common, established technology for treatment of wastes and soils
contaminated by heavy metals or radionuclides. Metals are typically immobilized by both
chemical bonding and physical entrapment; organic compounds are immobilized only by
entrapment. Fixation is a proven technology for immobilization of the contaminants of
concern for this operable unit, and is therefore retained for further consideration.
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4.4.5 Vitrification

Vitrification is a treatment process for immobilizing metals, including radionuclides,

and other inorganic contaminants in a glass or ceramic matrix. For contaminated soil, the
glassy matrix is derived from the soil itself, although glass frit or ceramic admix may also be
used. Treatability testing on other low-level radioactive wastes has shown that low levels
of contaminant release in leachate can be achieved. However, because published data

often omits leaching rates for the untreated material, it is often not clear how much
decrease in leachability is actually achieved via treatment.

When used ex-situ, vitrification is typically performed in a ceramic melter, rotary kiln,
or similar equipment. Organic compounds, if present, are destroyed via oxidation or
pyrolysis. On this basis, ex-situ vitrification can be considered thermal treatment.
However, it is classified as physical treatment for this site because its purpose, contaminant
immobilization, is the same as that for in-situ fixation.

Because very low leaching rates are possible, vitrification is a component of most high-
level nuclear waste programs. Vitrification plants have been successfully operated in
Europe. Nunierous test programs to vitrify highly radioactive liquids and sludge have
been successfully completed in the U.S. As a result, vitrification facilities are either under
construction or in the planning stages at several DOE facilities including the Hanford Site
(Wicks et al. 1991). These facilities typically employ ceramic melters and are highly
automated to minimize personnel exposure.

Vitrification processes using rotary kiln incinerators and similar industrial equipment
have been developed for hazardous waste remediation, and could be effective for
remediating low-level radioactive soil contamination. Rotary kiln vitrification of low level
radioactive soils could be more cost-effective than the vitrification processes developed for

high-level nuclear waste because higher processing rates should be achievable. However,
this application is still under development.

Vitrification is generally not the preferred technology for low-level radioactive wastes
because other treatments, such as fixation, are much less expensive and the high degree of

protection afforded by vitrification is not required. However, because ex-situ vitrification is
potentially more effective than fixation and other ex-situ treatment technologies for
immobilization of radionuclides, it is retained for further consideration.

4.4.6 Encapsulation

Encapsulation immobilizes contaminants by enclosing the waste or contaminated soil
in an inert and impermeable jacket. Encapsulation may be achieved using thermoplastic
resins, bitumen, or similar compounds. Polymer-based encapsulation and solidification is a
developed technology and is commercially available for small hazardous and radioactive
applications (DOE 1988). Use of polybutadiene and polyethylene has been tested on
low-level radioactive waste (Freeman 1989).

i_ncapsulation contains contaminated material on a macro scale, so that its
effectiveness depends on maintaining the integrity of the containment provided by the
jacket. In contrast, fixation and vitrification provide microencapsulation, meaning that
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contaminants remained immobilized even if the monolith that results from treatment is

physically disrupted.

Encapsulation is used with high-level nuclear wastes to provide additional protection
following primary stabilization. However, for the low concentrations of radionuclides in
soil at this site, fixation or vitrification would not require additional encapsulation. As
stand-alone treatment, fixation or vitrification would be more effective and reliable for
equivalent cost. This technology is, therefore, not retained.

4.4.7 Biological Treatment

Biological treatment is a class of technologies commonly applied for destruction of
organic contaminants. Biological treatment can be performed ex-situ and in-situ, with
varying effectiveness, and may be accomplished by aerobic oxidation or anaerobic
reduction processes. Biological treatment technologies for soils generally fall into two
classes: land treatment or lan dfa rmin g, and aqueous biotreatment of slurries in tanks or
ponds. Although preliminary research has indicated that biological uptake of metals may
be useful for site remediation, biological treatment of soils is generally not considered
applicable to metals and radionuclides, (the primary contaminants of concern at the 200-BP-
1 operable unit) and is not retained.

4.4.8 Thermal Treatment

Thermal treatment technologies are primarily designed for destruction of organic
contaminants. Incineration is the most common thermal treatment technology, of which
there are a number of processes with varying strengths and weakness. Incineratom
destroy organic compounds via high-temperature oxidation. Pyrolysis uses high
temperatures to degrade organic compounds in the absence of oxygen. Thermal
desorption also uses heat in the absence of oxygen, but the purpose is to vaporize the
organic contaminants for recovery and recycling or for removal via treatment of the offgas.
Vitrification, sometimes considered a thermal treatment technology, is addressed above as a
stabilization (immobilization) technology. Thermal treatment technologies for destruction of
organic contaminants are not applicable to metals and radionuclides, which cannot be
destroyed, and are therefore, not retained.

4_ IN-SITU TREATMENT

This section considers a wide range of technologies for in-situ treatment where the
contaminants are treated in place and no excavation is necessary. Metals and radionuclides
cannot be destroyed by treatment. Heavy metal toxicity can be reduced via chemical
conversion to a less toxic compound of the metal. Effective toxici_j due to radioactivity can
be reduced via containment (shielding), but the inherent radioactivity remains. Therefore,
treatment for radionuclides focuses on reducing mobility or volume.

As with ex-situ treatment, the purpose of in-situ treatment is to reduce the toxicity,
mobility or volume of contaminated material. The same classes of treatment that are
available for excavated soil are generally available for in-situ treatment. However, the
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treatment conditions are very different. As a consequence, the effectiveness,
implementability and cost of in-situ treatment technologies are typically very different from
the corresponding ex-situ technology.

For in-situ treatment of soils, mobility reduction is accomplished by changing the
physical and/or chemical characteristics of the soil matrix to decrease contaminant
leachability. Volume reduction is accomplished by removing (extracting) contaminants
from the soil, leaving behind less contaminated soil (total removal is generally not possible).
Extracted contaminants still require treatment and disposal.

In many cases, excavation of contaminated soil is either not feasible due to the depth
of contamination or is not advisable because the short-term risks created by excavation
exceed the benefits of treatment or disposal following excavation. Thus, the key advantage
to in-situ treatment is that excavation of the soil is avoided. However, the key
disadvantage to in-situ treatment is that the treatment process cannot be controlled nearly
as well as the same treatment in a reactor or other procoss equipment following excavation.
This lesser control results from a combination of greater difficulties in achieving desired

process conditions, and the inherent inhomogeneity of the subsurface. Therefore, an
in-situ treatment process is, in general, less effective at achieving treatment objectives and
less reliable in achieving uniform treatment than the corresponding ex-situ treatment
process. Treatment effectiveness is also often difficult to verify. Comparison of remedial
alternatives involving in-situ and ex-situ treatment thus require careful evaluation of the
advantages and disadvantages of each, on a site-specific basis.

4.5.1 Soil Flushing

Soil flushing is an in-situ washing process in which the soil is flooded with a flushing
solution to extract contaminants, followed by treatment of the flushing solution
above-ground to remove the contaminants. The technique can be applied to unsaturated
and saturated zones where contaminants are sorbed to the soil matrix. Aqueous flushing
solutions are most commonly considered, although non-aqueous solutions have been
proposed. At this site, most of the radionuclide contaminants have low solubility in water,
although cobalt-60, technetium-99 and nitrate are expected to be flushed more rapidly that
total uranium and plutonium-238 and -239. Use of other solutions (acids or chelating
agents) would have unknown effects on the soil matrix. Thus, the effectiveness of this
technology for the 200-BP-1 operable unit is questionable."

Uniform application of the flushing solution, and hence uniform and reliable
treatment, is difficult. For this operable unit, which lacks an impermeable strata across the
site to serve as a bottom barrier, collection of the flushing solution would be difficult and
unreliable. In the worst case, unrecovered flushing solution could mobilize contaminants

into the environment via the groundwater pathway.

Even if implementable, the flushing system and wastewater treatment system for the
operable unit would be expensive. In addition, radioactive sludge would be generated
from treatment of the flushing solution, which would require landfill disposal, possibly
preceded by stabilization. This technology is unproven and may be ineffective at this site,
and yet would only move the contaminants and the associated Hsk, from one location to

another. It is therefore not retained.
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4.5.2 In-Situ Fixation

This technology involves in-piace mixing of pozzolanic agents (grout, fly ash, lime, etc.)
to accomplish in-situ fixation (chemical stabilization). Risk is reduced by immobilizing
contaminants. Fixation technology is well established (see the discussion above for ex-situ
treatment) for treatment of metals, including radionuclides. However, a treatability study
would be necessa_ to determine effectiveness, which depends on a number of site-specific
factors. Fixation (ex-situ and in-situ) has been used at radioactive waste sites.

Grout injection to form barrier walls has been used for many years. In-situ fixation,
sometimes also called in-situ grouting or deep soil mixing, is a relatively new application of
grout injection technology for soil treatment. Where contamination is limited to shallow
soils, a variety of mixing techniques can be used. Treatment at depth, such as would be
needed for this site, is usually accomplished by drilling with large augers to mix the soil in

piace while grout or other fixation agents are injected. Mixing zones are overlapped to
ensure treatment of ali soil within the contaminated zone. Grout injection would be used

to handle underground pipes, large voids, small boulders, and open gravels. Larger
boulders encountered at depth would be grouted in piace; such boulders encountered near
the surface would be drilled through using conventional drilling techniques. The treated
soil cures to a stable, cement-like matrix. The key to the effectiveness of in-situ fixation is
achieving a uniformly high degree of mixing and distribution of admix. As with any in-situ
treatment technology, this can be hard to ensure and verify.

In-situ fixation can be performed using commercially available equipment to depths of
approximately 15 m (50 ft). Greater treatment depths, such as may be necessary for this
site, can be achieved, but require specialized equipment. In addition, the large gravel and
cobbles found in soils at this site would impede mixing. In-situ fixation using drilling
techniques, especially to the depths involved at this site, would progress slowly and

consequently would be expensive. Of the potentially feasible in-situ treatment
technologies, in-situ fixation is the best understood and most easily implemented, and is
therefore retained for further consideration.

4.5.3 In-Situ Vitrification

In-situ vitrification (ISV) works by heating a mass of soil until it melts. This
technology uses a high-voltage electrical current applied to the soil to immobilize
contaminants in a glassy mass. Because the process works by heating the contaminated
soil, it can be considered thermal treatment. However, it is classified as physical treatment
for this site because its purpose, contaminant immobilization, is the same as that for in-situ
fixation.

Metals, including radionuclides, and most inorganic compounds are potentially
amenable to vitrification. During the process, organic compounds are either destroyed by
the high temperatures or driven to the surface as vapors where they are collected and
treated. Inorganic compounds, including radionuclides, are incorporated into a glassy
mass. Contaminant leaching rates from the glass are low, thus minimizing the potential for

contaminant migration to groundwatei'. However, because published data often omits
leaching rates for the untreated material, it is often not clear how much decrease in
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leachability is actually achieved via treatment, although it is expected to be a very large
decrease.

[SV is accomplished by inserting electrodes into the contaminated soil and passing
current between them. The electrical resistance of the soil causes it to heat up until the soil
melts. The current is then discontinued and the melt solidifies into a glassy mass. While
the soil is being melted, volatile compounds, including water and many organic chemicals,
are driven off and migrate through the soil to the ground surface. These gaseous phases
are collected by a hood covering the treatment area and are treated to remove
contaminants.

ISV is still in the developmental stage, lt has been applied on an experimental basis to
two cribs on the Hanford Site (Luey et al. 1992). The co r_taminated soil masses were
vitrified to depths of 4.9 and 4.3 m (16 and 14 ft), respectively. For at least one of the cribs,
this was less than the desired depth of 20 feet, which was the extent of contamination.
Deeper melting was limited by layers of 2.5 to 7.6 crn (1 to 3 in.) diameter gravel that
formed part of the drainage system under the crib. These results were analyzed in detail,
and it was concluded that such layers can significantly slow the melting process in the
downward direction. A task force evaluating the results of the first experiment stated that
until larger equipment is available, "engineering techniques are recommended to enhance
downward growth for applications in excess of 5 nn [16 ft] (Luey et al. 1992)." These
engineering techniques are still under development and have not been tested.

The maximum radionuclide concentrations below the 200-BP-1 cribs were generally
observed between depths of 3-9 m (15-30 ft) (DOE/RL 1993). Below this zone,

concentrations decrease until they become approximately uniformly low at a depth of
about 30 m (100 ft). To apply ISV, substantial ex_:avation would be required to provide
complete treatment, including excavation of some of the most contaminated soils, defeating
the purpose of in-situ treatment. It is possible that ISV may be sufficiently developed at
some future time to address these problems, but the evaluation for this site must consider
the current state of the technology. Because of its depth limitations, the existing ISV
technology is incapable of treating even the zone of maximum contamination at this site.
For these reasons, ISV is not applicable to the 200-BP-1 operable unit and is not retained.

4.6 WASTEWATER TREATMENT

Wastewater treatment is not directly applicable to the remediation of soils of the
200-BP-1 operable unit. However, several of the soil treatment technologies retained for
development of remedial alternatives produce aqueous waste streams that require
treatment prior to discharge or disposal. In addition, alternatives may require treatment of
contaminated surface water. As treatment of waste-water and contaminated surface water

can be an important concern in evaluating soil remediation technologies and alternatives,
potentially applicable wastewater treatment technologies have been included in the
screening process.
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4.6.1 Chemical Precipitation

Precipitation is a technology for removing metals, other inorganic contaminants,
and/or solids from water, lt has been practiced for decade,; in the field of municipal water

supply and wastewater treatment. Precipitation is also proven technology for removal of
radionuclides from wastewater. This technology could be applied to wastewater from
treatment of soils or contaminated surface water at the 200-BF-1 site. Precipitation

produces a sludge for disposal often in conjunction with further treatment such as fixation.

Lime and certain organic polymers are common precipitation chemicals.
Coprecipitation, where a compound such as iron is added to precipitate along with target
metals, should be investigated because of its potential to greatly reduce the quantity of
sludge generated. Metals precipitation is usually feasible and cost effective for removal of
metals from aqueous wastes. However, this technology alone may not be able to meet
potential discharge criteria and may require additional treatment stages such as ion

exchange to meet discharge or disposal criteria. Metals precipitation is retained for further
consideration.

4.6.2 Ion Exchange

Ion-exchange resins are often used to remove dissolved metallic or other inorganic
ions from wastewater, and is routinely used at DOE facilities to remove radionuclides from
liquid wastes. Ion exchange is often used to remove metals to low concentrations. Spent
resin must either be landfilled or regenerated. Ion exchange is retained for possible use in
treating wastewater generated during soil treatment.

4.6.3 Reverse Osmosis

Reverse osmosis can be used to remove both organic and inorganic compounds from

water. The process u_es differential diffusion through a semi-permeable membrane to
concentrate contaminants in an aqueous concentrate. The concentrate is then further
treated to remove the contaminants for disposal. This technology has been used to
concentrate metals or other compounds from a dilute waste stream to allow economic
reprocessing of the wastes, such as recovery of valuable metals, and in general is not an ion
specific. It has been used for removal of uranium from solution. This process is more
difficult to operate and can be more expensive than ion exchange, lt may be desirable to
concentrate wastewater contaminants as pretreatment prior to use of another wastewater
treatment technology to produce a more cost-effective treatment train. "['his technology is
therefore retained for further consideration.

4.6.4 Membrane Filtration

Inorganic ions can be removed from wastewater by using membrane filtration to
concentrate the contaminants. The contaminated water is applied to one side of the
membrane, and a stripping solution to the other. The membrane has microscopic pores
that hold an organic solvent capable of removing the contaminant from the wastewater by
forming a chemical complex. The stripping solution then removes the contaminant from
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the solvent. The stripping solution must then be treated to remove the contaminants for
final disposal. An advantage of this process is that the membranes are ion specific, and
selection of an appropriate membrane can enhance contaminant recovery.

This technology has been shown to successfully remove uranium from liquid waste,
but is still in the development stage. Because other technologies are available that are both
effective and proven, this technology is not retained.

4.6.5 Gravity Separation

Gravity separation is a proven, effective method for removing oil and solids from
wastewater.

A gravity separator can be as simple as a settling basin, where solids settle to the
bottom and are periodically removed. Plate separators are rapidly replacing or augmenting
basin separators because they achieve the same results using less space. In this process, the
wastewater is passed through a chamber packed with parallel plates. However, plate
separators a__. not suitable for high solids wastewater because solids will build up too
quickly and clog the unit. Clarifiers are tanks designed for gravity separation, and are the
most commonly used means of removing solids from wastewaters with high solids con-
tents. This technology is retained for further consideration.

4.6.6 Solids Filtration

Strainers and filters are proven and effective for removing suspended solids from
wastewater prior to further treatment. Solids filtration is therefore retained as a

wastewater treatment technology.

4.6.7 Dewatering

Gravity separation, precipitation, and other wastewater treatment technologies
produce sludges with high water content. Normally, dewatering is used to reduce the

quantity of sludge requiring disposal by reducing the water content of the sludge. The
appropriate dewatering process will depend on the quantity and characteristics of the

sludge. Common dewatering technologies include belt filter presses that typically achieve
30% - 50% solids in dewatered sludge, recessed plate filter presses that typically achieve
40% - 70% solids, and sludge drying.

Sludge drying in ovens or kilns is normally not cost-effective and is practiced only
when extremely dry sludge is required. In arid climates, sludge drying in lined
evaporation ponds is sometimes feasible. Evaporation ponds require a large surface area,
take longer to dry the sludge, and would require controls to ensure that wind did not

disperse dried sludge. However, sludge drying can economically achieve higher solids
content than filter presses.

Dewatering of sludges will probably be necessary where wastewater treatment is
required for this operable unit. lt is retained for further consideration.

4-21

'I ' Iplp"



DOE/RL-93-35, Rev. 0

4.6.8 Carbon Adsorption

Carbon adsorption is an established process for removal of organic compounds from
wastewater. Activated carbon is available in both powdered and granular forms. The
granular form is more commonly used and can be thermally regenerated. Although
incidental removal of metals can occur, carbon adsorption is not as effective as other
technologies specifically intended for removal of metals from wastewater. This technology

is therefore not applicable to water treatment at this operable unit, and is not retained.

4.6.9 Air Stripping

This technology involves passing air through water in countercurrent flow so that
volatile contaminants will move from the water into the air. The air is then treated to

destroy or remove the contaminants, typically by incineration or vapor carbon adsorption.
Air stripping has been successfully used for removing volatile organic compounds (VOCs)
from water. Since VOCs are not contaminants of concern at this operable unit, this
technology is not applicable and is not retained.

4.6.10 Ultraviolet Photooxidafion

Oxidation of organic contaminants with ultraviolet (UV) light uses the energy available
in short wavelength radiation, in combination with ozone or hydrogen peroxide, to destroy
organic compounds via oxidation. Since this technology is only used for organic
contaminants, it is not applicable to this operable unit and is not retained.

4.6.11 Biological Treatment

Biological treatment is a class of technologies commonly applied for destruction of
organic contaminants in wastewater. Biological treatment can be performed ex-situ and
in-situ, with varying effectiveness. Biological treatment technologies include trickling filters,
activated sludge, packed-bed bioreactors, and land spreading.

Recently, investigation has started on removal of metals from aqueous wastes by
microorganisms. However, these techniques are experimental and unproven. Biological
treatment is generally considered not applicable to metals and radionuclides. Removal of
metals and radionuclides can be accomplished using other existing technologies that have
been proven effective. Biological treatment is, therefore, not retained.

4.7 DISPOSAL

Disposal is a general response action for final disposition of waste. Disposal is
containment following excavation, as compared to in-situ ,:ontainment such as in-situ
fixation or construction of surface barriers and leaving the contaminants in plac_. Disposal
relocates contaminants from one place to another; it is not treatment to destroy or detoxify
contaminants. However, if needed, treatment can be used prior to disposal. For example,
radioactive wastes are commonly treated by fixation or vitrification prior to disposal. To be

4-22



DOE/RL-93-35, Rev. 0

justified, excavation and disposal should provide greater protection of human health and
the environment than can be achieved by in-situ containment for a given site.

4.7.1 Engineered Landfill within Hanford Site (Environmental Restoration Storage &
Disposal Facility [ERSDF])

An engineered landfill, the Environmental Restoration Storage and Disposal Facility
(ERSDF), is currently planned for construction on the Hanford Site. This landfill will be
designed for low-level radioactive waste, mixed waste, and hazardous waste from
remediation activities throughout the Hanford Site. The final design of the ERSDF has not
been completed, but will comply with applicable regulations and DOE policies for disposal
of the wastes to be received, and will be fully permitted. Appropriate monitoring will be
provided during operation and following closure of the facility. Ali applicable regulations
and DOE policies regarding closure and post-closure care will also be followed.

In contrast to offsite landfills, transportation of contaminated soil from the 200-BP-1
site would not be a major concern. The hauling distance would be short and the
contaminated material would not leave the Hanford Site. Standard Hanford safety and
environmental controls, including packaging standards and personnel protection, would be
used. Additional controls would be used if appropriate.

The permitting process should provide review to ensure the effectiveness and
reliability of the facility. Conventional, well-developed technologies and methods will be
used to construct and operate the facility. Therefore, the ERSDF is considered readily
implementable. Disposal of the 200-BP-1 operable unit contaminated soil and other wastes
in the ERSDF is retained for further consideration.

"x

4.7.2 Engineered Landfill at the 200-BP-1 Operable Unit Site

A landfill could be constructed at the 2O0-BP-1site, similar in design to the ERSDF,for
disposal of contaminated soil from this site. However, it is more difficult both technically
and administratively, and is therefore less reliable, to construct and monitor separate
landfills for each operable unit than for a single Hanford landfill. The ERSDF shduld also
be more cost-effective per unit volume of contaminated soil or other waste disposed.
Therefore, construction of a landfill dedicated to soil and other wastes from the 200-BP-1
site is rejected in favor of landfill disposal in the ERSDF.

4.7.30ffsite Landfill

Use of an offsite landfill for permanent disposal is similar in concept to the other
landfill options discussed above. The offsite facility would probably be a general low-level
waste facility serving a state or regional area. The disadvantages of using an offsite
disposal facility are that (1) there are few facilities prepared to accept soil contaminated
with low levels of radioactivity, (2) transportation distances would be large, with the
associated potential risk of contaminant release, (3) public opposition to offsite disposal of
Hanford waste is likely to be high and (4) significant administrative difficulties are expected
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in removing waste from the Hanford Site.For thesereasons,offsitedisposalisnot
considereda viablealternativeand isnot retained.

4.7.4 Geologic Repository

A geologic repository is an undergcound disposal facility constructed in a stable
geologic setting with very low rates of groundwater movement. With this approach, waste
is isolated from humans and the ecosystem, thereby minimizing risk to both. The design
goal of a geologic repository is to pre_ent exposure of biological receptors to radioactive
waste or radioactive constituents for at least 10,000 years. However, no geologic repository
for radioactiw wastes is currently available.

A geologic repository for high-level nuclear waste (spem nuclear fuel and byproduct
wastes) is proposed for con.*'_ruction at Yucca Mountain, Ne'lada. Another repository for
transuranic waste (TRU), the Waste isolation Pilot Plant (WTPP), is presently under
construction near Carlsbad, New Mexico and may be operational within a few years.
Because space at any geological repos,tory will be limited and there is a backlog of

high-level nuclear waste, disposal of all soil contaminated with Io.... concentrations of
radionuclides from sites such as 200-BF-1 at Yucca Mountain or WIPP would not be
feasible.

The very high levels of protectiveness and redundancy appropriate for high-level
nuclear waste are not necessary to protect of human health and the environment from the
relatively low concentrations of radionuclides in soil at the 21)O-BP-1site. In addition,

transportation of radioactive materials presents significant administrative difficulties and rill
has the potential for release of contaminants during transport. CERCLA specifically
discourages offsite disposal of wastes (EPA 1988).

Use of a geologic repository is not er, vis".oned as a primary element of remediation for
this operable unit. However, it is possible that contaminated soil encountered during soil
remediation or waste generated from soil treatment (e.g., wastewater sludge) could meet
regulatory or DOE policy definitions that require disposal in a geologic repository.
Therefore, a geologic repository is retained as an alternative to landfill disposal, if required.

4.8 SUMMARY OF TECHNOLOGY SCREENING

The technologies retained after screening are summarized below:

• Institutional Controls
• Soil Barrier
• Modified RCRA Barrier
• Hanford Barrier

• Physical Soil Washing (Aqueous Physical Separation)
• Chemical Soil Washing (Radionuclide Extraction)
• Fixation (Chemical Stabilization)
• Ex-situ Vitrification
• In-situ Fixation

• ERSDF Disposal

,!
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• Geologic Reposito_/

Additional support technologies retained following screening are:

• Removal (Excavation)
• Dust Control

• Surface Water Management
• Waste Water Treatment

• Precipitation
• Ion Exchange
• Reverse Osmosis

• Gravity Separation
• Solids Filtration

• Dewatering



DOFJRL-93-35, Rev. 0

Table 4-1. Identification and Screening of Technologies and Process Options. (Sheet 1 of 4)

Technology Retained
Screening Comments (Yes/No)

Institutional Controls

Access restrictions Useful as component of overall site remedy Yes
Fencing
Security personnel

Warning markers Useful as component of overall site remedy Yes

Land use restrictions Useful as component of overall site remedy Yes
Zoning
Deed restrictions

Monitoring Required element of site remedy Yes

Removal

Excavation Necessary component of ex-situ treatment or disposal; Yes
Backhoe increases potential short-term risk due to worker expo-
Bulldozer sure and potential dust release.
Clamshell

Dragline

In-situ Containment

Dust control Useful during remedial construction site remedy; not a Yes
permanent remedy.

Surface water Use as a component of site remediation (e.g., in con- Yes
management junction with capping)

Surface barriers Cost-effective means of minimizing contaminant migra- Yes
tion and reducing risk by preventing direct contact
with contaminated soil

Soil barrier Cost-effective method of preventing contaminant mi- Yes

gration via air and surface water; may reduce infiltra-
tion.

Asphalt barrier Not reliable as a permanent remedy due to cracking; No
high maintenance requirements

Concrete barrier Not reliable as a permanent remedy due to cracking; No
high maintenance requirements

Synthetic membrane Ineffective for stand-alone protection due to uncertain No
barrier long-term reliability

Low-permeability clay Clay alone subject to desiccation and therefore not No
barrier reliable as a permanent remedy

, ,,,,,
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Table 4-1. Identification and Screening of Technologies and Process Options. (Sheet 2 of 4)

Tech nology Retained
Screening Comments (Yes/No)

Low-permeability Effective, permanent methods of preventing contami- Yes
composite Barrier nant migration via air, surface water, and groundwater.

Modified RCRA Cost-effectiveness depends on degree of re'dundancy in
Hanford barrier cap design.

Vertical barriers Not effective in vadose zone because infiltration is No

Slurry wall primarily vertical; use in saturated zone to be addressed
Sheet piling in the feasibility study for the groundwater operable
Grout curtain unit.
Freeze wall

Horizontal barriers

Grout injection Difficult to implement a reliable, effective barrier No

Freeze wall Difficult to implement in vadose zone due to low mois- No
ture content; requires active maintenance for effective-
ness; high cost of long-term operation makes unsuitable
for permanent containment

• Ex-situ Treatment Ex-situ treatment requires excavation and, therefore,
1 creates risk over containment or in-situ treatment via

i worker exposure and the potential for offsite migrationin dust or stormwater

Physical/Chemical
,, Dry soil sieving Not as effective as soil washing No
!

[]
• Physical soil washing Potential for reduction of soil volume requiring further Yes

(aqueous physical sep- treatment or disposal, possibly lowering cost of remedy
aration) (would require treatability study).

Chemical soil washing Potential for removing radionuclides from soil; would Yes
(radionuclide extrac- produce radioactive sludge requiring disposal
tion)

Fixation (chemical Potentially feasible for immobilizing site contaminants Yes
stabilization) (requires treatability study)

Vitrification Potentially feasible for immobilizing site contaminants Yes
(requires treatability study)

Encapsulation Fixation is more effective and reliable for equivalent No
Thermoplastic cost
Bitumen (asphalt)

Biological Not applicable to metals or radionuclides No
Land treatment

Slurry biotreatment
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Table 4-1. Identification and Screening of Technologies and Process Options. (Sheet 3 of 4)

" Technology Retained
Screening Comments (Yes/No)

i

Thermal Not applicable to metals or radionuclides No
Incineration

Pyrolysis
Thermal desorption

In-situ Treatment

Soil flushing (in-situ soil Unreliable and unproven; flushing solution difficult to No
washing) control and recover; treatment of flushing solution

generates sludge requiring disposal and therefore sim-
ply relocates risk

In-situ fixation Potentially feasible Yes

In-situ vitrification Experimental, not applicable to this site No

Wastewater Treatment Not applicable as primary technologies for soil. Would
be used to treat liquid wastes generated by primary
treatment technologies

Precipitation Proven technology; potentially feasible for removal of Yes
radionuclides from wastewater; produces sludge requir-
ing disposal

Ion exchange Proven technology; potentially feasible for removal of Yes
radionuclides from wastewater, produces sludge requir-
ing disposal

Reverse osmosis Potentially feasible for concentrating radionuclides into Yes
concentrated wastewater for further treatment

Membrane filtration Still under development; effective and proven technolo- No
gies are available.

Gravity separation Common component of wastewater treatment systems Yes

Solids filtration Common component of wastewater treatment system Yes

Dewatering Probably required for sludges from wastewater treat- Yes
Filter press ment prior to disposal
Evaporation

Carbon adsorption Not applicable for metals/radionuclides No

Air stripping Not applicable for metals/radionuclides No

UV-photooxidation Not applicable for metals/radionuclides No

Biological treatment Not applicable for metals/radionuclides No..,

-I 4T-lc
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Table 4-1. Identification and Screening of Technologies and Process Options. (Sheet 4 of 4)

Tech nology Retained
Screening Comments (Yes/No)

Disposal Landfill disposal requires excavation and, therefore,
creates risk over containment (in-situ disposal) via wor-
ker exposure and the potential for offsite migration in
dust or stormwater

Engineered landfill with- Implementable and effective; more costly but theoreti- Yes
in Hanford site (ERSDF) cally more effective than in-situ containment.

Engineered landfill at ERSDF easier to monitor and maintain (more reliable No
200-BP-1 site and implementable) and less costly than several sepa-

rate landfills at operable unit sites.

Offsite landfill Potential risk higher than onsite landfill disposal due to No
transportation; CERCLA prefers onsite disposal; high
administrative difficulties.

Geologic repository Same difficulties as offsite landfill, but may be required Yes
if high-level or transuranic wastes are generated during
remediation

i
!
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5.0 ASSEMBLY AND SCREENING OF REMEDIATION ALTERNATIVES

Remediation technologies retained following the screening process presented in
Chapter 4 are assembled into remedial alternatives for the 200-BP-1 soils operable unit in
this chapter. The technologies are combined to create a wide range of alternatives that
represent various approaches to achieving remedial action objectives. The methodology for
assembling alternatives is briefly discussed in Section 5.1. Each alternative is described in
Section 5.2 in sufficient detail to distinguish primary strengths and weaknesses. Section 5.3
presents a screening evaluation of the assembled alternatives against short- and long-term
aspects of effectiveness, implementability, and cost. The purpose of the screening
evaluation is to reduce the number of alternatives that will undergo more thorough
analysis and evaluation in Chapter 6. Finally, a summary of the retained alternatives is
included in Section 5.4.

5.1 ASSEMBLY OF ALTERNATIVES

Based on CERCLA Guidance and the NCP, remediation alternatives are developed

to achieve the following goals (EPA 1988):

• Be protective of human health and the environment.

• Attain ARARs to the maximum extent feasible.

• Be cost-effective.

• Utilize permanent solutions and alternate treatment or resource
recovery technologies to the maximum extent practicable.

• Satisfy the statutory preference for treatment.

• Minimize the need for long-term maintenance and monitoring.

CERCLA Guidance requires that a broad range of alternatives be formulated,

examined, and presented to decision makers for selection of a preferred remedial
alternative (EPA 1988). CERCLA Guidance also places an emphasis on those alternatives

that provide treatment of contaminants, and on alternatives that treat or dispose of
contaminants on the contaminated site. Accordingly, the technologies and process options

that were identified in Chapter 4 as being appropriate for use at the 200-BP-1 operable unit
are formulated into a wide range of remedial alternatives that employ the following

strategies:

1. No action (required by the NCP).

2. Limited action (e.g., maintaining institutional controls).

3. Containment of contaminated materials with little or no treatment, but being
protective of human health and the environment. Containment can be
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achieved by construction of surface barriers, leaving contaminants in piace,
or by excavating the contaminants and placing them in a landfill.

4. Treatment that reduces the mobility, effective toxicity, and/or volume of
contaminated materials. In the case of radionuclides at the 200-BP-1 operable
unit, the contaminants of concern cannot be destroyed, and so direct
reduction in toxicity is not possible. Treatment alternatives can be

implemented in-situ, leaving the treated contaminants in place, or ex-situ,
requiring excavation of contaminants prior to treatment. In the latter case,
the treated soils can either be returned to the excavation as backfill, or can

be placed in a landfill. In some treatment processes, the waste stream may
be split, with some components going to each of these locations.

5.2 DESCRIPTION OF ALTERNATIVES

A broad range alternatives are formulated from the technologies and process
options identified in Chapter 4. The key elements of each alternative are described and
briefly discussed below. In addition to a No Action alternative, and an alternative limited
to Institutional Controls, 17 alternatives were developed. Included are 3 surface barrier
alternatives, 9 excavation alternatives that include treatment (5 of which also include
surface barriers), 2 excavation and disposal alternatives, and 3 in-situ treatment alternatives.
A summary of these remediation alternatives is presented in Table 5-1.

In the sections below, the required No Action and Institutional Controls alternatives
are presented first. Institutional Controls are a component of the majority of the remaining
alternatives, and the Institutional Controls alternative is referenced frequently to save
repetitious description. Barrier alternatives are introduced next, as they are also
components of several other treatment alternatives. Excavation, treatment and disposal

alternatives follow next, with details of excavation and treatment l.;"ccesses introduced
once, and referenced thereafter, again to save repetitious description. Finally, the in-situ
treatment alternatives are presented at the end of the section.

5.2.1 Alternative 1: No Action

Description

A No Action alternative is required for each site evaluated under the CERCLA
process under the NCP. A No Action alternative would leave the operable unit in its
current state. In accordance with EPA's definition of this alternative, it is assumed that
none of the currently active institutional controls would be continued under a No Action

alternative. However, operation and maintenance of a monitoring system is part of the
No Action alternative to document the future conditions at the operable unit.

As an interim remedial measure, contaminated surface soils and contaminants from
unplanned releases at the site have been consolidated over the cribs and covered with 0.5 -
0.6 m (1.5- 2 ft) of clean soil.

m 5-2
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Under theseconditions,the No Actionalternativeprovidesthe baseconditionfor

comparison of remediationalternativesforsoils(seeChapter 7).

Discussion

Contaminated soilsatthissitearecurrentlycoveredwith a layerof cleansoil.So

long as thiscover_emainsintact,itpreventsdirecthuman and environmentalcontactwith
contaminatedsoils,and preventsdirectexposureto radionuclidesabove the 10-6Hsk level.
In addition, the soil cover prevents contact with surface water runoff and wind, preventing
migration of contaminants by surface water and airbome pathways. Under these current
conditions, the site poses no Hsk to human health or the environment 03OE-RL 1993).

However, without continued institutional controls, unrestricted industrial use of the
site could result in penetration of the clean soil layer by human activities or as a result of
biological intrusion such as the growth of deep rooted plants, digging by burrowing
animals, or activities of ground nesting insects.

In addition, modeling of vadose zone contaminant migration assuming a net
infiltration of I cm (0.4 in.) per year (approximating near current conditions) through the
contaminated soils predicts that total uranium concentrations in groundwater will exceed
MCLs in several hundred years (DOE-RL 1993). Consequently, this alternative alone is not
effective over the long term in achieving the remedial action objective of preventing
additional contamination of groundwater above ARARs.

5.2.2 Alternative 2: Institutional Controls

Description.

Institutional controls include fencingand marking of the site, and deed restrictions

on use of the site and of the groundwater beneath the site. Institutional controls also
include maintenance activities. Fencing would be maintained around the operable unit to

prevent site access. Depending on the disposition of surrounding operable units, the site
could be fenced by itself or in combination with other units. Warning markers would be
placed on the fencing and buried in site soil to discourage trespass and excavation.

Deed restrictions registered with the Benton County Auditor would designate the
site as a permanent disposal area not suited to other use. Groundwater use restrictions
would prevent withdrawals of groundwater within the site boundary and within the
identified contaminant plume, and would be coordinated with remedial actions for

groundwater undertaken by the 200 East Aggregate Area FS.

Maintenance activities include maintenance of the fence and fence markers,

maintenance and repairs to the clean soil cover, and maintenance of the existing
groundwater monitoring system. Maintenance of the clean soil cover would include
control of deep-rooted plants, burrowing animals, and if necessaly, ground nesting insects
(to prevent them from bringing contaminants to the surface). Feriodic inspections of the
operable unit and analysis of groundwater sample results would determine the need for
maintenance activities.
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A groundwater monitoring system is also a component of this alternative. The
system is provided to monitor contaminant concentrations reaching groundwater beneath
the operable unit over time so that the effectiveness of the alternative may be assessed and
additional actions taken in the event that contaminant levels threaten to exceed remedial

action objectives.

Discussion

Preventing site access would minimize further the low potential for direct human
and environmental exposure to contaminated soils associated with the No Action

alternative. Trespass (and thus potential contact) is highly unlikely with the current level
of site security. The potential for trespass could be somewhat higher if security measures
are decreased in the future. Biological intrusion and resulting transport of contaminants
would be minimized by maintenance activities.

Because institutional controls do nothing to reduce infiltration, vadose zone
transport of uranium is still expected to reach groundwater within several hundred years,
assuming a net of 1 cm (0.4 in.) per year of infiltration. Therefore, institutional controls do
not improve long term effectiveness for groundwater protection above that offered by the
No Action alternative.

Institutional controls are protective of human health and the environment but rely

on active intervention for continued effectiveness. Key intervention actions include
maintenance activities and enforcement of groundwater use and deed restrictions.
Institutional controls do not include engineered physical barriers or removal of
contaminants from the site.

Under current conditions, the site poses no imminent risk to human health or the
environment. The cumulative risk from ali pathways under current conditions (Phase I R1
Baseline Risk Assessment) is less the 10.6 (DOE-RL 1993). Therefore, even if this alternative
were not considered suitable as a permanent remedy, it could be selected subject to
reconsideration once remedial actions are selected for neighboring sites such as the 241-BY
tank farm.

5.2.3 Alternative 3: Biointrusion Barrier

Description

The concept of a biointrusion barrier for the 200-BP-1 operable unit consists of a
relatively thin (approximately 1 m [3 ft] thick) surface barrier designed to minimize
potential biological contact with contaminated soils, and hence minimize the potential
migration of contaminants by biological pathways. The barrier is also designed for long
term performance (in excess of several hundred years) with very little maintenance.

Of particular concern are deep-rooted plants that have the potential to bring
radionuclides to the surface if permitted to grow on the unprotected surface of the
operable unit. The biointrusion barrier is also designed to discourage burrowing animals
from digging dens over the operable unit. A final biological vector to consider is the
possibility of migration of contaminants due to the activities of ground nesting insects as

5-4
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theymove toand from deep nests.In addition,thesurfaceof thebarrierwould be
resistantto wind erosion.

Potentialdrawbacks ofa barrierdesignedexclusivelyforprotectionfrom
biointrusionincludethepossibilitythatitwillincreasenet infiltrationof precipitationdue
tothe high permeabilityof itssurfacelayers,and thelackof transpirationdue tothe
eliminationofsurfacevegetation.

Institutionalcontrolssuch as fencing,warning markers,and deed restrictionswould
be added to the barriertopreventsiteaccessand inappropriatesiteuse. The barrier

would be maintainedover a post-closureperiod,duringwhich itwould be monitored to
verifyitseffectiveness.For the purposes ofevaluatingthisalternativeitisassumed that
institutionalcontrolswould be maintainedfollowingthepost-closureperiodbut monitoring
would no longerbe necessary.

Discussion

Thisalternativeprotectshuman healthand the environment by preventingdirect
conta_ with contaminatedsoiland preventingoff-sitemigrationof contaminantsin surface
water or airbornedust.The biointrusionbarrierwould preventtransportof contaminants
by burrowing animalsand deep-rootedplants.Such an engineeredbarrierwould be more
effectiveand more reliablethan the currentnon-engineeredcleansoilcover.

Measurements of infiltrationin naturallyoccurringmaterialsthataresimilarto
thoseproposed forthebiointrusionbarrierindicatethata rateofup to 10 cm (4in.)per
year isnot unreasonable.Modeling ofvadose zone transportofuranium with a 10 cm (4
in.)per year infiltrationratepredictsthaturanium concentrationswould exceedARARs
more quicklythan under currentsiteconditions,which areestimatedto be lessthan Icm
(0.4in.)per year. A more detailedevaluationof migrationofuranium under various
inr'titrationratesinprovidedin Section6.4.1.3.

A surfacebarriermust remain intacttobe effective.Institutionalcontrolswould be

requiredtopreventunsuitablesiteuses,includingconstructionor otheractivitiesthatcould

resultin penetrationof thebarrier.A monitoringsystemsimilarto thatincludedin
Alternative2 would be provided. No contaminantsareremoved from theoperableunit
under thisalternative.

5.2.4 Alternative 4: Modified RCRA Barrier

Descrivtion

RCRA Subtitle C barriers are designed for hazardous waste landfill facilities, with
the primary functional goal of preventing inf'fltration of precipitation through the landfill
cover, waste layers, and landfill liner system. The proposed design is based on standard
RCRA guidance to be used for protection of hazardous waste sites, modified to use
alternative materials for increased longevity, on the order of 500 to 1,000 years. The barrier
design is about 1.8 m (6 ft) thick. It includes a fine soil layer to promote surface water run-
off and evapotranspiration, a drainage layer to transport infiltration away from the capped
area, and a low-permeability moisture barrier, made of asphalt with a base course, to
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reduce the net downward infiltration of precipitation that also functions as a barrier to
deep biological intrusion. No attempt is made to prevent growth of shallow-rooted
vegetation, as such plants promote evapotranspiration and help reduce net infiltration.

Discussion

The modifiedRCRA barrierprotectshuman healthand theenvironmentby
providinga surfacebarrierpreventingcontactwithcontaminatedsoils,asdo theother
barrieralternatives.The modifiedRCRA barrierwould providegreaterprotectionagainst
infiltrationofsurfacewaterthroughcontaminatedsoil,actuallyreducinginfiltrationbelow
currentlevels,althoughtheHanfordBarrierisexpectedtobeevenmore effectiveinthis
regard.Therefore,themodifiedRCRA barrierwould increasethetimerequiredfor
uraniumtomigratetogroundwaterinconcentrationsinexcessofARARs toseveral
thousandsofyears.Inaddition,thepeakconcentrationsofuraniumwould be reduced.A
more detailedevaluationofmigrationofuraniumundervariousinfiltrationratesis
providedinSection6.4.1.3.

Institutional controls and monitoring would be performed as described for
Alternative 2. No contaminants are removed from the operable unit under this alternative.

5.2.5 Alternative 5: Hanford Barrier

Description

The Hanford Barrier is a surface barrier specifically designed for Hanford Site
remediation. It is designed to prevent biointrusion and migration of long-llved
radionuclides by drastically reducing net infiltration, and its components take advantage of
the local arid climate in minimizing infiltration. The Hanford Barrier is the thickest (about
4.6 m [15 ft]) of the barrier altenlatives considered for the operable unit. It also contains
the greatest number of layers, including fine soil layers to promote surface water runoff, an
evapotranspiration layer and a capillary break to inhibit percolation, a drainage layer to
transport any infiltration away from the covered area and also prevent biological intrusion,
and a final low-permeability moisture barrier. The layers of this design have functional
redundancy and the design is intended to require no maintenance over time periods on
the order of 1,000 years or more.

Discussion

The Hanford Barrier would not necessarily be more effective initially than
Alternatives 3 or 4. However, because of its thickness and multiple protective layers, the
Hanford Barrier would be expected to remain effective for a much longer period of time
than other surface barrier designs. It is also expected to require less maintenance as a
result of its design objectives and the greater thickness of it top two layers. For these
reasons, the Hanford Barrier is considered to be more reliable for this operable unit than
Altemative_ 3 and 4.

Institutional controls and monitoring would still be performed as described for the
other barrier alternatives. However, ongoing maintenance and institutional controls are
less important with the Hanford Barrier than the barrier designs in the other alternatives.
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The Hanford Barrier is expected to reduce infiltration to near zero, thus greatly extending
the time until total uranium concentrations in groundwater exceed ARARs.

5.2.6 Alternative 6: Excavation and Soil Washing of Most Contaminated Soil with a
RCRA Barrier

Description

In this alternative, soils at the 200-BP-1 site that contain the highest levels of
contamination would be excavated and treated to achieve volume reduction. Based on

available data, it is assumed that physical soil washing would be effective for this purpose.
Reduction in contaminant mobility is not achieved with this process.

The largest concentrations of radionuclides are 4.6-9.1 m (15-30 ft) below ground
surface (DOE-RL 1993). As described in Section 3.4.2, the depth of significant
contamination requiring remediation is assumed to be 15 m (50 ft) for the purpose of
analysis and comparison of alternatives. Excavation under this alternative is formulated to
remove the majority of contaminants, and is therefore assumed to extend 15 m (50 ft)
below ground surface.

Soil fractions from washing with contaminant levels exceeding remedial action
objectives would be stabilized as necessary to meet disposal requirements, and then

disposed of in the ERSDF. A geologic repository would be used in place of the ERSDF for
contaminated soil where regulations or DOE policy require use of a geologic repository. To
minimize the potential for exposure, excavation would not occur until construction of the
ERSDF (or geologic repository, if applicable) is completed, thus avoiding above-ground
storage of contaminated soils.

Following treatment, soil fractions with contaminant levels below remedial action
objectives would be returned to the excavation. The balance of the excavation site would
be backfilled to current grade with clean fill, compacted, and graded for proper drainage.
This backfill (treated soil and clean fill) would provide a thick cover for the site. Based on

an excavation depth of 15 m (50 ft), the depth of backfill would be sufficient to prevent
biological intrusion to depths where unexcavated contaminants remain in place.

Inclusion of silt size fractions in the clean backfill and growth of surface vegetation
would promote evapotranspiration and thereby minimize infiltration. However, a low
permeability RCRA barrier is included to prevent uranium currently existing below 15 m
(50 ft) in unexcavated soils from impacting groundwater in concentrations above ARARs
within 500-600 years. Inclusion of a RCRA barrier is expected to increase the time at which
total uranium concentrations in groundwater will exceed ARARs from several hundred to
several thousand years. A more detailed evaluation of the residual risk to groundwater of
unexcavated soil is provided in Section 6.4.1.3.

Because some contaminated soil would remain at the site after remedial action,

institutional controls and monitoring would be required for this alternative.
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Discussion

As discussed in Section 4.4, both physical soil washing and chemical soil washing
have the potential to reduce the volume of contaminated material at this site. Physical soil
washing would provide direct volume reduction by separating the most contaminated soil
particles from relatively clean soil particles. Chemical soil washing would achieve volume
reduction less directly. The liquid extract from chemical soil washing would contain the
concentrated contaminants. The treatment of the extract would produce a sludge from
precipitation of metals or spent ion exchange resin requiring disposal in the ERSDF (or a
geologic repository, if necessary). However, the total volume of the sludge and solids from
treatment of the liquid waste should be significantly less than the initial volume of
contaminated soil.

For the purposes of this feasibility study, it is not necessary to make a final
selections between the two soil washing processes. Despite their differences, the two
processes have sufficient similarities to permit a valid comparison to the other remedial
alternatives when considered c.s a single alternative. Of the two soil washing options,
physical soil washing would be easier to implement and much less expensive. Chemical
soil washing would be attempted only if physical soil washing were unable to attain
remedial action objectives.

In e_.aluating this alternative, it will be assumed that physical soil washing can
achieve the effectiveness in volume reduction suggested by available data. Should this
alternative be selected, its effectiveness would be confirmed by a treatability study.
Uncertainties in the selection of soil washing processes are not expected to prevent the
selection of a remedial action based on the information provided in this feasibility study.
Selection of this alternative would require reconsideration only if 1) the treatability study
could not confirm predicted effectiveness for physical soil washing, and 2) chemical soil
washing were also unable to provide equivalent effectiveness. It is not anticipated that the
differential cost between physical and chemical soil washing will be a deciding factor in
selecting between alternatives. The differential cost will be addressed in the event that the
selection of a remedial action depends on quantification of this cost uncertainty.

This alternative would result in removal of the majority of the contamination at this
site, both in terms of mass and concentration. Reducing the volume of contaminated
material, given preference by SARA, is provided by soil washing. However, the potential
risks posed by the excavated and treated contaminants would be relocated from the
operable unit to a nearby disposal site (the ERSDF). The theoretical increase in
protectiveness resulting from treatment thus depends on the difference in protection
provided by disposal in the ERSDF and that provided by construction of a surface barrier
covering the cleaned soils and the remaining contaminants in place on the operable unit.

5.2.7 Alternative 7: Excavation and Soil Washing of Ali Contaminated Soil

Description

This alternative is similar to Alternative 6, with the addition that ali soil with
contaminant levels that could result in concentrations in groundwater exceeding ARARs
would be excavated and treated. Since ali such contaminants will be removed, a low
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permeability barrier is not a com_)o;;ent of this alternative. A soil washing processes, as
described for Alternative 6, would also be included in this alternative.

Based on vadose zone fate and transport modeling, it is estimated that soils to

depths of more than 46 m (150 ft.) would have to be excavated to prevent total uranium
concentrations from exceeding ARARs in groundwater within several hundred years,
assuming current existing infiltration rate;_ at the operable unit on the order of 1 cm (0.4

in.) per year. Ex_.,vation to even greater depths would be necessary to remove ali
contaminated soils. Because the residual risk would be insignificant, institutional controls
and monitoring would not be required for the site. However, institutional controls and
monitoring would presumably be required for the ERSDF where separated contaminants

would be disposed.

Discussion

The. potential risk at the 200-BP-I operable unit due to contaminated soil would be
eliminated under this alternative. The site could therefore be released for unrestricted use,

provided this use is also compatible with remedial action at neighboring operable units
such as the single shell tanks at the 241-BY Tank Farm in the 200-BP-7 operable unit.
However, the contaminants and their associated risk would simply be relocated to a nearby

facility, albeit to a more controlled site (the ERSDF). In addition, excavation to depths
required to remove ali of the contaminants would be extremely difficult to implement, and
is not expected to be cost effective. Implementability of this alternative and its relationship
to the adjacent 200-BP-7 operable unit are discussed in more detail in Section 5.3.

5.2.8 Alternative 8: Excavation and Soil Washing of Most Contaminated Soil with
Vitrification and a RCRA Barrier

Desc rip_t.io___0_n

This alternative contains ali of the elements of Alternative 6, and adds vitrification of

the contaminated soil fraction (or sludge, in the case of chemical soil washing) prior to
disposal. This alternative requires construction and operation ot two distinct treatment
systems, to be run in series. A RCRA surface barrier is required with this alternative to
limit migration of uranium remaining below the excavation limit of 15 m (50 ft) to

groundwater in concentrations that exceed ARARs in less than approximately 1,000 years.

As with Alternative 6, the excavation would be backfilled with the relatively clean

fraction of treated soil and some imported clean fill. Institutional controls and monitoring
of _he operabie unit would be provided.

Discussion

In addition to the treatment benefits discussed under Alternative 6, vitrification

provides a high degree of contaminant immobilization. As a result, this alternative reduces
both the volume of contaminated soil and the mobility of the contaminants, as preferred by
SARA. Reduction in contaminant mobility reduces the potential for affecting groundwater
in the event of containment failure at the ERSDF where the vitrified materials would be

disposed. The risk to groundwater beneath the operable unit is the same under this
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alternative as under Alternative 6. However, due to the benefits of vitrification, this
alternative should be more effective and more reliable than Alternative 6. It is also more

expensive.

5.2.9 Alternative 9: Excavation and Fixation of Most Contaminated Soil

Description

In this alternative, soil at the 200-BP-1 site that contains contaminant levels that will

exceed RAOs within 1,000 years would be excavated and treated by fixation (chemical
stabilization) to immobilize contaminants. Volume reduction would not be achieved by this
alternative, however, as fixation often results in a small volume increase. As with
Alternatives 6 and 8, contaminants will be excavated to a depth of 15 m (50 ft) to provide
treatment of the majority of the contaminants of concern. The treated soil would be
returned to the excavation.

Treated soils will be compacted in the excavation and graded for proper drainage.
Under this first fixation alternative, a RCRA barrier is not included. The treated soils and
clean backfill will form a cover over the uranium remaining below the 15 m (50 ft)
excavation depth. The clean backfill will have a silt size fraction component, and
vegetation will be permitted to grow over the cover to reduce infiltration and enhance
evapotranspiration, partially mitigating the driving force for uranium transport to
groundwater.

Because contaminants will remain on the operable unit, appropriate institutional
controls and monitoring would be provided.

Discussion

This alternative would provide treatment to reduce the mobility of contaminants, as
preferred by SARA. Fixation typically increases the volume of contaminated material
between 5% - _% (sometimes more). Fixation is generally considered the appropriate
treatment to immobilize contaminants with low concentrations of radionuclides, such as

those found at the 200-BP-1 operable unit. However, a treatability study is expected to be
required to assure effectiveness and determine leachability under the site-spec_ic conditions
at the operable unit.

Due to the lack of an engineered cover, this alternative would not prevent
bioinstrusion or infiltration. Despite the reduction in contaminant mobility provided by
treatment, leachability is not expected to be zero, and infiltration is expected move around
and through the unsaturated backfill soils, and proceed downward to th_ groundwater
table. Lack of an engineered surface barrier is expected to result in migration of the
uranium remaining below 15 m (50 ft) to groundwater in excess of ARARs within several
hundreds of years. Any contaminants that are leached from the treated soil matrix will
add to these concentrations in groundwater.

"!
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5.2.10 Alternative 10: Excavation and Fixation of Most Contaminated Soil with a RCRA
Barrier

Descrivtion

This alternative contains ali of the elements of Alternative 9, and adds a RCRA

barrier. Excavation would proceed to 15 m (50 ft), and treated soils would be returned to
the excavation as backfill. While fixation immobilizes contaminants, and typically lowers

the leachability of treated soil, a low-permeability RCRA barrier is required to meet RAOs
due to the presence of uranium below the excavation limit of 15 m (50 ft). A RCRA barrier
is expected to limit infiltration to below current levels, and increase the time required for
total uranium concentrations to reach groundwater from several hundred years to several
thousand years, while decreasing peak total uranium concentrations.

As with Alternative 9, appropriate institutional controls and monitoring would be
provided.

Discussion

This alternative would provide the same reduction in the mobility of contaminants

through treatment as Alternative 9, as preferred by SARA. The addition of a barrier
increases effectiveness of this alternative by greatly increasing the time period over which
RAOs for groundwater will be met, and by preventing off-site transport of the treated soil
by wind and surface water. The cost of the barrier is expected to represent a modest
increase in the cost of the alternative, but a smaller fraction than that required by
excavation and treatment.

5.2.11 Alternative 11: Excavation and Fixation of Ali Contaminated Soil

Descrivtion

This alternative is similar to Alternative 7, with fixation taking the place of soil

washing. Ali soil with contaminant levels that result in exceedance of remedial action
objectives would be excavated and treated, resulting in an excavation depth that exceeds 46
m (150 ft). Ali of the treated soils will be returned to the excavation as backfill, reducing
residual risk on the operable unit to an insignificant level. However, since the
contaminants are not removed from the site despite being immobilized, appropriate
institutional controls and monitoring would still be necessary under this alternative.
Inclusion of silt size fractions in a thin surface layer of clean backfill and growth of surface

vegetation would promote evapotranspiration and thereby minimize infiltration, reducing
the possibility of leaching contaminants from the treated soils.

Discussion

This alternative should be more effective than Alternative 10 because it treats ali of
the contaminated soil. The additional protection of groundwater is marginally greater than

that provided by Alternative 10, since RAOs should never be exceeded once ali of the

contaminants are treated. However, it should be noted that the majority of the
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contamination is in the upper 15 m (50 ft), both in terms of mass and concentration, and
would be treated in Alternative 10.

Treating the additional soil below 15 m (50 ft) would more than double the
treatment cost of this alternative compared to Alternative 10. The excavation costs would
increase much more dramatically, and would only affect the residual risk at the operable
unit beyond the 1,000 year time frame. In addition, excavation to depths required to
remove ali of the contaminants would be extremely difficult to implement, and is not
expected to be cost effective. Implementability of this alternative and its relationship to tile
adjacent 200-BP-7 operable unit are discussed in more detail in Section 5.3 below.

5.2.12 Alternative 12: ExcavatiL_n and Vitrification of Most Contaminated Soil

Description

This alternative is similar to Alternative 9, with the exception that vitrification rather
than fixation would be used to achieve contaminant immobilization. Excavation would

proceed to a depth of approximately 15 m (50 ft) below ground surface, with all of the
excavated soils being treated in an ex-situ vitrification plant, as described in Section 4.4.5.
This alternative differs from Alternative 8 in that the vitrified soils would be replaced in the
excavation, and not placed in the ERSDF. As a result, the Hsk associated with the vitrified
soils remains within the 200-BP-1 operable unit.

No low permeability barrier is included in this alternative. The glass-like nature of
the replaced vitrified soil is expected to be an effective impediment to biological intrusion.
Appropriate institutional controls and monitoring would be provided.

Discussion

Vitrification should provide greater immobilization and lower leachability of the
contaminants from treated soil, resulting in greater effectiveness than the fixation process
included in Alternative 9. Vitrification would be expected to increase the volume of
contaminated material slightly. Vitrification is generally considered the best single means
of immobilizing high-level radioactive contamination, although it is significantly more
expensive the fixation. While it may be more than is required for the low level
contaminants at 200-BP-1, it is expected to be effective. However, because treatment
effectiveness is site-specific, a treatability study would be required to determine if
vitrification is significantly more effective than fixation for soils at this site.

Without an engineered, low permeability barrier as a cover, this alternative would
not prevent infiltration and potential migration of uranium to ground water. Uranium in
unexcavated soils below 15 m (50 ft) is expected to reach groundwater in concentrations in
excess of ARARs within several hundred years at an infiltration rate of I cm (0.4 in.) per
year.

@
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5.2.13 Alternative 13: Excavation and Vitrification of Most Contaminated Soil with a
RCRA Barrier

Description

This alternative contains ali of the elements of Alternative 12, and adds a RCRA

barrier. Excavation would proceed to 15 m (50 ft), and treated soils would be returned to
the excavation as backfill. While vitrification immobilizes contaminants, and typically
lowers the leachability of treated soil, a low-permeability RCRA barrier is required to meet
RAOs due to the presence of uranium below the excavation limit of 15 m (50 ft). A RCRA
barrier is expected to limit infiltration to below current levels, and increase the time
required for total uranium concentrations to reach groundwater to several thousand years,
while decreasing peak total uranium concentrations.

The glass-like nature of the replaced vitrified soil is expected to be effective
impediment to biological intrusion in addition to the presence of an asphalt layer in the
RCRA barrier. Appropriate institutional controls and monitoring would be provided.

Discussion

This alternative would provide the same reduction in the mobility of contaminants

through treatment as Alternative 12, as preferred by SARA. The addition of a barrier
increases effectiveness of this alternative by greatly increasing the time period over which
RAOs for groundwater will be met, and by providing additional protection from exposure
to radiation in the vitrified soil. The cost of the barrier is expected to represent a modest
increase in the cost of the alternative, but a smaller fraction that required by excavation and
treatment.

5.2.14 Alternative 14: Excavation and Vitrification of Ali Contaminated Soil

Description

This alternative contains the same elements as Alternative 12, with the exception
that ali soil with contaminant levels that result in exceedance of remedial action objectives
would be excavated and treated, resulting in an excavation depth that exceeds 46 m (150
ft). Ali of the treated soils will be returned to the excavation as backfill, reducing residual
Hsk on the operable unit to an insignificant level. However, since the contaminants are not
removed from the site despite being immobilized, appropriate institutional controls and
monitoring would still be necessary under this alternative. Inclusion of silt size fractions in
a thin surface layer of clean backfill and growth of surface vegetation would promote
evapotranspiration and thereby minimize infiltration, reducing the possibility of leaching
contaminants from the treated soils.

Discussion

This alternative should be more effective than Alternative 13 because it treats all of

the contaminated soil. The additional protection of groundwater is marginally greater than

O that provided by Alternative 13, since RAOs should never be exceeded once ali of thecontaminants are treated. However, it should be noted that the majority of the
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contamination is in the upper 15 m (50 ft), both in terms of mass and concentration, and
would be treated in Alternatives 12 and 13.

Treating the additional soil below 15 m (50 ft) would more than double the
treatment cost of this alternative compared to Alternatives 12 and 13. The excavation costs
would increase much more dramatically, and would only affect the residual risk at the
operable unit beyond the 1,000 year time frame. In addition, excavation to depths required
to remove all of the contaminants would be extremely difficult to implement, and is not

expected to be cost effective. Implementability of this alternative and its relationship to the
adjacent 200-BP-7 operable unit are discussed in more detail in Section 5.3 below.

5.2.15 Alternative 15: Excavation and Disposal of Most Contaminated Soil with a RCRA
Barrier

Description

In this alternative, soil at the 200-BP-1 site that contains most of the contamination
would be excavated and disposed in the ERSDF. Contaminants will be excavated to a
depth of 15 m (50 ft) to provide removal of the majority of the contaminants of concern;
volume reduction would not be achieved by this alternative. A geologic repository would
be used in place of the ERSDF for contaminated soil, where regulations or DOE policy
require use of a geologic repository. To minimize the potential for exposure, excavation
would not occur until construction of the ERSDF (or geologic repository, if applicable) is
completed, thus avoiding above-ground storage of contaminated soils.

The excavation would then be filled to grade with clean fill, compacted, and graded
for proper drainage. Inclusion of silt size fractions in the clean backfill and growth of
surface vegetation would promote evapotranspiration and thereby minimize infiltration.
However, a low permeability RCRA barrier is included to prevent uranium currently
existing below 15 m (50 ft) in unexcavated soils from impacting groundwater in
concentrations above ARARs within 5(X)-6(X)years. Inclusion of a RCRA barrier is expected
to increase the time at which total uranium concentrations in groundwater will exceed
ARARs to several thousand years.

Because some contaminated soil *.':ould remain at the site after remedial action,

institutional controls and monitoring would be required for this alternative.

Discussion

This alternative would result in the removal of most of the contamination from the

200-BP-1 site, both in terms of mass and concentration. However, the potential risk due to

the contaminants would simPlY be relocated to a nearby disposal site (the ERSDF).
Contaminated soil would remain at the site, requiting institutional controls and monitoring.

The potential risks posed by the excavated contaminants would be relocated from
the operable unit to a nearby disposal site (the ERSDF). The theoretical increase in
protectiveness resulting from removal thus depends on the difference in protection
provided by disposal in the ERSDF and that provided by construction of a surface barrier
covering the remaining contaminants in place on the operable unit.
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5.2.16 Alternative 16: Excavation and Disposal of Ali Contaminated Soil

Description

This alternative contains the same elements as Alternative 14, with the exception
that ali soil with contaminant levels that result in exceedance of remedial action objectives
would be excavated disposed in the ERSDF, resulting in an excavation depth that exceeds
46 m (150 ft). To minimize the potential for exposure, excavation would not occur until
construction of the ERSDF (or geologic repository, if applicable) is completed, thus avoiding
above-ground storage of contaminated soils. The excavation would be backfilled with clean
fill and graded for proper drainage.

Discussion

The potential risk at the 200-BP-1 operable unit due to contaminated soil would be
eliminated under this alternative. The site could therefore be released for unrestricted use,
provided this use is also compatible with remedial action at neighboring operable units
such as the single shell tanks at the 241-BY Tank Farm in the 200-BP-7 operable unit.
However, the contaminants and their associated risk would simply be relocated to a nearby
facility, albeit to a more controlled site (the ERSDF). In addition, excavation to depths
required to remove ali of the contaminants would be extremely difficult to implement, and
is not expected to be cost effective. Implementability of this alternative and its relationship
to the adjacent 200-BP-7 operable unit are discussed in more detail in Section 5.3 below.

Institutional controls and monitoring would presumably be required for the ERSDF.

5.2.17 Alternative 17: In-situ Fixation of Most Contaminated Soil

Description

In this alternative, the most contaminated soil would be treated in place by fixation.
Deep soil mixing would be accomplished by drilling with large augers to mix the soil in
place while grout or other fixation agents are injected (see Section 4.5.2). Mixing zones are
overlapped to ensure treatment of ali soils in the contaminated zone, in this case beneath
the cribs to a depth of 15 m (50 ft). The cribs and piping networks would be treated via
pressure grouting. A RCRA barrier is not included in this alternative. Appropriate
institutional controls and monitoring would be provided.

Discussion

This alternative would provide treatment to reduce the mobility of contaminants
within the mixing zone, as preferred by SARA. Fixation typically increases the volume of
contaminated material between 5% - 20% (sometimes more). Fixation is generally
considered the appropriate treatment to immobilize contaminants with low concentrations
of radionuclides, such as those found at the 200-BP-1 operable unit. However, a treatability
study would be required to select appropriate fixative agents and determine effectiveness
(leachability) under the site-specific conditions at the operable unit.
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Due to the lack of an engineered cover, this alternative would not prevent
biointrusion and infiltration. Despite the reduction in contaminant mobility provided by
treatment, leachability is not expected to be zero, and infiltration is expected move around
and through the unsaturated backfill soils, and proceed downward to the groundwater
table. Lack of an engineered surface barrier is expected to result in migration of the
uranium remaining below 15 m (50 ft) to groundwater in excess of ARARs within several
hundreds of years. Any contaminants that are leached from the treated soil matrix will
add to these concentrations in groundwater.

5.2.18 Alternative 18: In-situ Fixation of Most Contaminated Soil with a RCRA Barrier

Description

This alternative contains ali of the elements of Alternative 17, and adds a RCRA

barrier. Soil mixing would proceed to 15 m (50 ft), and treated soils would remain in place,

forming a more or less solid mass, through which infiltration will be able to migrate. While
fixation immobilizes contaminants, and typically lowers the leachability of treated soil, a

low-permeability RCRA barrier is required to meet RAOs due to the presence of uranium
below the excavation limit of 15 m (50 ft). A RCRA barrier is expected to limit infiltration to
below current levels, and increase the time required for total uranium concentrations to

reach groundwater to several thousand years, while decreasing peak total uranium
concentrations.

As with Alternative 17, appropriate institutional controls and monitoring would be
provided.

Discussion

This alternative would provide the same reduction in the mobility of contaminants

through treatment as Alternative 17, as preferred by SARA. The addition of a barrier
increases effectiveness of this alternative by greatly increasing the time period over which
RAOs for groundwater will be met, and by preventing biointrusion. The cost of the barrier
is expected to represent a modest increase in the cost of the alternative, but a smaller
fraction than that required by excavation and treatment.

5.2.19 Alternative 19: In-situ Fixation of Ali Contaminated Soil

Description

This alternative is similar to Alternative 18, with the exception that ali soil with
contaminant levels that result in exceedance of remedial action objectives would be treated

in piace. This would require deep soil mixing and grout injection to depths that exceeds
46 m (150 ft). Ali of the treated soils will remain in place, reducing residual risk on the
operable unit to an insignificant level. However, since the contaminants are not removed
from the site despite being immobilized, appropriate institutional controls and monitoring
would still be necessary under this alternative. Inclusion of silt size fractions in a thin
surface layer of clean backfill and growth of surface vegetation would promote
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evapotranspiration and thereby minimize infiltration, reducing the possibility of leaching
contaminants from the treated soils.

Discussion

This alternative would provide treatment to reduce the mobility of contaminants, as
preferred by SARA. This alternative should also be more effective than Alternative 18
because it treats ali of the contaminated soil. The additional protection of groundwater is
marginally greater than that provided by Alternative 18, since RAOs should never be
exceeded once ali of the contaminants are treated, lt should be noted once again that the
majority of the contamination is in the upper 15 m (50 ft), both in terms of mass and
concentration, and would be treated in Alternatives 17 and 18.

The implementability of this alternative is also questionable. In-situ fixation can be
performed using commercially available equipment to depths of approximately 50 feet.
Treatment to depths of 100 - 200 feet, such as would be required to treat ali of the
contaminated soil at this site, would require specially built equipment. Fixation to such
depths are difficult to achieve at any site, but the large cobbles found frequently in site soils
could prevent reaching the desired depth in some locations or preventing effective mixing.
Even where it is possible to reach the desired depth, verifying effectiveness would be
extremely difficult. Further, treatment to great depth would proceed very slowly, and the
low productivity would make this alternative very expensive, and probably not cost
effective. Finally, the additional efforts to implement Alternative 19 over those required by
Alternatives 17 and 18 would only affect the residual risk at the operable unit beyond the
1,000 year time frame.

5.3 SCREENING OF ALTERNATIVES

In this section, the remediation alternatives are screened to produce a refined list for

detailed developmen.t and evaluation in Chapter 6. Once again, the criteria used for
screening alternatives are effectiveness, implementability and cost (see Section 4 for
definitions).

An alternative can be rejected because it is not sufficiently effective relative to another
alternative or is not believed to be feasible to implement. An alternative can also be

rejected by comparison to another alternative that is at least as effective for less cost, or is
easier to implement for equivalent cost. An alternative can also be rejected in the case
where the additional increase in effectiveness or implementability is not justified by the
increased cost, provided the retained alternative is sufficiently protective of human health
and the environment. In general, however, alternatives are not rejected solely on the basis
of cost. This remains a screening analysis, and under this preliminary evaluation
alternatives are retained unless a clear basis for rejection can be found. These screening
principles are applied to the 19 formulated alternatives in the remainder of this section.
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5.3.1 No Action and Insitutional Controls

While there is no current risk at the operable unit, Alternative 1 (No Action) is not
considered sufficiently protective of human health and the environment over the long
term, but is teta;tied for compliance with the NCP. While there are legitimate concerns
regarding the ongoing required maintenance and the long term reliability of Institutional
Controls (Alternative 2), this alternative is expected to be the most cost-effective of the
remediation alternatives, and is therefore also retained as a separate alternative.

5.3.2 Barrier Alternatives

At this stage of the FS, ali three of the surface barrier alternatives (alternatives 3, 4,
and 5) would be implementable. The relative effectiveness of the barriers can be argued,
but given the need to present decision makers with as wide a range of options as possible,
screening of the barriers on the basis of effectiveness was considered to be inappropriate at
this stage of the process. Because alternatives are not generally screened on the basis of
cost alone, ali three barrier alternatives are carried forward into detailed analysis.

5.3.3 Alternatives Requiring Excavation

The technical implementability of the alternatives requiring deep excavation is a
major concern. An unshored 46 m (150 ft) excavation at the 200-BP-1 site is not feasible
along the boundary with the 241-BY tank farm because, at that depth, the steepest
allowable side slope of the excavation (1.SH:1V [horizontal:vertical]) would intersect the
tanks. This raises concerns regarding the stability of the tanks and their foundations, and
of possible worker exposure to potentially contaminated soils, direct exposure from tank
wastes, and construction accidents possible in working under these conditions. Therefore,
some type of retaining wall would need to be used along this edge of the excavation.

Economically viable retaining walls for deep excavations require some type of
anchor system, generally described as tiebacks. There are several risks associated with
installing tiebacks in the 241-BY tank farm area. For a 46 m (150 ft) high retaining wall,
tiebacks of about 20 to 27 m (65 to 90 ft) in length would be required, depending on the
type of retaining wall used. The nearest tanks in the 241 BY Tank Farm are about 24 to 37
m (80 to 120 ft) from the boundary of the 200-BP-1 operable unit. This is insufficient
margin for error, especially considering the magnitude of problem created if a construction

accident occurs. The tanks or pipelines could be accidently penetrated during tieback
installation. Disturbance of adjacent ground could cause settlement and structural damage
to the tanks. Drilling into a contaminated zone near a tank could expose construction
personnel to high levels of radioactivity or toxic materials. In contrast, a 15 m (50 ft) high
retaining wall would require tiebacks of about 9 to 14 m (30 to 45 ft) in length, which
provides a relatively more acceptable margin for error. The 15 m (50 ft) high wall would
allow removal of most of the contaminated soil and is thus retained in the pertinent
alternatives.

Based on these excavation considerations, Alternatives 7, 11, 14,and 16 are ali

rejected from further consideration in the FS. These alternatives include deep excavation
coupled with soil washing, ex-situ fixation, ex-situ vitrification, and direct disposal in the
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ERSDF. By contrast, Alternatives 6, 8, 10, 13, 15 are retained, based on the better technical
feasibility of excavation to 15 m (50 ft). These alternatives include modest excavation
coupled with soil washing, soil washing and vitrification, ex-situ fixation, ex-situ
vitrification, and direct disposal. In addition, each of these alternatives includes a RCRA

barrier as a component. The RCRA barrier is feasible and implementable at the operable
unit.

5.3.4 Effectiveness Evaluation With and Without Barriers

Pair-wise comparisons of the remaining alternatives for comparing relative
effectiveness provides the basis for further elimination of alternatives. Alternative 9,
Excavation and Fixation of Most Contaminated Soil, is rejected by comparison to
Alternative 10, Excavation and Fixation of Most Contaminated Soil with a RCRA Barrier,

based on the much greater effectiveness in achieving RAOs with a barrier component
included in the alternative. Alternative 12, Excavation and Vitrification of Most Contami-

nated Soil, is rejected by comparison to Alternative 13, Excavation and Vitrification of Most
Contaminated Soil with a RCRA barrier. Finally, Alternative 17, In-situ Fixation of Most
Contaminated Soil, is rejected by comparison to Alternative 18, In-situ Fixation of Most
Contaminated Soil with a RCRA barrier, again favoring the benefits of the barrier

component.

In ali three cases, the barrier provides significant increase in effectiveness of
groundwater protection. The increase in relative effectiveness results in screening-out the
less effective alternatives, despite the increased cost of the barrier components of the more
effective alternatives.

5.3.5 Cost-Effectiveness Evaluation

A second round of pair-wise comparisons, this time comparing incremental
effectiveness and implementability with incremental cost, provides the final alternative
screening. Alternative 13, Ex-situ Vitrification (without soil washing) is rejected by
comparison to Alternative 10, Ex-situ Fixation. Fixation is the standard technology for
immobilization of radionuclides in low concentrations, such as those found at the 200-BP-1

operable unit. By contrast, vitrification is the standard technology for immobilization for
radionuclides in high concentrations (Alternative 8). While vitrification is considered more
effective than fixation, it achieves this effectiveness at a significantly greater cost that is not
justified for the unconcentrated contaminants at the operable unit.

Alternative 19, In-situ Fixation of Ali Contaminated Soil, is rejected on the basis of
poor implementability and also by comparison to Alternative 18, In-situ Fixation of Most
Contaminated Soil with a RCRA barrier. As indicated in Section 5.2.19, in-situ fixation to

depths of 46 m (150 ft) or more probably cannot be reliably implemented at this site. In
addition, Alternative 18 provides treatment of the majority of the contaminants in terms of
mass and concentration. Therefore, compared to Alternative 18, Alternative 19 provides
only marginal additional effectiveness for much greater cost, and so is rejected.
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5.4 SUMMARY OF RETAINED ALTERNATIVES

The screening process used in Section 5.3 has resulted in 10 alternatives being
carried forward. They cover a broad range of containment and treatment options that
have been passed on based on their ability to meet RAOs under the site-specific conditions
at the 200-BP-1 operable unit.

The alternatives remaining after screening are ali considered sufficiently effective
and implementable to warrant detailed evaluation. However, the relative effectiveness and
implementability of these alternatives is variable and will be evaluated based on detailed
analysis in Chapter 6. [n particular, the cost and cost-effectiveness of the retained
alternatives are highly variable. The retained alternatives are:

1 No Action
2 Institutional Controls
3 Biointrusion Barrier
4 Modified RCRA Barrier
5 Hanford Barrier

6 Excavation and Soil Washing wit _ a RCRA Barrier
8 Excavation, Soil Washing and Vitlification with a RCRA Barrier
10 Excavation and Fixation with a RCRA Barrier

15 Excavation and Disposal with a RCRA Barrier
18 In-situ Fixation with a RCRA Barrier
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Table 5-1. Summary of Remediation Alternatives and Screening. (Sheet 1 of 4)

Alternative Description (Key Elements) Retained?
No. Name (Yes/No)

1 No Action No remedial action; existing controls not maintained; Yes
monitoring.

2 Institutional Deed restrictions; warning markers; fencing with Yes

Controls periodic maintenance; monitoring.

3 Biointrusion Barrier 1. Cover ali contaminated areas with a barrier Yes

designed to prevent vegetative growth and
biointrusion but allowing increased
infiltration.

2. Implement and maintain institutional controls
and monitoring.

4 RCRA Barrier 1. Cover ali contaminated areas with a Yes

low-permeability barrier similar to designs for
hazardous waste sites.

2. Implement and maintain institutional controls
and monitoring.

5 Hanford Barrier 1. Cover ali contaminated areas with the low- Yes

permeability Hanford Barrier.
2. Implement and maintain institutional controls

and monitoring.

6 Excavation and Soil 1. Excavate soil with the highest contamination. Yes

Washing of Most 2. Treat excavated soil by a soil washing process
Contaminated Soil to reduce the quantity of contaminated
with a RCRA material remaining after treatment.

Barrier 3. Backfll treated soils meeting remedial action
objectives on-site.

4. Cover the backfilled excavation with a low-

permeability barrier.
5. Dispose of sludge or contaminated soil from

treatment in the ERSDF (or geologic
repository, if required).

6. Implement and maintain institutional controls
and monitoring.

7 Excavation and Soil 1. Excavate ali soil with contaminant levels No

Washing of Ali exceeding remedial action objectives.
Contaminated Soil 2. Treat excavated soil by a soil washing process

(No Barrier) to reduce the quantity of contaminated
material remaining after treatment.

3. Backfill treated soils meeting remedial action

objectives on-site.
4. Dispose of sludge or contaminated soil from

treatment in the ERSDF (or geologic

repository, if required.
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Table 5-1. Summary of Remediation Alternatives and Screening. (Sheet 2 of 4)

Alternative Description (Key Elements) Retained?
No. Name (Yes/No)

ii i iii i

8 Excavation and Soil 1. Excavate soil with the highest contamination. Yes
Washing of Most 2. Treat excavated soil by a soil washing process
Contaminated Soil to reduce the quantity of contaminated
with Vitrification material remaining after treatment.
and a RCRA 3. Backfill treated soils meeting remedial action
Barrier objectives on-site.

4. Cover the backfi]led excavation with a low-

permeability barrier.
5. Vitrify sludge or contaminated soil from

treatment.

6. Dispose of vitrified sludge or contaminated
soil from treatment in the ERSDF (or

geologic repository, if required.
7. Implement and maintain institutional controls

and monitoring.

9 Excavation and 1. Excavate soil with the highest contaminant No
Fixation of Most levels.

Contaminated Soil 2. Treat excavated soil by fixation to immobilize
(No Barrier) contaminants.

3. Return treated soil to the excavation.

4. Implement and maintain institutional controls
and monitoring.

,i i •

10 Excavation and 1. Excavate soil with the highest contaminant Yes
Fixation of Most levels.

Contaminated Soil 2. Treat excavated soil by fixation to immobilize
with a RCRA contaminants.
Barrier 3. Return treated soil to the excavation.

4. Cover the backfilled excavation with a low-

permeability barrier.
5. Implement and maintain institutional controls

and monitoring.
i|,

ll Excavation and 1. Excavate ali soil with contaminant levels No

Fixation of Ali exceeding remedial action objectives.
Contaminated Soil 2. Treat excavated soil by fixation to immobilize

(No Barrier) contaminants.
3. Return treated soil to the excavation.

4. Implement and maintain institutional controls
and monitoring.

iiii

12 Excavation and 1. Excavate soil with the highest contaminant No
Vitrification of levels.

Most Contaminated 2. Treat excavated soil by vitrification to
Soil (No Barrier) immobilize contaminants.

3. Return treated soil to the excavation.

4. Implement and maintain institutional controls

and monitoring. @
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Table 5-1. Summary of Remediation Alternatives and Screening. (Sheet 3 of 4)

I Alternative Description (Key Elements) Retained?
No. Name (Yes/No)

, i i

13 Excavation and 1. Excavate soil with the highest contaminant No
Vitrification of levels.

Most Contaminated 2. Treat excavated soil by vitrification to
Soil with _ RC_ _b_ contaminants.
Barrier 3. Return treated soil to the excavation.

4. Cover the backfified excavation with a low-

pern_bility barrier.
5. Implement and maintain ihstimtional controls

and monitoring.
,,

14 Excavation and 1. Excavate ali soil with contaminant levels No

Vitrification of Ali exceediLg remedial action objectives.
Contaminated Soil 2. Treat excavated soil by vitrification to
(No Barrier) immobilize contaminants.

3. Return treated soil to the excavation.
4. Cover the backfilled excavation with a low

permeability barrier.
5. Implement and maintain institutional controls

and monitoring.

15 Excavation and 1. Excavate soil with the highest contaminant Yes
Disposal of Most levels.
Contaminated Soil 2. Dispose of excavated soil in the ERSDF (or
with a RC_ geologic repository for some soft, if

Barrier required).
3. Backfill the excavation with clean soil.
4. Cover the b_kfilled excavation with a low-

permeability barrier.
5. Implement and maintain institutional controls

and monitoring.

16 Excavation and 1. Excavate ali soil with contaminant levels No

Disposal of ALI exceeding remedial action objectives.
Contaminated Soft 2. Dispose of excavated soil in the ERSDF (or
(No Barrier) geologic repository for some soil, if

required).

' 17 In Situ Fixation of 1. Treat soil with the highest contaminant levels No
Most Contaminated in place by fixation.

Soil (No Barrier) 2. Implement and maintain institutional controls
and monitoring.

, ,,,,

18 In Situ Fixation of 1. Treat soil with the highest contaminant levels Yes
Most Contaminated in place by fixation.
Soil with a RC_ 2. Cover all contaminated areas with a low-

Barrier permeability barrier.
3. Implement and maintain institutional controls

and monito_g.

V

i
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Table 5-1. Summary of Remediation Alternatives and Screening. (Sheet 4 ot ,:_,)

Alternative Description (Key Elements) Retained?
No. Name (Yes/No)

19 In Situ Fixation of 1. Treat ali soil with contaminantlevels No
Ali Contaminated exceeding remedialaction objectives in piace
Soft (No Barrier) by fixation.

2. Implement and maintain institutionalcontrols
and monitoring.

ST-ld

Mp



DOE_L-93-35, Rev.0

6.0 DEVELOPMENT AND EVALUATION OF REMEDIATION ALTERNATIVES

6.1 INTRODUCTION

In this chapter, remediation alternatives retained after screening in Chapter 5 are
further developed and evaluated. For ease of reference, the alternatives have been
renumbered and their names simplified. These alternatives are:

A No Action
B Institutional Controls
C Biointrusion Barrier
D RCRA Barrier
E Hanford Barrier

F Excavation and Soil Washing
G Excavation and Soil Washing with Vitrification
H Excavation and Fixation

I ERSDF Disposal
J In-Situ Fixation

A summary of the alternatives is presented in Table 6-1. These alternatives provide
a complete range of alternative actions for evaluation and comparison. The remediation
alternatives are described and evaluated below.

lt is necessary to make a number of design assumptions to fully develop and
evaluate each alternative. These design assumptions are illustrative of how the
technologies would be used in the alternatives. However, the design assumptions used
here are not necessarily the same as the design basis that would be used for the final,
detailed design. In most cases, additional investigations would be necessary to allow final
design. For example, additional soil sampling would be performed prior to excavation or
in-situ treatment to better define the extent of soil contamination, and a treatability study
would be needed for any of the treatment technologies.

6.2 COMMON DESIGN ELEMENTS

Several alternatives share common elements in their formulation. To avoid

repetition, this section presents the descriptions of elements common to two or more
alternatives. These common elements are then referenced in the descriptions of the
alternatives.

6.2.1 Institutional Controls

With the exception of Alternative A (No Action), ali of the alternatives include
institutional controls as a key component of remedial action. Institutional controls are
required because none of the other alternatives would provide long-term effectiveness
without such controls. Institutional controls for this site include fencing, warning markers,

site use restrictions, and groundwater use restrictions. These controls are consistent with
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current plans for dedication of the 2130East Area as a permanent waste management and
disposal area (HFSUWG 1992).

Fencing would be maintained around the site to prevent site access. Depending on
the disposition of surrounding operable units, the site could be fenced by itself or in
combination with other units.

Warning signs would be placed on the fencing to discourage trespass. Warning
markers would also be buried at the site to warn against excavation, in the event the other
institutional controls fail. The buried markers probably would be ceramic disks with

pictorial symbols and written warnings stating that radioactive contamination in present in
the soil to discourage further digging.

Deed restrictions would designate the site as a permanent disposal area not suited
to other use. With these restrictions, it is unlikely that the U.S. government would

relinquish ownership of the site and would retain direct control of the site to prevent
adverse site use. Groundwater use restrictions would prohibit withdrawal of groundwater

affected by the site.

6.2.2 Monitoring

Monitoring is included as part of ali alternatives, including the "no action"

alternative. Separate monitoring programs will be used for the short term (during remedial
action) and the long term (following completion of remediation). Detailed monitoring
plans will be developed for the selected remedy during final design.

Short-term monitoring is conducted during remediation to 1) ensure that there are
no adverse off-site effects from remediation, 2) provide quality control, and 3) to evaluate

the performance of the remedy. The primary potential off-site concern is airborne dust or
emissions. To monitor air quality, air sampling stations will be established around the

perimeter of the 200-BP-1 operable unit. Samples will be routinely collected and analyzed.

Long-term monito ".nngis conducted to allow timely maintenance of fencing and
barriers and to ensure that the remedy continues to perform as expected over time.

Periodic site inspections (including surveying of barrier elevations, where applicable)
should be sufficient for determining maintenance needs and monitoring performance of
barriers (including detecting biological intrusion). Although groundwater is primarily being
addressed in the 200 East Aggregate Area groundwater operable unit, additional
groundwater monitoring will be needed to monitor the performance of the selected remedy
with respect to migration of contaminants from site soils to groundwater. For example,
site-specific groundwater monitoring would verify that technetium-99 concentrations
continue to decline as expected, and that no significant uranium impacts from the site are
detected (since modeling predicts uranium impacts will not occur until a time frame after
monitoring will probably have terminated).

Other types of monitoring are required by particular alternatives. Examples include
radiation monitoring during soil excavation, sampling and analysis of soils for excavation
and treatment, quality control monitoring of treated soil, and construction inspection of
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barrier. The specifics of these monitoring programs will be determined during final design
for the selected remedy. The design assumptions for monitoring are:

• Installation of 4 groundwater monitoring wells.

• Long-term monitoring is performed for 30 years after remediation is
completed and then stops. However, on a present-value basis, a
longer monitoring period would not significantly impact cost.

• Groundwater monitoring frequency is higher initially (the first 5

years), and then decreases to a lower level.

• A comprehensive review of remedy performance is performed every
5 years as required under CERCLA.

6.2.3 Excavation

Several of the remediation alternatives involve ex-situ treatment or disposal of
contaminated soils. To accomplish this, the soils will need to be excavated. The Phase I RI
found contamination down to a depth of approximately 72 m (236 ft) (DOE-RL 1993). The
extent of excavation would be determined based on a cleanup standard, which would be
developed in the event an excavation alternative is selected. This cleanup standard would
also be used to distinguish "clean" and "contaminated" soils in soil washing (Alternatives F
and G). However, as discussed in Section 5.3, excavation of soils below a depth of
approximately 15 m (50 ft) is not feasible and would not depend on the cleanup standard.

The high radioactivity of some of the soils is expected to raise concerns about dust
control and surface water contamination. Consequently, the excavation would be
performed under a temporary enclosure. This enclosure will prevent dust from leaving the
excavation and also prevent surface water from contacting contaminated soil in the
excavation. The enclosure would operate under negative air pressure to ensure no leakage
of contaminated air, and would have HEPA filters on the ventilation system exhaust, with
monitoring to verify performance.

Soil would be excavated primarily using backhoes and bulldozers, with front-end
loaders to move excavated soil to stockpiles. To minimize radiation exposure of workers,
shielded and/or remotely operated excavation equipment would be used. It is expected
that excavation productivity would be greatly decreased by the combined effects of the
enclosure and robotics.

Unshored excavations to 50-foot depths are not feasible along the boundary with
the 241-BY Tank Farm because the excavations would come too close to the tanks (about 20

feet). Therefore, some type of retaining wall and/or shoring system would be used along
this boundary. Remote operations would have limited applicability in constructing the
retaining wall. Retaining walls are not needed along the other boundaries, where the
excavation could be enlarged, if necessary, if contaminated soil is found beyond the initial
excavation boundaries.
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The location of the retaining wall, the areas of contaminated soil, and the limits of
the open cut excavation are shown on Figure 6-1. the design assumptions for excavation

are: @
Depth of excavation: 15 m (50 ft)
Side slope: 1.5H:1V
Retaining wall length: 245 m (800 ft)
Retaining wall type: soil nailed
Area excavated (not including side slope excavation): 15,700 mz (168,400 ft2)

A soil-nailed wall has been selected because its technical difficulties are

representative of many wall systems and its cost is at the lower end of the range for
retaining wall types. Soil nailing involves reinforcing the soil mass with tiebacks (the nails)
and retaining the excavation face with shotcrete. It is a top-down construction method,
where the support system is installed as excavation proceeds. After a lift is excavated,
boreholes are drilled perpendicular to the wall face. The nail, typically a 2.5-cm (1-in.)-
diameter steel bar, is centered in the hole, which is then filled with grout. A layer of steel
mesh is placed over the nails to increase the structural strength of the shotcrete. Shotcrete
is then applied to the excavation face. The next lift is then excavated and the installation
process is repeated.

6.2.4 Surface Barriers

The proposed surface barriers have all been designed for longevity with low
maintenance using natural earthen materials, although the Hanford Barrier and RCRA

Barrier also incorporate an asphalt layer. Ali barriers have been designed to prevent biotic
intrusion. The Hanford Barrier and RCRA Barrier have also been designed to limit
infiltration, whereas, the Biointrusion Barrier contains no such design elements and may
actually result in a net increase in infiltration compared to currently existing conditions.

For ali alternatives that include barriers, the area of contamination to be covered is

the same. The barrier dimensions (length and width) extend 15 m (50 ft) beyond the
boundaries of the contaminated areas to proyide a buffer zone against infiltration into
contaminated soil from the edges of the barrier. This buffer zone is larger than the 4.6 m
(20 ft) buffer zone used for excavation alternatives to account for the uncertainty in the
effects of vadose zone moisture migration near the surface at the perimeter of the barrier
and the possible impacts on near surface contaminant migration over the design life (up to
1,000 yrs) of the barrier.

In considering barrier dimensions, there are three "area" considerations of
importance. The "crib area" is the area defined by the outer perimeter of the crib
infiltration gravels. The "effective barrier area" is the area covered by the full thickness of
the barrier cross section, which is the area of the cribs plus that of the buffer zone
described above. Finally, the '_arrier footprint" is the effective area plus the area covered
by the barrier side slopes. At a slope of 2H:IV, this amounts to an additional area that
constitutes the true perimeter of the barrier system. For consistency in evaluating and
comparing barrier alternatives, the sizes of all barrier areas in this FS report refer to the
effective barrier area over which the barrier maintains is full cross-sectional thickness. The

@
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effectivebarrierareastobe coveredareshown inFigure6-2and total22,000m z

(_S,000_).

6.2.5 ERSDF Disposal

The ERSDF is a permanent disposal facility (landfill) for Hanford wastes that is

presently in the conceptual design stage. As currently envisioned, it will consist of a series
of large trenches expected to accommodate about 23,000,000 m 3 (30,000,000 yd a) in total. It
will have facilities for receiving and handling various types of materials, including bulk
solids. At the present time, it has not been determined whether those trenches receiving
purely low-level radioactive waste will be lined. High-activity waste will be remotely
handled and may require additional engineered barriers to protect workers. The type of
cover for each trench has not been determined, but will be selected based on waste

inventory and ARARs. The Hanford Barrier (Section 6.3.5) will be used if a high level of
performance is required. Institutional controls and monitoring will be implemented for the
ERSDF, including vadoseozone and groundwater monitoring.

For the purpose of the feasibility study, the following assumptions were made about
ERSDF design:

• Barrier type: Hanford Barrier with 15-m (50-ft) buffer beyond
trench sides

• Liner system
(bottom to top): 1 m (3 ft) of low-permeability soil, a high-

density polyethylene (HDPE) liner, a geonet
drainage layer, and 0.6 m (2 ft) of native soil to
protect the liner during waste placement.

• Trench dimensions: 91 m (300 ft) wide at the top with 3H:IV side
slopes.

• Costs for general ERSDF facilities will be incurred regardless of
whether 200-BP-1 soil is disposed of in this facility. Therefore, only
actual landfill construction costs to accommodate the anticipated
volume of 200-BP-1 soils (cover and liner) are included in the unit
cost for ERSDF disposal. Other development, operations and
management costs are not included in disposal costs for 200-BP-1
soils.

6.2.6 Transportation of Contaminated Soil

For alternatives with on-site treatment, soil would most likely be transported to the

treatment plant via an enclosed conveyor. This would result in less handling and potential
spillage of the contaminated soil than truck transportation. However, maintenance of the
conveyor would still result in worker exposure to contaminated soil and the potential for
incidental spU!age near the conveyor. Waste (either contaminated soil or sludge from
treatment) would be hauled to the ERSDF for disposal in trucks. Truck hauling would be
in bulk for low-activity waste, with controls similar to hazardous waste hauling (such as
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covered trucks), and in containers for high-activity waste. The trucks would be shielded to
minimize worker exposure. Trucks would be decontaminated after loading and before
hauling, and the contaminated washwater would be t-o.ated in a wastewater treatment /
system (see Section 6.2.8).

6.2.7 Surface Water Management

Surface water will be controlled during site remediation to prevent spread of
contaminated material and minimize the amount of water requiring treatment due to
contact with contaminated soil. Surface water controls will be performed in accordance
with a best management practices (BMP) plan. Little contaminated surface water should be
generated because of the low precipitation and careful surface water management.

Ali active remediation alternatives would include berms and ditches to prevent run-
on of surface water from outside the remediation area. Additional berms and ditches
would be used to control surface water within remediation areas, and keep clean water

away from contaminated soil to the maximum degree possible. For barrier alternatives
(with no excavation or treatment), existing clean soil cover would be used in combination
with careful construction staging to prevent or minimize contact of barrier construction
equipment with contaminated soil.

For alternatives including excavation, the enclosure covering the excavation area
(coupled with berms around the enclosure) would prevent surface water from entering the
excavation area. To minimize contaminated surface water due to transport of
contaminated soil, on-site treatment alternatives would use covered conveyors direct from
the excavation area to the treatment plant. For bulk hauling to the ERSDF, the trucks
would be loaded inside covered areas (e.g., the excavation enclosure). Nevertheless, some
incidental spillage would be expected during maintenance and routine operations that
could result in contaminated surface water. Contaminated water would be collected and
treated in the wastewater treatment system (see Section 6.2.8).

6.2.8 Wastewater Treatment

Some alternatives would include a wastewater treatment system to treat and
discharge process wastewater, equipment decontamination washwater, and contaminated
surface water. The system would be skid-mounted for ease of installation. A process flow
diagram for the wastewater treatment system is shown in Figure 6-3. The design
assumptions for wastewater treatment are:

Treatment units: Distillation evaporation
Wiped-film evaporator
Fixation of evaporator sludge

System capacity: 1 l_/sec (17 gpm)
Evaporator feed: 2,000 mg/L TDS (total dissolved solids)
Concentrate: 100,000 mg/l TDS

Evaporator sludge: 35% moisture
Sludge disposal: ERSDF

6-6
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6.3 DESCRIPTION OF ALTERNATIVES

6.3.1 Alternative A: No Action

The NCP requires that a "no action" alternative be included in remediation

alternatives to provide a baseline for comparison to other alternatives. This alternative
assumes the site is left in its current state, but without any of the currently active
institutional controls. This alternative includes the existing clean soil cover (46-61 cm

[18-24 in.] thick) that was placed over the contaminated areas as an interim remedial
measure. As required under CERCLA, performance monitoring would be implemented to
monitor the actual effectiveness of the remedy (for comparison to expected performance).

6.3.2 Alternative B: Institutional Controls

This alternative consists of implementing and maintaining institutional controls as
described in Section 6.2.1. This alternative also includes maintenance of the existing clean
soil cover (46-61 cm [18-24 in.] thick) that was placed over the contaminated areas as an
interim remedial measure. Site monitoring would track the performance of the remedy.

6.3.3 Alternative C: Biointrusion Barrier

This alternative consists of the following key elements:

1. Covering ali contaminated areas with a barrier designed to prevent
vegetative growth and biological intrusion.

2, Trnplementing and maintaining institutional controls and monitoring
(Sections 6.2A and 6.2.2).

The Biointrusion Barrier is a 1 m (3 ft) thick multi-layered barrier intended to
prevent contact with contaminated soils and to prevent plants or burrowing animals from
bringing contaminated soil to the surface (i.e., contaminant migration via a biological
pathway). Figure 6-4 shows a cross-section of this barrier design.

The primary functional layer is the crushed basalt, which provides a physical barrier
to burrowing animals and plant roots. The overlying layers provide a soil filter to prevent
fines (e.g., silts and clays) from entering the basalt layer and reducing its effectiveness. The
top gravel layer is intended to resist erosion. The ability of this Barrier to exclude deep
nesting insects such as ants is not certain.

r

Unlike the other barriers under consideration, the Biointrusion Barrier does not

attempt to decrease infiltration of water through the contaminated soils. Because the basalt
layer is very coarse with no fines, percolating water would quickly drain through this layer
and it would not retain moisture through capillary tension. It is, therefore, expected to be
dry most of the time. Consequently, there will be no moisture to attract downward
development of root systems. However, most of the rainfall or snow melt on the cover
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surface will quickly percolate through the barrier into the underlying contaminated soil.
This is expected to increase infiltration over current conditions.

6.3.4 Alternative D: RCRA Barrier

This alternative consists of the following key elements:

1. Covering ali contaminated areas with a low-permeability barrier
based on designs for hazardous waste sites.

2. Implementing and maintaining institutional controls and monitoring
(Sections 6.2.1 and 6.2.2).

The RCRA Barrier is a multi-layered barrier intended to minimize infiltration,
prevent biological intrusion, and resist erosion. The design presented here meets minimum
technology requirements (MTRs) contained in 40 CFR 264.301 for hazardous wastes, but is a

modification of the design recommended in EPA guidance (EPA 1989). Figure 6-5 shows a
cross-section of this barrier design.

The major components ofthe RCRA Barrierare as follows:

• The top two layers consist of silt/gravel admix and silt. The purpose
of these layers is to minimize infiltration. This is accomplished by
promoting runoff, providing suitable soil for shallow-rooted
vegetation that will enhance evapotranspiration, and providing near-
surface storage capacity for infiltration so that it can be removed by
evapotranspiration and better support plant growth. Field lysimeter
tests on this material indicate essentially zero recharge (Gee et al.
1992). The gravel mixed into the upper meter of the barrier is
intended to resist erosion and burrowing animals. Plant cover will
also resist erosion.

• The middle layer is a drainage layer to direct any infiltration
percolating through the top layers away from the capped area.
However, very little water is expected to penetrate the top
evapotranspiration layers in the arid Hanford climate.

• The bottom layer of the RCRA Barrier is a coated asphaltic concrete
that is intended to function a,s a low-permeability barrier to
infiltration. Any water that percolates through the upper layers
would be stopped by the asphalt and would drain laterally to the
barrier edge. The asphalt is also expected to prevent biological
intrusion (e.g., deep root systems or animal burrowing). The low-
permeability barrier in a typical RCRA design consists of a synthetic
liner (e.g., HDPE) over recompacted clay. However, use of synthetic
liners is relatively new and their performance over long time periods
is unknown. Synthetic liners abe known to be susceptible to tearing
under stresses introduced by ground movement (e.g., settlement).
Clay is susceptible to desiccation in the arid climate of this site, which
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would increasethepermeabilityoftheclayand thuslessenor
destroyitseffectivenessasa barriertoinfiltration.Asphalthasbeen
chosenby WHC a suitablelow-permeabilitybarrierbasedon
predictionsofitslongevityundersiteconditions.

6.3.5Alternative E: Hanford Barrier

Thisalternativeconsistsofthefollowingkeyelements:

I. CoveringallcontaminatedareaswiththeHanfordBarrier.

2. Implementing and maintaining institutional controls and monitoring
(Sections 6.2.1 and 6.2.2).

The Hanford Barrier is a multi-layer cover system designed to minimize infiltration,
prevent biological intrusion, and resist erosion for a design life of at least one thousand
years. It is intended to be an essentially permanent surface barrier for isolating radioactive
wastes in arid climates. Figure 6-6 shows a cross-section of this barrier design.

The major components of this system are as follows:

• The top two layers are silt/gravel admix and silt. The purpose of this
section is to promote runoff, minimize infiltration, and provide near-
surface storage capacity for infiltration so that it can be removed by
evapotranspiration. Field lysimeter tests on this material indicate
essentially zero recharge (Gee et al. 1992). The silt will also provide a
suitable medium to support shallow-rooted vegetation, which in turn
will enhance evapotranspiration and resist erosion. The gravel mixed
into the upper meter of the barrier is intended to resist erosion.

• The next layers consist of a graded soil filter overlying a layer of
crushed basalt. This section is intended to form a capillary break,
provided that unsaturated conditions are maintained above the
crushed basalt, so that water will be transmitted across this zone only
via vapor transport. Vapor transport of water through soil is
expected to reduce infiltration to negligible amounts. The crushed
basalt layer is also expected to deter deep-rooted vegetation. The
geotextile filter at the top of this section is intended to facilitate
construction by preventing mixing of soil types; its longevity is not
pertinent to barrier performance.

• The lower portion of the barrier, consisting of drainage rock and
asphaltic concrete, is designed to function as a low-permeability
moisture barrier. The asphaltic concrete incorporates a spray-applied
styrene-butadiene modified top coat. Any moisture which passes
through the upper layers would be stopped by the asphalt and
would drain laterally to the barrier edge. The asphalt is also expected
to prevent biological intrusion (i.e., plant roots or burrowing
mammals or insects).
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6.3.6 Alternative F: Soil Washing

This alternative consists of the following key elements:

1. Excavating soil with the highest contamination.

2. Treating excavated soil by a soil washing process to reduce the
quantity of contaminated material remaining after treatment.

3. Backfilling treated soils meeting remedial action objectives in the
excavation.

4. Covering the backfiUed excavation with the RCRA Barrier.

5. Disposing of sludge or contaminated soil from treatment in the
ERSDF (or geologic repository, if required).

6. Implementing and maintaining institutional controls and monitoring
(see Sections 6.2.1 and 6.2.2).

The purpose of this alternative is to minimize the volume of soil requiring disposal
by obtaining a soil fraction or treatment sludge with higher contaminant concentrations
than the feed soil. As discussed in Sections 4.4.2 and 4.4.3, this can be accomplished by
physical soil washing (primarily a separation process) or chemical soil washing (primarily
an extraction process). Physical soil washing is used in this alternative to represent both
forms of soil washing because it would be easier to implement and less expensive than
chemical soil washing, and thus results in the best evaluation of the soil washing
alternatives (Alternatives F and G). Because of the lack of site-specific treatability data, it
has been assumed that this treatment would be effective. If these alternatives appear likely
to be selected, then a treatability study would be needed to determine the actual
effectiveness of physical and/or chemical soil washing. However, if the alternatives are
unlikely to be selected even with the assumed effectiveness, then no treatability study is
necessary.

Physical soil washing separates soil fractions with high concentrations of
contaminants from relatively clean soil fractions. Very often, contaminants are found to
have preferentially sorbed to the fine soils (silt and clay), leaving the coarser soils (gravel
and sand) relatively clean. Figure 6-7 presents the process flow diagram for soil washing.
The design assumptions for soil washing are:

QuantRy of soil treated: 240,000 ma (312,000 yd 3)
487,000 tonnes (443,000 tons)

Treatment time: 5 years
Operating basis: 220 days/year, 24 hours/day (60% on-line)
Processing rate 18 tonnes/hr (16.8 tons/hr)
In-piace soil fines: 6% (average)
Percent soil for disposal: 15% (contaminated fines from treatment)

Excavation is described in Section 6.2.3. Design assumptions for ERSDF disposal are
given in Section 6.2.5. A RCRA barrier (see Section 6.3.4) would be placed to minimize
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infiltration through untreated contaminated soil and thereby meet groundwater ARARs for
uranium. Design assumptions for surface barriers are given in Section 6.2.4.

The soil washing process would begin with screening through a grizzly to remove
large particles or other materials (e.g., broken piping) in the feed soil that would jam
equipment. The screened soil would be collected in a feed hopper. From the hopper, a
bucket conveyor' would take the soil to a rotary washer, which would essentially be a
trommel screen without the screen. The soil would be mixed with water at the washer

inlet. The tumbling action would break up soil clods and remove fine soils from the
surface of coarse particles. From the washer, the soil-water slurry would pass through two
screens in series (or a single multi-stage screen). The first screen would remove soil
particles larger than 19 mm (3/4 in.), and the second would remove particles larger than 2

mm (9 mesh). These soils would be tested against the cleanup standard. This cleanup
standard would be the same standard used for excavating contaminated soils (see Section
6.2.2). Soils meeting the cleanup standard would be used as clean backfill for the

excavation. Soils not meeting the cleanup standard would be either recycled for further
treatment or transported to the ERSDF for disposal, depending on the degree of residual
contamination, lt is assumed that nearly ali of these coarse soils can be washed to meet
the cleanup standard.

Sand particles (smaller than 2 mm) would be separated from the fines (smaller than
74 _m [200 mesh]) in a hydrocyclone (wet cyclone). The sand would then be washed by
attrition scrubbing, which uses particle abrasion during vigorous mixing to scrub off the
more-contaminated surface of the particles. Attrition scrubbing produces additional fines
(i.e., the removed surfaces). Froth from soil washing (i.e., floating soil particles) would be
combined with the other fines for dewatering and disposal. The soil-water slurry from

attrition scrubbing would go through a hydrocyclone to remove fines; separation at 149 _m
(100 mesh) is assumed to account for inefficiency in separation (i.e., to ensure nearly ali of
the silt and clay is removed) and because very fine sand may not meet the cleanup
standard. Water from the sand fraction would be drained using a dewatering screen. The

sand would then be tested against the cleanup standard. As with the coarser soils
removed in screening, the sand fraction could be recycled or disposed if it does not meet
the cleanup standard. Soil meeting the cleanup standard would be used as clean backfill
for the excavation.

The slurry of fines and water would go to a clarifier to allow gravity separation of
the solids. Chemical additives (typically polymers) would be used to enhance settling.
Solids that do not settle would be removed from the water by multi-media filtration before
recycling. Filter backwash would go to the clarifier. The soil washing process requires
addition of water (makeup water) to replace water retained by treated soils (both clean and
contaminated fractions). Additional water treatment is required only on completion of soil
washing, to treat contaminated water in equipment and piping.

The fines would be dewatered to approximately 50% moisture content (by volume)
using a filter press. If the dewatered fines have low activity, they would be loaded directly
into trucks for bulk transport to the ERSDF for disposal. High-activity fines would be
containerized and loaded on fiat trucks for ERSDF disposal, lt is assumed that a standard
steel box with dimensions of 1.2 m x 0.6 m x 1.8 m (4 ft x 2 ft x 6 ft) would be used.
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The soil size fractions are provided here for illustration; the appropriate screen
meshes would be determined in a treatability study. Likewise, the treatability study would
determine the percentages of clean soil and contaminated fines that would be obtained.

The treatment plant would be within a shielded concrete building to contain
contaminated materials and minimize exposure to radiation during treatment. The
treatment system would be heavily automated to minimize exposure of operation and
maintenance personnel to the contaminants. Robotics within the plant will consLs_tof
remotely operated master-slave manipulators for both routine and non-routine adjustments
to the process equipment. Crane-mounted lifting and handling devices and other remote
manipulators would facilitate remote maintenance as well as operations.

6.3.7 Alternative (3: Excavation and Soil Washing with Vitrification

This alternative consists of the following key elements:

1. Excavating soil with the highest contamination.

2. Treating excavated soil by a soil washing process to reduce the
quantity of contaminated material remaining after treatment.

3. BackfiUing treated soils meeting remedial action objectives in the
excavation.

4. Covering the backfilled excavation with the RCRA Barrier.

5. Vitrifying sludge or contaminated soil from treatment.

6. Disposing of vitrified sludge or contaminated soil from treatment in
the ERSDF (or geologic repository, if required).

7. Implementing and maintaining institutional controls and monitoring
(see Sections 6.2.1 and 6.2.2).

Soil excavation, transport to the soil washing facilities, and the soil washing process
would be the same as described for Alternative F (see Section 6.3.6). Figure 6-8 presents a
process flow diagram for vitrification. Design assumptions for this alternative is the same
as for Alternative F, with the following additions for vitrification:

Soil treated: Dewatered f'mes from soil washing
Quantity of soil treated: 173,000 m 3 (133,000 yd 3)
Treatment time: 5 years (simultaneous with soil washing)
Operating basis: 220 days/year, 24 hours/day (60% on-line)
Processing rate 2.3 dry tonnes/hr (2.5 tons/hr)

4.5 wet tonnes/hr (5.0 tons/ht)
Soda ash addition: 0.3 tonnes/hr (0.3 tons/hr)
Off-gases (mostly COz): 0.15 tonnes/hr (0.17 tons/ht)
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Excavation is described in Section 6.2.3. Dc,sign assumptions for ERSDF disposal are
given in Section 6.2.5. A RCRA barrier (see Section 6.3.4) would be placed to minimize
infiltration through untreated contaminated soil and thereby meet groundwater ARARs for
uranium. Design assumptions for surface barriers are given in Section 6.2.4.

Following soil washing, the dewatered, contaminated soil fines would be
transported by covered conveyor to an on-site vitrification plant. At the vitrification
facility, soda ash would be added to the contaminated soil to act as flux. The mixture
would be melted together in a plasma-arc furnace or similar thermal unit. The molten
material would be poured into steel boxes (the same type as used for high-activity fines in
Alternative G) which would serve as molds and would provide added safety and ease of
handling. After cooling, the vitrified materials would be loaded onto shielded trucks and
transported to the ERSDF for disposal. The vitrification process has an air discharge that
would be treated and monitored.

The treatment plants (soil washing and vitrification) ,,could be contained within
separate shielded concrete buildings to contain contaminated materials and minimize
exposure to radiation during treatment. The treatment system would be heavily automated
to minimize exposure of operation and maintenance personnel to the contaminants.
Robotics within the plant will consist of remotely operated master-slave manipulators for

both routine and hen-routine adjustments to the process equipment. Crane-mounted
lifting and handlklg devices and other remote manipulators would facilitate remote
maintenance as well as operations.

6.3.8 Alternative H: Excavation and Fixation
This alternative consists of the following key elements:

1. Excava,_ng soil with the highest contaminat:.on.

2. Treating excavated soil by fiy,ation (chemical stabilization) to
immobilize contaminants.

3. Returning treated soil to the excavation.

4. Covering the backfilled excavation with the *'CRA Barrier.

5. Implementing and maintaining institutional controls and monitoring
(Sections 6.2.1 and 6.2.2).

Fixation would provide treatment to immobilize contaminants in excavated site soils.
A process flow diagram for fixation is provided in Figure 6-9. The design assumptions for
this alternative are:

Quantity of soil treated: 240,000 ma (312,000 yd 3)
405,600 tonnes (447,100 tons)

Treatment time: 5 years

,_, Operating basis: 220 days/year, 24 hours/day (60% online)
Processing rate 15.2 tonnes/hr (16.7 tons/'nr)
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Fixation mixture: 70% soil

15% portland cement
5% fly ash
10% water

Volume increase due to treatment: 25%

Excavation is described in Section 6.2.3. Design assumptions for ERSDF disposal are

given in Section 6.2.5. A RCRA barrier (Section 6.3.4) would be placed to minimize
infiltration through untreated contaminated soil and thereby meet groundwater ARARs for
uranium. Design assumptions for surface barriers are given in Section 6.2.4.

Soil would be preprocessed for fixation by screening through a grizzly to reject
large-size particles that could interfere with equipment or treatment effectiveness. The
remaining soils would then be crushed to less than 19 mm (0.75 in.) size. The crushed
materials would be mixed with fly ash, cement, and water. The actual mix would need to
be determined with treatability studies. Treatability studies would also be needed to
determine the types of cement and fly ash required to achieve the fixation and leachability
properties desired in the treated soil.

The stabilization operations would be handled remotely behind shielding walls with
the operators loca_.:.cl in areas of low (based on ALARA) or no radioactivity. The chemical
storage and blending operations would not require remote operation but would require
shielding to protect workers from the nearby soil crushing operation and soil/reagent
mixing operations. Robotics within the plant will consist of remotely operated
manipulators designed and constructed to permit full operation of the plant including ali
routine and non-routine adjustments to the process equipment. Crane mounted lifting and
handling devices and other remote manipulators will be of sufficient strength and agility to
permit precise handling of material and facilitate remote equipment repair and
replacement.

6.3.9 Alternative I: Excavation and ERSDF Disposal

This alternative consists of the following key elements:

1. "Excavating soil with the highest contamination.

2. Disposing of excavated soil in the ERSDF (or geologic repository for
some soil, if required).

3. Backfilling the excavation with clean soil.

4. Covering the backfilled excavation with the RCRA Barrier.

5. Implementing and maintaining institutional controls and monitoring
(Sections 6.2.1 and 6.2.2).

Excavation is described in Section 6.2.3. Soil would be transported in bulk in trucks
from the site excavation to the ERSDF. To avoid risks due to above-ground storage of

_

al contaminated soil, excavation would not begin until an ERSDF cell has been constructed
_/,,
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and permitted for site wastes. The estimated volume of soil requiring disposal at ERSDF is
the same amount of soil requiring treatment for Alternatives F, G and H - 405,000 tonnes
(447,100 tons). Design assumptions for ERSDF disposal are given in Section 6.2.5. A RCRA
barrier (Section 6.3.4) would be placed over the 200-BP-1 operable unit area to minimize
infiltration through untreated contaminated soil and thereby meet groundwater ARARs for
uranium. Design assumptions for surface barriers are given in Section 6.2.4.

6.3.10 Alternative J: In-Situ Fixation

This alternative consists of the following key elements:

1. Treating soil with the highest contaminant levels in place by fixation
(chemical stabilization).

2. Covering treated area with the RCRA Barrier.

3. Implementing and maintaining institutional controls and monitoring
(Sections 6.2.1 and 6.2.2).

The objective of fixation is to minimize the potential for migration of soil
contaminants to groundwater. In-situ fixation (in-situ grouting) is intended to accomplish
immobilization without the need for excavation that would create significant exposure of
site workers to the contaminants. Fixation would also lower the permeability of the soil,
which may lower the rate of leaching and of infiltration through the treated soil.

Figure 6-10 provides a process flow diagram for in-situ fixation. The area and
volume of contaminated soil to be treated is the same as the area of soil considered for

excavation. The design assumptions for in-situ fixation are:

Area treated: 15,700 m2 (168,400 ftz)

Depth of treatment: 15 m (50 ft)
Treatment method: Deep soil mixing with crane-mounted augers
Treatment rate: 38 m3 (50 yd3)/rig/day
Number of rigs: 5
Treatment time: 5.7 years
Fixation method: Assume cement-based pozzolanic; actual determined by

treatability study
Fixative application rate: Assumed 30% by weight (same as ex-situ fixation
Mixing plant: Mobile; furnished by contractor
Permeability of treated soil: 10-6 to 10.7 cm/sec (10.3 to 10-4 ft/day) field permeability

A RCRA barrier (Section 6.3.4) would be placed to minimize infiltration through
untreated contaminated soil and thereby meet groundwater ARARs for uranium. Design
assumptions for surface barriers are given in Section 6.2.4.

In-situ fixation is a process where a fixation mixture is mixed into contaminated soils
using mechanical agitators. For in-piace fixation to the depths required for this site, augers
that are capable of drilling into the soil as well as mixing would be used. Underground
obstru_ions can impede or prevent auger mixing. At this site, these obstructions would

I 6-15
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include large boulders sometimes found in the subsurface and underground pipelines.
Areas not accessible by auger drilling would be treated by jet grouting. Jet grouting applies
the fixation mixture by pressure injection, but without the mixing accomplished by
augering. Jet grouting should decrease the mobility of contaminants, but not as effectively
as fixation with mixing. Mixing allows micro-encapsulation of contaminants; grout
injection is more of an macro-encapsulation technique. Thus, the effectiveness of in-situ
fixation at this site would be decreased where auger mixing is prevented.

The augers and grout circulation equipment would be contaminated by intimate
contact with radioactive soil. The augers would be abandoned in place (i.e., left encased in
the treated soil, which hardens when cured). Some components of the mixing plant would

require extensive decontamination or disposal as radioactive waste.

Auger drilling can be messy. Careful stormwater management would be required.
Berms would be used around the treatment area to prevent stormwater run-on.
Contaminated stormwater would be collected and added to the fixation mixture (which

requires addition of water).

Common fixation agents include portland cement, fly ash, and lime. A number of
additives, primarily proprietary, are available that sometimes improve immobilization or
other properties of the treated soil. These additives include silicates, zeolites, and clay
minerals (e.g. bentonite). A site-specific treatability study would be required to determine
the appropriate fixation additives and degree of immobilization that can be achieved.

Quality control of in-situ fixation could be difficult. The mixing is not as thorough
as for above-ground treatment, and the treated soil is therefore less homogenous. Also,
visual observations of treated soil cannot be made in addition to sample testing. Sampling

of treated soil requires drilling, which results in fewer and less representative samples
when compared to above-ground treatment. Periodic coring would be used to obtain soil
samples for leachate testing and other quality control tests. Properties of the fixation
mixture (e.g., slump) and rates of fixative addition would be monitored.

6.4 EVALUATION OF REMEDIATION ALTERNATIVES

A detailed evaluation of the remediation alternatives is presented in this section.
Each alternative is evaluated using seven criteria specified in the NCP in 40 CFR 300.430.
The results of this evaluation are used in the comparative evaluation in Chapter 7 to

support remedy selection. The seven criteria are:

• Overall protection of human health and the environment
• Compliance with ARARs
• Long-term effectiveness and permanence
• Reduction of toxicity, mobility and volume through treatment
• Short-term effectiveness

• Implementability
• Cost.

Two additional criteria required for evaluation are state acceptance and community
acceptance. The eva!uatiorl of state acceptance will be included after the FS is reviewed by
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Ecology. Community acceptance will be evaluated after the proposed plan has been
prepared and reviewed, and will be considered in the decision documented in the Record
of Decision (ROD).

6.4.1 Common Evaluation Elements

A number of key considerations affect the evaluation of several alternatives in the
same or similar ways. To avoid repetition and aid clarity, these considerations are
discussed in this section.

6.4.1.1 Overall Protection of Human Health and the Environment. In accordance with

the NCP, this criteria is used to assess the ability of the altematives to adequately protect
human health and the environment, in both the short- and long-term. Alternatives are
assessed for their ability to meet the RAOs, which were established in Section 3.2. This
criteria is defined in the NCP as a threshold criteria, which ali alternatives must meet.

Ali of the alternatives retained for detailed analysis are capable of meeting this
criteria to differing degrees. The primary differences in the alternatives relate to the
potential for significant short-term impacts, primarily to workers engaged in remediation
activities, for those alternatives that involve excavation and potential for exposure to
radiation. An evaluation is provided in Section 6.4.2 of each of the alternatives overall
protectiveness, considering both long and short-term effectiveness.

Institutional controls are included with ali alternatives (with the exception of

O Alternative A - No Action) to ensure overall protection of human health and theenvironment. Since the primary contaminants of concern are radionuclides which cannot
be destroyed, some form of containment with institutional controls will be required with ali
of the remaining alternatives.

The primary pathways of concern for the 200-BP-1 operable unit are direct exposure
to contaminated soils and future long-term potential for exposure via the groundwater
pathway. For direct external exposure to occur, contaminated materials would have to be
exposed by removal of the overlying non-contaminated soils, and any barriers that were
placed over the site in conjunction with one of the other alternatives. These materials
could be brought to the surface as a result of biological intrusi_,n or human activities.

Institutional controls can be effect[ce in limiting risk by preventing human exposure
to contaminated site soils and groundwater. Institutional controls can, therefore, mitigate
the effects of any incremental exposure to site contaminants. The Institutional Controls
alternative also includes maintenance activities for at least 100 years to prevent deep-
rooting plants and burrowing animals or deep-nesting insects from becoming established at
the site. Maintenance of the soil cover and/or any barrier installed in conjunction with one
of the other alternatives would also be conducted.

The key concern with institutional controls is permanence. Institutional controls
rely on active intervention (fencing that requires maintenance, enforcement of land and
groundwater use restrictions, etc.)to be effective. The DOE Order 5820.2A directs
evaluations to assume that institutional controls are lost 100 years after remediation. For
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comparison, the barrier and treatment alternatives will remain effective even without
maintenance for a long time, provided the barriers are not destroyed by human activities.

The Institutional Control alternative includes some on-site activities such as fencing
and burying warning disks. These activities would not involve significant exposure to
contaminated soils, and worker risk to implement institutional controls is, therefore,
negligible.

6.4.1.2 Compliance with ARARs. Compliance with ARARs is also a threshold criterion
that must be met by the preferred alternative. Evaluation of this criterion involves
determining if the alternative will meet ali the applicable or relevant and appropriate
federal and state ARARs described in Section 3.1. Final determination of ARARs will be

made by EPA as the Lead Regulatory Agency in consultation with Ecology and DOE. As
described in Section 3.1, if an ARAR is not met, the basis for justifying one of the six
waivers allowed under CERCLA may be provided. If a waiver is not possible, the
alternative must be eliminated from further consideration.

Contaminant-Specific ARARs. As indicated in Section 3.1, several of the federal
regulations that are potential ARARs include performance standards for groundwater
protection based on the drinking water MCLs in 40 CFR 141. Determination of the
appropriate ARAR for long-term performance is needed to determine compliance with
ARARs for the various alternatives evaluated in this FS.

A performance standard of 1,000 years is currently required in 40 CFR 191. The
proposed rule published February 10, 1993 (58 FR 7924) increases this performance standard
to 10,000 years. Although this regulation is not applicable because the contaminated soils
do not meet the definition of waste subject to the requirements of 40 CFR 191, the long-
term performance standards are potentially relevant and appropriate because of the
presence of the long-lived radionuclide uranium that could impact groundwater within this
time frame (vadose zone modeling results predict that plutonium will not impact

groundwater within this time frame). However, the regulations are meant to be applied to
engineered geologic repositories such as the WIPP facility and Yucca Mountain. Therefore,
these performance standards are not considered ARARs for the 200-BP-1 operable unit.

Standards for long-term performance are also contained in 40 CFR 192. These
regulations require remedial actions taken to stabilize uranium and thorium mill tailings be
designed to be effective for up to 1,000 years to the extent reasonably achievable, and no
less than 200 years for any case. This requirement, although not applicable to the 21X_BP-1
operable unit, is considered relevant and appropriate because of the presence of uranium
as a contaminant of concern.

DOE has recently proposed rulemaking in 10 CFR 834, which promulgate as
regulation, standards for protection of the public and the environment from radiation
currently addressed in DOE Order 5400.5. These regulations include performance
standards requiring that potential effects be assessed over the long term (greater than 1,000
years). Until promulgated, the DOE order and proposed rulemaking are TBCs. However,
the 10 CFR 834 regulations will be applicable to remedial actions at 200-BP-1 when
promulgated.

6-18

i



DOE/RL-93-35, Rev. 0

Ali the alternatives provide for compliance with contaminant-specific ARARs
described in Section 3.1, with the exception of the current discharges of technetium-99,
cobalt-60, and nitrate, and future potential discharges of uranium. Based on information
provided in the Phase IRI Report, technetium-99 and cobalt-60 are currently discharging to
groundwater at concentrations resulting in exceedance of MTCA Method B standards.
Nitrate is also discharging to groundwater in concentrations that contribut_ 'o area
contamination in excess of the drinking water MCL. None of the alternatives will meet
these standards for technetium-99, cobalt-60, and nitrate. Therefore, if these standards are
determined to be ARARs, an application for a waiver will be necessary.

The basis for the waiver will include:

• The concentrations of technetium-99 and cobalt-60 are already below
drinking water MCLs and are declining toward the MTCA Method B
standard, and the concentration peak has long since reached
groundwater

• The nitrate concentration peak has long since reached groundwater

and is currently declining in concentration

• Upgradient groundwater concentrations of nitrate attributable from
other sources are in excess of the drinking water MCL, and the
200-BP-1 operable unit is only contributing an additional 10-20 mg/L
(as NO3)

• Given the groundwater contamination already present from other
sources, the cost of adhering to the standard far outweighs any
marginal benefit to human health and the environment

• The _d_.,.'d impacts to groundwater from this operable unit for
technetium-99, cobalt-60, and nitrate can be most effectively
addressed in the 200 East Groundwater Aggregate Area remediation,
if needed.

Uranium will eventually reach groundwater in hundreds to thousands of years,
depending on the infiltration rates assumed in the vadose zone modeling, at concentrations
in excess of drinking water MCLs. Depending on the alternative selected and it's effect on
infiltration, and depending on the final ARARs determination, a waiver may be required.
However, if the long-term performance standards of 1,000 years, provided in 10 CFR 192
and proposed in rulemaking by DOE in 10 CFR 834, are determined to be the appropriate
ARAR, no waiver will be required for most alternatives. The exceptions include No Action,
Institutional Controls and the Biointrusion Barrier alternatives.

The basis for the uranium waiver, if required, will likely include:

• The vadose zone modeling was conservative and probably
overestimates the future groundwater concentrations

• Uranium concentrations will not exceed the standard for hundreds of

years under current conditions.
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Location-Specific ARARs. As stated in Section 3.1, no location-specific ARARs have
been identified for the 200-BP-1 operable unit.

Action-Specific ARARs. Compliance with action-specific ARARs described in
Section 3.1 will be required for ali alternatives. The most significant action-specific ARARs
apply to those alternatives that include excavation and handling of radioactive materials.
The action-specific ARARs that may apply to these alternatives include:

• National Emissions Standards for Hazardous Air Pollutants (NESHAPs) for
Emissions of Radionuclides other than Radon from DOE Facilities (40 CFR

61, Subpart H)

• NRC Standards for Protection Against Radiation (10 CFR 20)

• NRC Requirements for Packaging and Transportation of Radioactive Material
(10 CFR 71)

• Health and Environmental Protection Standards for Uranium and Thorium

Mill Tailings (40 CFR 192)

• Occupational Safety and Health Administration (OSHA) Standards (29-CFR
1926 and 1910)

• National Ambient Air Quality Standards (40 CFR 50)

• Washington General Regulations for Air Pollution 0VAC 173-400)

• Washington Ambient Air Quality Standards and Emission Limits for
Radionuclides (WAC 173-480)

• Washington Safety and Health Standards 0VAC 296-24)

• Washington Model Toxics Control Act 0VAC 173-340)

• Washington Radiation Protection Standards (WAC 246).

Compliance with the action-specific requirements of the NESHAPs would be
achieved through reporting and record-keeping as required. Shielding, remote operation
and other engineering controls, and worker monitoring would be used to achieve
compliance with the NRC, OSHA and Washington health and safety standards. In
addition, ali construction activities would follow OSHA and Washington Industrial Safety
and Health Administration (WISHA) practices for worker safety. Installation of best
available radionuclide control technology (BARCT) and any additional air pollution control
technology including reasonably available control technology (RACT) and best available
control technology (BACT) would be used to achieve compliance with Federal and
Washington State air pollution regulations for control of dust, radionuclide and other
emissions to levels required by the referenced regulations.

Additional action-specific ARARs include federal RCRA regulations and Washington
State Dangerous Waste Regulations (which are substantially equivalent to the federal

6-2O



DOE/RL-93-35, Rev. 0

regulations). Perhaps the most significant portions of these regulations are the closure
performance standards and requirements for landfill closure and post-closure care. The
closure performance standards are found in 40 CFR Part 264.111 and WAC 173-303-610(2).
The landfill closure and post-closure care requirements are found in 40 CFR part 264.310
and WAC 173-303-665(6). These regulations are not applicable to the 200-BP-1 operable unit
because the site is not a facility regulated under RCRA or State Dangerous Waste
Regulations. However, the closure performance standards are relevant and appropriate to
ali alternatives and some of the landfill closure and post-closure care requirements are
potentially relevant and appropriate to the barrier alternatives.

The closure performance standards require that facilities be closed in a manner that:
minimizes the need for further maintenance; controls, minimizes or eliminates to the extent
necessary to protect human health and the environment, post-closure escape of dangerous
waste, dangerous constituents, leachate, contaminated run-off, or dangerous waste
decomposition products to the ground, surface water, groundwater, or the atmosphere;
and returns the land to the appearance and use of surrounding land areas to the degree
possible given the nature of the previous dangerous waste activity. Other evaluation
criteria (i.e. overall protection of human health and the environment, long-term
effectiveness, and short-term effectiveness) address requirements similar to the performance
standards. Therefore, the alternatives will not be evaluated independently for compliance
with this ARAR.

The RCRA landfill closure and post-closure care requirements include minimum
design requirements for the final landfill cover. The cover must be designed to:

• Provide long-term minimization of migration of liquids through the
closed landfill;

• Function with minimum maintenance;

• Promote drainage and minimize erosion or abrasion of the cover;

• Accommodate settling and subsidence so that the cover's integrity is
maintained; and

• Have a permeability less than or equal to the permeability of any
bottom liner or natural subsoils present.

The Hanford Barrier and modified RCRA Barrier have been specifically designed to
ensure equivalency with these requirements. The Biointrusion Barrier was not designed to
meet these requirements and will not comply if this ARAR is determined to be relevant and
appropriate for the 22X)-BP-1 operable Unit.

6.4.1.3 Long-Term Effectiveness and Permanence. As stated in the NCP, the alternatives
are evaluated to determine the long-term effectiveness and permanence they afford, as well
as the degree of certainty that the alternative will prove successful (i.e., reliability). There
are many common attributes between the various barrier alternatives that are different
from common attributes of the various excavation and treatment alternatives in terms of
this criteria. These common elements are discussed in this section, with the evaluation of

each alternative provided in Section 6.4.2.
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Barrier Alternatives. The long term effectiveness afforded by barrier alternatives is
estimated by evaluating the ability of the barrier to reduce the residual risk associated with
the contaminants over which the barriers are placed. Ali the barrier alternatives provide
long-term protection from direct contact and external exposure to radiation. The barriers
also are designed to resist biological intrusion (i.e., plant roots, burrowing mammals, and
ground-nesting insects), which can result in contaminant transport. Both the Hanford
Barrier and the RCRA Barrier are also designed to protect groundwater by decreasing
infiltration of water through contaminated soil. This is accomplished by including moisture
retention layers to enhance evapotranspiration and low-permeability layers to act as
moisture barriers and prevent infiltration. However, the Biointrusion Barrier is expected to
result in increased infiltration over existing conditions. This is due to the lack of any fine
grained materials to retain moisture for evapotranspiration, and to the lack of any low
permeability layers to prevent infiltration. The result is an increase in residual risk via the
groundwater pathway for the bioinfusion barrier relative to the other barrier alternatives.

The reliability of a barrier is evaluated as its ability to successfully provide long term
effectiveness in reducing the risks associated with residual contaminants. Ali barrier
alternatives are constructed of natural materials and are designed to be long-lasting if
undisturbed, with minimal to no maintenance requirements. However, no barrier can, by
itself, prevent intentional penetration by a technologically advanced society. Institutional
controls are therefore an integral component of barrier effectiveness and permanence.
However, the thicker and more robust the design, the more resistant it will be to both
intentional and accidental intrusion and the less its effectiveness will depend on
maintenance, should institutional controls be terminated.

Vadose zone transport modeling was conducted to evaluate the effects of various
infiltration rates through the barriers and the long-term effectiveness in meeting the RAOs
specified in Section 3.2 for groundwater protection. Infiltration rates of 1 cm/yr (0.4 in./yr),
10 cm/yr (4 indyr) and 22.5 cm/yr (9 in./yr) were previously evaluated in the 200-BP-1
operable unit RI report. For comparison of effectiveness of barrier alternatives, additional
simulations at infiltration rates of 0.01 cm/yr (0.004 in./yr) and 0.1 cm/yr (0.04 in./yr) were
modeled. Ali other input parameters to the model were the same as described in Section
5.2.3.2 of the 200-BP-1 operable unit RI Report (DOE/RL 1993).

The modeling results reported in the 200-BP-1 operable unit RI indicate that at an
infiltration rate of 1 crn/year (0.4 in./yr) (conservatively assumed for the current conditions),
uranium concentrations will first exceed the proposed federal MCL of 30 pCi/L in a few
hundred years and will peak at about 3,000 pCi/L in around 4,500 years (Figure 6-11). This
information was used as the basis for comparison of the No Action and Institutional
Controls alternative with the barrier alternatives.

An infiltration rate of 0.1 cm/yr (0.04 in,/yr) may be more realistic of current
conditions with a soil cover providing moisture retention and evapotranspiration. As
shown in Figure 6-12, at this infiltration rate, uranium is expected to exceed the proposed
MCL in approximately 6,000 years, and reach 90 pCi/L with concenti'ations still increasing
at 10,000 years, which was the limit of the simulation conducted.

The estimated infiltration rate for both the RCRA Barrier and the Hanford Barrier is

expected to be less than 0.1 cm/yr (0.04 in./yr) and possibly less than 0.01 cm/yr
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(0.004 in./yr). Under the latter condition, the transport model predicts that uranium
concentrations would not exceed the MCL for over 10,000 years (Figure 6-13).

The scenario at 10 cm/yr (4 in./yr) was included in the 200-BP-1 operable unit RI
report (DOG/RL 1993). The modeling was conducted assuming the 10 cm/yr (4 in./yr)
infiltration rate from the time discharge ceased. While this infiltration rate is considered
unreasonably high for conditions that have existed since the cribs were used until the

present, it is considered a reasonable maximum for infiltration through the Biointrusion
Barrier. This Barrier allows drainage of infiltration with little evaporation and no

transpiration.

Although the 10 cm/yr (4 in./yr) rate of infiltration would not occur until after the
Biointrusion Barrier was installed, the simulation conducted for the RI was considered

sufficient for comparison purposes. As shown in Figure 6-14, at an infiltration rate of 10

cm/yr uranium concentrations are predicted to have already approached the concentration
of the proposed MCL by 1992. Concentrations peak at about 8,000 pCi/L in approximately
500 years. A comparison of simulation results is shown on Figure 6-18.

lt is important to note that the preceding discussion is based on vadose zone
modeling of migration of uranium through unsaturated soils over very long time periods.
Although this is the best information currently available, its uncertainty is very high. This
uncertainty should be considered in determining the applicability and relevance of
potential ARARs.

Excavation. Excavation is a key component of Alternatives F, G, H, and I. To avoid

duplication, elements of long-term effectiveness common to the excavation aspects of ali
alternatives are addressed in the following discussion. Differences in each alternative are

discussed in their respective evaluations in Section 6.4.2.

Vadose zone modeling was performed to evaluate the long-term effectiveness for

protection of groundwater of removing contaminated soil (or immobilizing contaminants)
down to depths of 15, 30, and 45 m (50, 100, and 150 ft). Ali simulations were done
assuming 1 cm/yr (0.4 in./yr) of recharge to allow comparison with the conservative
estimate of existing conditions. The results are shown on Figures 6-15, 6-16 and 6-17. A
comparison of modeling simulations is shown on Figure 6-18.

Concentrations were modelled for uranium at the top of the unconfined aquifer at
the edge of the cribs. For the various excavation scenarios, the 30 pCi/L proposed MCL is
first exceeded at around 700 years, regardless of depth of soil removal (or in-situ fixation).
However, peak concentrations decrease significantly as more of the contaminated soils are
removed. This indicates that uranium already present in deeper portions of the soil
column is sufficient to cause exceedance of the uranium MCL. Thus, excavation or in-situ

treatment to depths much greater than is technically feasible is required to prevent
discharge of uranium to groundwater at concentrations that will result in exceedance of the
proposed drinking water MCL. An excavation to 15 m (50 ft) was determined to be the
practical limits for evaluating removal alternatives. As shown in Figure 6-15, at an
infiltration rate of 1 cm/yr (0.4 in./yr), removal of the upper 15-m (50 ft) of soil reduces the
peak concentration to about 1,800 pCi/L (compared to the peak concentration with no
removal of 4,500 pCi/L). However, the time until the drinking water MCL is reached
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remains essentially unchanged at about 700 years. As a result, the RCRA Barrier has been

included with ali excavation alternatives to ensure long-term effectiveness.

ERSDF Disposal. Removal and disposal of contaminated materials in the ERSDF would
remove a corresponding component of the risk from both the direct contact and, to a more
limited extent, groundwater pathways at the 200-BP-1 site. However, disposal at ERSDF
merely relocates the risks to a central disposal site (i.e., centralized containment).

In general, it is preferable to have a central, well-controlled site rather than many
scattered site_ that would be harder to control and maintain. For sites where it is practical

to remove ali L.,_ntamination above remedial action levels, ERSDF disposal is particularly
attractive to allow unrestricted use of the site after remediation. However, for the 200-BP-I

site, because significant contamination will remain following remediation, a barrier is
included in ali alternatives, and institutional controls are included to ensure the barrier's

effectiveness. Therefore, much of the attractiveness of ERSDF disposal is not applicable for
this site.

The relative effectiveness and permanence of ERSDF disposal and on-site
containment depends on the ERSDF design and the barrier selected for the site. If the
ERSDF is covered with the same barrier as the 200-BP-1 operable unit and is unlined, there
is essentially no difference in the long-term effectiveness and permanence of containment
on-site and ERSDF containment.

For this evaluation, it is assumed that the ERSDF has a low-permeability bottom
liner and is covered with a Hanford Barrier. In this case, the redundant protection of the

liner at the ERSDF would provide greater reliability than on-site containment alone at the
200-BP-1 operable unit. In addition, the ERSDF would also provide greater reliability and
permanence than alternatives not using a Hanford Barrier.

The ERSDF is expected to be only slightly more effective at preventing direct contact
or groundwater contamination than the Hanford Barrier, RCRA Barrier and the other
alternatives with a low-permeability barrier.

6.4.1.4 Short-Term Effectiveness. Short-term effectiveness of the alternatives is evaluated

to consider risks posed to the community during implementation, potential impacts to
workers and the effectiveness and reliability of protective measures, and potential
environmental impacts. Common aspects of the alternatives in terms of this criteria are
provided in the following discussion. A detailed evaluation of the alternatives is provided
in Section 6.4.2.

Barrier Alternatives. No off-site community impacts are associated with implementing the
barrier alternatives. The highly-contaminated crib soils at the 200-BP-1 site are overlain by
about 3 m (10 ft) of soil with relatively low levels of contamination. These in turn are
covered with an 18-24 in (46-61 cm) thick layer of clean soil. The baseline risk assessment
indicates that direct exposure under either the industrial or residential scenario is not a
health risk. Therefore it may be inferred that direct exposure during the few months
required to construct any of the barriers over existing site soils will not be a significant
health risk to workers, as weil. In addition, the shielding increases with each layer of the
barrier that is placed. Consequently, worker exposure to radiation is not a concern for
these alternatives.
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The environmental impacts associated with the barrier alternatives relate to sources
of the soils (borrow areas) used for construction. Soil sources for barrier construction are
assumed to be developed within the Hanford Site. A borrow area would temporarily
disrupt local vegetation and animal habitat. After construction has been completed, these
areas could be recontoured and revegetated.

Excavation Alternatives. Control measures are available and can be readily implemented
to ensure that risks to humans away from the 200-BP-1 site are negligible during remedial

action. Fugitive dust emissions would be controlled by enclosing or covering areas where
contaminated soil is being handled. Any discharges with potential off-site effects (e.g., air
emissions or surface water discharge from treatment) would be subject to discharge
limitations and monitoring to ensure protection of human health. Surface water run-on
and run-off controls (Section 6.2.7) would minimize the quantity of surface water that could
become contaminated and would prevent off-site transport of contaminated materials in
surface water. Therefore, risks outside of the 200-BP-1 site would be negligible.

The primary human health impacts during remediation are associated with
potential accidents and exposure to radiation by workers conducting the remedial activities.
Statistics obtained from the U.S. Department of Labor (1992) for similar types of
construction activities were used to calculate accident rates to workers conducting the
remedial activities. These statistics may not be representative of accident rates on the
Hanford Site due to high level of emphasis placed on worker health and safety. Hanford
Site-specific statistics on worker accident rates have been requested and will be
incorporated in the next draft of the FS, as appropriate.

Although the nuclear industry has data on worker exposure incidents, this
information may not be readily transferrable to the remedial activities since remedial
activities at major DOE sites have not occurred and the type of work involved is somewhat
different than typically performed in the nuclear industry. As with accident rates, Hanford
Site-specific statistics on average annual dose of radiation workers involved in similar
activities has been requested, and will be incorporated in the next draft of the FS, as
appropriate.

Risk to workers potentially exposed to radiation are based on the types of activities
where such exposure may occur, the number of workers potentially exposed, and the
duration of exposure. To allow for comparison of alternatives, the number of workers
potentially exposed to the maximum allowable radiation exposure of 5 rem/year for
radiation workers, based on DOE Order 5480.11, Radiation Protection for Occupational

Workers, was assumed. In practice, shielding and safety practices would be employed in
accordance with the ALARA process and actual exposures may be less than the maximum
allowable assumed for this FS. However, expected exposures would require detailed design

and preparation of a Safety Analysis Report (SAR), which is beyond the scope of this FS.

Excavation of the highly contaminated upper 15 m (50 ft) of soil could result in
significant worker exposure. Robotics would be used when possible when excavating high-
activity soils, but some work in close proximity to radioactive contaminated soil could not
be avoided. To protect against off-site exposure and surface water contamination, the
excavation would be enclosed. The enclosure will tend to raise the concentration of
contaminated dust in the work area, unless additional dust suppression measures (which
have associated disadvantages) are used. Use of remotely-operated loaders is feasible.
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However, the processes for installing the retaining wall system are too complex to allow
remote operation. Therefore, a high level of shielding will be required for these activities.
Such shielding would consist of shielded operator enclosures with filtered air supplies.

Approximately 12 persons will be involved in constructing the soil-nailed wall, not
including excavation personnel. It is estimated that the wall will require approximately 200
days (8-hour-shifts) to construct.

Excavation will require about 5 personnel, with a duration of about 750 days (8-
hour shifts). Some personnel, such as truck drivers, will not be in the zone of maximum
exposure (the excavation) on a continuous basis. Other personnel, such as surveyors,
supervisors, inspectors, mechanics, health technicians, etc., will be required. These
personnel will not be in the zone of maximum contamination on an ongoing basis. For
evaluation purposes, it is assumed that 10 personnel are exposed on a 50% basis.
However, because of the need to shift out workers that have reached the allowable annual

dose, it is assumed that 20 personnel/yr reach the 5 rem/yr allowable exposure during the 5
year duration of the excavation activities. Based on these assumptions, 500 total rems of
exposure are estimated.

This is only an estimate for comparison purposes with other alternatives. A more
precise exposure analysis depends on details of the excavation procedure, soil handling,
and transportation, and would not be available until final design of the excavation system.
Remotely-operated equipment will be used hr Li_cessary, and sufficient shielding and safety
practices would be employed so that personnel exposure limits are as low as reasonably
achievable and in no case greater than 5 rem/year effective annual dose equivalent, as
required by DOE order 5480.11, Radiation Protection for Occupational Workers. However,
robotic excavation is seldom practiced and difficult to perform. Shielding and additional

protective measures will increase the difficulty of the work and greatly lower productivity.
lt is believed that adequate worker protection can be achieved, although cost impacts will
be substantial and some equipment development will be required. These impacts are

reflected in the cost estimates and evaluation of implementability of each of the alternatives
that require such protective measures.

An additional source of risk is industrial accidents that would be expected on any
construction project. The estimated level of activity for ali excavation activities is about •
17,500 person-days. This number is higher than the estimate for exposure because (1)
derating factors for partial-time exposure are not appropriate and have not been applied
and (2) activities involved with backfilling the excavated area, which do not have exposure
risk, have been included. Based on statistics obtained by the U.S. Department of Labor
(1992), the expected fatality rate for construction workers is about 6 x 10.7 per person-day.
This translates into a risk of 0.01 fatalities for excavation. Similarly, the lost-time accident

rate for construction workers is about 2 x 10.4 per person-day. On this basis, four lost-time
accidents would be expected during the course of excavation.

The ecological impacts of ali alternatives are considered roughly equivalent. In its
current condition, the site has been significantly impacted by human activities.
Considering the proximity to other operable units in the 200 Area, the impact of human
activities will continue over the short term, with or without remedial action at this

particular site. Similarly, eventual ecological restoration will be determined following

completion of remedial activities throughout the 200 Area.
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ERSDF Disposal. Worker and environmental risk due 9o exposure to site contaminants
would are possible during transportation to the ERSDF and placement of the contaminated

material in the ERSDF cell. The greatest worker risk would not be radiation exposure, but
transportation accidents due to congested truck traffic.

High-activity wastes would most likely be containerized and handled remotely with
heaw./shielding. Exposure in these cases would be low and is estimated to be negligible in
comparison to exposure due to excavation or treatment.

Low-activity wastes v_vuld be transported by truck in bulk. Shielding and some
means of dust control would be required. Without strict controls, radiation exposure could

easily exceed that of containerized handling of high-activity wastes. However, the
exposure is estimated to be negligible in comparison to exposure due to excavation, and
has therefore not been included in the detailed analysis.

6.4.1.5 General Cost Assumptions. Cost estimates are based on the alternative
descriptions and design assumptions stated in the descriptions of the alternatives (Section
6.3). The cost estimates for the alternatives are presented on a net present value basis.
Unit cost_ are based on typical costs for similar commercial work. However, the costs have
been increased to reflect reduced productivity due to remote operation of equipment, safety

requirements (e.g., shielding and dust containment), and similar factors. Unit costs were
obtained in early 1993, or were adjusted to 1993 from earlier estimates. Unit costs for
barrier materials and for engineering and construction surveillance were provided by
Westinghouse Corporation. The net interest rate of 5% is the rate recommended by the
EPA for feasibility study cost estimates. The maintenance and monitoring period of 30

O years is the same as the hazardous waste post-closure period. However, a longer peric_dwould not significantly affect the present value cost of the alternatives. Cost estimate tables
for the alternatives are presented in Appendix A, starting with a summary cost table
(Table A-l). Backup cost information is presented in Appendix B.

6.4.2 Detailed Evaluation of Alternatives

6.4.2.1 Alternative A: No Action

Overall Protection of Human Health and the Environment. Contamir,_ted sc_s at

this site are currently covered with a layer of clean soil. So long as this cover _mains
intact, it prevents direct contact with contaminated soils and limits exposure tc. radiation.
In addition, the soil cover prevents contact with surface water runoff and wind, thereby
eliminating migration of contaminants by these pathways. Under these conditions, the risk
posed to human health or the environment by this site is substantially less than 1 x 10-6
(DOEL 1993).

However, without continued institutional controls, unrestricted industrial use of the
site could result in penetration of the barrier by human activities. In addition, biological
intrusion such as the growth of deep-rooting plants or digging by burrowing animals (e.g.,
rodents or insects), could result in transport of contaminated soils to the surface, where

O exposure could occur.
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The No Action alternative provides better short-term effectivenes_ and therefore,
better overall protection of human health than the alternatives that require excavation and
treatment and the in-situ fixation alternative, because no workers would be exposed to
radiation. This alternative also does not include any potential for worker accidents that

potentially could result from ali the other alternatives (with the exception of Institutional
Controls).

Compliance with Potential ARARs. The No Action alternative would meet all

potential ARARs except those related to uranium, technetium-99, cobalt-60, and nitrate
concentrations in groundwater as discussed in Section 6.4.1.2.

Long-Term Effectiveness and Permanence. While there is no current risk to human
health and the environment, long-term effectiveness depends on the existing soil cover

remaining intact. If the land were released for unrestricted use and if no other controls
were in place, a variety of activities could occur than would present risk to human health
and the environment. These activities and potential exposure could result from:

• Excavation into contaminated soil

• Agricultural use bringing radioactive contaminants into food products
• Erosion of the relatively thin soil cover

• Biointrusion into the contaminated soil and potential transport to the
surface

• Use of contaminated groundwater beneath the site.

Therefore, no action (without institutional controls) does not provide long-term
effectiveness and is not a permanent remedy.

Reduction of Toxicity, Mobility, and Volume Through Treatment. No treatment is
provided by this alternative.

Short-Term Effectiveness. No exposure to site contaminants is associated with

implementing this alternative. It therefore has high short-term effectiveness.

ImplementabiUty. Because no action is required for this alternative, it is the easiest
alternative to implement.

Cost. The only costs associated with this alternative are for performance
monitoring, which is required under the NCP for ali alternatives. The estimated cost of this
alternative is $1.14 million (Table A-2). Assumptions for monitoring cost estimates were

provided in Section 6.2.2. General assumptions used for ali cost estimates are described in
Section 6.4.1.5.

6.4.2.2 Alternative B: Institutional Controls

Overall Protection of Human Health and the Environment. As described in

Section 6.4.1.i, this alternative provides overall protection of human health and the
environment, and institutional controls are included with ali other alternatives. The
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baseline risk assessment for this site (DOE/RL 1993) shows that the site does not currently
pose a threat to human health or the environment. As long as institutional controls are
maintained, exposure is prevented and there is no risk. However, due to uncertainty as to
the reliability of long-term institutional controls, this alternative is not as effective as the
barrier or excavation and treatment alternatives that include additional protection in the
event that institutional controls are terminated.

Institutional controls can be effective in limiting risk by preventing human exposure
to contaminated site soils and groundwater. Institutional controls can, therefore, mitigate
the effects of any incremental exposure to site contaminants. The Institutional Controls
alternative also includes maintenance activities for at least 100 years to prevent deep-
rooting plants and burrowing animals or deep-nesting insects from becoming established at
the site. Maintenance of the soil cover and/or any barrier installed in conjunction with one
of the other alternatives would also be conducted.

The Institutional Control alternative includes some on-site activities such as fencing
and burying warning disks. These activities would not involve significant exposure to
contaminated soils, and worker risk to implement institutional controls is therefore
negligible.

As with the No Action alternative, Institutional Controls does not pose the short-
term risk of accidents or radiation exposure to workers associated with the excavation and
treatment alternatives and the In-Situ Fixation alternative. This alternative also does not

pose significant worker risk due to accidents that could be associated with the heavy
construction activities required to construct barriers.

Compliance with Potential ARARs. The Institutional Controls alternative would
meet ali potential ARARs to the same degree as No Action and with the exceptions related
to uranium, technetium-99, cobalt-60, and nitrate concentrations in groundwater as
described in Section 6.4.1.2.

Long-Term Effectiveness and Permanence. By preventing exposure, institutional
controls are effective at limiting risk to human health. With maintenance of the existing
soil cover, direct exposure and off-site migration of contaminants in surface water or
airborne dust is prevented. However, contaminant migration via deep-rooting plants or
burrowirlg animals ("biological intrusion'_ remains possible. This would be minimized by
maintenance of the soil cover.

The key concern with institutional controls is permanence. Institutional controls
rely on active intervention (fencing that requires maintenance, enforcement of land and
groundwater use restrictions, etc.) to be effective. For comparison, barriers will remain
effective even without maintenance for a long time. DOE Order 5820.2A directs
evaluations to assume that institutional controls are lost 100 years after remediation.

Reduction of Toxicity, Mobility, and Volume Through Treatment. No treatment is
provided by this alternative.

Short-Term Effectiveness. Establishing institutional controls will involve some on-
I" " rr ,,.1¢. _ q_fL1k,,t JLV ,tr.I, A_,,,_site activities such as fencing ai_d burying warning disks. ,h_o_ "_;"';'° would not

!
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involve significant potential for worker accidents or exposure to contaminated soils.
Therefore, worker risk is negligible and short-term effectiveness is high.

Implementability. Placement of institutional controls on the 200-BP-1 operable unit
involves only routine fence construction, shallow digging, and filing legal documents. This
is the next easiest alternative to implement after Alternative A - No Action.

Cost. The estimated cost of this alternative is $1.24 million (Table A-3).

Assumptions used for developing the cost estimate for Institutional Controls is 6.2.1 and
monitoring cost assumptions are provided in Section 6.2.2. General assumptions for cost
estimates are described in Section 6.4.1.5.

6.4.2.3 Alternative C: Biointrusion Barrier

Overall Protection of Human Health and the Environment. This alternative would

provide a reasonably high degree of overall protection to human health and the
environment, when included with Institutional Controls. Institutional controls provides
much of the protection of human health and the environment for this alternative (Section
6.4.1.1). The Biointrusion Barrier provides additional protection over institutional controls
alone for direct contact exposure to radiation. However, the design of this barrier would
result in increased infiltration over current conditions, rapidly increasing the rate at which
uranium impacts groundwater. Therefore, this alternative does not rate as high as
Alternative B - Institutional Controls for overall protection of human health and the
environment.

Compliance with ARARs. A waiver would likely be required for this alternative,
since it does not meet the 1,000 year performance criteria for ensuring compliance with the
drinking water MCLs for uranium, as discussed in Section 6.4.1.3. Otherwise, this
alternative would meet ali potential ARARs except those related to current discharges of
technetium-99, cobalt-60, and nitrate, and the closure requirements for RCRA landfills
described in Section 6.4.1.2.

Long-Term Effectiveness and Permanence. This alternative would provide long-
term effectiveness and permanence through institutional controls and containment
(Sections 6.4.1.1 and 6.4.1.3). The Biointrusion Barrier could provide a long-term effective
barrier to human contact or biological intrusion. However, because the barrier is relatively
thin and depends on several filter layers, it is potentially susceptible to disruption from
human activities (e.g., traffic, agriculture, construction, etc.).

If the Biointrusion Barrier functions as intended for a few hundred years, it will
provide significant protection for human health from external radiation exposure to the
near surface contaminated soils. Although the design is primarily to provide a barrier to
biotic intrusion, rather than achieving a certain lifetime, natural materials were specified
with the idea of increasing longevity. No testing of this Barrier has been performed, and
the expected lifetime is difficult to evaluate. However, it is possible that the Biointrusion
Barrier could withstand erosion for a' few hundred years. Durability over 1,000 years must
be considered low, and the ability to function over 10,000 years is highly unlikely.

Although the design of the Biointrusion Barrier seems reasonable, it has not been A

tested in the field. In addition, the Barrier may not prevent insects, such as ants, that can
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pass through the coarse basalt from burrowing into the underlying soils. Studies are

planned in the near future to evaluate the magnitude of this problem, but at present thisaspect of performance must be considered uncertain.

With respect to human intrusion, both the sand and gravel filters are located within
0.3 m (1 ft) of the ground surface, they are potentially susceptible to disruption from
vehicular traffic, agriculture, construction, and similar activities. Mixing of these layers
could destroy their effectiveness and thus allow fine material to penetrate the crushed
basalt layer. This in turn could allow deep-rooted plants to become established.

As described in Section 6.4.1.3, the Biointrusion Barrier would result in increased
infiltration over current conditions. An assumed recharge rate of 10 cm/yr (4 in_/yr) was
used to estimate infiltration through the barrier. Based on this recharge rate, the
Biointrusion Barrier does not provide long-term effectiveness for protection of groundwater

(Figure 6-14). Therefore, it is less protective than the other barrier designs, and also less
protective of groundwater quality than Institutional Controls alone (with the existing soil
cover).

Reduction of Toxicity, Mobility_ and Volume Through Treabnent. No treatment is
provided by this alternative.

Short-Term Effectiveness. As described in Section 6.4.1.4, worker exposure to
radiation is not a concern for the barrier alternatives.

To determine the potential for worker accidents during installation the level of effort

for constructing the barrier was determined. Estimated levels of effort for majorconstruction activities are as follows:

Excavating and Screening Soil Materials 400 person-days
Hauling 2,500 person-days
Spreading and Compacting 500 person-days
Other On-site Activities 400 person-days.
Total: 3,800 person-days

Based on statistics obtained by the U.S. Department ot: Labor (1992), the expected
fatality rate for construction workers is about 6 x 10.7 per pe_on-day. This translates into a
risk of 0.002 fatalities for construction of the Biointrusion Barr'_er, which is considered

negligible. Similarly, the lost-time accident rate for construction workers is about 2 x 10-4
per person-day. On this basis, one lost-time accident would be expected during the course
of Barrier construction.

Because of the lack of radiation exposure and the low accident rates, the short-term
effectiveness of this alternative is high.

Implementability. This alternative is readily implemented. The Biointrusion Barrier
will be constructed of natural earth materials using conventional well-proven construction

techniques. Sufficient materials are available on the Hanford Site.

Cost. The estimated cost of this alternative is 3.47 million (Table A-4). This is the
lowest cost of ali barrier alternatives. Base unit costs and derived unit costs for this cost

i
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estimate are provided in Tables B-2 and B-3. General assumptions for cost estimates for ali
barriers is provided in Section 6.2.3. Assumptions specific to the Biointrusion Barrier are

provided in Section 6.3.3. General assumptions for cost estimates are described in
Section 6.4.1.5. IP'

6.4.2.4 Alternative D: RCRA Barrier

Overall Protection of Human Health and the Environment. This alternative

provides high overall protection of human health and the environment, especially when
included with Institutional Controls as described in Section 6.4.1.1. The RCRA Barrier

provides additional protection, in the event that Institutional Controls are terminated
during the 1,000-year period of concern. The RCRA Barrier provides long-term protection
from direct contact exposure and biointrusion, and will also reduce infiltration significantly,
thereby decreasing the potential for soil contaminants to migrate to groundwater. The
RCRA Barrier also rates high in short-term effectiveness because there is negligible risk of
radiation exposure for workers.

Compliance with ARARs. This alternative would meet ali potential ARARs with
the exception of the current discharges of technetium-99, cobalt-60, and nitrate described in
Section 6.4.1.2. The RCRA Barrier, if it remains intact is expected to reduce the infiltration
rates sufficiently to protect groundwater from impact due to uranium discharges for more
than the 1,000-year period of concern. In addition, a substantial effort has been conducted
to demonstrate compliance with the RCRA landfill cover design requirements of 40 CFR
Part 264.310 and WAC 173-303-665. Therefore, this alternative rates higher than the
Biointrusion Barrier for compliance with ARARs.

Long-Term Effectiveness and Permanence. This alternative would provide a high
degree of long-term effectiveness and permanence, especially with use of institutional
controls (Sections 6.4.1.1 and 6.4.1.3). It should provide good performance in minimizing
infiltration through contaminated soil. The estimated infiltration rate through the RCRA
Barrier is <0.1 cm/yr (0.04 inJyr). As discussed in Section 6.4.1.3, this rate of infiltration will
provide long-term protection of groundwater. Because the RCRA Barrier is only
moderately thick relative to the Hanford Barrier, the RCRA Barrier would offer good
resistance to accidental human intrusion, but low resistance to deliberate intrusion (e.g.,
excavation). The reliability over long time periods is uncertain for this barrier, both in
terms of retaining low permeability and in te_ns of erosion resistance. No testing of this
Barrier has been performed, and of course there are no field data over long time periods.
However, it seems likely that the RCRA Barrier will withstand erosion for a few hundred
years. Durability over 1,000 years is uncertain, and the ability to function over 10,000 years
is considered low.

With respect to inadvertent human intrusion, assuming loss of institutional controls,
the RCRA Barrier is expected to be more effective than the Biointrusion Barrier but less
effective than the Hanford Barrier. The moderately thick 2 m (6 ft) RCRA barrier provides
some mass of material that would need to be removed to expose contaminated soil. There
are several layers which would not function as intended if mixed or otherwise disturbed,
including the layers used for filters, drainage, and moisture/biota barriers. These layers are
ali located below the upper I m (3 ft) thick evapotranspiration zone, and are therefore
probably well protected from surficial activities such as agriculture and traffic. The
function of the uppermost silt layers would not be seriously degraded by disturbance.

tl
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A key question for this barrier design is the longevity of the asphalt layer.
Although asphalt is a natural material and is expected to be stable over long periods of
time, it may be susceptible to loss of volatiles or other degradation mechanisms that could
cause deterioration or cracking. Studies are planned in the near future to evaluate whether
this is a problem and determine which asphalt compositions are most appropriate for use.

Reduction of Toxicity, Mobility, and Volume Through Treatment. No treatment is
provided by this alternative.

Short-Term Effectiveness. As described in Section 6.4.1.4, worker exposure to
radiation is not a concern for the barrier alternatives.

To determine the potential for worker accidents during installation the level of effort
for constructing the barrier was determined. Estimated levels of effort for major
construction activities are as follows:

Excavating and Screening Soil Materials 800 person-days
Hauling 4,400 person-days
Spreading and Compacting 700 person-days
Other On-site Activities 500 person-days
Total: 6,400 person-days

Based on statistics obtained by the U.S. Department of Labor (1992), the expected
fatality rate for construction workers is about 6 x 10.7 per person-day. This translates into a
risk of 0.004 fatalities for construction of the RCRA Barrier, which is considered negligible.
Similarly, the lost-time accident rate for construction workers is about 2 x 10-4 per person-
day. On this basis, one lost-time accident would be expected during the course of Barrier
construction.

Based on the low accident rate and lack of radiation exposure the short-term
effectiveness of this alternative is high.

Implementability. This alternative can be readily implemente.l, although it contains
more layers and would be expected to be somewhat more difficult to construct than the
Biointrusion Barrier. The RCRA Barrier will be constructed of natural earth materials using
conventional construction methods. Sufficient materials to construct the Barrier are
available on the Hanford Site.

Cost. The estimated cost of this alternative is 5.65 million (Table A-5). This cost is
more than the Biointrusion Barrier but less than the Hanford Barrier. Base unit costs and

derived unit costs for this cost estimate are provided in Tables B-2 and B-3. Assumptions
used for cost estimates for the RCRA Barrier is provided in Section 6.3.4. General
assumptions for cost estimates are described in Section 6.4.1.5.

6.4.2.5 Alternative E: Hanford Barrier

Overall Protection of Human Health and the Environment. This alternative is
expected to be highly protective of human health and the environment, especially when

included with Institutional Controls as described in Section 6.4.1.1. The Hanford Barrierprovides ..dd...ona! protection, in the event that Institutional Controls are terminated
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during the 1,000-year period of concern. The Hanford Barrier provides a large physical
mass for long-term protection from direct contact exposure and biointrusion, and will also
reduce infiltration significantly, thereby decreasing the potential for soil contaminants to /

migrate to groundwater. The Hanford Barrier also rates high in short-term effectiveness
because there is negligible risk of radiation exposure for workers. The Hanford Barrier
rates slightly higher than the RCRA Barrier because of increased reliability and the
extensive performance assessment that has been conducted. Additional studies are
currently underway to evaluate the performance of the Hanford Barrier, with a prototype
planned for installation over the 216-B-57 crib.

Compliance with ARARs. Same as for the RCRA Barrier (Section 6.4.2.4).

Long-Term Effectiveness and Permanence. The Hanford Barrier has been designed
to remain effective for at least 1,000 years with little or no maintenance. Therefore, this

barrier is rated highest of the barrier alternatives, especially in the event Institutional
Controls are terminated.

: Erosion and damage from human activities are the most likely causes of Barrier
failure. The large total thickness and relatively coarse texture of the component soils of the
Barrier is expected to adequately resist erosion. Some landforms on the Hanford Site (such
as ripple marks) that are comprised of coarse-textured soils have survived since the
catastrophic flood events that formed them about 10,000 to 14,000 years ago, supporting the

, assumption of the Barrier's ability to withstand erosion.

| With respect to damage from human activities, the Hanford Barrier provides a
i significant mass of material that would need to be removed to expose contaminated soil.

There are several soil layers that would not function as intended if mixed or otherwisedisturbed, including the layers used for filters, capillary breaks, and drainage. However,
| these layers are ali located below the upper 2 m (6 ft) thick evapotranspiration zone, and
|.: are therefore well protected from surficial activities such as agriculture and traffic. The

|I function of the uppermost silt layers would not be seriously degraded by disturbance. In
addition, the geometry and size of the Hanford Barrier provide clear visual evidence that a
human structure is present. One enhancement for the Barrier consists of burying layers of
ceramic disks at several depths within the uppermost soil layers. These disks would
contain information to warn potential intruders against digging further. As discussed for
the RCRA Barrier (Section 6.4.2.4), the longevity of the asphalt layer as a low-permeability
layer is uncertain and requires further study.

A disadvantage of the Hanford Barrier is that large volumes of uniform soils would
be attractive as future borrow sources for local construction projects by persons ignorant of

the Barrier's purpose. The likelihood of such a scenario is difficult to predict, and it is
reasonable to argue that a society capable of using such materials will be sophisticated
enough to realize their purpose.

Reduction of Toxicity, Mobility, and Volume Through Treatment. No treatment is
provided by this alternative.

Short-Term Effectiveness. As described in Section 6.4.1.4, worker exposure to
radiation is not a concern for the barrier alternatives.
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To determine the potential for worker accidents during installation the level of effort
for constructing the barrier was determined. Estimated levels of effort for major
construction activities are as follows:

Excavating and Screening Soil Materials 1,600 person-days
Hauling 8,500 person-days
Spreading and Compacting 1,000 person-days
Other On-site Activities 800 person-days
Total 11,900 person-days

Based on statistics obtained by the U.S. Department of Labor (1992), the expected
fatality rate for construction workers is about 6 x 10-7 per person-day. This translates into a
risk of 0.007 fatalities for construction of the Hanford Barrier, which is considered

negligible. Similarly, the lost-time accident rate for construction workers is about 2 x 10-4
per person-day. On this basis, two lost-time accidents would be expected during the
course of Barrier construction.

Based on the low accident rate and the lack of radiation exposure, the short-term
effectiveness of this alternative is relatively high.

Implementability. This alternative is readily implemented, although it contains
more layers and would be expected to be somewhat more difficult to construct than the
RCRA Barrier. The Hanford Barrier will be constructed of natural earth materials using
conventional construction methods. Sufficient materials are expected to be available on the
Hanford Site or in the local area.

Cost. The estimated cost of this alternative is 8.47 million (Table A-6). Base unit
costs and derived unit costs for this cost estimate are provided in Tables B-2 and B-3.
Assumptions used for cost estimates for the Hanford Barrier is provided in Section 6.3.5.
General assumptions for cost estimates are described in Section 6.4.1.5.

6.4.2.6 Alternative F: Excavation and Soil Washing

Overall Protection of Human Health and the Environment. This alternative is

expected to provide _ong-term protection of human health and the envii'onment. However,
to achiew long-term protection, it requires construction of a low-permeability barrier over
the unexcavated contaminated soils and Institutional Controls at the ERSDF site

(Section 6.1.3).

This alternative has potential for significant short-term impacts due to worker
exposure to radiation during the excavation and soil washing activities. Therefore, this
alternative does not rate very high for overall protection of human health.

Compliance with ARARs. Because this alternative relies on the RCRA Barrier to be
effective for protection of groundwater and use of the Hanford Barrier for soils disposed at
the ERSDF, compliance with contaminant specific ARARs is considered the same as for the
RCRA Barrier (Section 6.4.2.4). However, a number of action-specific ARARs will have to be
complied with to prevent air pollution, for wastewater treatment, radioactive material
transport and most importantly for worker protection. These ARARs are described in
Section 6.4.1.2.
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Long-Term Effectiveness and Permanence. This alternative would provide long-
term effectiveness and permanence primarily through institutional controls and a surface
barrier (Sections 6.4.1.3). ERSDF disposal offers only slightly better performance than on-
site containment with a RCRA Barrier (Section 6.4.1.3), and would provide greater reliability
and permanence.

Reduction in Toxicity, Mobility, or Volume Through Treatment. Soil washing is
estimated to reduce the volume of excavated soil by approximately 85%. Volume reduction
would not be provided for soil that is not excavated. No treatment to reduce toxicity or
contaminant mobility is provided.

Short-Term Effectiveness. Worker exposure for excavation activities was discussed
in Section 6.4.1.4. Workers conducting soil washing will be potentially exposed to radiation
during transport of materials from the excavation to the soil washing facility, during the
soil washing process, while transferring the fines containing most of the radioactivity to the
ERSDF for disposal and while conducting maintenance activities on soil washing
equipment.

To determine potential accident rates and worker exposure to radiation the
following assumptions were used:

Construction of Facilities 6,620 person-days
Washing Operations 33,100 person-days
Total 39,720 person-days

Based on statistics obtained by the U.S. Department of Labor (1992), the expected
fatality rate for construction workers is about 6 x 10-7 per person-day, while that for
manufacturing operations is about 9 x 10"8per person day. This translates into a combined
risk of 0.007 fatalities during the soil washing plant construction and operations, which is
considered negligible. Similarly, the lost-time accident rate for both construction and
manufacturing workers is about 2 x 10-4 per person-day. On this basis, eight lost-time
accidents would be expected during the course of soil washing activities.

For evaluation purposes, it is assumed that the shift operators, helpers and
maintenance workers are the personnel primarily exposed to radiation up to the 5 rem/yr
maximum dose allowable. Based on the number of personnel potentially exposed and the
duration of the soil washing activities 125 reins of exposure are assumed for the soil
washing portion of this alternative. This exposure would be combined with the assumed
500 rem exposure related to excavation for a total of 625 rem exposure for Alternative F.

As with the other alternatives this is only an estimate for comparison purposes. A
more precise exposure analysis depends on details of the soil washing procedure, soil
handling, and transportation, and would not be available until final design of the soil
washing system. Remotely-operated equipment will be used if necessary, and sufficient
shielding and safety practices would be employed so that personnel exposure limits are as
low as reasonably achievable and in no case greater than 5 rem/year effective annual dose
equivalent, as required by DOE order 5480.11, Radiation Protection for Occupational
Workers.
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Based on the high potential for radiation exposure to workers, the short-term
effectiveness of this alternative is low.

Implementability. The ability to implement excavation at this site is low, as
discussed in Section 6.2.3. In addition, implementability generally decreases as complexity
increases. Soil washing, as presented for this alternative, is a complex and unproven
process that would require unique design and construction. The plant would be especially
difficult to operate and maintain because of its robotics and the high levels of radioactivity
that will be present when treating some of the site soils. This alternative would be difficult
to implement.

Cost. The estimated cost of this alternative is $182 (see Table A-7). General
assumptions for cost estimates are described in Section 6.4.1.5. Base unit costs and derived
unit costs are provided in Tables B-2 and B-3. A detailed cost estimate for the soil washing
process is provided in Table B-4. A detailed cost estimate for excavation is provided in
Table B-9.

6.4.2.7 Alternative G: Excavation and Soil Washing with Vitrification

Overall Protection of Human Health and the Environment. This alternative is

rated highest of ali alternatives for long-term protection of human health and the
environnw,_t. However, to achieve long-term protection, it requires construction of a low-
permeability barrier over the unexcavated contaminated soils and Institutional Controls at
the ERSDF site. The permanence and reliability would be increased over the institutional
controls and barrier alternatives by removing most of the mass of contaminants (via soil
washing) for disposal in the ERSDF (Section 6.4.1.3). Additional protection over soil
washing alone would be provided by vitrification.

This alternative has potential for significant short-term impacts due to worker
exposure to radiation during the excavation, soil washing and vitrification activities.
Therefore, this alternative does not rate very high for overall protection of human health.

Compliance with ARARs. Because this alternative relies on the RCRA Barrier to be
effective for protection of groundwater at the 200-BP-1 site and use of the Hanford Barrier
for soils disposed at the ERSDF, compliance with contaminant specific ARARs is considered
the same as for the RCRA Barrier (Section 6.4..2.4). However, a number of action-specific
ARARs will have to be complied with to prevent air pollution, for wastewater treatment,
radioactive material transport and most importantly for worker protection. These ARARs
are described in Section 6.4.1.2.

Long-Term Effectiveness and Permanence. This alternative would provide the
highest level of long-term effectiveness and permanence by vitrifying the most
contaminated soils and disposing them in the ERSDF. However, long-term performance
for protection of groundwater at the 200-BP-1 site would be similar to that of the RCRA
Barrier. Vitrification is expected to provide better long-term effectiveness and permanence
at immobilizing contaminants than direct disposal or fixation.

Reduction of Toxicity, Mobility, and Volume Through Treatment. Soil washing is
estimated to reduce the volume of excavated soil by approximately 85%. Some additional
volume reduction would occur as a result of vitrification. Vitrification would significantly

6-37



DOE/RL-93-35, Rev. 0

reduce the mobility of contaminants (e.g. uranium) for protection of groundwater, while
not significantly affecting the already low mobility of others (e.g., cesium) that are tightly
bound to soil. Contaminants would not be immobilized in soil that is not excavated.

Short-Term Effectiveness. The worker accident rates and radiation exposure for

excavation and soil washing in Alternative F would also apply to this alternative. In
addition, workers conducting this alternative would also be subject to accidents and
exposure through operations of the vitrification plant. There will be increased worker risk
due to the high temperatures and large quantities of electricity needed for vitrification.
Thus, worker risk is higher for soil washing with vitrification than soil washing alone.

To determine potential accident rates and worker exposure to radiation, it was
assumed that the vitrification plant will use separate shift operators than are used for the
soil washing facility. The helpers and maintenance workers for the soil washing facility are
also assumed for the vitrification plant. On this basis, the following levels of effort are
estimated:

Construction of Facilities 10,275 person-days

Washing and Vitrification Operations 51r375 person-days
Total 61,675 person-days

Based on statistics obtained by the U.S. Department of Labor (1992), the expected
fatality rate for construction workers is about 6 x 10.7 per person-day, while the rate for
m_nufacturing operations is about 9 x 10.8 per person day. This translates into a combined
risk of 0.01 fatalities during the vitrification construction and operations (including the soil

washing component), which is considered negligible. Similarly, the lost-time accident rate
for both construction and manufacturing workers is about 2 x 10-4 per person-day. On this
basis, twelve lost-time accidents would be expected during the course of vitrification
construction and operation activities.

For evaluation purposes, it is assumed that the shift operators, helpers and
maintenance workers are the personnel primarily exposed to radiation up to the 5 rem/yr
waximum dose allowable. Based on the number of personnel potentially exposed and the
duration of the vitrification activities 50 rems of exposure are assumed for the vitrification

portion of this alternative. This exposure would be combined with the assumed 625 rem
total exposure related to excavation and soil washing for a total of 675 rem exposure for
Alternative F.

As with the other alternatives this is only an estimate for comparison purposes. A

more precise exposure analysis depends on details of the vitrification plant operations,
shielding and other worker safety procedures and would not be available until final design
of the vitrification system. Remotely-operated equipment will be used if necessary, and
sufficient shielding and safety practices would be employed so that personnel exposure
limits are as low as reasonably achievable and in no case greater than 5 rem/year effective
annual dose equivalent, as required by DOE order 5480.11, Radiation Protection for
Occupational Workers.

Based on the high potential for radiation exposure to workers, the short-term
effectiveness of this alternative is low.



DOE/RL-93-35, Rev. 0

Implementability. Excavation and soil washing would be difficult to implement, as
discussed for Alternative F (Section 6.4.2.6). Vitrification of radioactive soils is a relatively
new and complex technology that wouid require development and testing prior to use.
Radioactivity would make operation and repair of soil washing and vitrification equipment
difficult. This alternative would be more difficult to implement than soil washing alone.

Cost. This alternative would be the most expensive of the alternatives evaluated.
The estimated cost of this alternative is $268 (see Table A-8). General assumptions for cost
estimates are described in Section 6.4.1.5. Base unit costs and derived unit costs are

provided in Tables B-2 and B-3. Detailed cost estimates for the soil washing and
vitrification processes are provided in Tables B-4 and B-5, respectively. A detailed cost
estimate for excavation is provided in Table B-9.

6.4.2.8 Alternative H: Excavation and Fixation

Overall Protection of Human Health and the Environment. This alternative is

expected to provide for long-term protection of human health and the environment.
However, to achieve long-term protection, it requires construction of a low-permeability
barrier over the unexcavated contaminated soils and Institutional Controls at the ERSDF

site. The permanence and reliability would be increased slightly over the institutional
controls and barrier alternatives by removing most of the mass of contaminants for disposal
in the ERSDF (Section 6.1.3). Additional protection over soil washing alone would be
provided by fixation. However, fixation is not as permanent and reliable as vitrification.

This alternative has potential for significant short-term impacts due to worker
exposure to radiation during the excavation and fixation process. Therefore, this alternative
does not rate very high for overall protection of human health. This alternative protects
human health and the environment.

Compliance with ARARs. Because this alternative relies on the RCRA Barrier to be
effective for protection of groundwater at the 21X)-BP-1 site and use of the Hanford Barrier
for soils disposed at the ERSDF, compliance with contaminant specific ARARs is considered
the same as for the RCRA Barrier (Section 6.4.2.4). However, a number of action-specific
ARARs will have to be complied with to prevent air pollution, for wastewater treatment,
radioactive material transport and most importantly for worker protection. These ARARs
are described in Section 6.4.1.2.

Long-Term Effectiveness and Permanence. This alternative is considered second
only to vitrification in terms of long-term effectiveness and permanence. The permanence
and reliability is enhanced slightly over disposal with no treatment (Alternatives F and I)
by immobilizing the contaminants (via fixation), prior to disposal in the ERSDF. However,
long-term performance for protection of groundwater at the 200-BP-1 site would be similar
to that of the RCRA Barrier.

Fixation would not prevent direct contact with contaminated materials, nor would it
significantly reduce risk due to direct exposure to radioactive contamination. Fixation may
reduce the likelihood of biological intrusion due to the cement-like matrix, but this is
uncertain. The reliability and permanence of fixation is likely to be high; however this is
uncertain because there are no data available on the effectiveness of fixation beyond 100
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years.Thus, thisalternativedoes notofferbetterperformancethan alternativeswith
impermeable barriers,but may offersome additionalreliabilityand permanence.

Reduction ofToxicity,Mobility,and Volume Through Treatment. Fixationwould
significantlyreducethe mobilityof some contaminantsin treatedsoll(e.g.,uranium),while
not significantlyaffectingthe mobilityof others(e.g.,cesium)thatarealreadytightlybound
to soil.Contaminants would not be immobilizedbelow the excavationdepth. Due to the
additionof thePortlandcement and flyash requiredtofixcontaminants,the totalvolume
of treatedmaterialwould increaseby an estimated2.5%over the in-placevolume of
contaminatedsoil.

Short-Term Effectiveness. Worker exposure for excavation activities was discussed
in Section 6.4.1.4. Workers conducting fixation will be potentially exposed to radiation
during transport of materials from the excavation to the fixation facility, during the fixation
process, while transferring the materials to the ERSDF for disposal and while conducting
maintenance activities on equipment.

To determine potential accident rates and worker exposure to radiation, the
following assumptions were used:

Construction of Facilities 5,525 person-days
Fixation Operations 27,625_ person-days
Total 33,150 person-days

Based on statistics obtained by the U.S. Department of Labor (1992), the expected
fatality rate for construction workers is about 6 x 10.7 per person-day, while that for
manufacturing is about 9 x 10.8 per person-day. This translates into a combined risk of
0.006 fatalities during the soil fLxation plant construction and operations, which is
considered negligible. Similarly, the lost-time accident rate for both construction and
manufacturing workers is about 2 x 10-4 per person-day. On this basis, seven lost-time
accidents would be expected during the course of fixation activities.

For evaluation purposes, it is assumed that the shift operators, helpers and
maintenance workers are the personnel primarily exposed to radiation up to the 5 rem/yr
maximum dose allowable. Based on the number of personnel potentially exposed and the
duration of the soil washing activities 125 rems of exposure are assumed for the soil
washing portion of this alternative. This exposure would be combined with the assumed
500 rem exposure related to excavation for a total of 625 rem exposure for Alternative F.

As with the other alternatives this is only an estimate for comparison purposes. A
more precise exposure analysis depends on details of the soil washing procedure, soil
handling, and transportation, and would not be available until final design of the soil
washing system. Remotely-operated equipment will be used if necessary, and sufficient
shielding and safety practices would be employed so that personnel exposure limits are as
low as reasonably achievable and in no case greater than 5 rem/year effective annual dose
equivalent, as required by DOE order 5480.11, Radiation Protection for Occupational
Workers.

Based on the high potential for radiation exposure to workers, the short-term
effectiveness of this alternative is low. However, because soil washing would have
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Section 6.4.1.2. The RCRA Barrier placed over the treated soil is expected to reduce the
infiltration rates sufficiently to protect groundwater from impact due to uranium discharges

for than the 1,000-year period of concern.
more

Long-Term Effectiveness and Permanence. This alternative w_uld provide long-
term effectiveness and permanence primarily through institutional controls and
containment. The permanence and reliability would be enhanced by immobilizing most of
the mass of contaminants (via fixation).

Fixation alone would not prevent direct contact with contaminated materials, nor
would it significantly reduce risk due to direct exposure to radioactive contamination.
Fixation may _educe the likelihood of biological intrusion due to the cement-like matrix, but
this is uncertain. The reliability and permanence of fixation is likely _ be high; however
this is uncertain because there are no data available on th_ effectiveness of fixation beyond
100 years. Thus, this alternative does not offer better performance than alternatives with
impermeable barriers, but may offer additional reliability and permanence.

Difficulties with in-piace injection and mixing of fixative decrease the reliability of
achieving the desired degree of treatment relative to ex-situ fixation. In-situ fixation is
therefore less effective than ex-situ fixation.

Reduction of Toxicity, Mobility, and Volume Through Treatment. Fixation would
significantly reduce fi_e mobility of some contaminants in treated soil (e.g., uranium), while
not significantly affecting the mobility of others (e.g., cesium) that are already tightly bound
to soil. Contaminants would not be immobilized below the treatment depth. The mass of

treated contaminated material would increase by an estimated 25%. Some of this increasewould be expressed as increased volume; the remainder would fill existing pore space to
some extent.

Short-term Effectiveness. Because in-situ fixation involves drilling into the
contaminated zone with augers, there will be some worker exposure. However, it is
expected to be significantly less than any of the excawtion alternatives. For purposes of
comparison with the other alternatives a conservative estimate of the total rems of worker
exposure during implementation of soil fixation is based on the assumption that 2 auger
rigs would be operated 24 hr/d for 60 weeks. Five workers would be subject to radiation
exposure for each shift up to the maximum allowable 5 rem/year exposure. The resulting
total man-rems of exposure based on these assumptions is 150.

In addition to the. workers being subject to radiation exposure, workers would also
be involved in activities that could result in accidents. About 12,600 person-days are
anticipated to be required to conduct the in-situ fixation alternative at the 2(X)-BP-1
operable unit. Based on statistics obtained by the U.S. Department of Labor (1992), the
expected fatality rate for construction workers is about 6 x 10.7 per person-day. This

translates into a risk of 0.008 fatalities for in-situ fixation, which is considered negligible.
Similarly, the lost-time accident rate for construction workers is about 2 x 10-4 per person-
day. On this basis, three lost-time accidents would be expected during the course of in-situ
fixation. The short-term effectiveness of this alternative is moderate, but greater than
alternatives involving ex-situ treatment.

"k
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Implementability. This alternative is readily implemented. Fixation is widely used
for immobilization of metals in contaminated soil. It has been tested and used on

radioactive wastes (Holden 1989; Stone 1979). In-situ fixation is being field tested on
radioactive waste sites (Francis 1991).

Grout injection has been widely used for cutoff walls and is considered established
technology. Deep soil mixing equipment is readily available from multiple vendors. In-situ
fixation has been demonstrated on a CERCLA site (EPA 1990). Different contractors are
available for fixation and deep soil mixing.

Cost. The estimated cost of this alternative is $53 (see Table A-11). General
assumptions for cost estimates are described in Section 6.4.1.5. Base unit costs and derived
unit costs are provided in Tables B-2 and B-3. A detailed cost estimate for in-situ fixation is
provided in Table B-7.
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Table 6-1. Remediation Alternatives Retained for Detailed Evaluation. (Sheet 1 of 2)

Alternative Description (Key Elements)
No. Name

A No Action No remedial action; existing controls not maintained.

B Institutional Controls Deed restrictions; warning markers; fencing with periodic
maintenance.

C Biointrusion Barrier 1. Cover ali contaminated areas with a barrier

designed to prevent biological growth.
2. Implement and maintain institutional controls and

monitoring.

D Modified RCRA Barrier 1. Cover ali contaminated areas with a

low-permeability barrier similar to designs for
hazardous waste sites.

2. Implement and maintain institutional controls and
monitoring.

E Hanford Barrier 1. Cover ali contaminated areas with the low-

permeability Hanford Barrier.
2. Implement and maintain institutional controls and

monitor!ng.

F Excavation and Soil 1. Excavate soil with the highest contamination.

Washing 2. Treat excavated soil by a soil washing process to
reduce the quantity of contaminated material
remaining after treatment.

3. Backfill treated soils meeting remedial action

objectives on-site.
4. Cover the backfilled excavation with a low-

permeability barrier.

5. Dispose of sludge or contaminated soil from
treatment in the ERSDF (or geologic repository, if

required.
6. Implement and maintain institutional controls and

monitoring.

G Excavation and Soil 1. Excavate soil with the highest contamination.
Washing with Vitrification 2. Treat excavated soil by a soil washing process to

reduce the quantity of contaminated material
remaining after treatment.

3. Backfill treated soils meeting remedial action
objectives on-site.

4. Cover the backfilled excavation with a low-

permeability barrier.
5. Vitrify sludge or contaminated soil from treatment.

6. Dispose of vitrified sludge or contaminated soil
from treatment in the ERSDF (or geologic
repository, if required.

7. Implement and maintain institutional controls and

monitoring.
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Table 6-1. Remediation A!ternatives Retained for Detailed Evaluation. (Sheet 2 of 2)

Alternative Description (Key Elements)
No. Name

H Excavation and Fixation 1. Excavate soil with the highest contaminant levels.
2. Treat excavated soil by fixation to immobilize

contaminants.

3. Return treated soil to the excavation.
4. Cover the backfilled excavation with a low-

permeability barrier.
5. Implement and maintain institutional controls and

monitoring.
• , ,,

I EILSDF Disposal I. Excavate soil with the highest contaminant levels.
2. Dispose of excavated soil in the ERSDF (or

geologic repository for some soil, if required).
3. Backfill the excavation with clean soil.
4. Cover the backfilled excavation with a low-

permeability barrier.
5. Implement and maintain institutional controls and

monitoring.
,_, ,

J In Sit_ Fixation 1. Treat soil with the highest contaminant levels in

place by fixation,
2. Cover al; contaminated areas with a low-

permeability barrier. O3. Implement and maintain institutional controls and

monitoring.
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7.0 COMPARATIVE EVALUATION OF ALTERNATIVES

The primary purpose of the FS is to provide as much information as possible to assist the
decision makers and the public in selecting the preferred remedial alternative. The detailed analysis
of alternatives presented in Chapter 6 includes an evaluation of each alternative against the seven
technical criteria as required by the NCP in 40 CFR 300.430 (e)(9). This chapter uses the analysis in
Chapter 6 to develop comparative evaluations of the alternatives. In accordance with the NCP and
CERCLA guidance, the preferred alternative is not identified in the FS. Rather, ali of the
information supporting a comparative analysis should be presented in the FS, leaving identification of
the preferred alternative to the decision makers; in this case the signatories to the Tri-Party
Agreement: the DOE, the EPA, and Ecology. Following review of this FS, the DOE, the EPA and
Ecology will prepare a proposed plan identifying the preferred alternative, which is provided with the
FS for public review and comment. The final decision will be documented in the ROD for site
remediation.

7.1 EVALUATION CRITERIA

"the NCP requires evaluation of remedial alternatives in terms of 9 criteria described in 40
CFR 300.430(e)(9):

• Overall protection of human health and the environment
• Compliance with ARARs
• Long-term effectiveness and permanence
• Reduction of toxicity, mobility, and volume through treatment
* Short-term Effectiveness

• Implementability
• Cost
• State acceptance
• Community acceptance.

Each of the evaluation criteria are defined in detail below in terms of their specific
applicability to the 200-BP-1 operable unit remedial alternatives. Although the NCP and EPA
guidance (EPA 1988) form the basis for the specific criteria definitions, a number of the elementz
contained in the NCP and guidance were either not applicable or insignificant when comparing the
200-BP-1 operable unit remedial alternatives. For example, since radionuclides cannot be destroyed
or transformed into less hazardous substances, reduction of toxicity is not applicable. The criteria
have been refined accordingly.

In general, the criteria definitions provided in the next section are intended to be as precise as
possible. Well-defined criteria will minimize misunderstandings between the concerncA parties and
facilitate effective communication during selection of the preferred alternative. In addition, the
definitions have been refined to minimize the overlap of considerations that often exists among the
criteria. This allows decision makers to consider each criterion independently and minimizes double
counting of criteria. In addition, the criteria definitions are formulated to facilitate value comparisons
between the criteria; that is, determining the value of each criterion in terms of the other criteria.
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7.1.1 Overall Protection of Human Health and the Environment

This criterion is a threshold criterion that must be met by the selected `alternative. lt will not
be used during the comparative evaluation of the alternatives because it relies on the assessments
conducted for other criteria, i.e., long term effectiveness and permanence, reduction of toxicity,
mobility and volume, short term effectiveness, and compliance with ARARs. lt is not an independent
criterion but is ra,her an umbrella criterion under which the others fall.

7.1.2 Compliance with AILARs

Compliance with ARARs is also a threshold criterion that must be met by the preferred
'alternative. Evaluation of this criterion involves determining if the alternative will meet ali the
federal and state ARARs. If an ARAR is not met, the basis for justifying one of the six waivers
allowed under CERCLA may be provided. If a waiver is not possible, the alternative must be
eliminated from further consideration.

As described in Section 6.4.1.2, none of the `alternatives satisfy the following potential
ARARs:

Q The MTCA Method B standards for current technetium-99 and cobalt-60
discharges to groundwater

* The MCL for current nitrate discharge to groundwater

Whether or not MTCA Method B standards and current discharges exceeding MCLs are valid
ARARs must be determined by the regulators. In addition, the appropriate ARAR for the period of
performance for future discharges of uranium in excess of MCLs must `alsobe determined by the
regulators. Depending on the final ARAR determination, application for a waiver may be necessary.
The `alternatives are equivalent in terms of compliance with ARARs, for current discharges, and the
period of performance for future discharges of uranium is best evaluated in terms of long-term
effectiveness. Therefore, this criterion will not be utilized in the comparative evaluation.

7.1.3 Long-term Effectiveness and Permanence

Long-term effectiveness and permanence addresses risks remaining at the site after the
remedial `alternative has been implemented. This involves an estimate of the residual risk associated
with each alternative in comparison to the baseline risk assessment, and an evaluation of the adequacy
and reliability of controls. Risks during the implementation period are addressed under short-term
effectiveness.

The Phase I RI Report and baseline risk assessment indicated that significant risk levels would
be associated with the 200-BP-I operable unit due to direct exposure and future releases to
groundwater. The risk associated with direct exposure is expected to be orders of magnitude greater
than the risk associated with the groundwater pathway. However, the risk assessment assumed that
direct exposure would occur after the contaminated soils were excavated and exposed at the surface.
The risk assessment also assumed that groundwater directly beneath the site would be extracted and
consumed.
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Given the two operable exposure pathways and their associated risks, long-term effectiveness
and permanence will be measured in the terms of the following remedial action objectives:

• Reducing the potential for intrusion and exposure to the contaminated soil,
• Minimizing future groundwater contamination.

Currently, contaminated soils at the 200-BP-1 operable unit are not exposed at the surface and
no one is drinking groundwater impacted by releases from the operable unit; consequently, the actual
current risk associated with the 200 BP-1 operable unit is < 10_. This risk level will remain
unchanged as long as the current institutional controls are maintained. Institutional controls are
included in ali the alternatives except Alternative A (No Action). Therefore, with the exception of the
No Action alternative, the residual risk associated with the .alternatives is < 104 (assuming no
degradation of institutional controls). Any significant difference between the alternatives is due to
differences between the adequacy and reliability of controls. Considerations that are significantly
different for the candidate alternatives and that will be addressed under this criterion include the

following:

• Presence of a barrier and differences in reliability between the barrier
alternatives,

• Reliability of reduction of volume and/or mobility due to treatment, and

• Removal and disposal of the most contaminated material in the ERSDF, which
may have slightly more reliable containment and institutional controls.

Note that treatment is addressed in this criteria only to the extent that it improves the
adequacy and reliability of controls. Treatment specifically to reduce volume and mobility is
addressed in the next criterion.

In general, both risks to human health and to the environment are included in this criterion.
For the 200-BP-I operable unit, however, which is located far from the Columbia River or any other
readily accessible portion of the undisturbed environment, human health risks should greatly exceed
any environmental risks. This is particularly true with regards to the groundwater pathway, since
concentrations in groundwater extracted near the site (a human pathway) would be much higher than
concentrations at the river (both a human and environmental exposure pathway). Biota intrusion into
the subsurface contaminated soils is a long-term concern because it may bring contaminants to the
surface and result in human exposure. Since no critical habitats or sensitive environments are present
in the immediate vicinity of the operable unit, only human health will be considered when comparing
the alternatives in terms of long-term effectiveness and permanence.

7.1.4 Reduction of Toxicity, Mobility, and Volume through Treatment

In accordance with the NCP, a preference for treatment must be included in the CERCLA
process. Since the toxicity of radionuclides cannot be reduced, the only types of treatment included
in the alternatives are mobility reduction (fixation and vitrification) and volume reduction (soil
washing). This criterion will be measured in terms of whether the alternative reduces volume and/or
mobility through treatment. Effectiveness and reliabilityof the treatment,which is addressed under

O long-term effectiveness and will not be addressed under this criterion.
permanence,
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7.1.5 Short-term Effectiveness

Short-term effectiveness addresses the consequences of the alternative during implementation.
In general, the following types of consequences are included:

• Risk to the community,
• Risk to the workers,
• Risk to the environment, and
• Time until remedial action objectives are achieved.

The only significant short-term exposure pathway for the community is the air pathway. The
baseline risk assessment indicated that exposures due to a worst case air release, with ali subsurface
contaminated soils exposed on the surface, would not exceed
10_ to any off-site community. Therefore, risk to the community should be insignificant when
compared with worker risk and will not be considered in the alternative comparison.

Although the excavation and capping alternatives will involve significant disruption of the
ground surface, the 200-BP-1 operable unit is already a disturbed area and does not currently support
significant or unique ecological resources. Therefore, environmental impacts, such as habitat
destruction, are not a significant element in short-ten_ e_fectiveness and will not be addressed in the
evaluation.

The amount of time until the remedial objectives are achieved is only a factor if the current
risks are significant. As explained in Section 7.1.3, the risk associated with the 200-BP-1 operable
unit is currently < 10_ and will remain at this level as long as institutional controls are maintained.
Therefore, short-term risk to human health is not significantly impacted by the time required to
achieve remedial action objectives.

In short, the only significant element of short-term effectiveness is worker risk. Worker risk
includes both physical and radiation exposure hazards associated with construction, operation, and
maintenance of remedial alternatives. Physical hazard will be measured in terms of expected worker
fatalities and radiation exposure will be measured in terms of total rems of worker exposure during
implementation of the alternative. Both of these mea,sures incorporate the rate of occurrence or
exposure, the number of workers, and duration. Theaefore, less dangerous activities that require
many workers or are longer in duration may have higher total fatalities and radiation exposure, than
more dangerous activities with fewer workers or shorter duration.

7.1.6 Implementability

Implementability factors can be divided into technical feasibility, administrative feasibility,
and availability of services and materials, lmplementability issues become more significant as the
complexity of the alternative increases and as the reliance on innovative technology increases.
Implementability issues are important to decision makers because they effect the potential for delays,
cost overruns, unfavorable public opinion, and even failure. Expected costs and effectiveness (short
and long term) are addressed in other criteria.
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The primary implementability issues for the 200-BP-1 operable unit remedial alternatives
include:

• Complexity of the remedial alternative in terms of facilities, equipment, and
scheduling,

• Necessity of excavation shoring to protect the nearby single-shell tanks in the
241-BY Tank Farm,

• Amount of landfill space required (this is important because the availability of
landfill space is not guaranteed), and

• Likelihood of technical problems associated with untested technology and
potential for cost overruns.

lmplementability will be measured in terms of how these factors increase the potential for problems
during implementation and the necessity for contingency planning.

7.1.7 Cost

Costs for each of the alternatives were provided in Chapter 6 and supported in the
Appendices. These cost estimates included both capital costs and the present value of operation and
maintenance costs. Costs are relatively straight forward to estimate and compare. Cost does not
include indirect factors, such as the change in land value after remediation is completed. In addition,
total life cycle costs have not been considered. For example, if a Hanford Barrier were installed prior
to remediation of the 241-BY Tank Farm and then destroyed when the tank farm is remediated,
replacement costs or changes to the final remedial alternative for the 200-BP-1 operable unit have not
been considered. While it is proper to consider such costs, the uncertainties in the likely remediation
of adjacent operable units prevents a valid consideration of complete life cycle costs. The potential
for cost overruns is considered under implementability.

7.1.8 State Acceptance

In accordance with the NCP, State concerns cannot be incorporated until comments are
received on the FS, but they may be discussed in the proposed plan.

7.1.9 Community Acceptance

The NCP, in Section 430 (e)(9)(iii)(1), states that assessment of community concerns may not
be completed until comments on the proposed plan are received. The concerns of the public will be
reviewed and discussed by the DOE, the EPA and Ecology to determine if the preferred alternative
remains the most appropriate remedial action for the 200-BP-1 operable unit.
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7.2 METItODOLOGY

The methodology used for comparison of the remedial alternatives includes the following
steps:

1) Determine the relative scores for each alternative against the five evaluation criteria. As
defined in Section 7.1, comparisons are made for long-term effectiveness, short-term
effectiveness, reduction in toxicity, mobility, and volume through treatment, implementation
ability and cost. These scores should not reflect any value judgements and they should
represent measurable performance criteria to the greatest extent possible. Overall protection,
compliance with ARARs, and state and community acceptance are not considered for the
reasons stated previously.

2) Develop normalized criteria scores using a value function to translate the relative scores to
a preference rating. This value function should reflect the values of the decision makers and
may be linear or non-linear. The normalized criteria scores will be on a scale of zero to ten,
with zero being the least preferred alternative and 10 being the most preferred alternative.

3) Weight the criteria in terms of relative importance to the decision makers.

4) Calculate the composite scores for each alternative using a multi-variate decision analysis
computer program.

5) Determine the sensitivity of the results to the value function used to develop the
normalized criteria scores.

6) Determine the sensitivity of the results to weighting of the criteria.

For criteria that can be measured quantitatively, (such as short-term risk and cost) assigning
the relative scores was straight-forward. For the other criteria, however, relative scores were based
upon qualitative comparisons and professional judgement.

With the exception of cost, linear value functions were used for developing the normalized
criteria scores. Non-linear value functions are generally more appropriate when the raw criteria
scores are spread over a large range and the perceived benefit is not proportional from one end of the
range to the other end, as was the case with the cost criteria.

The results using best engineering judgement to establish weighting of criteria are provided in
this report. Other weighting schemes are the responsibility of the decision makers, and should be
considered, evaluated, discussed, and carefully examined during discussions between the concerned
parties. In fact, different parties may prefer different weightings. Similarly, differing value functions
may also be considered. Differences between the parties will be resolved during negotiations and will
lead ultimately to the selection of an overall preferred alternative.

A sensitivity analysis using the best engineering judgement criteria weightings is provided in
Section 7.5. Since the results of the sensitivity analysis are dependant upon the starting point, or base
case, this sensitivity study provides a starting point for discussion among decision makers. Sensitivity
of the results to changes in the criteria value functions is only conducted for cost which applied a non-
linear value function. Sensitivity of the results to criteria weighting is provided for ali the criteria.
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Sensitivity of the results should be reevaluated when the decision makers have reached consensus on
the general form of the value functions and the weighting of the criteria.

Although the methodology described above could be conducted using a spreadsheet program,
a multi-variate decision analysis computer program called HIPRE 3 + (H_rn/il/iinen, 1992) was used
for the FS. This program facilitates interactive input of information, sensitivity analysis of the
results, and graphical display of the output. The program can be obtained from Santa Monica
Software in Malibu, California.

7.3 COMPARISON OF ALTERNATIVES

Relative scores for each of the alternatives against each of the five comparison criteria are
provided in this section.

7.3.1 Long-term Effectiveness and Permanence

Relative scores for each of the alternatives in terms of long-term effectiveness and
permanence were assessed directly and are provided in Table 7-1. Note that the most significant
factor in long-term effectiveness is institutional controls, which are included in ali the alternatives
except the No Action alternative. This is because institutional controls will maintainthe current risk
at < 10-_. The only benefit obtained from any other actions are strictly in terms of permanence and
reliability and are considered less significant.

As discussed in Section 7.1.3, differences in terms of permanence are associated with the type
of surface barrier, the location of the most contaminated material and the treatmentbenefits. The
scores listed in Table 7-1 are based upon the following assumptions:

• The benefit associated with Institutional Controls over no-action is considered
equal to the additional benefit associated with Alternative G. Therefore,
Institutional Controls is scored a 5.

• The Biointrusion Barrier alternative provides additional reliability against biota
intrusion compared with Institutional Controls. But this reliability is only
important if institutional controls fail, and in the meantime the rate of
infiltration is increased by the bio barrier. Due to the infiltration increase the
Biointrusion Barrier is scored lower (i.e., 4) than Institutional Controls alone.

• The RCRA Barrier and the Hanford Barrier alternatives provide infiltration
reduction and increased reliabilityin terms of preventing intrusion when
compared with Institutional Controls. These benefits are considered to be
approximately 40-60 percent of the benefits associated with going from No
Action to Institutional Controls. Therefore, the Modified RCRA Barrier is
scored a seven and the Hanford Barrier is scored an eight.

• Two of the excavation alternatives, which include disposal in the ERSDF with
no treatment are considered relatively equal to the Hanford Barrier alternative;
ali three alternatives are scored an 8. This is primarily because the ERSDF is
presumed to include a Hanford Barrier. Any benefits from increased control
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over the ERSDF are countered by the fact that the contamination remaining in
the 200-BP-I operable unit would be covered by a RCRA barrier in the
excavation alternatives. Note that the Excavation and Soil Washing
alternative, which only reduces volume and would result in a more hazardous
concentrate, is not considered a significant improvement in permanence and
reliability.

• The fixation alternatives are considered more reliable than the Hanford Barrier
because fixation provides a second type of protection above and beyond that
of a surface barrier; these alternatives are scored a 9. Both of the fixation
alternatives include a RCRA Barrier over the 200-BP-1 operable unit.
Therefore, the incremental benefit of going from the RCRA Barrier to the
fixation alternatives is considered to be twice the incremental benefit of going
from the RCRA Barrier to the Hanford Barrier. Although Ex-situ Fixation is
considered slightly more effective than In-situ Fixation, the difference is too
small to warrant differentiating the scores.

• The Excavation, Soil Washing, and Vitrification alternative includes disposal
of the most contaminated material in the ERSDF and a RCRA barrier over the
200-BP-I operable unit; this alternative is scored a 10. Vitrification combined
with disposal in the ERSDF under a Hanford Barrier is considered a 10
percent improvement over the fixation alternatives.

A linear value function was used to transform these criteria scores to a normalized preference
scale; therefore, the preference scores are the same as the criteria scores.

7.3.2 Reduction of Toxicity, Mobility, and Volume through Treatment

Since the toxicity of radionuclides cannot be reduced except through decay with time, none of
the alternatives reduce toxicity. Four of the ten alternatives include some form of treatmentthat
results in reduction of mobility and/or volume. The remaining six alternatives are assigned a score of
zero for this criterion. Scores for the four treatment alternatives assume that volume reduction (via
soil washing) and mobility reduction (via fixation or vitrification) are equivalent. Therefore,
alternatives with either volume reduction or mobility reduction are scored a five and the one
alternative (Alternative G) with both volume and mobility reduction is scored a 10. Treatment scores
for the alternatives are summarized in Table 7-2. A linear value function was used to transform these
criteria scores to a normalized preference scale; therefore, the preference scores are the same as the
criteria scores.

7.3.3 Short-term Effectiveness

Short-term effectiveness will include two sub-criteria: total worker radiation exposure (in
rems) and probability of an accident resulting in a worker fatality.

Radiation exposure is measur_ as the assumed total radiation exposure measured in reins.
This informationwas provided in Chapter 6 for each of the alternatives and is summarized in Table 7-
3. Total radiationexposure for the alternatives ranges from 0 to 770 rems. These measurements of
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short-term effectiveness will be transformed to a normalized preference scale of zero to ten using a
linear value function. A graph of the value function is shown on Figure 7-1.

Probability of a fatal worker accident ranges from 0 to 0.031. Again, a linear value function
was used to transform the criteria scores into normalized preference scores on a scale of zero to ten.
A graph of value function is shown in Figure 7-2.

7.3.4 lmplementability

The scores for implementability were assessed directly and are shown in Table 7-4. They
rely upon the following assumptions:

• No implementability difficulties are associated with the No Action alternative,
which is scored a I0.

• Because the implementability issues associated with imriementation of
Institutional Controls are insignificant compared with excavation complexities
and potential problems, Institutional Controls are scored the same as the No
Action alternative.

• Compared with excavation alternatives, the implementability issues associated
with surface barrier construction are minor. Differences between the barriers
are insignificant and they are ali scored a 9.

• In-situ soil fixation is a more complex and less developed technology then
barrier construction. For this reason, the In-situ Fixation alternative is scored
aT.

• Although excavation in itself is not more complex than barrier construction,
the measures necessary to prevent significant worker exposure will be very
complex, including remote equipment, decontamination facilities, and dust
control w prevent air releases. The shoring for the nearby tank farms will
also add significant complexity. For these reasons, the excavation and
disposal alternative with no treatment will be scored a 2.

• The fixation and soil washing facilities will involve additional complexities
above and beyond those associated with excavation. Therefore, scores for
these alternatives will be lowered to 1.

• The Excavation, Soil Washing and Vitrification alternative will be scored a
zero with regards to implementability (0) due to having two treatment
facilities.

A linear value function was used to transform these scores to a normalized preference scale;
therefore, the preference scores are the same as the criteria scores.
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7.3.5 Cost

Costs for each of the alternatives were provided in Chapter 6 and are summarized in
Table 7-5. Costs for the alternatives range from $1.1 million to $254 million. These cost
measurements were transformed to a zero to ten preference scale using the value function shown on
Figure 7-3. An inverse linear value function would imply that a cost decrease from $20 million to
$10 million would be equivalent to a cost decrease from $240 million to $230 million. In reality, a
cost decrease of $10 million over $240 million is not as significant as cutting costs from $20 million
to $10 million. Instead, the value function utilized in this evaluation decreases at a rate of $4 million
per preference unit between $0 and $30 million, and $90 million per preference unit between $30
million and $255 million. If desired, other value tunctions could be used by the decision makers.

7.4 WEIGHTING OF THE CRITERIA

Criteria weights should reflect the values of the decision makers and can be determined by
developing equivalency relationships between the criteria. Equivalency relationships are determined
by asking the decision makers to trade off criteria units. For example, how many units of short-term
effectiveness would the decision makers trade for a unit of long-term effectiveness? Note that the
scale of the units must be considered in making such tradeoffs.

Weightings based on best engineering judgement used for the analysis are provided in Table
7-6. Examples of the resulting equivalency relationships include the following:

• One preference unit of long-term effectiveness equals 10 preference units of
treatment.

• One preference unit of long-term effectiveness equals 4 preference units of
short-term effectiveness. Since short-term effectiveness consist of 50 percent
worker radiation exposure and 50 percent accidental worker fatalities, one
preference unit of long-term effectiveness is equivalent to either 616 rems of
worker radiation exposure or 0.025 accidental worker fatalities.

• One unit of long-term effectiveness equals 6.7 units of implementability.

• One unit of long-term effectiveness equals $4 million when costs are between
$0 and $10 million, $8 million when costs are between $10 million and $30
million, $16 million when costs are between $30 million and $70 million, and
$80 million when costs are between $70 million and $270 million.

The composite scores resulting from these weights are listed in Table 7-6 and graphically
displayed in Figure 7-4. For these criteria weights, the Hanford Barrier has the highest composite
score. In general, composite scores for the other barrier alternatives and the Institutional Controls
alternative are significantly higher than the composite scores for the excavation alternatives. The
composite scores tbr the No Action and In-situ Fixation alternatives are between the surface barrier
alternatives and the excavation alternatives. Given these criteria weights, the composite scores are
most dependent upon cost and long-term effectiveness and relatively insensitive to the remaining three
criteria.
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7.5 SENSITIVITY STUDY

Sensitivity calculations were performed to demonstrate the sensitivity of the results to changes
in weighting of the criteria. The results of the sensitivity study only consider changes in one criterion
weight at a time. Changing more than one criterion weight at a time may provide different results but
the number of combinations are too numerous to provide in this document. Changing multiple
criteria weights should be conducted during discussions between the decision makers and should
reflect the values of the decision makers. The purpose of these sensitivity calculations is too provide
information to the readers of this FS and the decision makers.

The sensitivity of the composite scores to changes in weighting of long-term effectiveness and
permanence is shown in Figure 7-5. As shown in this figure, as the importance of this criteria
decreases from 0.4, the highest scoring alternative switches from the Hanford Barrier to Institutional
Controls (at a weight of approximately 0.3). As the importance of long-term effectiveness increases
from 0.4, the highest scoring alternative switches from the Hanford Barrier to Alternative G -
Excavation, Soil Washing and Vitrification (at a weight of approximately 0.8).

The sensitivity of the composite scores to changes in weighting of short-term effectiveness and
permanence is shown in Figure 7-6. As shown in this figure, decreasing the importance of short-term
effectiveness does not change the highest scoring alternative. As the importance of short-term
effectiveness increases from 0.1, the highest scoring alternative switches from the Hanford Barrier to
Institutional Controls (at a weight of approximately 0.35).

The sensitivity of the composite scores to changes in weighting of implementability is shown
in Figure 7-7. As shown in this figure, the highest scoring alternative does not change as the
importance of this criterion decreases. As the importance of implementability increases from 0.06,
the highest scoring alternative switches from the Hanford Barrier to Institutional Controls (at a weight
of approximately 0.3).

The sensitivity of the composite scores to changes in weighting of treatment effects is shown
in Figure 7-8. As shown in this figure, the highest scoring alternative remains the Hanford Barrier as
the importance of this criterion decreases. As the importance of treatment effects increases from
0.04, the highest scoring alternative switches from the Hanford Barrier to Alternative G - Excavation,
Soil Washing, and Vitrification (at a weight of approximately 0.3).

The sensitivity of the composite scores to changes in weighting of cost is shown in Figure 7-
9. As shown in this figure, as the importance of this criterion decreases from 0.4, the highest scoring
alternative switches from the Hanford Barrier to In-situ Fixation (at a weight of approximately 0.1).
As the importance of cost increases from 0.4, the highest scoring alternative switches from the
Hanford Barrier to the RCRA Barrier (at a weight of approximately 0.5) and then to Institutional
Controls (at a weight of approximately 0.55).

7.6 SUMMARY AND CONCLUSIONS

As described in the 200-BP-I operable unit Phase IRI Report, cribs 216-B-43 through 216-B-
49 which received the most concentrated wastes, were used in the mid 1950's and have received no
discharges since 1955. Cribs 216-B-50 and 216-B-57 received high volumes of relatively lower
concentrated wastes and were not used after 1975. High concentrations of cesium-137, and
strontium-90 are found near the base of the cribs and pose a significant direct exposure risk.
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Discharges to these cribs have also resulted in groundwater contamination, with some contaminants
(i.e., technetium-99, cobalt-60 and nitrate) currently reaching groundwater in excess of ARARs.
However, the vast majority of the mobile contaminants have long since reached groundwater and
contributions from the cribs are declining. Future long-term impacts to groundwater are primarily
associated with uranium from the 216-B-43 through 216-B-50 cribs. There does not appear to be any
potential for long-term groundwater impacts associated with crib 216-B-57.

The results of the baseline risk assessment indicate that given the existing institutional
controls, the current risk from this operable unit is insignificant (i.e., < 106) (DOE/RL 1993).
However, practical, rational, and cost effective remediation is required for long-term protection of
human health and the environment. These conditions are expected to be typical of numerous waste
disposal sites in the 200 Area. Since the FS for the 200-BP-I operable unit will be the first FS
completed in the 200 Area on the Hanford Site, the remedy selected for this site will establish
precedence for similar problems at other 200 waste area groups.

Consideration must also be given in the selection of a remedy to the impacts and implications
of potential remedial measures at adjacent operable units (i.e., the single-shell tanks in 241-BY tank
farm in the 200-BP-7 operable unit). In addition, RI/FS activities are currently being conducted on
an aggregate area basis. This process may result in selection of remedial alternatives that can be
implemented more cost effectively on a large scale, than by implementing actions solely at the 200-
BP-1 operable unit.

For this FS composite scores were determined for the alternatives using weights for the
comparison criteria. Given these weights, the highest scoring alternative was the Hanford Barrier,
followed by the RCRA barrier, Institutional Controls, and the Biointrusion barrier. There is a
significant drop to the next alternative, In-Situ Fixation, which scores slightly better than No Action.
Ali the alternatives which include excavation scored significantly lower than the No Action
alternative.

A sensitivity analysis was conducted to determine the sensitivity of the composite scores to
weighting of the criteria. As illustrated on Figures 7-4 to 7-9, the Hanford Barrier is the highest
scoring alternative across a broad range of criteria weights. Although these results may be different
given alternative weighting of the criteria, it does reflect that the Hanford Barrier was specifically
designed to provide cost-effective, long-term protection for waste sites similar to the 200-BP-I
operable unit.

While long-term groundwater impacts are significant risk drivers for the 216-B-43 through
216-B-50 cribs, this is not the case for crib 216-B-57. Although a comparative analysis was not
conducted specifically for crib 216-B-57, Institutional Controls, and at most the Biointrusion Barrier
would be expected to score the highest for the 216-B-57 crib. Crib 216-B-57 was not addressed
separately because the decision has previously been made to install a prototype Hanford Barrier over
this crib. The design is currently underway with installation planned during the upcoming months.

Although the results of the comparative analysis suggest that a combination of institutional
controls and a lowqmpermeability barrier are appropriate for this site, it should be noted that
institutional controls alone are adequate to ensure protectiveness of human health and the environment
for the next 20 or more years. Deferring installation a barrier (or another alternative if selected by
decision makers) until the remedial decisions for the adjacent 241-BY tank farm and the 200 aggre-
gate area are reached would ensure overall cost effectiveness and consistency with other remedial
measures. For example, if a barrier is selected as the preferred alternative for this site and it was
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installed prior to remediation of the 241-BY tank farm, there is potential that some or part of the

barrier would be destroyed during tank farm remediation. In addition, it is possible that barriers
would be selected as the preferred alternative for similar sites throughout the 200 Area. If this is the
case, there could be increased cost effectiveness by including the 200-BP-I operable unit barrier
design and installation in remedying this area on a large scale, consistent with the aggregate area
concepts.
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Figure 7-4. Composite Scores for Hypothetical Weighting of Criteria.
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Table 7-1. Alternative Scores for Long-Term Effectiveness and Permanence.

Alternative Score Rationale

A) No Action 0 This alternative has the lowest effectiveness.

C) Biointrusion Barrier 4 Institutional Controls are a significant
improvement over no-action, but the bio
Barrier increases infiltration.

,,,

B) Institutional Controls 5 Institutional Controls are a significant
improvement over no-action.

D) Modified RCRA Barrier 7 The RCRA Barrier reduced infiltration
compared to existing surface materials.

,,,

E) Hanford Barrier 8 The Hanford Barrier is much thicker and
more reliable than the RCRA Barrier.

I) Excavation and Disposal with 8 The contaminated soils are placed in the
RCRA Barrier ERSDF with a Hanford Barrier. The slight

advantage gained by placement of the most
contaminated soils in the ERSDF (when

compared with the Hanford Barrier
alternative) is countered by the use of a
RCRA Barrier over the remaining soils.

F) Excavation and Soil Washing 8 Same rational as Alternative I. Soil washing
with RCRA Barrier does not significantly improve reliability.

J) In-Situ Fixation with RCRA 9 Fixation is worth more than the Hanford
Barrier Barrier because it provides a different type of

protection in case the Barrier fails.

H) Excavation and Ex-situ 9 Same rational as Alternative J. Ex-situ fixation
Fixation with RCRA Barrier is not significantly more reliable than in-situ

fixation.
,,,

G) Excavation, Soil Washing, 10 Vitrification is more effective than fixation
and Vitrification with RCRA and the most contaminated soils are placed
Barrier in the ERSDF with a Hanford Barrier.
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Table 7-2. Alternative Scores for Treatment.

Alternative Score Rationale

A) No Action 0 No treatment.

B) Institutional Controls 0 No treatment.

C) Biointrusion Barrier 0 No treatment.

D) Modified RCRA Barrier 0 No treatment.

E) Hanford Barrier 0 No treatment.

I) Excavation and Disposal with 0 No treatment.
RCRA Barrier

F) Excavation and Soil Washing 5 Soil washing results in reduction of volume.
with RCRA Barrier ,,,

J) In-Situ Fixation with RCRA 5 Fixation reduces mobility.
Barrier

H) Excavation and Ex-situ 7 Ex-situ fixation is more effective than in-situ
Fixation with RCRA Barrier fixation and soil washing.

G) Excavation, Soil Washing, 10 Soil washing reduces volume and vitrification
and Vitrification with RCRA reduces mobility. Vitrification is more effective
Barrier than fixation.
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Table7-3.AlternativeScoresforShort-TermEffectiveness.

Alternative Radiation Accident

Exposure Rate
(rems) (fatalities)

..,= ..

A) No Action 0 0
iiH I,Iii I I

B) Institutional Controls 0 0
i i ,J i

C) Biointrusion Barrier 0 0.002
ii i| ,

D) Modified RCRA Barrier 0 0.004
i i ii

E) Hanford Barrier 0 0.007
iii i,| i

F) Excavation and Soil Washing 675 0.021
with RCRA Barrier

m

G) Excavation, Soil Washing, 770 0.031
and Vitrification with RCRA
Barrier

.i i ii

H) Excavation and Ex-situ 675 0.02
Fixation with RCRA Barrier

, i

I) Excavation and Disposal with 500 0.01
RCRA Barrier

i i

J) In-Situ Fixation with RCRA 150 0.006
Barrier

....
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Table 7-4. Alternative Scores for lmplementability.

Alternative Score Rationale
,, , ..... ,,,,,,

A) No Action 10 No implementability difficulties.
, ,

B) Institutional Controls 10 Insignificant implementability issues associated
with implementation of Institutional Controls.

,,, ,, ,,, ,,,,,,

C) Biointrusion Barrier 9 Very minor implementability issues associated
with cap construction.

D) Modified RCRA Barrier 9 Very minor implementability issues associate.
with cap construction.

, , ,,,,

E) Hanford Barrier 9 Very minor implementability issues associated
with cap construction.

J) In-Situ Fixation with RCRA 7 Soil mixing is a more complex and less
Barrier developed technology then cap construction.

Includes potential for worker exposure, but
much less significant than excavation
alternatives.

I) Excavation and Disposal with 2 Requires shoring for nearby tank farms.
RCRA Barrier Excavation is much more complex operation

than cap construction. Significant potential for
worker exposure.

H) Excavation and Ex-situ 1 Requires shoring for nearby tank farms.
Fixation with RCRA Barrier Excavation is much more complex operation

than cap construction. Fixation plant involves
additional complexities. Significant potential for

worker exposure.

F) Excavation and Soil Washing 1 Requires shoring for nearby tank farms.

with RCRA Barrier Excavation is much more complex operation
than cap construction. Soil washing plant is

similar in complexity to fixation plant.
Significant potential for worker exposure.

G) Excavation, Soil Washing, 0 Requires shoring for nearby tank farms. Much
and Vitrification with RCRA more complex operation than cap construction.
Barrier Includes two treatment facilities along with

associated complexity. Significant potential for
worker exposure.

,, ,
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Table 7-5. Alternative Cost.

Alternative Cost (millions)

A) No Action $1.1

B) Institutional Controls $1.2

C) Biointrusion Barrier $3.5

D) Modified RCRA Barrier $5.7

E) Hanford Barrier $8.5

F) Excavation and Soil Washing $182
with RCRA Barrier

G) Excavation, Soil Washing, $268
and Vitrification with RCRA
Barrier

H) Excavation and Ex-situ $81
Fixation with RCRA Barrier

I) Excavation and Disposal with $82
RCRA Barrier

J) In-Situ Fixation with RCRA $53
Barrier
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TABLE A-1. Summary of Estimated Costs for Remediation Alternatives.

Alternative Estimated Costs (millions) [ai
lD Description Capital [bi Operating [c] Total

A No Action $0.18 $0.96 $1.14
B Institutional Controls $0.25 $0.99 $1.24
C Biointrusion Barrier $2.29 $1.18 $3.47
D Modified RCRA Barrier $4.48 $1.18 $5.65
E Hanford Barrier $7.29 $1.18 $8.47

F Excavation and Soil Washing $181 $1.18 $182
G Excavation and Soil Washing with Vitrification $267 $1.18 $268
H Excavation and Fixation $80 $1.18 $81

I Excavation and ERSDF Disposal $81 $1.18 $82
J In-Situ Fixation $52 $1.18 $53

[a] Costs are for mid-1993.
[b] Includes operatingcosts (net present value) duringremedialaction.

[c] Net present value assuming 5% interest (net of inflation) for 30 years.
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TABLE A-2. Cost Estimate for AlternativeA - No Action.

Item Cost la] Notes

CAPITAL COSTS:

Groundwatermonitoringwells $100,000 For long-term performance monitoring

Contractor overhead and profit 25% 25,000

Engineering and construction surveillance 30% 30,000

Continpnc_ 25% 25,000
TOTAL CAPITAL COSTS $180,000

POST-CLOSURE CARE COSTS:

Presentwlue of monitoring com $771,000

Continllenc_, 25 % 193;0(30

NET PRESENT VALUE COST FOR POST-CLOSURE CARE [bi $964,000

TOTAL ALTERNATIVE COST (NET PRESENT VALUE) [c] $1,140,000 Rounded to ten thousands

[a] Costs are for mid-1993.
[b] Monitoring for 30 years; interest (discount) rate of 5 percent, net of inflation.

Ici The sum of capitaland operatinmcosts and the net present value of Lhcpost-closure care costs.

A-2



DOE/RL-93-35, Rev. O

TABLE A-3. Cost Estimatefor AlternativeB - InstitutionalControls.

Unit

Item Qty Units Cost Cost [ai Notes

CAPITAL COSTS:

Fencing 3,000 If $12.70 $38,000
Groundwatermonitoring wells I00,000 For long.term performance monitoring

-SubtoudCapital $138,000

Contractoroverhead and profit 25% 35,000

Engineering and congtructionmrveillance 30% 41,000

Contingenay 25% 35,_30
TOTAL CAPITAL COSTS $249,000

POST4_LOSURE CARE COSTS:
Fenae n_intemmce 3,000 if $0.50 $23,000 Presto value calculation

Preunt value of monitorinB com 771,000
Subtotal post-_iosure co_ (net pruent value) $794,000

Con_le_ 25% 199,000

NET PRESENT VALUE COST FOR POST-CLOSURE CARE [bi $993,000

TOTAL ALTERNATIVE COST (NET PRESENT VALUE) [el $1,240,000 Rounded to ten thousands

,. .,.,,i

[a] Com ate for mid-1993.
[bi Maintemmae and monitoring for30 years; intema (di_ount) rate of 5 percent, net of inflation.

I¢] The mm of capital and operating colts and the net present value of the polt-clomre care coga.
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TABLE A-4. Cost Estimate for Alternative C - Biointrusion Barrier.

Unit

It_,_,_ Qty Units Cost Cost la] Notesii

CAPITAL COSTS:

Cap tit, 238,000 if $3.98 $947,000 Biointrusion cap
Surface water control 50,000 During remedial action; allowance

Air monltorin8- oapitel 50,000

Air moniwrlnll analyses 0.5 yr $50,000 25,000 During remedial action

Groundwater monitoring wells 100,000 For long-term performance monitorin8
Mi_ellamous 100,000 AAlowancefor fencing, decontaminationarea, ew.

Subtotal Capital $1,272,000

Contr_to¢ overhead and profit 25_ 318,000

i_t, ineerinll and ¢onitructlon surveillance 30% 382,000

conttnllenoy 25_ 3ts,000
TOTAL CAPITAL COSTS $2,290,000

POST-CLOSURECARECOSTS:
Cap mahUnence 238,000 sf $0.04 $146,000 Presentvalue calculation
Fence main_na_e 3,000 If 50.50 23,000 Presentvalue calculation

l_sent value of monitorinRcosta 771,000o

Subtotal post-_losure com (net presentvalue) $940,000

Cominsen_' _ ._ 235,000
NET PI_I_-_ENTVALUE COST FOR POST-CLOSURE CARE [b] $1,175,000

TOTAL ALTERNATIVE COST (NET PRESENT VALUE) Ici $3,470,000 Roundedto ten thouunds

[a] Co_ are for mid-1993.
[bl Maimenancs and monitoring for 30 years; interest (di,_oent) rate of 5 percent, net of inflation.
,Ici The mm of capitel a_.n(lo_ratlng costsand the net present value of the post-closure care costs.
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TABLE A-5. Cost Estimate for Alternative D - Modified RCRA Barrier.

Unit

ltm. _ Units Cost Cost la| Notes

CAPITAL COSTS:

Cap site 238,000 sf $9.08 $2,161,000 Modified RCRA Barrier
Surface water control 50,000 During remedialaction; allowance

Air monitoring -capital 50,000

Air monitoring analyses 0.5 yr $50,000 25,000 During remedialaction

Groundwatermonitoring wells 100,000 For long-term performance monitoring
Miscellaneous 100,000 Allowance for fencing, decontamination area, etc.

Subtotal Capital $2,486,000

Contractor overhead and profit 25 % 622,000

Eagineering and construction surveillance 30% 746,000

Contini[enc_, 25% 622,000
TOTAL CAPITAL COSTS $4,476,000

POST-CLOSURE CARE COSTS:

Cap maintenance 238,000 sf $0.04 $146,000 Presentvalue calculation
Fence maintenance 3,000 If $0.50 23,000 Present value calculation

Presentvalue of monitorinB costs 771,000 .
Subtotal post-_losure costs (net present value) $940,000

Continpncy 25_ 235,000
NET PI_F-_ENTVALUE COST FOR POST-CLOSURE CARE _b] $1,175,000

TOTAL ALTERNATIVE COST (NET PRESENT VALUE) Icl $5,650,000 Rounded to ten thousands

[ai Costs are for mid-1993.
[b] Maintenance and monitoring for 30 years; interest (discount) rateof 5 percent, net of inflation.

ici The mm of capitalanl operatinll costs and the net present value of the post-closure care costs.
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TABLE A-6. Cost Estimatefor AlternativeE - Hanford Barrier.

Unit

Item Qty Units Cost Cost [ai Notes

CAPITAL COSTS:

Cap si_ 238,000 sf $15.65 $3,725,000 Hanford Barrier
Surfacewater control 50,000 During remedial action; allowance

Air monitoring - capital 50,000

Air monitoring analyma 0.5 yr $50,000 25,000 During remedial action

Oroundwa_rmonitoringwells 100,000 Forlong-termperformancemonitoring

MisceUanzmis 100_000 Allowance for fencing, decontamination area,etc.

SubtotalCapital $4,050,000

Contractor overhead and profit 25% 1,013,000

Engineering and construction surveillance 30% 1,215,000

Cominpnc_, 25% 1,013,000
TOTAL CAPITAL COSTS $7,291,000

POST-CLO_ CARE COSTS:

Cap maintenance 238,000 sf $0.04 $146,000 Present value calculation
Fence maintena_e 3,000 If $0.50 23,000 Present value calculation

Present value qf monitorinllcom 771,000
Subtotal peg-cloture costs (aet presentvalue) $940,000

Contingency, 25% 235,000

NET PRESENT VALUE COST FOR POST.CLOSURE CARE [bi $1,175,000

rOTAL ALTERNATIVE COST (NET PRESENT VALUE) Ici $8,470,000 Roundedtotenthousands

[al Costs are for mid-1993.
[bi Maimena_e and monitoring for 30 years; interest (discount) rateof 5 percent, net of inflation.
[c] The sum of capital and operating costs and the net present value of the post-closure care costs.
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TABLE A-7. Cost Estimate for Alternative F - Excavation and Soil Washing.

O UnitItem Q_, Units Cost Cost [ai Notes

CAPITAL COSTS:

Exaavati_n 472,000 cy $30 $14,160,000 See Table B-9

.foil wuhing 312,000 cy $58 18,096,000 See Table 15-4

Backfill over-excavated clean rail 160,000 cy $3.50 560,000

Baakf;ll treatedrail 265,176 cy $3.50 928,000 Soil meeting cleanup targets
BaclU'dlfrom offaite 0 cy $5.00 0 Cap completes backfill
Cap site 238,000 if $9.08 $2,161,000 Modified RCRA Barrier

Solidify dewetered fines 133,000 cy $40 5,320,000 Dewatered tinea (50% moisture)

Trangmrt low activity fines to ERSDF 49,875 cy $7 349.000 Solidified (25 % vol. increase); bulk transport

Tranaporthigh activity fines to ERSDF 116,375 cy $370 43,059,000 Solidified (25 % vol. increase); containerized

ERSDF disposal 166,250 cy $83 13,799,000 Dewatered fines; 50% solids; assume 1 ton/cy

Wutewater treatment- capital 533,000 During remedial action; _eeTable 15-8
Wutewater treatment- operating 5 yr $105,000 455,000 Present value calculation

Air monitoring - capital 50,000

Air monitoring analysea 5 yr $50,000 216,000 Present value calculation

Groundwater monitoring wells I00,000 For long-term performance monitoring
Miscellaneous 100,000 Allowance for fencing, decontamination area, etc.
Subtotal Capital $99,886,000 "

Contractor overhead and p_ fit 25 % 24,972,000

Engia_ring and construction mrveillance 30% 29,966,000

C mtiagency 25 % 24,972,00(}

QAJQC laborator_cram 5 _r 300,000 1,299,0ff3 Hanford laboratory; present value calculation
TOTAL CAPITAL COSTS $181,095,0C_)

POST-CLOSURE CARE COSTS:

Cap maintenance 238,000 sf $0.04 $146,000 Present value calculation
Fence maintenanae J,000 If $0.50 23,000 Preeen_value calculation

Preaentvalue of monitorinl[costs 771,000
Subtotal post-clomJrecoma (net presentvalue) $940,000

Ccntingenc_, 25% 235,000

NET PRESENT VALUE COST FOR POST-CLO_ CARE [bi $1,175,000

TOTAL ALTERNATIVE COST (NET PRESENT VALUE) [c] $182,000,000 Rounded to millions

in] Costs arc for mid . )93.

ro] Maintenance -,,; monitoring for 30 years; interest(discount) rateof 5 percent, net of inflation.

icl The auraof capital and operating costa and the net presentvalue of the post-clorare care costa.

W
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TABLE A-8. Cost Estimate for Alternative G - Excavation and Soil Washing with Vitrification.

Unit

Item _ Units Cost Cost la] Notes

CAPITAL COSTS:

Excavation 472,000 cy $30 $14,160,000 See Table 13-9

Soil washing 312,000 ¢y $58 18,096,000 See Table !],-4

Baclrfdlover-excavated clean soil 16G,000 cy $3.50 560,000

Backfill treated soil 265,176 cy $3.50 928,000 Soil meeting cleanup targets

Backfdl from offaite 0 cy $5.00 0 Cap completesbackfill
Cap site 238,000 sf $9.08 2,161,000 Modified RCRA Barrier

Vitrify dewatered fines 133,000 cy $400 53,200,000 See Table 15-5;dewatered fines (50% moisture)

Transport low activity fines to ERSDF 49,875 cy $7 349,000 Vitrified (25% voi. increase); bulk transport
Transporthigh activity fines to EI_DF 116,375 cy $370 43,059,000 Vitrified (25 % vol. increase); containerized

ERSDF disposal 166,250 cy $83 13,799,000 Dewatered fines; 50% solid,,; asgume1 ton/cy

Wastewatertreatment- capital 533,000 During remedial action; see Table B-8
Wastewatertreatment - operating 5 yr $105,000 455,000 Presentvalue calculation

Air monitoring - capital 50,000

Air monitoring analysa 5 yr $50,000 216,000 Presentvalue calculation

Groundwatermonitoring wells 100,000 For long-term performance monitoring

Miscellaneous 100,00Q Allowance for fencing, decontaminationarea, etc.

Subtotal Capital " $147,766,000

Contractor overhead and profit 25% 36,942,000

Engineering and contraction surveiUance 30_ 44,330,000

Contingency 25_ 36,942,000

QA/QC laboratory costs .. 5 _'r 300.000 1,299,000 Hanford laboratory; present value calculation

TOTAl., CAPITAL COSTS $267,279,000 5

POST4_LOSURECARECOSTS:
Cap maintenance 238,000 sf $0.04 $146,000 Present value calculation
Fence maintenance 3,000 If $0.50 23,000 Present value calculation

Present vdue of mo_torin B cOSta 771,000i i.m i .,,..

Subtotal poWclomre co_ (net present value) $940,000

Contingency, 25 % 235,000

NET PRESENT VALUE COST FOR POST-CLOSURE CARE [bI $1,175,000

TOTAL ALTERNATIVE COST (NET PRESENT VALUE) lc] $268,000,000 Roundedto millions

[al Costs are for mid-1993.
lbl Maintenanceand monitoring for 30 years; interest (discount) rate of 5 percent, net of inflation.

[c] The sum of caFital and operafinB costa and the net present value of the post-closure care costa.
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TABLE A-9. Cost Estimate for Alternative H - Excavation and Fixation.

Unit

Item Qt), Units Cost Cost [a] Notes

CAPITAL COSTS:

Excavation 472,000 cy $30 $14,160,000 See Table 13-9

Fixation 312,000 cy $81 25,272,000 See Table 136

Backfill over-excavated clean rail 160,000 cy $3.50 560,000

Backfill treated rail 78,000 cy $3.50 273,000 Fixation increases volume

Cap site 238,000 sf $9.08 2,161,000 Modified RCRA Barrier
Wagewater treatment- capital 533,000 During remedial action; see Table 13-8

Wastewater treatment- operating 5 yr $105,000 455,000 Present value calculation

Air monitoring- capital 50,000

Air monitoring analyses 5 yr $50,000 216,000 Present value calculation

Groundwatermonitoring wells 100,000 For long-term performance monitoring
Miscellaneous 100,000 Allowance for fencing, decontaminationarea, etc.

Subtotal Capital $43,880,000

Contractor overhead and profit 25 % 10,970,000

Engineering and comL,'uctionmrveillance 30% 13,164,000

Contingency 25 % 10,970,000
o

QA/QC laborator_costs 5 _,r 300,000 1,299,000 Hanford laboratory; present value calculation
TOTAL CAPITAL COSTS $80,283,000

POST-CLOSURE CARE COSTS:

Cap maintenance 238,000 sf $0.04 $146,000 Present value calculation
Fence maintenance 3,000 If $0.50 23,000 Present value calculation

O Present value of monitorinBcosts 771,000Subtotalpost-closure coaaa(net present value) $940,000

Contin[;enc_ 25% 235,000
NET PRESENT VALUE COST FOR POST-CLOSURE CARE [rb] $1,175,000

TOTAL ALTERNATIVE COST (NET PRF.SENT VALUE) Icl $81,000,000 Rounded to millions

[a] Com are for mid-1993.

[b] Maintenance and monitoring for 30 years; intereat(diacoun0 rateof 5 percent, net of inflation.

[c] The sum of capital and operating costs and the net present value of the post-closure carecosta.

@
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TABLE A-10. Cost Estimate for Alternative I - Excavation and ERSDF Disposal.

Unit
I!em Qty Units Cost Cost [al Notes

CAPITAL COSTS:

Exaavafion 472,000 oy $30 $14,160,000 See Table B-9

Hauling and ERSDF disposal 312,000 cy $83 25,896,000 See Table B-3
Backf'dlover-excavated clean soil 160,000 cy $3.50 560,000

Backfill from offsite 312,000 cy $5.00 1,560,000 Volume after compaction

Cap site 238,000 sf $9.08 2,161,000 Modified RCRA Barrier

Air monitoring - capital 50,000
Air monitoring analyses 2 yr $50,000 93,000 Present value calculation

Groundwatermonitoring wells I00,000 For long-term performance monitoring
Miscellaneous 100,000 Allowance for fencing, decontamination area, eta.

Subtotal Capital $44,680,000

Contractor overhead andprofit 25 % 11,170,000

_ngineering and cotmxuction mrveillance 30% 13,404,000

Contingency 25 % 11,170,000

QA/QC laboratoryco_ 2 _,r 200,000 400,000 llanford laboratory; for ERSDF acceptance
TOTAL CAPITAL COSTS $80,824,000 Rounded to thousands

POST-CLOSURE CARE COSTS:

Cap nmintenanco 238,000 sf $0.04 $146,000 Presentvaluecalculation
Fence maintenance 3,000 If $0.50 23,000 Present value calculation

Presentvalue of monitorinB costs 771,000

Subtotal post-cloaure coste (net present value) $940,000

Contingency 25% 235,000
NET PI_F_qENTVALUE COST FOR POST-CLOSURE CARE [bt $1,175,000

TOTAL ALTERNATIVE COST (NET PRESENT VALUE) [c] $82,000,000 Rounded to hundred thousands

[a] Com are for mid-1993.
[b] Maintemmae and monitoring for 30 years; intere|t (discount) rateof 5 percent, net of inflation.
[c] The sum of capital and operating costa and the net present value of the post-closure care costa.

al
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TABLE A-11. Cost Estimate for AlternativeJ - In-SituFixation.

Unit

Itmn Qty Units Cost Cost [al Notes

CAPITAL COSTS:

In-situ fixation 312,000 cy $82 $25,584,000 See Table B-7

Surface water controls 50,000 During remedialaction; allowance

Cap site 238,000 sf $9.08 2,161,000 Modified RCRA Barrier
Wastewater treatment- capital 533,000 During remedial action; see Table B-8

Wastewatertreatment- operating 1.3 yr $105,000 129,000 Present value calculation

Air monitoring - capital 50,000

Air monitoring analyses 1.3 yr $50,000 61,000 Present value calculation
Groundwatermonitoring wells 100,000 For long-term performance monitoring

Miscellaneous 100,000 Allowance for fencing, decontaminationarea, etc.

SubtotalCapital $28,768,000

Contractoroverhead and profit 25% 7,192,000

Engineering and construction surveillance 30% 8,630,000

Contingency 25% 7,192,000

(_A/QC laboratot7 costs 1.3 _,r 200,000 246,000 Hanford laboratory;present value calculation
TOTAL CAPITAL COSTS $52,028,000

POST-CLOSURE CARE COSTS:

Cap maintenance 238,000 sf $0.04 $146,000 Present value calculation
Fence maintenance 3,000 If $0.50 23,000 Present value calculation

Present value of monitorinB costs 771,000
Subtotalpost-closure costs (net present value) $940,000

Contingency' 25 % 235,000
NET PRESENT VALUE COST FOR POST-CLOSURE CARE [bi $I,175,000

TOTAL ALTERNATIVE COST (NET P_NT VALUE) Ici $53,000,000 Rounded to millions

[a] Costs are for mid-1993.
[b] Maintenance and monitoring for 30 years; interest (discount) rate of 5 percent, net of inflation.

Ici The sum of capital and operatin[[costs and the net present value of the post-closure care costs.
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TABLE B-1. Common Factors, Areas and Volumes.

Unit
Item Cost Units Source/Comments

Interest rate (net of inflation) 5% EPA value; for present value calculations
Post-closure care period 30 yr
Present value factor using above 15.372451 Calculated
Contractor overhead & profit factor 25% Extra for radioactive site
Engineering & construction surveillance 30% Per Westinghouse (29 % rounded)

Contingency 25 % Appropriate for FS
Fence length 3,000 if
Retaining wall length 800 if

Cap area 238,000 sf
Total excavation volume 472,000 cy
Contaminated soil volume 312,000 cy
Soil density 1.42 ton/oy
Contaminated soil weight 443,000 ton
Fines fraction in piace 6%

Contaminated tines after washing 15% Effective separation
F'mes weight 66,450 dry ton Assume negligible moisture
Clean soil weight 376,550 Treated soil for site backfill
Clean soil volume 265,176 Assume in-piace density
Solids content in dewatered fines 50%

Dewatered fines weight/vol 133,000 wet ton = cy
Weight/volume increase due to solidification 25% Applies to fixation and vitrification
Fraction of low-activity contaminated fines 30%
Solidified tines weight/vol - total 166,250 wet ton = cy Bulk disposal
Solidified fines weight/vol - low activity 49,875 wet ton = cy Containerized disposal
Solidified fines weight/vol - high activity 116,375 wet ton ffi cy
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TABLE B-2. Basic Unit Costs.

Unit
Item Cost Units Source/Comments

SITE WORK (labor, materials and equipment): Not includin_ contractor overhead & profit
Excavatlon/Plaeement:

Soil placement (incl. normal compaction) $3.50 cy Estimatefrom site experience

Revegetation $0.08 sf H_,dromulchin_
Wastetreatmmt/dlsposal:

Solidification $40 cy Estimate based on past vendor quotes
Haul low-activity soil/waste to ERSDF $7 cy Bulk

. Haul high-activity soil/waste to ERSDF $370 cy 1.5 x bulk haul + 90 cfcontainer @ $1200
Maintatance:

Fence maintenance $0.50 If-yr Allowance

Waste site cap maintenance $0.04 sf-}'r Allowance, includin_ construction surveillance
Materiab (in place, including normal compaction):

Silty rail $10 cy McGee ranch; Westinghouse estimate (rounded)
Silty soil with gravel admix $12 cy Westinghouse estimate (rounded)
Sand, filter $14 cy Westinghouse estimate (rounded)
Gravel, filter $10 cy Westinghouse estimate (rounded)
Gravel, drainage $10 cy Westinghouse estimate (rounded)
Gravel, road $10 cy Westinghouse estimate (rounded)
Basalt, crushed $21 cy Westinghouse estimate (rounded)
Asphaltic concrete $80 cy Westinghouse estimate (rounded)
Asphalt coating $3 sf Westinghouse estimate (rounded)
Asphalt I;.se $16 cy Westinghouse estimate (rounded)
Gravel, pea $15 cy Golder estimate
Clean fdl $5 cy Golder estimate
Clay, low permeability $15 cy Golder estimate
Geotextile $0.30 sf Golder estimate

Geonet drainage layer $0.50 sf Golder estimate
HDPE liner, 60 rail $0.85 sf Golder estimate

Fencing $12.70 If Means 1991; 6-fl fence w/3-strand barbedwire
Retainingwall forexcavation $48 sf Golder estimate

General construction:

Shielded concretebuildin,g $375 sf
Office building $85 sf

. Temporary structurecover $20 sf Estimate from vendor quotes
TREATMENT PLANT LABOR, EQUIPMENT AND MATERIALS:
Labor:.

Plantmanager $80 hr Estimate
Supervisor $60 Iu" Estimate
Operator (plant or equipment) $40 hr Estimate
Laborer/operatorhelper $30 Iu" Estimate
Clerical $35 hr Estimate

Equipment:
Backhoe/loader $150,000 each

Utilities and Chemicals:

FA_tricity $0.06 kwh Typical for northwest region
Soda ash $180 ton Estimate ($200/metric ton)
Cement $80 ton Estimate ($88/metric ton)

FI_,ash $35 ton Estimate ($39/metric ton)
OTHER:

Air monitoring capital costs $50,000 LS Sampling stations
Annual air monitoringcosts $50,000 yr During remedial action; allowance

Miscellaneous remedial action costs $1(30,000 LS Allowance for fencing, decontamination area, lighting, etc.
Groundwatermonitoring wells $100,000 LS Installationof 4 for long-term monitoring
Annual monitoring cogs - initial $50,000 yr Allowance
Annual monitoring costa - after 5 years $25,000 yr Allowance
Performance review (every 5 years) $I00,000 each Allowance

Present value of long-term monitorin_ costs $771,000 LS Assumin_ 30 },ears@ 5% net interest; includes 5-},rreviews
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TABLEB-3. DerivedUnitCosts.

Unit

Item Quantity Unit, Co,t Coat Norm

Stormwster Berm:

Heijht 2 ft
Cmwa Width 2 ft
Sidc Slope (run : rise) 2 ft/ft

Volume 0.4 W/If $5.00 $2.00 Compactedclean fill
StormwaterBenn Unit Cost If $2.00

Bioinmaloa Cap (Wew_Qllhome): Not in_iudinll OH&P
PeaImvel 0.5 ft/sf $0.56 $0.28 Practicalthickness to achieve design minimum
lrdte.rMad 0.6 ft/sf $0.52 0.31 15 cut
Irdtergravel 0.6 ft/sf $0.37 0.22 15 cm
Crashed Immlt 2.4 ft/sf $0.78 1.87 60 cm
Gradin| fill 7.0 ft/sf $0.19 1.30 Average thickne_
BiointrusionCap Unit Cmt sf $3.98

RCRA Cap: Not including OH&P
Vesetatimt 1 sf/sf $0.08 $0.08

Silt with gravel admix 2.0 ft/sf $0.44 0.89 50 cm
Silt 2.0 ft/sf $0.37 0.74 50 cm
Oeotoxtile 1 sf/sf $0.30 0.30
lrflte.rmad 0.6 ft/sf $0.52 0.31 15 cm
Filter Imvel 0.6 ft/sf $0.37 0.22 15 cm
Drah_e 8ravel 0.6 ft/sf $0.37 0.22 15 cm
Ad_phalt coating 1 lf/ff $3.00 $3.00
Aaphaltk mncrete 0.6 ft/sf $2.96 1.78 15 cm
Asphalt bsm 0.4 ft/sf $0.59 0.24 10 cm

Gradinll fill 7.0 ft/sf $0.19 1.30 Average thickness
RCRA Cap Unit Cmt sf $9.08

Hmfoni _ Not including OH&P
Vege_ttim 1 d/sf $0.08 $0.08
Silt with gravel admix 3.9 ft/sf $0.44 1.73 100 cm
Silt 3.9 ft/sf $0.37 1.44 100 cm
Geotzxtile 1 sf/sf $0.30 0.30
F'IJ:U_ _ 0.6 ft/sf $0.52 0.31 15 cm
lrdter gravel 1.2 ft/sf $0.37 0.44 30 cm
Crushed basalt 5.9 ft/sf $0.78 4.59 150 cm
Dndmqe Iravei 1.2 ft/sf $0.37 0.44 30 cut
Aahphaltresting 1 sf/sf $3.00 3.00
Asphaltic caacr_ 0.6 h/sf $2.96 1.78 15 cm
Asphalt brae 0.4 ft/sf $0.59 0.24 10 fm

Gmiin I fill 7.0 ft/sf $0.19 1.30 Average thickne_
Hanfont BarrierUnit Coat sf $15.65

ERSDF Bottom _ Not including OH&P
Protective fill 2.0 ft/sf $0.56 $1.11 Top layer
Geo_t drainage layer 1 sf/sf $0.50 0.50
I'IDP_ liner, 60 rail 1 sf/sf $0.85 0.85

Clay liner 3.0 ft/sf $0.56 1.67 Low permeability
ERSDF BotxomLinerUnit Cmt sf $4.13

ERSDF: Not including OH&P
Trmch (cell) waste volume 117,000 cy Calculatedfrom dimemiom
Wine depth 10 ft Below grade
Trench top width 300 ft
Trea_h top length 1,200 ft
Trench tap area 360,000 d
Treachsideslopes 3 ft/ft
Cap width 350
cap_ 1,_o

Excavate trench 185,000 cy $4.00 $740,000 Includes 5-ft liner fldckness
Hmfont Barrier 438,000 sf $15.65 6,855,000
Liner bottom 274,000 sf $4.13 1,132,000
Liner skies 91,000 sf $4.13 376,000
Piace and compact waste 117,000 cT $5.00 585,000

Total trench cost $9,688,000
ERSDF unit cost cy $83
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TABLE B-4. EstimatedCosts for Soil Washing.

Unit

I!_,_*_D_-ri_,fion Q_antity Unit3 Cost Cost Notes ,,

;N ASSUMPTIONS:

Treatmentperiod 5 yr
Total volume of rail treated 312,000 cy

Weight of rail treated 443,000 tom
On-line time 220 daye/yr 60% online

Soll proceuing rate 16.8 wet tph 24 ht'a/day
Fines rate 2.5 dry tph

5.0 wet tph 50% solids after dewaterin_

CAPITAL COSTS:

Vibratinggrizzly $15,000
Feed hopper 25,000
Bucketelevator 11,000

Rotary washer 300,000
Vibrating _reenJ 2 each $20,000 40,000
Dewatering acreen 10,000
Attrition _rubbing system 50,000 Tanks, mixers & pumpa
Clarifier 55,000

Polymer feed system 20,000 To aid settling
Hydrocyelonea 2 each $15,000 30,000
Filter preM 135,000
Filtration system for water recycle 75,000 2 columns with automatic backwash

Recycle water tank 30,000
Conveyors 2 each $I0,000 20,000
Pumps 6 each $3,000 18,000
Air monitoringequipment 200,000
Subtotalequipmentco_ta $1,034,000 Beforeinstallation

Freight 6% 62,000

Electrical and instrumentation 20% 207,000

Piping and ventilation 30% 310,000
Shielding 30% 310,000 Building and robotics provide primaryprotection

Inftallation 75% 776,000 Includes site preparation

SUBTOTAL INSTALLED EQUIPMENT COSTS $2,699,000 Installed

Robotics 2,000,000 Estimate; includea cranea
Treatmentplant building 15,000 sf $375 5,625,000 Concre_; shielded
Control room/office 2,000 sf $85 170,000
Front-end loader 150,000 For bulk loading of trucks with dewatered fines

TOTAL CAPITAL COSTS $10r644_000

ANNUAL OPERATING COSTS:

Plantmanager 2,080 hra $80 $166,000 8 hfs/day,260days/yr

Shift mpervitor 8,760 hre $60 526,000 24 hre/day, 365 dayt/yr
Shift operator 8,760 hre $40 350,000 24 hre/day, 365 days/yr
Helpers (2) 4,160 hre $30 125,000 8 hre/day, 260 days/yr
Clerk 2,080 hra $40 83,000 8 hre/day, 260 days/yr
Power 1,000,000 kwh $0.06 60,000 24hralday,220days/yr

Maintenance, mppliea and misc. 405,000 Estimate 15% of installed equipmentcost
TOTAL ANNUAL OPERATING COST $1,715,000

PItF_SENTVALUE OF OPERATING COST $71428,000 For treatment period; rounded to thousands

TOTAL COST FOR SOIL WASIIING $18,100,000 Rounded to hundred thousands

SOIL WAStlING BASE UNIT COST c}' $58 Rounded to units
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TABLEB-5. EstimatedCostsfor Vitrificationof Fines

Unit

Item Description Quanti_ Units Cost Cost Notes

DESIGN ASSUMPTIONS:

Treatmentperiod 5 yr

Volume of rail treated 133,000 cy Dewatered fines from soil wadaing
On-line time 220 dayn/yr 60% oniine

Rate . 5.0 tph 24 ht's/da_

CAPITAL COSTS:

Bridgecrime $100,000 5 ton
Storage bin, 14 fl diam. X 20 fl 110,000
Storagebin, 10 fl diam. X 20 fl 50,000
Screw conveyors 3 each $9,000 27,000
Conveyor, 24", covered 30,000
Mixer 35,000
Plalmaare furnace 7,000,000
Off-gu treatmentlystam 2,000,000

Air monitoring equipment ,,, 400,000 For building and offgas
Subtotal equipmem cogs $9,752,000 Before installation

Freight 6% 585,000
Electrical and instrumentation 20% 1,950,000

Piping and ventilation 30% 2,926,000

Installation 75% 7,314,000 Includes site preparation
SUBTOTAL INSTALLED EQUIPMENT COSTS $22,527,000 Installed

Robotics 3,000,000 Estimate
Treatmentplant building 11,000 sf $375 4,125,000 Concrete; shielded

Office buildinB 0 Included with soil wadaing

TOTAL CAPITAL COSTS $29,652r000

ANNUAL OPERATING COSTS:

Shift operator1(2) 17,520 hrm $40 $701,000 24 hr_day, 365 daydyr
Supervision, helpers, eta. 0 Included with rail wadaing
Power 10,300,000 kwh $0.06 618,000 24 ht's/day, 220 dayt/yr
Fuel and oxygen 13,200 tom $36 475,000
Sodaada 1,760 tom $180 317,000

Maintenanae,suppliesand misc. 3,379,000 Estimate 15% of ingalled equipmentcog
TOTAL ANNUAL OPERATING COST $5,490,000

PRESENT VALUE OF OPERATING COST $23,769_000 For treatmentperiod; rounded to thousands

TOTAL COST FOR VITRIFICATION $$3,400,000 Rounded to hundredthoutmnds

VITRIFICATION BASE UNIT COST ¢y $400 Rounded to term
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TABLEB-6. EstimatedCosts for Ex-Situlrtxationof Bulk Soils

Unit

lt mn D___.ription (_.nfi_ Units Cost Cost Notes

DESIGN ASSUMPTIONS:

Treatmem period 5 yr
Total volume of soil treated 312,000 ey

Weight of sou treated 443,000 torus
On-line tinw 220 days/yr 60% online
Rate 17.0 tph 24 ht.s/day

CAPITAL COSTS:

Day bin & discharge hopper 2 each $25,000 $50,000
Storage bins 4 each $35,000 140,000
Belt feeder 50,000

Conveyor system forproduct 740,000
Pug mill 175,000
Pre-mix system 35,000
Air monitoring equipment 200,000
Subtotal equipmentooCUl $1,390,000 Before installation

Freight 6_ 83,000
F.Jectriealend instrumentation 20% 278,000

Piping end ventilation 30_ 417,000
Installation 75 % 1,043,000 Includes site preparation

SUBTOTAL INSTALLED EQUIPMENT COSTS $3,211,000 Installed

Robotics 1,500,000
Concrete building - shielded plant 10,200 sf $375 3,825,000

Office building 1,650 sf $85 140,000
Front-end loader 150,000

TOTAL CAPITAL COSTS $8t826_000

OPERATING COSTS:

Plantmanager 2.080 hr, $80 $166,000 8 hri/day. 260 dayl/yr
Shift supervisor 8,760 hfs $60 526,000 24 hrs/day, 365 days/yr
Shift openton (2) 17,520 Ius $40 701,000 24 hfs/day, 365 days/yr
Helpers (2) 4,160 hfs $30 125,000 8 hrs/day, 260 dayi/yr
Clerk 2,080 hfs $40 83,000 8 hfs/day, 260 days/yr
Power 1,320,000 kwh $0.06 79,000 24 hrdday, 220 days/yr
Cement 19,800 tom $80 1,584,000

Fly ash 5,808 tons $35 203,000
MaintemL_rce,supplies and mi_. 321,000 Estimate 10%of installed equipmentcost
TOTAL ANNUAL OPERATING COST $3,788,000

PI_F'-SENTVALUE OF OPERATING COST $16_400_000 For treatmentperiod; rounded to thousands .

TOTAL COST FOR EX-SITU FIXATION $25,200,000 Rounded to hundred thousands

EX-SITU FIXATION BASE UNIT COST oy $81 Rounded to unita
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TABLE B-7. Estimated Costs for In-Situ lVtxation
,,, ,., ,,. , ,,,

Unit

Item Description Quantit_ Units Cost Cost Notes

DESIGN ASSUMPTIONS:

Time of operation 1.3 yr Calculated (rounded to tenths)
Total volume of soil treated 312,000 cy
Weight of wU treated 443,000 tom

Treatment rate per drill rig 540 oy/fig-day 220 daye/yr (60% online); 24 hr_day
Number of drill rigs 2 rigsI III I I II

CAPITAL AND OPERATING COSTS:

Mobillzation/demobilization $400,000 Gee-Cen estimate

Drill rigs 949 fig-days $12,500 11,863,000 Including labor coati
Augers (abandonedin piace) Includedin drill costJ

Mixing plant (abandoned) 80,000 EPA estimate; adjusted for size
Shielding and healthand utfety 2,400,000 Gee-Cen estimate

Cement 118,800 tom $80 9,504,000 20% greater than ex situ for inefficiency
Fly ash 34,800 tom $35 1,218,000 20% greater than ex situ for inefficienoy
Front-end loader 150_000
TOTAL COST $25,615,000

TOTAL COST FOR IN-SITU FIXATION $25,615,000

IN-SITU FIXATION BASE UNIT COST cy $82 Rounded to units
. i
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TABLE B-8. Estimated Costs for Wastewater Treatment

Unit

Irma Description (_hm-ti_ U_Jt_ Cost Cost Notes

CAPITAL COSTS:
Wastewater treatmentequipment $300,000 Before installation

Distillation evaporator
Wiped-film evaporator
Tankage
Pumpm
Sludge fixation equipment

Freight 6% $18,000
Electrical and inammentation 20% $60,000

Piping and ventilation 5% $15,000
In___t_llation 30% $90,000

SUBTOTAL INSTALLED EQUIPMENT COSTS $483,000 Installed

Site preparation $50,000 Allowance

TOTAL CAPITAL COSTS $5"33r000

ANNUAL OPERATING COSTS:
Labor $0 Incidental; provided by excavation or
Power 550,000 kwh $0.06 $33,000 or treatmentpersonnel
MaintenJ__e, mppliea and misc. $72,000 Estimate 15% of capital equip, costs
TOTAL ANNUAL OPERATING COST $105,000

A

m

m
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TABLEB-9. EstimatedCosts for Excavation

Unit

Item De_Hption Quanti_ Units Cost Cost Notes

DESIGN _ONS:

Operatingtime 2 yr May be intermittantfor treatmentalternatives
Volume excavated 472,000 cy In-piace volume
Area of excavation 238,000 sf

CAPITAL COSTS:

Cover 238,000 sf $20 $4,760,000 Braced metalbuilding or equivalent
Shielding & robotics 2,000,000 Estimate
ExcavationwaU 40,000 sf $48 1,920,000 800 If; 50 ii deep
Stormwaterberrm 2,000 If $2.00 $4,000

Sacrificed equipment 4 each $150,000 600,000 Dozer, backhoe, 2 loadera
Ventilation sys_m 100,000

Air pollution controls & monitorinS 200,000
TOTAL CAPITAL COSTS $9,584r000

ANNUAL OPERATING COSTS:

Operaton (4) 8,320 hfs $40 $333,000 8 hr_day, 260 days/yr
Laboren (4) 8,320 hfs $30 250,000 8 hra/day, 260 days/yr
Mechanic 2,080 hfs $60 125,000 8 hra/day, 260 days/yr
Supervisor 2,080 Ius $60 125,000 8 hfs/day, 260 days/yr
Health& Safety officer 2,080 hra $60 125,000 8 hfs/day, 260 days/yr
Clerk 2,080 hra $35 73,000 8 hrgday, 260 daya/yr
Maintenance, supplies and misc. 1,438,000 Estimate 15% of capital equip, costs
TOTAL ANNUAL OPERATING COST $2,469,000

O PRESENT VALUE OF OPERATING COST $4,591r000 For treatmentperiod; rounded to thousands

TOTAL COST FOR EXCAVATION $14,200,000 Rounded to hundred thousands

EXCAVATION BASE UNIT COST cy $30 Rounded to units

A
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