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recommendation that the Environmental Management Office of DOE enable the establishment
of an independent institutional mechanism to develop data and methodology to make risk a
key part of its decision making. (See Building Consensus through Risk Assessment and
Management of the Department of Energy’s Environmental Remediation Program).
Consistent with this purpose, the form of federal assistance for CRESP Il is a grant and the
independence of the granting agency which that form of assistance involves.

CRESP works to fulfill its mission by improving the scientific and technical basis of
environmental management decisions that will

e advance protective and cost-effective cleanup of the nation's nuclear weapons sites
o enhance stakeholder understanding of the conditions at the nation's nuclear weapons
production facility waste sites

CRESP pursues this mission through a unique institutional model:

1. Its primary mode of operation is an unprecedented program of interdisciplinary
university research;

2. Itis independent and its beneficiaries are those who have a stake in effective cleanup of
federal facilities;

3. It is organized to provide both guidance to and peer review of the evolving effort to
utilize risk methods and evaluations to help guide cleanup decisions at DOE sites.

For more information, please visit http://www.cresp.org.
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Executive Summary

Objectives
At the Department of Energy Idaho Site near Idaho Falls, Idaho, waste contaminated with

radioactive and hazardous materials was buried in pits, trenches, and soil vaults within the
Subsurface Disposal Area (SDA) between 1954 and 1970. There is a continuing low-level
waste disposal program in the SDA projected to be completed by 2009. The SDA lies directly
above the Snake River Plain Aquifer, which supplies drinking and irrigation water to many
residents in southeast Idaho. Some contaminants from the SDA have been discovered in the
underlying aquifer but have not migrated outside the Idaho Site boundary, and limited
remedial measures (e.g., vacuum vapor extraction of volatile organic compounds) have been
undertaken to limit migration.

The objective of this report is to develop a framework for the comparative life-cycle risk
evaluation of management options for ultimate disposition of the wastes buried in the SDA.
Remedial approaches may be implemented either individually or in combination to achieve the
desired remedial objectives. In this context, it is essential to decide which combinations of
activities (e.g., removal, treatment, in-place containment, etc.) are appropriate for the sub-
sections of the SDA or contaminants present based on the characteristics of the buried wastes
and other factors. Developing a risk-informed decision that considers human health and
ecological risks along with other social factors should include explicit consideration of the
trade-offs between reductions in human health risk achieved through each remediation option
and the additional human health risks incurred as part of achieving that option. Thus, human
health risk evaluation should include consideration of risks to remediation workers and other
on-site and off-site populations for current and future generations. This evaluation should also
consider the context of nearby waste management closure and remediation needs remaining
risks and long-term stewardship needs at the SDA. Integrated evaluation of this range of
human health risks often is not achieved as part of the remedial decision process. This report
provides a framework and preliminary evaluation to achieve such integration.

SDA Background

The SDA comprises a 97-acre area (or approximately that of 88 adjoining football fields) in
the Idaho Site Radioactive Waste Management Complex (RWMC). Transuranic (TRU)
wastes, received from the Rocky Flats Plant near Denver, Colorado, were buried in the SDA
before 1970 and stored retrievably in the RWMC after that. Other wastes (including small
amounts of other TRU-contaminated wastes, fission products, and organic solvents) interred in
the SDA were either received from other Department of Energy (DOE) sites or generated at
the Idaho Site.

The wastes buried in the SDA are diverse in their size and forms. Wastes were buried in
drums, garbage cans, and wooden and cardboard boxes; however, large pieces of contaminated
equipment, loose material, and debris were also buried. Highly radioactive materials were
buried in shielded casks to reduce potential radiation exposure. Low-level, but high-activity
liquid wastes containing fission products were disposed of in augur holes.



The wastes buried in the SDA are unique both in their magnitude and diversity. The wastes are
diverse in the variety of contaminants (i.e., radioactive and hazardous) and how contaminants
are intermixed. These contaminants differ dramatically in degree of toxicity, how they are
released into the subsurface environment, how they move through the environment, and how
they would potentially impact both human health and the ecology. The contaminants also vary
in how long they will remain toxic. The radionuclides will decay over time but at different
rates, the organic constituents may be biodegraded, and the hazardous metals will retain their
intrinsic toxicity; all contaminants will be subject to attenuation to varying extents by
adsorption, dispersion and dilution processes.

Some examples bring the unique nature of the SDA buried wastes into sharper relief. While
estimates vary, there was likely more than one metric ton (or 1000 kg) of plutonium buried
throughout the SDA; this mass, if concentrated, is equivalent to that of a late-model
Volkswagen Beetle. Liquid wastes containing high activity fission products (e.g., strontium
and cesium) were injected into augur holes. Solvents and waste sludges were also buried in the
SDA. Given the diversity of wastes, on-going and future remedial activities for SDA,
performed under the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), will likely prove to be, if not unique, then very challenging. The current DOE
baseline assumption is that volatile organic contaminants of potential concern will be removed
using vapor extraction and that targeted areas containing buried TRU waste originally from the
Rocky Flats Plant* will either be i) excavated and the retrieved TRU waste shipped to the
Waste Isolation Pilot Plant (WIPP) by no later than 2018 or i1) treated to immobilize the buried
TRU waste in-place. Installation of a surface barrier is envisioned for any remedial alternative
involving the SDA and will include all disposal areas of the SDA, not only those currently
containing TRU waste.

The wastes buried in the SDA appear somewhat well characterized as to location, type, and
subsurface matrices; however, the corresponding information for the contaminants of potential
concern does not seem well characterized. Previous flooding events redistributed some wastes
and waste constituents. Monitoring indicates that volatile organic compounds and nitrates have
migrated to the underlying aquifer from the SDA. Americium has been detected in the aquifer;
however, detections have been sporadic and a plume has not been defined. Results of the on-
going vapor vacuum extraction process to remove volatile organic compounds indicate that
more material has been removed than was originally estimated to have been buried. These
uncertainties impact the ability to assess risks for the wastes buried in the SDA. There is an
on-going integrated probing project in the SDA to identify the extent of contamination and to
reduce these uncertainties.

To support the Idaho Site CERCLA remedial process, site personnel have performed risk
assessments for both baseline conditions as well as for the short-term risks associated with

4 The SDA pits and trenches that TRU-contaminated wastes were buried include Pits 1-6, Pits 9-12, and

Trenches 1-10. Pad A may also contain such wastes. It is known that volatile organic compounds have
migrated from the original buried waste sites to the Snake River Aquifer and TRU elements may also have
migrated (although the indications have been sporadic and sometimes questionable). A subsurface probing
program is on-going that should reduce uncertainty in understanding the extent to which the contaminants
have migrated and what must be done if the retrieve, treat, and dispose remedial alternative is selected.
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four potential remedial alternatives for the wastes buried in the SDA. These assessments
provide some guidance on the threats posed by the wastes in the SDA. However, these
assessments have not fully considered the range of populations potentially at risk, time frames
of specific risks, or land use remaining under government control in perpetuity. Explicit
consideration of these issues is important to determine who is at risk, as well as when, under
the range of future land use scenarios. One of the challenges for the authors of this report—and
all stakeholders who might use it—is a decision concerning how complete are the extant risk
characterizations and the magnitude and importance of remaining uncertainties. This report
does not exist in a vacuum. It seeks to build on and help complement existing knowledge and
previous and continuing remedial and information-gathering efforts at the Idaho Site and the
DOE Complex.

Remedial actions to address specific areas of concern in the SDA based upon mobility and
toxicity are being undertaken. Beryllium blocks, which weigh approximately 180 pounds each
and became radioactive after being used as reflectors in Idaho Site test reactors, were buried in
pits, trenches, and soil vault rows. These blocks are being grouted in-place to immobilize
carbon-14; however, this action does not preclude future retrieval if deemed necessary. There
is also an on-going removal of organic contamination in the vadose zone using vacuum vapor
extraction. More than 162,000 pounds of volatile organic compounds have been successfully
extracted from the SDA and destroyed using vapor vacuum extraction units.

Waste, contaminant, and subsurface characterization and proof-of-concept remedial testing
have been carried out at the SDA and more is planned. Idaho Site personnel developed a new
low-cost subsurface probing system for characterizing and monitoring contaminants safely
from within and below hazardous waste sites including the SDA. These instruments help
monitor the contaminants in the buried waste and provide valuable data from saturated or
unsaturated waste zones being considered for remedial action. A series of retrieval projects has
also been carried out in the SDA, the earliest beginning in 1969 and the most recent (i.e., the
Pit 4 Accelerated Retrieval Project) was begun in 2005. These tests provide valuable
information concerning the extent of migration of contaminants of potential concern in the
subsurface, the difficulties involved with retrieval of wastes and controlling contamination
spread during retrieval, and the cost of retrieval. The Accelerated Retrieval Project is using
knowledge gained in past operations to retrieve approximately 20 percent (or one-half acre
area) of the wastes buried in Pit 4. This pit was selected because it is considered to contain
some of the highest levels of transuranic contamination in the SDA as well as volatile organic
compounds, which are the most mobile contaminants in the subsurface.

CRESP Risk Evaluation

The Consortium for Risk Evaluation with Stakeholder Participation (CRESP) was asked by the
DOE to develop a framework for the comparative life-cycle risk evaluation of management
options for ultimate disposition of the wastes buried in the SDA. This document serves as
technical input for further open discussion and evaluation of the management alternatives. The
framework development takes as its starting point a broad series of remedial approaches that
may be used in the SDA. The authors seek to understand and evaluate when, in what order,
and why these remedial approaches would be appropriate for addressing the specific
conditions in the SDA and sections thereof. The specific steps and rationale required for
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implementation of the remedial approaches are described and then the hazards and risks
involved in implementation, as well as those risks anticipated to be mitigated by
implementation, are explored for each remedial approach. This approach can be repeated on
sub-sections of the SDA to make location or waste specific decisions. However, decisions for
any specific sub-area or waste type must be made in the context of management of the entire
SDA. A life-cycle risk analysis, a framework for which is provided in this report, is necessary
to first assess the risks and then ultimately compare them in a consistent and transparent
manner. An examination of both existing information and that additional information that is
necessary but missing to assess and compare risks for the various remedial approaches is an
integral part of this exploration.

The remedial alternatives evaluated in this report fall into two broad categories: 1) those
approaches involving containing the wastes where they are to assure they do not migrate and
find pathways to receptors, and 2) those involving excavation of waste materials for treatment,
packaging, and ultimate disposal so that the contaminants will be contained. In both the
supporting Idaho Site documentation and this report, excavation of wastes is referred to as
retrieval, which is to be distinct from the volatile organic extraction (removal), which is an in
situ process currently on-going at the SDA.

A large number of possible remedial actions and combinations of such actions were considered
by Idaho Site personnel as part of the CERCLA and other compliance processes for the SDA.
Combinations of actions were considered because different areas in the SDA pose different
types and degrees of risk due to varying types and forms of wastes and contaminants. The
remedial alternatives were screened based on CERCLA criteria, and four remedial alternatives
(i.e., surface barrier, in situ grouting, in situ vitrification, and retrieve/treat/dispose) were
identified for further study. Together with a “No Action” alternative necessary to assess
current or baseline risks, these previously defined alternatives were investigated in this report.

The specific alternatives for disposition of the SDA buried wastes explored in this report are

1. Contain in Place

The Idaho Site would contain the buried SDA wastes in-place without additional waste
retrieval after completion of currently planned test retrievals and vapor extraction for
removal of volatile organic contaminants. All options include long-term monitoring,
maintenance, and institutional controls. Four options were examined under this
remedial alternative:

a. “No Action” (although long-term monitoring, maintenance, and institutional
controls would be instituted);

b. Surface Barrier Installation with in situ grouting as needed for subsurface
geotechnical stabilization (to prevent future subsidence and surface barrier
impact) and not for contaminant immobilization;

c. In Situ Grouting for both subsurface geotechnical stabilization and contaminant
of potential concern immobilization with surface barrier installation; and
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d. In Situ Vitrification for contaminant of potential concern immobilization in
concert with in situ grouting for subsurface geotechnical stabilization and with
surface barrier installation.

2. Retrieve, Treat, and Dispose

The Idaho Site would retrieve and treat some buried SDA wastes for both on-site (low-
level and mixed low-level wastes) and off-site (TRU waste) disposal where the extent
of the retrieval is based upon risks, costs, and possible future legal decisions. Two
options were examined for this alternative:”

a. Targeted Rocky Flats Plant TRU Waste Retrieval with in situ grouting for both
subsurface geotechnical stabilization and contaminant immobilization, as well
as surface barrier installation based upon a risk-informed decision incorporating
risks, costs, effectiveness, etc., and

b. Full Rocky Flats Plant TRU Waste Retrieval with in situ grouting for
subsurface geotechnical stabilization and contaminant immobilization as well
as surface barrier installation.

Another way to characterize these remedial alternatives is by how aggressively the wastes in
the SDA must be treated. Installation of a surface barrier helps to reduce the flux of water to
the buried wastes but in no way impacts either the source of contamination or the potential
risks remaining if the surface barrier fails in the future. The other remedial alternatives
represent a progression from less to more aggressive approaches where selected contaminants
will be immobilized in-place (using grouting or vitrification) to those involving selecting the
highest risk wastes that can be removed effectively for ultimate disposition in a different form
and location. Thus the decision as to whether buried wastes can be effectively contained in-
place or have to be retrieved must combine judgments concerning the release and mobility of
the contaminants as well as the danger posed if the contaminants have pathways available to
receptors when remaining in-place or during remedial operations.

Risk characterization as part of a risk-informed decision process requires consideration of
different types of risk that impact different populations over different time intervals. Types of
risks to be considered include traumatic injury or death (e.g., during construction, excavation,
or processing activities), imminent injury or death from radiation or chemical exposure (e.g.,
during remedial activities), latent cancer or other disease from radiation or chemical exposure
to workers or the general population. Populations and time frames to be considered include the
workforce and the general population, both now and in future generations. Exposure pathways
may be a consequence of workplace exposure, inappropriate land or natural resource use (i.e.,
contrary to established land-use restrictions as part of institutional controls), intrusion,
population encroachment, or contamination of an aquifer subsequently used as a source of
potable water or for agricultural purposes. Risk-informed decision making requires balancing

> Tt is possible that high-level waste (HLW), spent nuclear fuel (SNF), or wastes similar to HLW and SNF were

buried in the SDA. If HLW or SNF is buried in the SDA, then according to the Nuclear Waste Policy Act of
1982 (as amended) and the 1995 Settlement Agreement this waste must be retrieved, segregated, and stored
prior to disposal in a deep geologic repository; this HLW/SNF retrieval operation then would be an addition to
the retrieve, treat, and dispose alternative and should be evaluated as such.
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these risks based on local and state acceptability and consideration of other factors (e.g., legal,
economic, etc.). Thus the decision-making process is consistent with the CERCLA approach
that evaluates potential remedial alternatives against a set of nine criteria.’ For sites like the
SDA that involve complex remedial actions, it is important that all nine criteria be considered.

A remedial alternative is comprised of a series of process steps that must be completed and
satisfy a number of requirements. Each process step is composed of tasks that must be
executed and may represent hazards (or things that can go wrong) and thus potential human
health risks.” Characterization of risk for a given remedial alternative requires examination of
any risks posed by the tasks that must be executed. In this report, the following were identified
for each task comprising a process step: the activities or events that may result in an adverse
outcome (e.g., injury, fatality, etc.); what may go wrong (events); the affected population; the
likelihood of the adverse event; and the severity of the adverse outcome (consequences).
Herein, a template for risk characterization was developed and applied to the SDA buried
wastes. This template consists of the following steps:

1. Management flow diagrams were developed outlining the generalized process (and
process steps) needed to effect remediation. These diagrams (Figure 6, Figure 7, and
Figure 8 in Section 6) were developed in concert with definition of the list of primary
tasks for each of the process steps for each remedial option considered. The task lists
are provided in Appendix B and Appendix C.

2. Risk flow diagrams were developed for the remedial alternatives. These diagrams
(Figure 9, Figure 11, Figure 12, and Figure 13 in Section 0) indicate the sequences of
activities that have the potential to pose significant human health risks. These risk flow
diagrams incorporate conceptual site models® (Figure 10 and Appendix D and
Appendix E) for each activity that indicate potential hazards, failure and release modes,
transport pathways or media, exposure mechanisms, and impacted populations.

3. A detailed hazard analyses was performed (in Section 0) for disposition (i.e.,
excavation, treatment, and disposal versus containment in-place) of the wastes buried
in the SDA. For each task, the following is identified: the task frequency, what can
potentially go wrong, the likelihood of the adverse event, the severity of the
consequences, the impacted population, the basis for characterizing the risk, and the
contribution of the subtask to overall risk of the remedial alternative. This analysis
resulted as a series of hazard analysis tables.

% The nine CERCLA evaluation criteria are: 1) Overall protection of human health and the environment,

2) Compliance with Applicable or Relevant and Appropriate Requirements (ARARs), 3) Long-term
effectiveness and permanence, 4) Reduction of toxicity, mobility, or volume through treatment, 5) Short-term
effectiveness, 6) Implementability, 7) Cost, 8) State acceptance, and 9) Community acceptance.

It is recognized that this report primarily concerns human health; however, those tasks that involve other types
of risks (e.g., ecological) will be noted where deemed appropriate.

The conceptual site models presented in this report follow the general format provided in Appendix C of the
DOE-EM memorandum entitled “Guidance to Support Implementation of DOE Policy 455.1 for a Site-
Specific Risk-Based End State (RBES) Vision Document” dated September 22, 2003. Other pertinent
information can be found in ASTM Standard E 1689-95, “Standard Guide for Developing Conceptual Site
Models for Contaminated Sites.”



4. Detailed gap analyses were performed (in Section 0) describing the key knowledge
barriers, missing information, and uncertainties involved in assessing the risks for the
various remedial alternatives. For each task involved in a remedial alternative,
knowledge gaps were characterized by: what information is missing, how important is
the missing information, and how large is the knowledge gap.

5. An integrated hazard and gap analysis was performed (in Section 0). The results are
provided in the form of a summary table (Table 4) indicating the most important
potential risks and information gaps for the remedial alternatives considered.

Uniform terminologies and categories for characterization of risks and information gaps were
developed and used to allow for meaningful comparisons. Using these steps, the resulting
analysis provides a template for risk evaluation that was applied to the specific risk-related
issues associated with determining the ultimate disposition of the buried wastes in the SDA.

CRESP Results and Recommendations

Results of this evaluation indicate that, when relevant risk factors are taken into account, the
lowest life-cycle risk option is likely to be extraction of highly mobile contaminants that may
pose significant risk followed by in-place containment. The primary short- to intermediate-
term risk driving contaminants are volatile organic contaminants (e.g., carbon tetrachloride,
methylene chloride, and tetrachloroethylene) currently being addressed by soil vapor
extraction, nitrates, and mobile fission products (e.g., Tc-99 and Sr-90) and activation products
(e.g., C-14 and Cl-36). Various uranium isotopes and Np-237 buried in the SDA represent the
majority of the long-term risks to human health. Currently available information indicates that
nitrates and uranium isotopes are present from both Rocky Flats Plant wastes and other
sources, and not all forms of the Rocky Flats Plant wastes contain significant quantities of the
contaminants presenting the most unacceptable risks. Insufficient information is available to
define the current spatial distribution of these key contaminants but efforts are underway to
improve this understanding. Thus, greatest risk reduction appears to be achieved through
removal or remedial actions targeted towards removal of significant pockets of the
contaminants presenting the greatest threats to groundwater rather than through removal
actions targeted based on the origin of the wastes (e.g., Rocky Flats Plant). However, the
characterization of the risk associated with this option is strongly dependent on the
effectiveness of the long-term stewardship following remediation. Failure of long-term
stewardship may result in any of the following: site intrusion, inappropriate land or natural
resource use, population encroachment, or contamination of the underlying aquifer. Each of
these failure mechanisms has the potential to impact a large number of people in the (possibly)
distant future. Retrieval options appear to pose the highest risks, impacting the worker
population in the near term.

This report does not include quantification of risks or recommendations on the preferred waste
management approach. Rather the purpose of the document is to serve as a technical input for
further open discussion and evaluation of the management options. Future discussion needs to
include input from the public to the decision making responsible parties and considerations of
costs and public policy. The benefits of this report include (i) identification of key steps and
exposure pathways that may cause significant risk, (ii) a structured approach for subsequent
quantitative risk analyses, and (iii) identification of important information limitations.
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For the SDA, long-term stewardship activities have three primary components: maintaining
performance of the engineered containment systems (i.e., final cap); maintaining institutional
controls to prevent intrusion, encroachment and inappropriate land or natural resource use; and
effective monitoring strategies for both engineered containment systems and institutional
controls. Each of these failure mechanisms (i.e., intrusion, encroachment and inappropriate
land or natural resource use) has the potential to impact a large number of people in the
(possibly) distant future. For monitoring strategies to be effective, they must provide credible
warning of system degradation before failure occurs. With respect to engineered containment
systems, this implies monitoring the integrity of caps and moisture and contaminant movement
in the vadose zone. This monitoring should be construed as preemptive, rather than monitoring
as the basis for the regulatory point of compliance with respect to contaminant migration. With
respect to institutional controls, regular evaluation of the effectiveness of these controls is
necessary. Public acceptance of these measures will depend on the credibility of DOE and the
financial and legal mechanisms established for ensuring long-term stewardship.

From this work, it was apparent that some important information necessary to develop
quantitative life-cycle risk assessments for the various remedial alternatives was not currently
available. Thus a detailed information gap analysis was also performed. The final step in the
risk characterization process was to examine the risk and gap results to determine the most
important potential risks and information gaps for the remedial alternatives considered. The
approach used in this report to evaluate the SDA may either be applied to the whole area or to
sub-areas of a burial site to evaluate those areas (e.g., “hot-spots”) that may warrant different
remediation approaches from the site as a whole.

The most important information gaps identified in this report are
e estimating risk reduction and risks remaining after implementation of proposed
remedial options,

e determining the geospatial distribution of wastes and waste forms,

e determining the presence and location of high-level waste, spent fuel, or similar high-
activity material,

e performing additional, bounding risk calculations for the Baseline Risk Assessment
(“No Action” Option), and

e cvaluating the potential for facilitated plutonium transport.

In addition, there is a clear need to integrate remedial decisions for the Rock Flats waste and
other historic waste disposal activities with recognition of the closure and long-term
stewardship needs for the entire SDA, including the current waste disposal activities.

A recent National Research Council report highlights the importance of balancing human
health risk with worker and environmental risks, costs, achievability and site-specific factors
in developing a risk-informed approach that is comprehensive and transparent. In the NRC
report, the observations are made in the context of exempting certain HLW and TRU wastes
from disposal at a geologic repository, but have broader implications and applicability, and are
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consistent with the framework approach used here. In fact, this approach can be readily used
by decision makers who must integrate risk considerations and the full range of regulatory
requirements.
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1. Introduction

1.1. Purpose, Goals, and Objectives

A recent National Research Council report stresses the importance of balancing public health
with worker and environmental risks, costs, achievability, and other site-specific factors when
developing a risk-informed approach (NRC, 2005). The purpose of this report is to provide a
foundation for evaluating the life-cycle risks of various remedial alternatives to obtain a
sustainable end-state for buried wastes in the Subsurface Disposal Area’ (SDA) (Schofield,
2002), Figure 1, at the Idaho Site.

In 2005 the Idaho National Engineering and Environmental Laboratory (INEEL) was renamed
the Idaho National Laboratory (INL), and the cleanup operation, the Idaho Completion Project
(ICP), became a separately managed effort. The SDA resides at the Idaho National Laboratory;
however, cleanup of the wastes is the responsibility of the ICP. To reduce confusion, the site
will be referred to as “the Idaho Site” in this report.

The specific objective of this report is to develop a framework for the comparative life-cycle
risk evaluation of remedial alternatives for the wastes buried in the SDA and thus to serve as
technical input for further open discussion and evaluation of the management alternatives (see
Appendix A for the definition of scope). A qualitative assessment of remedial approaches
including consideration of the range of life-cycle risks (e.g., near-term and long-term) and
potentially impacted populations (e.g., worker and general population, on- and off-site) is also
made.'® The remedial approaches may be implemented either individually or in combination to
achieve the desired remedial objectives. In this context, a critical consideration is to determine
which combination of activities (e.g., removal, treatment, in-place containment) are
appropriate for the sub-sections of the SDA or contaminants present based on the
characteristics of the buried wastes and other factors.

The risk evaluation framework described in this report facilitates comparison of life-cycle risks
for alternative disposition approaches and corresponding end-states including (i) removal and
off-site disposal and (ii) in-place containment through engineered barriers and institutional
controls. These primary alternatives are considered limiting cases, whereas the final approach
is anticipated by Idaho Site personnel to be a combination of both, resulting in some degree of
waste retrieval and in-place containment.'' The risk evaluation framework includes:

(1) management flow diagrams (in Section 6) of the sequences of steps required to
implement the alternatives,

The Subsurface Disposal Area (SDA) comprises approximately a 97-acre area in the Radioactive Waste
Management Complex (RWMC) where radioactive and mixed wastes were buried in pits, trenches, and soil
vaults between 1954 and 1970 (Schofield, 2002). The area of the SDA is approximately the same as that of 88
football fields (assuming that the area of a football playing field is 48,000 ft* or approximately 1.1 acre).

It is recognized that this report primarily concerns human health; however, those tasks that involve other types
of risks (e.g., ecological) will be noted where deemed appropriate.

This information is based upon conversations held with Idaho Site personnel in August 2004.



(i1) task lists (in Appendix B and Appendix C) corresponding to the management
flow diagrams,

(ii1))  sets of risk flow diagrams (in Section 0) for the alternatives that indicate the
sequences of steps that have the potential to pose significant human health risks
to workers or the public,

(iv)  conceptual site models (DOE-EM, 2003)'? (in Appendix D and Appendix E)
indicating risk pathways and receptors for the steps in the risk flow diagrams,

(v) a detailed hazard analysis (in Section 0) of the most important potential upset
conditions for the alternatives,

(vi)  a gap analysis (in Section 0) that describes the key barriers, missing information
and uncertainties to both implementing the alternatives and assessing their
risks, and

(vil) an integrated hazard and gap analysis (in Section 0) and summarized (in Table
4) indicating the most important potential risks and information gaps for the
remedial alternatives considered.

This report does not provide a quantitative comparison of life-cycle risks associated with
various, proposed alternatives; however, it does provide a foundation for building semi-
quantitative and quantitative comparisons, either deterministic or probabilistic when
warranted. This approach may be used to evaluate the SDA as a whole, or, applied to sub-areas
of the SDA to evaluate which areas or “hot-spots” warrant different remediation approaches
from the majority of the site.

The SDA, Transuranic Storage Area (TSA), and Administrative Area comprise the
Radioactive Waste Management Complex, which is also known as Waste Area Group (WAGQG)
7. The Radioactive Waste Management Complex is illustrated in Figure 2. Originally, this
report was concerned with identifying and assessing life-cycle risks involved with achieving a
protective end-state for buried transuranic (TRU) wastes'” (DOE, 1999) in the Idaho Site SDA
(DOE, 1997).14 However, because non-TRU constituents dominate the short-term risks
associated with the SDA, consideration of the other contaminants of potential concern in the
SDA that pose significant risk must be included to form an integrated characterization of risks
associated with achieving alternative end-states.

The conceptual site models presented in this report follow the general format provided in Appendix C of the
DOE-EM memorandum entitled “Guidance to Support Implementation of DOE Policy 455.1 for a Site-
Specific Risk-Based End State (RBES) Vision Document,” dated September 22, 2003.

According to DOE Manual 435.1 transuranic waste is defined as “radioactive waste containing more than 100
nanocuries of alpha-emitting transuranic isotopes per gram of waste, with half-lives greater than 20 years,
except for: (1) High-level radioactive waste; (2) Waste that the Secretary of Energy has determined... does
not need the degree of isolation required by the 40 CFR Part 191 disposal regulations; or (3) Waste that the
Nuclear Regulatory Commission has approved for disposal on a case-by-case basis in accordance with 10

CFR Part 61.” The transuranic elements are those having atomic number greater than 92 (i.e., that of
uranium).

This type of analysis is analogous to the two “No Action” alternatives analyzed for the Waste Isolation Pilot
Plant or WIPP (DOE, 1997).



Remediation of buried wastes in the SDA is being managed under the Idaho Site
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
process. Documentation supporting the Remedial Investigation/Feasibility Study (RI/FS)
phase of this process is being developed by Idaho Site personnel.

Beauerl-l_u.ad\ v
Sty 3
\ ";\\\\\g P
ISR B
YN b
%, U
Lem\!‘;i Icl‘u;i]e .
S M@;ﬁ\%
{ :
~{G
IDAHO \MU’L
\:;_’ i 4 _
. lNEEL‘ a E‘( iy Mud Lake
Boise Idahd Falld 1%;, | i To Rexbur
Pa:atalo N 4 \f’ )
Y

Lost R

WS
e W
e

Te Idaho Falls ™

Radioactive Waste G i B \"% U2-GAS1319-04
Management Complex (%ig Buite %
0 [ 10 14 20Miles
[— J— J— J—
0 5 0 15 20 25 0 KM

Figure 1. Map of the Idaho National Laboratory showing locations of the Radioactive Waste
Management Complex and other major facilities (Nitschke et al., 2004).
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2. Prior and Current Risk Assessments for the Subsurface
Disposal Area

As of June 2005, four preliminary assessments were performed and documented (Schofield,
2002; Becker et al., 1998; Zitnik et al., 2002; Holdren et al., 2002) to support the CERCLA
Remedial Investigation/Feasibility Study (RI/FS) process for the Idaho Site Radioactive Waste
Management Complex. The first two reports that will be described, the Interim Risk
Assessment (Becker et al., 1998) and the Ancillary Basis for Risk Analysis (Holdren et al.,
2002), represent baseline risk assessments for conditions currently existing in the Subsurface
Disposal Area (SDA). The Preliminary Evaluation of Remedial Alternatives (Zitnik et al.,
2002) report provides a set of potential remedial alternatives that were considered by the Idaho
Site to be implementable and effective in managing the SDA wastes. The Short-Term Risk
Evaluation (Schofield, 2002) report provides risk estimates for remedial actions (i.e., short-
term risks for executing selected alternatives), but does not examine the risks remaining in the
SDA or for other sites that receive SDA wastes. Thus life-cycle risks are not considered in
existing Idaho Site risk assessment reports.

Estimation of risks and identification of contaminants of potential concern is an iterative
process for a site as complex as the SDA. The Interim Risk Assessment (Becker et al., 1998)
was performed to assess potential risks from contaminants buried in the SDA as well as those
that might have migrated into surrounding media. A total of 91 contaminants were identified in
the Interim Risk Assessment for re:view,15 of which there was sufficient information to evaluate
53 quantitatively—the other 38 were evaluated qualitatively. The quantitative analyses were
performed deterministically using bounding inventory estimates for the 53 contaminants
(distributed over 13 “source areas”) supplemented by limited sensitivity analyses varying
parameters representing contaminant release and transport. The pertinent uptake parameters
used were taken from either Track 2 guidance (DOE-ID, 1994b), EPA Region 10 guidance
(EPA, 1991), or Idaho Site information (LMITCO, 1996) and were not varied in the Interim
Risk Assessment analyses. Unacceptable risks were identified in the Interim Risk Assessment
for 25 constituents of the 53 that were examined quantitatively and nine of the 38 that were
examined qualitatively. Furthermore, because this risk assessment only considered bounding
inventory values (as part of the sensitivity analyses) rather than reasonable upper bounds based
upon uncertainty estimates for all parameters (e.g., inventory, release, transport, etc.) important
to estimating risk, additional constituents of potential concern may be identified during
completion of the CERCLA RI/FS process.

The next iteration in the SDA risk assessment process was described in the Ancillary Basis for
Risk Analysis (Holdren et al., 2002), which was developed as a “continuation and update” to
the Interim Risk Assessment. The risk analyses in the Ancillary Basis for Risk Analysis were
restricted to the set of contaminants of potential concern identified quantitatively in the Interim
Risk Assessment. Because of increased confidence in inventory estimates (based upon
additional research), best inventory estimates were used for all risk analyses in the Ancillary
Basis for Risk Analysis. These estimates were again supplemented by limited sensitivity
analyses to identify those parameters important to the risk calculations. The estimated human

"> A set of more than 200 contaminants were examined prior to the Interim Risk Assessment.



health and ecological effects associated with the SDA wastes were estimated with the
conclusion that “the Subsurface Disposal Area poses unacceptable long-term risk to human
health and the environment” (Holdren et al., 2002).

However, given large uncertainties in inventory and spatial distributions of contaminants,
transport parameters,'® and uptake parameters, additional analyses have merit and should be
pursued in the next phase of risks assessments for the SDA. For example, CERLCA
documents (e.g., RAGS 3A (EPA, 2001)) indicate that, in addition to centroid-type estimates
(even supplemented by limited sensitivity analyses), reasonable upper bound values'” are also
needed to determine necessary remedial actions. Reasonable bounding values should be
obtained from simultaneous consideration of all significant uncertainties, which may provide
different (and possibly larger) risk estimates than those currently provided in the Ancillary
Basis for Risk Analysis.'® Tt is also possible that a probabilistic risk assessment, as suggested in
the Interim Risk Assessment, would provide important supplemental information. Both the
Interim Risk Assessment and Ancillary Basis for Risk Analysis provide risk estimates
associated with buried wastes in the SDA without remedial action—those risks remaining once
an end-state has been achieved or associated with achieving a proposed end-state are not
evaluated.

Although documents such as the Interim Risk Assessment or the Ancillary Basis for Risk
Analysis hold no official standing in the CERCLA process (other than being referenced in the
Idaho Site Administrative Record'”) (Holdren & Broomfield, 2004), these documents are
important inputs to the CERCLA process. The Interim Risk Assessment and Ancillary Basis for
Risk Analysis documents present useful evaluations of the risks posed by the wastes in the
Subsurface Disposal Area based upon inventory estimates supplemented by limited sensitivity
analyses. However, given large uncertainties in contaminant inventories and spatial
distributions as well as release and transport parameters, additional analyses better
representing Reasonable Maximum Exposures have merit for inclusion in the next iteration in
the baseline risk assessment process.

As of June 2005, two additional reports help to form the core of the CERCLA RI/FS process
for the Radioactive Waste Management Complex.?’ The first is the Preliminary Evaluation of
Remedial Alternative for the Subsurface Disposal Area (Zitnik et al., 2002) in which potential
technologies and process options are identified and screened based upon effectiveness,
implementability, and cost as prescribed by CERCLA. Five alternatives are identified for
further consideration (Zitnik et al., 2002):

The large uncertainties arise from the difficulties found in linking column and field transport studies
(Batcheller & Redden, 2004).

A reasonable upper bound value would be the “Reasonable Maximum Exposure” which represents a
conservative exposure case that is still within the range of possible exposures.

It is certainly much less likely that the contaminants of potential concern identified in the Interim Risk
Assessment would change dramatically. However, these contaminants of potential concern may have to be
revisited based upon the results of the analyses representing Reasonable Maximum Exposures.

Documents in the Idaho Site Administrative Record can be accessed via http://ar.inel.gov.
The Radioactive Waste Management Complex is also known as Waste Area Group 7 or WAG 7.



1) No Action (required by EPA directive),
2) Surface Barrier,

3) In Situ Grouting (ISG),

4) In Situ Vitrification (ISV), and

5) Retrieval/Treatment/Disposal (RTD).

Four of these alternatives—excluding the “No Action” alternative—were considered feasible
based on the preliminary evaluation (Zitnik et al., 2002). The Preliminary Evaluation of
Remedial Alternatives provides an informative and extensive evaluation of potential remedial
alternatives in terms of effectiveness, implementability, and cost—neither the risks associated
with implementation nor remaining risks were evaluated. An additional remedial alternative
(i.e., a staged cap approach allowing sufficient time for fission products to decay”') not
presented in the Preliminary Evaluation of Remedial Alternatives is considered reasonable for
future consideration by the Idaho Site. This alternative could prove useful depending upon
what the risk drivers are for the SDA.

The final RI/FS report that will be discussed, the Short-Term Risk Evaluation (Schofield,
2002), evaluated the short-term risks to and effectiveness in protecting human health and the
environment associated with the above alternatives during preconstruction, construction,
operation, and decontamination and decommissioning activities. The inventories used in the
Short-Term Risk Evaluation were the same best estimates that were utilized in the Ancillary
Basis for Risk Analysis. Relative short-term radiological and mechanical risks were estimate
and compared for the alternatives considered. These risk evaluations were supplemented by
Maximally Exposed Individual calculations for the in situ vitrification and retrieval
alternatives (Schofield, 2002). The evaluation of short-term risks (i.e., one of the nine
CERCLA criteria) appeared comprehensive and a reasonable basis for the initial comparison
of alternatives. Extension of the type of analyses performed in the Short-Term Risk
Evaluation to the evaluation of life-cycle risks and risk reductions for the various proposed
remedial alternatives would provide very useful input to the decision process. The framework
developed in this report provides a basis for such life-cycle risk and risk reduction evaluations.

! The alternative mentioned is analogous to management of the Maxey Flats former nuclear disposal site near

Hillsboro, Kentucky. This site has undergone cleanup and will be managed for the next 100 years under
Superfund including monitoring and maintenance of a geomembrane barrier that has been installed over
compacted clay. This primary barrier system has not been covered with a drainange system and other
protective barriers. Rather, it is amenable to visual inspection and is accessible for repair as needed. After 100
years, it is anticipated that the ground surface will have fully settled and then a final cap will be installed with
monitoring and maintenance continuing in perpetuity. Thus an alternative to those previously considered
would be to install a temporary, low hydraulic conductivity barrier over the Subsurface Disposal Area
(without in situ grouting) to allow the ground to settle. Then, after allowing time for fission product decay, a
final cap could be installed and monitored.



3. Site Background

At the Idaho National Laboratory (Figure 1), radioactive and mixed wastes were buried in pits,
trenches, and soil vaults within the Subsurface Disposal Area (SDA). There is also a
continuing low-level waste (LLW) disposal program in the SDA projected to be completed by
2009 (DOE-ID, 2002; DOE-ID, 2004).>* The SDA comprises a 97-acre area (or approximately
that of 88 football fields) in the Radioactive Waste Management Complex (Figure 1) where
wastes were buried in the locations illustrated in Figure 2. Most of the buried transuranic
(TRU) wastes, received from the Rocky Flats Plant near Denver, Colorado, were buried in the
SDA between 1954 and 1970 (Schofield, 2002). Other wastes (including small amounts of
other TRU-contaminated wastes, fission products, and organic solvents) interred in the SDA
were either received from other Department of Energy (DOE) sites or generated at the Idaho
Site. The SDA is fairly unique in its magnitude and diversity of contaminants. For example,
there is more than a metric ton (or 1000 kg) of plutonium buried in the SDA (PNNL, 2003;
LMITCO, 1995a; LMITCO, 1995b).23 Thus remediation of the SDA will likely prove to be, if
not unique, then certainly challenging.

As illustrated in Figure 3, the Radioactive Waste Management Complex overlies the Snake
River Plain Aquifer. This aquifer is the sole source of drinking water for many of the people in
southeast Idaho and is estimated to contain approximately 1 billion acre-feet of groundwater.**
The aquifer supplies approximately 40,000 acre-feet (or 642 billion gallons) of drinking water
and nearly 2 million acre-feet of water for irrigation and industry annually.

The Radioactive Waste Management Complex is located within a natural topographic
depression with no permanent surface water features; however, the local depression does tend
to collect precipitation and runoff from the surrounding slopes (Holdren et al., 2002). The
surface water that is collected either eventually evaporates or infiltrates to the vadose zone and
the underlying aquifer.

The SDA has been flooded at least three times because of a combination of snowmelt, rain,
and warm winds (Holdren et al., 2002). Dikes and drainage channels were constructed around
the SDA in response to the flooding event in 1962. Following a flooding event in 1969, the
height of the dike was increased and the drainage channel enlarged. However, the dike was
breached by accumulated snowmelt in 1982, which resulted in a third inundation of open pits
within the SDA. These inundations of open pits resulted in redistribution of wastes and
contaminants and leads to additional uncertainty about the current locations and distributions
of waste constituents. Significant flood-control improvements have been made including
increasing the height and breadth of the dike, deepening and widening the drainage channel,

2" Under the Performance Management Plan (DOE-ID, 2002), the goal is to complete disposal of contact-

handled low-level waste by 2008 and to completed disposal of remote-handled low-level waste by 2009.

# Using the best and upper bound inventories of radiological contaminants in Table S-2 of the comprehensive

inventory in (LMITCO, 1995a) and appropriate specific activities (PNNL, 2003), between 1100 and 1500 kg
of plutonium (over 93% Pu-239) is buried in the SDA. An estimate of 1100 kg of plutonium is given by Idaho
Site personnel (LMITCO, 1995b).

** From “Snake River Plain Aquifer: About the Aquifer” in http://cleanup.inel. gov/aquifer/default.cfm.




and contouring to reduce formation of surface ponds and to route runoff to a drainage channel
(Holdren et al., 2002).
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Figure 3. The Snake River Plain Aquifer sits below a large portion of southeastern Idaho and
the Idaho National Laboratory (formerly the Idaho National Engineering and
Environmental Laboratory).”

Transuranic and other wastes were buried in the SDA in pits, trenches, soils vaults, and stored
on an above surface pad (i.e., Pad A) (Zitnik et al., 2002). Generic cross-sections of these
disposal units are provided in Figure 4. Additional details for each waste unit are provided
below.

* From “Snake River Plain Aquifer: About the Aquifer” in http://cleanup.inel.gov/aquifer/default.cfm.
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Soil Cover
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Soll Cover
Pad A

Native: Sail

Figure 4. Conceptual Cross-Sectional Views of the Disposal Units used at the Idaho Site
Subsurface Disposal Area (Zitnik et al., 2002).
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Pits. A total of 16 pits (as illustrated in Figure 4) were excavated, filled with various wastes,
and covered with soil between 1957 and 1984 (Zitnik et al., 2002); another 4 pits (i.e., Pits 17
through 20 in Figure 2) either have been used or will be used for active low-level waste
disposal through 2009 (DOE-ID, 2002; DOE-ID, 2004a). The aforementioned 16 pits contain
transuranic (TRU), mixed TRU, mixed low-level waste, and low-level waste primarily in
drums, boxes, and cans; however, some wastes were not containerized including trucks, tanks,
and miscellaneous debris (Zitnik et al., 2002). Originally, drums were stacked in Pits 1, 2, and
3 (from 1957 until 1963) and later randomly dumped in Pits 4 through 9 (from 1960 to 1969)
to reduce worker exposure. Pits 1 through 6 and 9 through 12 received TRU waste from the
Rocky Flats Plant, and the remaining pits generally received non-RFP wastes (Zitnik et al.,
2002).

Pit dimensions ranged from 15 to 90 m wide, 75 to 335 m long, and averaged almost 4 m deep,
and were excavated to the underlying basalt. After waste emplacement, pits were backfilled
and covered with about 1 m of soil (Zitnik et al., 2002).

Trenches. The waste trenches in the SDA vary in length and can be up to 304 m in length
(Zitnik et al., 2002). On average, the trenches are 1.2 to 2.4 m wide and 3.7 m deep. Trenches
1 through 10 received waste from 1952 until 1957, with shipments from the Rocky Flats Plant
beginning in 1954. Trenches 11 through 15 received Rocky Flats Plant wastes in 1958 and
1959, and minor amounts of RFP wastes were placed in Trenches 19 and 32. These trenches
received cardboard and wooden boxes as well as garbage cans containing mixed fission
products and drums and wooden crates containing transuranic (TRU) waste (Zitnik et al.,
2002). Trenches 11 through 58 were excavated, filled with various wastes, and covered with
soil from 1958 through 1981. These trenches generally contain drums, boxes, and some loose
material (Zitnik et al., 2002).

Disposal practices tended to be similar for both pits and trenches. Wastes were compacted and
bailed; large, bulky items were wrapped in plastic; and smaller, non-compactable wastes were
placed in wooden boxes and covered with fire-retardant paint (Becker et al., 1998). Some
wastes were disposed of in shielded casks to reduce radiation exposures (Zitnik et al., 2002).

Soil Vault Rows. Beginning in 1977, soil vault rows were constructed to dispose of remote-
handled, high-radiation low-level waste (Zitnik et al., 2002).%° Individual soil vaults were
unlined, cylindrical vertical-augured shafts with diameters of up to 2 m and depths averaging
3.6 m where each vault is separated from previously buried waste by approximately 0.6 m.
Soil Vault Rows 1 through 21 have been closed and covered with soil (Zitnik et al., 2002).

Pad A. In 1972, an asphalt pad (i.e., 73 m by 102 m) was built on the ground in an area (as
indicated in Figure 2) unsuitable for subsurface disposal because of near-surface basalt
outcroppings. Pad A received low-level waste from 1972 to 1978 and primarily contains
transuranic (TRU) alpha-emitting radioisotopes with concentrations less than 10 nCi/g and
radiation levels less than 200 mR/hr at the container’s surface (Zitnik et al., 2002; Higgins,
1995). Two shipments containing TRU wastes at concentrations greater than 100 nCi/g were

%% Remote-handled, high-radiation low-level waste (LLW) is defined as material producing a beta-gamma
exposure rate of greater than 500 mR/hr at a distance of 0.9 m.
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also received and stored in Pad A. Disposal practices included stacking waste drums and
plywood boxes and then covering these with soil. Waste containers occupy only the eastern
half of the pad.

3.1. Idaho Site Waste Retrieval Activities

A series of retrieval projects has been carried out in the Idaho Site SDA, the earliest beginning
in 1969 and the most recent (i.e., the Pit 4 Accelerated Retrieval Project) is currently
underway. The Pit 1 project was undertaken in 1969 and was unsuccessful in locating and thus
retrieving laboratory equipment inadvertently buried in Pit 1 (Holdren et al., 2002). Shortly
afterwards in 1971, 16 drums were retrieved from Pits 2, 5, 10, and 11 during the Solid
Radioactive Waste Retrieval Test to determine the condition of waste and containers, the
extent of soil migration of plutonium contaminants, the difficulties involved with controlling
contamination spread during retrieval, and the cost of retrieval (Thompson, 1972). The results
indicated that the drums retrieved were in a variety of conditions from excellent to corroded
through, the plutonium had migrated less than three feet, contamination spread during
excavation was not a severe problem, and the direct cost (i.e., excluding capital expenditures
and administrative costs) for such a large-scale excavation was approximately $3.33 per ft’ of
waste (in 1972 dollars) (Thompson, 1972). No summaries were provided indicating actual
worker exposure and accident rates for these past Idaho Site waste retrievals.”’

The Initial Drum Retrieval Project at the SDA, which began in 1974 and completed in 1978,
was performed to demonstrate safe retrieval of drums buried between 1968 and 1970 and
provide experience in handling and packaging drums for interim storage (Zitnik et al., 2002;
McKinley & McKinney, 1978). A total of 20,262 drums with a transuranic (TRU) waste
volume of 4,391 m’ (and 1 m® of contaminated soil) was retrieved from Pits 11 and 12 at an
average cost of approximately $80 per drum (Zitnik et al., 2002; McKinley & McKinney,
1978).

The Early Waste Retrieval Project, which began in 1976 and completed in 1978, was designed
to develop methods and equipment for safely retrieving transuranic (TRU) wastes that had
been buried for 22 to 24 years. During operations, 457 drums, 34.3 m’ of loose waste, and 24.3
m’ of contaminated soil were retrieved from Pits 1 and 2 and Trenches 5,7,8,9,and 10
(Zitnik et al., 2002). Retrieved wastes were wrapped in plastic before packaging and then
placed in drums and steel bins for interim storage in the Transuranic Storage Area (TSA),
which is shown in Figure 2.

In 2004, the Glovebox Excavator Method Project was completed. A small portion of Pit 9,
believed to contain high concentrations of volatile organic compounds and possibly a high
concentration of transuranic (TRU) radionuclides (Miller, 2004), was excavated. A total of 454

7 U.S. Department of Labor statistics (and not data from DOE operations) were used to estimate risks in the
Idaho Site Short-Term Risk Evaluation Report (Schofield, 2002). Attempts have been previously made by the
authors to estimate Complex-specific parameters, especially for the case of waste retrieval, without great
success.
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drums or approximately 60 m® of waste were retrieved, sorted, and packaged; this waste is
currently being stored pending disposal.”®

At the time of this report, the Accelerated Retrieval Project (DOE-ID, 2004b) is being
performed to retrieve waste for treatment and disposal from a targeted area of Pit 4 that is
highly contaminated with Rocky Flats Plant TRU radionuclides, volatile organic constituents,
and depleted uranium.”’ A graphical indication of the waste retrievals from the Subsurface
Disposal Area is provided in Figure 5.

3.1.1. Other Relevant DOE Complex Waste Retrievals

There are numerous other excavations and corresponding waste retrievals that are pertinent to
the SDA remediation. These include (Sykes, 2002):*

e Los Alamos Area P Material Disposal Area. This disposal area was operated between
1950 and 1984 and received materials from the burning of high explosives, high
explosives-contaminated equipment and material, barium nitrate, construction debris
from the decontamination and decommissioning of Manhattan-era buildings, as well
as trash, vehicles, empty drums, and miscellaneous containers (DOE-SNL, 2003). To
mitigate hazards during excavation, all initial excavation and sorting operations were
performed remotely. Over a 23-month period, over 24,000 m’ of explosive-
contaminated soil, including 607 tons of steel, and 500 tons of concrete were

excavated. No exposure or accident information was found for this waste retrieval
(Sykes, 2002; DOE-SNL, 2003).

o Sandia Technical Area II Landfill. In 1995 the Radioactive Waste Landfill and
Chemical Disposal Pits in the Technical Area II at the Sandia National Laboratory
were combined to form a single landfill site. The wastes disposed of in the Radioactive
Waste Landfill include weapons components, irradiated and neutron-activated
material, neutron generator parts, irradiated material from rocket tests, radium-
beryllium neutron sources, thermal batteries, radioactive sources, laboratory-generated
waste, and low-level waste material from nuclear reactor studies (Sykes, 2002).
Chemical wastes including lead, thermal batteries, nitric acid, and tritiated waste from
booster cylinders were disposed of in the Chemical Disposal Pits. A voluntary
retrieval action was conducted remotely with a combination of conventional and
remote equipment that removed over 7000 m® of contaminated soil. No exposure or
accident information was found for this waste retrieval (Sykes, 2002; DOE-SNL,
2003).

2 DOE News Release, March 2, 2004: “INEEL Finishes GEM Waste Retrieval Project Ahead of Schedule,”

available at http://newsdesk.inel.gov/press_releases/2004/03-02Pit_9.htm.

INL Oversight, Updated 04/08/2005, “WAG 7: Radioactive Waste Management Complex (RWMC),”
http://www.oversight.state.id.us/cleanup/7WAG_status.htm.

29

% Detailed case histories are available in (Sykes, 2002) for many of the waste retrievals listed.
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Rocky Flats Trench 1. Trench 1 was used between 1954 and 1962 primarily for the
disposal of depleted uranium chips generated from casting and machining operations.
The retrieval and waste segregation activities were performed during the summer of
1998 using conventional equipment resulting in the removal of contaminated soil,
drums (including 170 drums of pyrophoric-depleted uranium), and debris. It was
reported that no OSHA-recordable injuries were experienced during either the
construction or drum-handling phases of the retrieval operation.>' No exposure
information has been found for these operations.

Hanford 618-4 Burial Ground: This burial ground was believed to have been used
from 1955 to 1961 for low-level waste disposal although little information appears to
exist concerning the inventory. Investigations indicate that buried wastes include
uranium, ferrous material, volatile organics, and miscellaneous debris. Excavation was
begun in 1998 but had to be halted upon the discovery of over 300 drums of depleted
uranium metal shavings and uranium-oxide powder of unknown origin (Sykes, 2002;
Murray et al., 2001). Ultimately 778 drums of depleted uranium were retrieved from
the burial ground. No exposure or accident information was found for this waste
retrieval.

Fernald Waste Pits. The 37-acre waste pit area includes six waste pits ranging in size
from 4000 to 20,000 m” and depths from 3 to 12 m and contains approximately 1
million tons of low-level radioactive waste (including uranium, thorium, and other
contaminants) from uranium production operations (Sykes, 2002). As of December
2004, all wastes have been retrieved and dried; furthermore, 133 trains totaling 7893
railcars have been used to ship almost 850,000 tons of waste to Envirocare of Utah for
disposal.** No exposure or accident information was found for this waste retrieval
operation.

Maralinga Rehabilitation Project. Maralinga is an area in Australia contaminated
during British nuclear bomb development between 1955 and 1963 and is contaminated
with various radioactive materials and activation products (e.g., plutonium,
americium, uranium, beryllium, etc.) as well as fused sand (that contains trapped
radioactivity). The remedial project was implemented from 1996 to 2000 and
primarily consisted of removing the top one-foot of contaminated topsoil from an area
of 2.25 km?” and then burying the resulting 360,000 m® of contaminated material in
trenches 10 to 15 m deep under a cap of at least five meters of clean soil.*® Because of
extreme inhalation hazards associated with the plutonium and other radioactive
materials, modifications to all soil removal and monitoring equipment was required.
No exposure or accident information was found for this waste retrieval operation
although indications are that no plutonium migration occurred during the project
(Sykes, 2002).

The information provided by both the Idaho Site and other case studies reflect limited
experience with excavating buried wastes (especially those contaminated with TRU elements);

' This information was indicated at http://www.stoller.com/WM_T1.htm.

32" This information was provided on http://www.fernald.gov/Cleanup/wpits.htm.

33 This information found at http://www.senatorchapman.com/spmini.htm.
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however, the information does seem to indicate that progress is being made in retrieval
technology application and that TRU-contaminated wastes can be safely retrieved with
requisite planning and care (Sykes, 2002). However, a review of pertinent safety records from
these excavation activities would also seem useful and prudent.

3.2. Nature and Extent of Buried Wastes

The nature and extent of contamination in the SDA was examined in both the Idaho Site
Interim Risk Assessment and the Ancillary Basis for Risk Analysis (Becker et al., 1998; Zitnik
et al., 2002; Holdren et al., 2002). The landfill was established in 1952, and the first trench was
opened for disposal of solid wastes in July of that year. Between 1952 and 1957, trenches 1
through 10 were excavated down to the basalt (or bedrock); these trenches averaged 1.8 m
wide, 274.3 m long, and 3.7 m deep or over 1,800 m® per trench (or approximately three-
quarters of the size of an Olympic-sized swimming pool).

Before 1960 disposal practices in the SDA were based upon potential personnel exposure rates
relative to daily occupational limits; waste was classified as non-routine if it could cause
excessive exposure and other waste was classified as routine (Holdren et al., 2002). Routine
waste often consisted of paper, glassware, filters, metal fittings, etc. contaminated by mixed
fission products and was packaged in cardboard boxes that were taped shut. Non-routine waste
was placed in wooden boxes or garbage cans, and special transport containers and vehicles
were used to transport these wastes to the SDA. Before 1957, radiation levels for disposal were
not limited, and items registering up to 12,000 rad/hour were buried (Holdren et al., 2002).>*
Non-routine wastes were covered with soil immediately, whereas, routine waste boxes may
have been left exposed until the end of an operating week (Holdren et al., 2002). Early
disposal records tend to be sketchy as the disposal practices were not completely standardized
and documented.

From 1954 to 1957, shipments of wastes from the Rocky Flats Plant contaminated with
transuranic (TRU) constituents were also received and disposed in the SDA (Holdren et al.,
2002). These wastes were packaged in drums or wooden crates, which were stacked
horizontally in pits and trenches along with the Idaho Site mixed fission product waste. Thus
many of the trenches and Pit 1 contain Idaho Site waste interspersed with TRU-contaminated
Rocky Flats Plant waste.

From 1960 to 1963, Trenches 16 through 25 and Pits 2 through 5 were excavated and more
standardized waste disposal operations continued; these excavations received a mixture of
Rocky Flats Plant TRU-contaminated waste, Idaho Site waste, and off-Site waste (Holdren et
al., 2002). Between 1964 and the end of buried TRU waste disposal in 1970, studies were

4 According to the “Acute Radiation Syndrome, Fact Sheet for Physicians” published in 2003 by the Centers for
Disease Control and Prevention, death may occur (from the bone marrow syndrome) in some individuals with
an acute, whole body exposure as little as 120 rad. Death would be expected (also from the bone marrow
syndrome) in 50% of an exposed population within 60 days from an acute, whole body dose of between 250
to 500 rad. All individuals are expected to die if exposed to an acute, whole body dose of 1,000 rad.
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performed to determine the risks associated with buried wastes in the SDA,** and disposal
practices were improved. Minimum trench depths were increased, trenches were lined with
soil, wastes were compacted in place, and soil overburdens were increased.

3.2.1. Waste Inventory and Contaminants of Potential Concern

Initially, more than 200 constituents were evaluated in the Interim Risk Assessment (Becker et
al., 1998) to identify those having the greatest potential to impact adversely human health.
Constituents were screened based upon whether the contaminant in question had

(1) been observed in media (i.e., surface soils, sedimentary interbed material, perched
water, and groundwater) outside the SDA,

(i1) a predicted maximum future groundwater concentration above the pertinent
maximum contaminant level (MCL)*°, or

(iii)  a predicted risk greater than 107 or hazard quotient (HQ)’’ greater than 0.1.

The outcome was a total of 91 contaminants of potential concern that were evaluated initially
in the Interim Risk Assessment; adequate inventory information and risk assessment
parameters were available to evaluate quantitatively 53 of the 91 contaminants that might pose
significant risk, and the remaining 38 were assessed qualitatively (Becker et al.,

1998). Unacceptable risks were identified for 24 of the 53 contaminants that were evaluated
quantitatively,”® and nine of those evaluated qualitatively were retained for future
consideration in baseline risk assessments for the Subsurface Disposal Area. The nine that
would be reevaluated if further information is obtained are chloroform, dibutylethylcarbutol,
nitrocellulose, organic acids, organophosphates, toluene, 1-1-1 trichloroethane,
trichloroethylene, and xylene (Becker et al., 1998).

A summary of the inventory and concentration values estimated for the 24 contaminants of
potential concern evaluated quantitatively in the Interim Risk Assessment and Ancillary Basis

** According to (Holdren et al., 2002), these studies concluded that “previous burial of radioactive waste did not

generate off-Site health or safety problems.” However, improvements were recommended to monitor

contaminants and mitigate potential impacts from continued waste burial (Holdren et al., 2002).

36 According to the U.S. EPA (http://www.epa.gov/safewater/mcl.html), a maximum contaminant level (MCL)

is “the highest level of a contaminant that is allowed in drinking water. MCLs are set as close to [Maximum
Contaminant Level Goals] as feasible using the best available treatment technology and taking cost into
consideration. MCLs are enforceable standards.” A Maximum Contaminant Level Goal (MCLG) is the “level
of a contaminant in drinking water below which there is no known or expected risk to health....”

37" From http://web.ead.anl.gov/uranium/glossacro/, a hazard quotient (HQ) is “a comparison of an estimated

chemical intake (dose) with a reference dose level below which adverse health effects are unlikely. The
hazard quotient is expressed as the ratio of the estimated intake to the reference dose. The value is used to
evaluate the potential for noncancer health effects, such as organ damage, from chemical exposures.”

¥ An unacceptable risk in the Interim Risk Assessment indicates that the carcinogenic risk estimate is greater

than 107 or a hazard index is greater than one (Becker et al., 1998). A total of 25 contaminant of potential
concern including 20 radionuclides and five non-radionuclides including total uranium, were identified.
However, according to the Ancillary Basis for Risk Analysis (Holdren et al., 2002), “[sJubsequently, total
uranium was eliminated from further analysis because the hazard index was reported erroneously in the
Interim Risk Assessment as 1E+01 instead of 1E-01. However, five uranium isotopes were retained for
analysis of carcinogenic risk.”
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for Risk Analysis is provided in Table 1. Bounding values for these contaminants are available
and were used to estimate risks and identify contaminants of potential concern in the Interim
Risk Assessment. However, best inventory estimates were exclusively used in the Ancillary
Basis for Risk Analysis to estimate risks to human health. Because it is usual and customary in
the CERCLA process to consider Reasonable Maximum Exposures, the risks may have to be
estimated using bounded inventory values and concentrations in the next phase of the baseline
risk assessment process (Becker et al., 1998; Holdren et al., 2002).

3.3. Primary Risk Drivers in the Subsurface Disposal Area

In the Ancillary Basis for Risk Analysis, risks from buried wastes were evaluated in a
comprehensive manner by assessing cumulative risks for all pathways considered complete for
the contaminants of potential concern identified in the Interim Risk Assessment.>® The
evaluation included exposure, dose, and toxicity assessments, risk characterizations, and
limited sensitivity and uncertainty analyses (Holdren et al., 2002). Risk estimates were made
for current and future occupational and residential receptors assuming a 100-year institutional
control period. These risk estimates assume that no remedial actions are taken. All of the
remedial options considered will reduce these risks to varying degrees. The effectiveness of
each of the remedial actions to reduce risk, and risks remaining after implementation has not
been quantified.

Occupational exposures were assessed for a total of 158 years to represent SDA operation
beginning in 1952 and continuing until 2110—or at the end of the assumed 100-year
institutional control period. Current operations preclude the drinking of contaminated
groundwater as part of the occupational scenario; therefore, the pathways evaluated for the
occupational scenarios include incidental soil ingestion, dermal contact with contaminated
soil, particulate and vapor inhalation, and exposure to ionizing radiation (Holdren et al., 2002).

For the current resident scenario, risk from groundwater ingestion at the Idaho Site boundary
under baseline conditions was assessed in the Ancillary Basis for Risk Analysis—surface
exposure pathways were not examined because of site access restrictions (Holdren et al.,
2002). Future residential exposures were assumed to begin in 2110 (to reflect remedial action
in 2010 followed by a 100-year institutional control period). An engineered surface barrier and
institutional controls were assumed to prevent access to the waste; however, areas immediately
adjacent to the SDA were assumed to be inhabited. Risks were estimated to 1,000 years for all
pathways except groundwater ingestion, which was estimated to a maximum of 10,000 years.
In the Ancillary Basis for Risk Analysis, baseline risks for the future resident scenario,
especially from groundwater ingestion, exceeded those for other scenarios including those for
the occupational and current resident exposure scenarios (Holdren et al., 2002).

¥ As indicated above, total uranium was eliminated from further analysis because its hazard index was
erroneously reported in the Interim Risk Assessment (Holdren et al., 2002).
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Table 1. Inventory Summary for 24 Contaminants of Potential Concern in the SDA

Best Estimate Upper Bound

Inventory’| Concentration® |Inventory®| Concentration”

Contaminant (Cior g) [(pCi/g or mg/kg)| (Cior g) [(pCi/g or mg/kg)
Ac-227 5.12E-07 1.11E-06 - 7.62E-02
Am-241 1.83E+05 3.98E+05| 3.68E+05 4.35E+05

C-14 5.00E+02 1.09E+03| 8.86E+04 1.85E+05

Cl-36 1.11E+00 2.41E+00| 2.29E+00 4.79E+00
Cs-137 6.17E+05 1.34E+06| 1.67E+06 2.08E+06

1-129 1.58E-01 3.44E-01| 4.59E-01 1.08E+00
Nb-94¢ 1.00E+03 ¢ 2.19E+03| 9.13E+01° 1.95E+02
Np-237 2.64E+00 5.75E+00| 1.31E+01 2.40E+01
Pa-231 8.64E-04 1.88E-03 ---° 2.18E-02
Pb-210 5.10E-07 1.11E-06 ---° 1.24E-04
Pu-239 6.49E+04 1.41E+05| 1.60E+05 1.94E+05
Pu-240 1.71E+04 3.72E+04| 4.03E+04 4.79E+04
Ra-226 6.00E+01 2.35E-05| 8.86E+01 1.68E+02

Sr-90 6.44E+05 9.84E+05| 2.66E+06 2.83E+06

Tc-99 6.05E+01 1.32E+02| 1.33E+03 3.05E+03
U-233 1.51E+00 3.28E+00| 1.58E+00 3.48E+00
U-234 6.74E+01 1.47E+02| 1.62E+02 1.86E+02
U-235 5.54E+00 1.21E+01| 1.05E+01 1.34E+01
U-236 2.86E+00 6.23E+00| 6.21E+00 7.19E+00
U-238 1.17E+02 2.55E+02| 4.34E+02 3.95E+02
Carbon tetrachloride| 1.2E+08 2.6E+02| 1.30E+08 3.05E+02
Methylene chloride 1.4E+07 3.0E+01| 1.50E+07 3.27E+01
Nitrates (total) -—- ---| 4.35E+08 1.35E+03
Tetrachloroethylene 2.TE+07 5.9E+01| 2.90E+07 6.75E+01

. Radionuclide inventories (in Ci) were obtained from Table 3-7 and Table 4-1 in the

Ancillary Basis for Risk Analysis (Holdren et al., 2002). Those for the four non-radioactive
contaminants (in grams) were obtained from Table 3-1b, Historical Data Task (LMITCO,

1995a).

. Concentrations from are computed assuming that the inventory is uniformly distributed over

a volume of soil 181 x 669 x 2.53 m with a bulk density of 1.5 kg/m’ that represents the
combined volumes for SDA pits, trenches, and vaults (Hampton & Becker, 2000; Holdren et

al., 2002).

. The upper bound inventory values were taken from Table 4-1 and Table 4-2 in the Interim

Risk Assessment (Becker et al., 1998). The statistical derivation of these bounding values is
described in Section 5 of the Historical Data Task (LMITCO, 1995a).

in the Interim Risk Assessment and Ancillary Basis for Risk Analysis.

. The best and upper bound estimates for Nb-94 are in conflict. These are the values provided

. Although not originally buried in the SDA, the radioactive elements Ac-227, Pa-231, and

Pb-210 are decay chain products (i.e., progeny of contaminants buried in the SDA) and were
included in the table for completeness. Over time, these elements will contribute to the SDA
inventory due to ingrowth.
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Peak risks or hazard indices estimated for contaminants of potential concern in the SDA for
the aforementioned future residential exposure scenario are provided in Table 2 under the
baseline or “no action” assumption. Similar risk estimates were made for current residential as
well as current and future occupational exposure scenarios, but are found to be less than those
in Table 2. When risk-based criteria of 107 risk and a cumulative hazard quotient of 2 were
applied,*® 16 contaminants of potential concern (including 12 radionuclides and the four non-
radioactive constituents) were identified as illustrated in Table 2. Three plutonium isotopes
(i.e., Pu-238, Pu-239, and Pu-240) were also included for further consideration because of
uncertainty in plutonium mobility (Holdren et al., 2002).

The volatile organic compounds (i.e., carbon tetrachloride, methylene chloride, and
tetrachloroethylene) and total nitrates, most of which originated at the Rocky Flats Plant,
present the most imminent risk to human health under the baseline conditions. Carbon
tetrachloride has been detected in the Snake River Plain Aquifer (that underlies the SDA) and
is being extracted from the vadose zone to reduce or remove the contamination source and thus
reduce risks further. Vapor vacuum extraction will continue in the future, and if risks are not
sufficiently mitigated, they will continue to pose the most imminent risk to human health.
Vapor vacuum extraction does not address the risks associated with nitrates, which are thought
to have migrated to the aquifer from the SDA.*!

Mobile, long-lived fission and activation products pose the next most immediate concern to
human health under baseline conditions. Most of the mobile fission and activation products
were generated by Idaho Site reactor operations (Holdren et al., 2002). For example, those
contaminants that have peak risks greater than 1x10° in the 100-year period following
institutional control (i.e., ending in 2110) include (where the peak risk is provided in the
parentheses):*

Tc-99 (4x10™) > Sr-90 (1x10™) > I-129 (6x107) > C1-36 (6x10°) > Cs-137 (5x10°)

Large uncertainties have been noted for the model parameters used to estimate risks for C-14,
1-129, and Tc-99 (Holdren et al., 2002). These contaminants have been detected sporadically

in the subsurface and additional work is necessary to model their transport through the Idaho

Site environment.

%" In the Interim Risk Assessment (Becker et al., 1998), an unacceptable risk meant that the carcinogenic risk
estimate was greater than 10 or a hazard index was greater than one. No reason is provided for the change in

screening criteria for contaminants of potential concern.

*I" The high background levels of nitrates in the aquifer make these determinations difficult; however, there

appears to be an increasing trend in nitrate in monitoring wells in the vicinity of the SDA that is most likely
attributable to the SDA.

The peak risk presented in Table 2 for C-14 is 6x10™ in 2278. However, the risk is greater than 1x10 before
the year 2110 (from Figure 6-3 in the Ancillary Basis for Risk Analysis (Holdren et al., 2002)) and thus the on-
going effort to immobilize the C-14 by grouting the areas around the beryllium block appears warranted from
a risk reduction perspective. Although the peak hazard index for methylene chloride is less than unity, the
peak carcinogenic risk is 2x107 just 80 years after the end of institutional control (in 2110). Although no
figure describing the methylene chloride carcinogenic risk as a function of time is provided in the Ancillary
Basis for Risk Analysis (Holdren et al., 2002), it appears likely that this contaminant is a likely short-term risk
driver.
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Table 2. Baseline Risks Estimated for Human Health Contaminants of Potential Concern
(Table E-1 from Ancillary Basis for Risk Analysis (Holdren et al., 2002))

Peak
Peak Hazard Primary 1,000-Year
Contaminant Note Risk Year Index Year Exposure Pathway
Ac-227 1,3 3E-06 3010° NA° NA  Groundwater ingestion
Am-241 3E-05 | 2953 NA NA  Soil ingestion, inhalation, external
exposure, and crop ingestion
Am-243 4E-08 30107 NA NA  External exposure
C-14 1,4 - 2278 NA NA  Groundwater ingestion
CI-36 6E-06 2110 NA NA  Groundwater ingestion
Cs-137 5E-06 2110 NA NA  External exposure
1-129 1,3 6E-05 2110 NA NA  Groundwater ingestion
Nb-94 1,3 | 8E-05 3010° NA NA  External exposure (groundwater ingestion)
Np-237 1,4 3010° NA NA  Groundwater ingestion
Pa-231 3E-06 3010° NA NA  Groundwater ingestion
Pb-210 5E-07 3010° NA NA  Soil and crop ingestion

2 1E-09 ¥Rl NA NA  Soil and crop ingestion
2 pA0XI[ 3 3010° NA NA  Soil and crop ingestion
2 2E-06 RRIOU NA NA  Soil and crop ingestion
Ra-226 3E-06 3010° NA NA  Soil and crop ingestion

Sr-90 2110 NA NA  Crop ingestion

Tc-99 2110 NA NA  Groundwater ingestion and crop ingestion
Th-229 4E-07 3010° NA NA  Groundwater ingestion

Th-230 7E-07  3010° NA NA  Groundwater ingestion

Th-232 1E-09 3010° NA NA  Groundwater ingestion

U-233 1,3 | 3E-05 3010° NA NA  Groundwater ingestion

U-234 1,4 3010° NA NA  Groundwater ingestion

U-235 1,4 2662 NA NA  Groundwater ingestion

U-236 1,4 3010° NA NA  Groundwater ingestion

U-238 1,4 3010° NA N Groundwater ingestion

A
Carbon tetrachloride 1.5 2105 - 2105 Inhalation and groundwater ingestion
Methylene chloride 1,3 | 2E-05° 2185 1E-01° 2185 Groundwater ingestion
Nitrates 1,6 NA NA 2120  Groundwater ingestion

Tetrachloroethylene 1,6 NA NA 2137  Groundwater ingestion and dermal
exposure to contaminated water

Notes: For toxicological risk, the peak hazard index is given, and for carcinogenic probability, the peak risk is given.

1. Green = the contaminant is identified as a human health contaminant of concern based on carcinogenic risk greater than
1E-05 or a hazard index greater than or equal to 1 contributing to a cumulative hazard index greater than 2.

2. = plutonium isotopes are classified as special case contaminants of concern to acknowledge uncertainties about
plutonium mobility in the environment and to reassure stakeholders that risk management decisions for the SDA will be
fully protective.

3. Blue = carcinogenic risk between 1E-05 and 1E-04.
4. = carcinogenic risk greater than 1E-04.
5. = toxicological (noncarcinogenic) hazard index greater than or equal to 1.

a. The peak groundwater concentration does not occur before the end of the 1,000-year simulation period. Groundwater
ingestion risks and hazard indices were simulated for the peak concentration occurring within 10,000 years and are not
presented in this table.

. NA =not applicable.

c.  The risk estimates were produced by scaling the results from the Interim Risk Assessment (Becker et al., 1998) based on

inventory updates.
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Various uranium isotopes and Np-237 buried in the SDA represent the majority of the long-
term risks to human health. For example, based upon the peak risk estimates in Table 2, those
contaminants that have a peak risk greater than or equal to 1x10™ after the end of the
institutional control period in 2110 include (where the peak risk and year are provided in the
parentheses):

U-238 (3x107 after 3010) > U-234 (2x107 after 3010) > C-14 (6x10™ in 2278)
> Np-237 (4x10™ after 3010) > U-235 (1x10™ in 2662) and U-236 (1x10™* after 3010)

Uranium, approximately one-half of which came from the Rocky Flats Plant, has been
detected in the vadose zone, indicating potential migration. Most of the disposals of Np-237
originated at the Idaho Site; however, nearly all the Am-241 (the parent of Np-237) was
generated at Rocky Flats Plant (Holdren et al., 2002). Although Am-241 has been detected
sporadically in the vadose zone in the vicinity of the SDA, Np-237 has not been detected to
date. Apart from Am-241 and Np-237, four additional transuranic contaminants (i.e., Am-243
and the three plutonium isotopes) were identified; however, only the Np-237 and Am-241
transuranic contaminants were identified quantitatively as being contaminants of potential
concern as illustrated in Table 2.**

The majority of the inventories of those contaminants (i.e., carbon tetrachloride, methylene
chloride, tetrachloroethylene, and nitrates) that pose the most imminent threat to human health
originated at the Rocky Flats Plant. The volatile organic components currently are being
treated using vacuum vapor extraction and the further benefit of excavation with respect to
these contaminants is unclear. Soil vapor extraction will not reduce either the source or extent
of nitrate contamination. Nitrates are highly water soluble and mobile in the vadose zone and
groundwater, with water migration the rate limiting process. It is highly uncertain whether the
majority of the nitrates disposed in the SDA still remain in or near the original disposal
locations. Verification of significant pockets of nitrates that represent a large fraction of the
total nitrate inventory would be necessary for excavation to have a significant impact on
reduction of risks from nitrate contamination. The next most immediate concern is posed by
the mobile, long-lived fission and activation products that were primarily generated during
Idaho Site reactor operations. The on-going beryllium block grouting project will help to
reduce the release of C-14 from these blocks; however, this project and other project involving
only the areas containing Rocky Flats Plant wastes will not effectively limit the release or
transport of the other mobile, long-lived fission and activation products because these
contaminants have other sources. The long-term risks to human health result primarily from
uranium (of which approximately one-half originated at the Rocky Flats Plant) and other long-
lived actinides (some of which are activation products generated at the Idaho Site and others
originating at the Rocky Flats Plant). Thus the immediacy, magnitude, and source of the risks

* The contaminants that have a peak risk greater than or equal to 1x10°® and less than 1x10™ after the end of the
institutional control period in 2110 include (where the peak risk and year are provided in the parentheses):

Nb-94 (8x107 after 3010) > Am-241 (3x107 in 2953) and U-233 (3x10° after 3010)
> Ac-227, Pa-231, & Ra-226 (3x10°® after 3010) > Pu-239 & Pu-240 (2x10°° after 3010)

The three plutonium isotopes (i.e., Pu-238, Pu-239, and Pu-240) were selected as special cases for continued
study to assure that uncertainties in plutonium mobility do not unnecessarily exclude these important
constituents.
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must be taken into account to determine the best path forward for remedial action. Tables
analogous to Table 2 should be developed for each remedial alternative that present the
estimated residual risk after each remedial option is implemented and allow understanding and
comparisons of the magnitude of human health risk reductions achieved through each
management option.
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4. Primary Sources of Information

Remediation of buried wastes in the Subsurface Disposal Area (SDA) is being managed under
the Idaho Site CERCLA process and currently is in the Remedial Investigation/Feasibility
Study (RI/FS) phase. Documentation supporting the Idaho Site CERCLA process is available

in the Idaho Site Administrative Record® and has been relied upon extensively in developing
this report.

The primary sources of information publicly available and used to develop this report are
summarized as follows:

1.

Work Plans (and Addenda) for the CERCLA Remedial Investigation/Feasibility Study
(RI/FS) Process for the SDA:

a. CERCLA Waste Area Group 7 Work Plan, Rev. 0 (Becker et al., 1996)

b. First Addendum to CERCLA WAG 7 Work Plan (DOE-ID, 1998)

c. Second Addendum to CERCLA WAG 7 Work Plan (Holdren & Broomfield,
2004)

Operable Unit 7-13/14 Treatability Study Work Plans:

a. In Situ Thermal Desorption (ISTD) Treatability Study Work Plan (DOE-ID,
1999a)

b. In Situ Grouting (ISG) Treatability Study Work Plan (DOE-ID, 1999b)

c. In Situ Vitrification (ISV) Treatability Study Work Plan (Farnsworth et al.,
1999)

d. Ex Situ Treatability Study Work Plan (DOE-ID, 1999b)

. Preliminary Baseline Risk Assessments (i.e., part of the CERCLA Remedial

Investigation process):

a. Interim Risk Assessment for Waste Area Group 7 (which includes the SDA)
(Becker et al., 1998)

b. Ancillary Basis for Risk Analysis of the SDA (Holdren et al., 2002)
Preliminary Remedial Action Alternatives (i.e., part of the CERCLA Feasibility Study
process):

a. Short-Term Risk Evaluation (Schofield, 2002)
b. Preliminary Evaluation of Remedial Alternatives (Zitnik et al., 2002)

4 Documents in the Idaho Site Administrative Record can be accessed via http://ar.inel.gov.
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5. Specialized Risk Assessments External to the Idaho Site:

a.

Waste Isolation Pilot Plant (WIPP) No Action Alternative 2 Analysis (Buck et
al., 1997)*

6. Health and Safety Plans:

Health and Safety Plan for Pad A Maintenance (Higgins, 1995)

Health and Safety Plan for the Pit 4 Accelerated Retrieval Project (Wooley,
2004a)

Health and Safety Plan for the Early Actions Beryllium Block Encapsulation
Project (using in situ grouting) (ICP, 2004a)

Health and Safety Plan for Radioactive Waste Management Complex (RWMC)
Routine Monitoring (Wooley, 2004b)

Health and Safety Plan for Long-term Groundwater Monitoring (ICP, 2004b)
Health and Safety Plan for Pit 9 Glovebox Excavator Method (GEM) Project
(Miller, 2004)

Health and Safety Plan for Vacuum Vapor Extraction for Organic
Contamination in the Vadose Zone (Miller & Wooley, 2004)

Health and Safety Plan for the In Situ Grouting Treatability Study (Miller,
2001)

Health and Safety Plan for Operable Unit 7-13 and 7-14 Integrated Probing
Project (Miller, 2003)

7. Feasibility Study Preliminary Documented Safety Analyses:

a.

b.

C.

Preliminary Documented Safety Analysis for In Situ Thermal

Desorption (Abbott, 2003)

Preliminary Documented Safety Analysis for In Situ Grouting (Abbott &
Santee, 2004)

Preliminary Documented Safety Analysis for In Situ Vitrification (Santee, 2003)

8. Engineered Barrier Design for the SDA:

a.

Preliminary Design for the SDA Engineered Surface Barrier (Mattson et al.,
2004)

9. Inventory Summaries (which also include the Interim Risk Assessment (Becker et al.,
1998) and Ancillary Basis for Risk Analysis (Holdren et al., 2002)):

a.

b.
C.

SDA Comprehensive Inventory for Years 1952-1983 or Historical Data Task
(LMITCO, 1995a)

SDA Comprehensive Inventory for Years 1984-2003 (LMITCO, 1995b)
Inventory Sent from Test Area North to the SDA 1960-1993 (INEEL, 2003a)

% There was also an initial WIPP No Action alternative; however, this analysis focused primarily on short-term
(i.e., not life-cycle) risks from leaving the buried TRU wastes in place (Buck et al., 1997). Thus it is the No
Action Alternative 2 that is of most interest here.
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d. Inventory Sent from the Idaho Nuclear Technology and Engineering Center to
the SDA 1952-1993 (Vail et al., 2004)

e. Inventory Sent from the Argonne National Laboratory-West to the SDA 1952-
1993 (Carboneau & Vail, 2004)

f. Inventory Sent from the Naval Reactors Facility to the SDA 1952-1999 (Giles
et al., 2005)

It is anticipated that future documents supporting the CERCLA Feasibility Study will consider
the potential use of an evapotranspiration (ET) cap, currently the desired cap design for the
SDA (Holdren & Broomfield, 2004), in place of the modified RCRA Subtitle “C” type cap

considered in the Preliminary Evaluation of Remedial Alternatives and Short-Term Risk
Evaluation.
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5. Alternatives Considered

The Consortium for Risk Evaluation with Stakeholder Participation (CRESP) was asked by
DOE to develop a framework for the comparative life-cycle risk evaluation of management
options for ultimate disposition of the wastes buried in the Subsurface Disposal Area (SDA). A
broad series of remedial approaches that may be used in the SDA is taken as its starting point
for evaluation. The evaluation focuses on understanding when, in what order, and why these
remedial approaches would be appropriate for addressing the specific conditions in the SDA
and sections thereof. The specific steps required for implementation of the remedial
approaches are described and then the hazards and risks involved in implementation, as well as
those future risks anticipated to be mitigated by implementation, are explored for each
remedial approach. This evaluation can be repeated on sub-sections of the SDA to make
location or waste specific decisions. However, decisions for any specific sub-area or waste
type must be made in the context of the management of the entire SDA. A life-cycle analysis is
necessary to first assess the risks and then ultimately compare them in a consistent and
transparent manner. An examination of existing information as well as additional information
needed to assess and compare risks for the various remedial approaches is an integral part of
this exploration.

5.1. Alternatives Considered in Prior Evaluations

There is no “preferred remedial alternative” for the buried wastes currently stored in the
Subsurface Disposal Area (SDA) landfill because the Idaho Site is currently in the Remedial
Investigation/Feasibility Study (RI/FS) stage of the CERCLA process.*’ Waste inventory
information will be refined and alternatives necessary to reduce risks from both hazardous and
radioactive contaminants in the SDA to acceptable levels will be compared as part of the
RI/FS process. Wastes contaminated with large quantities of fissions products (i.e., gamma
and beta emitters) were buried in some areas; whereas, wastes contaminated with large
quantities of transuranic elements and hazardous organics were buried in other areas. Thus
risks vary significantly from one area of the SDA to the next. The following alternatives were
considered in the Preliminary Evaluation of Remedial Alternatives (Zitnik et al., 2002):

e A No Action Alternative (relying upon monitoring; this alternative is required by
EPA as a basis for comparison of remedial alternatives),

e A Limited Action Alternative (including access controls, a surface barrier, and land
use restrictions),

e Two Containment Alternatives (relying upon either surface or subsurface barriers
to prevent access to waste and to control future contaminant migration),

e Two In Situ Treatment Alternatives (using either in situ grouting or in situ
vitrification to treat and stabilize wastes and contaminated soil in place), and

47" The draft remedial investigation and baseline risk assessment report must be submitted to the Idaho
Department of Environmental Quality and the U.S. Environmental Protection Agency by August 2006. The
draft feasibility study report is due December 2006 (Holdren & Broomfield, 2004).
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e A Retrieval, Treatment, and Disposal Alternative (retrieving and treating the waste
and contaminated soil with off-site disposal of the TRU material and on-site
disposal of low-level waste and treated mixed low-level waste material).

Based upon EPA guidance (EPA, 1988), the potentially applicable remedial technologies and
process options were identified and screened based on three of the nine CERCLA criteria:
effectiveness, implementability, and cost (Zitnik et al., 2002). The alternatives found to satisfy
the screening criteria for the SDA were

e Surface Barrier. This alternative includes in situ grouting and in situ thermal
desorption pretreatment at selected sites, Pad A reconﬁguration,48 installation of a
long-term multi-layer cover, land-use restrictions, and long-term monitoring and
maintenance.

e In Situ Grouting. This alternative employs in situ grouting to treat and stabilize
waste and contaminated soil in place, Pad A retrieval and ex situ
treatment/disposal, in situ thermal desorption pretreatment® (Abbott, 2003) in areas
with high organic concentrations, a long-term multi-layer cover installation, land-
use restrictions, and long-term monitoring and maintenance.

e In Situ Vitrification. This alternative uses in sifu vitrification to treat and stabilize
waste and contaminated soil in place, Pad A reconfiguration, in situ grouting and in
situ thermal desorption pretreatment of selected areas, installation of a long-term
multi-layer cover, land-use restrictions, and long-term monitoring and maintenance.

¢ Retrieval, Treatment, and Disposal. This alternative employs retrieval and ex situ
treatment of the waste,” disposal of TRU material at the Waste Isolation Pilot
Plant, on-site disposal of low-level waste and treated mixed low-level waste
material in a new Idaho Site disposal cell, in situ grouting and in situ thermal
desorption pretreatment of selected areas, a long-term multi-layer cover
installation, land-use restrictions, and long-term monitoring and maintenance.

48

49

50

Pad A was constructed in 1972 and received wastes in drums and boxes until 1978 (Zitnik et al., 2002). It
consists of an asphalt pad (i.e., 73 m x 102 m) built in an area unsuitable for subsurface disposal because of
near-surface outcroppings of basalt. Wastes in Pad A primarily contain transuranic (TRU) radioisotopes with
concentrations less than 10 nCi/g and radiation levels less than 200 mR/hr at the surface (Zitnik et al., 2002).
Any remedial alternative considered for the SDA includes emplacement of a surface barrier; therefore, Pad A
must be reconfigured before any surface barrier can be constructed.

In situ thermal desorption (ISTD) is a remedial process where heat and vacuum are applied to contaminated
soil (Abbott, 2003). In the SDA, those pits considered for in situ thermal desorption pretreatment contain
organic and nitrate sludges, combustible solids, and graphite wastes, all of which are contaminated with
plutonium. ISTD may be employed in areas with high organic concentrations to remove nonradioactive
contaminants. Two major processes comprise ISTD: (1) underground thermal desorption and (2) subsequent
off-gas treatment (Abbott, 2003).

Five types of technological options were originally considered for ex sifu treatment of wastes retrieved from
the SDA: 1) physical, 2) chemical, 3) thermal, 4) electrokinetic, and 5) biological. Of these, three (i.e.,
physical, chemical, and thermal treatment) options were retained for further consideration (Zitnik et al., 2002).
The final decision on the specific treatment technology will be made in conjunction with DOE Idaho, EPA,
Idaho Department of Environmental Quality, and other stakeholders. Because of experience with the
Advanced Mixed Waste Treatment Facility (AMWTF), it is assumed here that ex situ treatment will consist
primarily of compaction (Zitnik et al., 2002).
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The short-term risks associated with these remedial alternatives were evaluated in the Short-
Term Risk Evaluation (Schofield, 2002).

From both the Preliminary Evaluation of Remedial Alternatives (Zitnik et al., 2002) and Short-
Term Risk Evaluation (Schofield, 2002), all of the alternatives examined and selected by Idaho
Site personnel for final consideration would appear to provide adequate stabilization and
containment of the wastes buried in the Subsurface Disposal Area (SDA). These alternatives
appear reasonable from what is known of the SDA, the wastes buried there, and available
remedial technologies. Furthermore, it does not appear from the information available that
application of the remaining six CERCLA evaluation criteria would dramatically change the
alternatives that should be considered.

5.2. Alternatives Included in the CRESP Review

The remedial alternatives evaluated in this report fall into two broad categories: 1) those
approaches involving containing the wastes where they are to assure they do not migrate and
find pathways to receptors, and 2) those involving excavation of waste materials for treatment,
packaging, and ultimate disposal so that the contaminants will be contained. In both the
supporting Idaho Site documentation and this report, excavation of wastes is referred to as
retrieval, which is to be distinct from the volatile organic extraction (removal) currently on-
going at the SDA. Options such as the specific type of engineered surface barrier to be used
and whether in situ thermal desorption (ISTD) pretreatment will be necessary appear to be less
important in terms of life-cycle risks (and costs) than whether or not wastes will have to be
retrieved and the TRU waste packaged and sent off-site to the Waste Isolation Pilot Plant
(WIPP) for long-term disposal. Table 3 summarizes the set of alternatives considered during
the CERCLA process and examined in this report. No additional alternatives are evaluated in
this report. >!

> For example, it was decided that a complete excavation of the 97-acre SDA requiring removal of all material

down to the basalt would not be evaluated because the retrieval options considered in this report were
considered to be protective and more manageable. One additional alternative that should be considered is a
staged cap approach such as used in management of the Maxey Flats former nuclear disposal site near
Hillsboro, Kentucky. This site has undergone cleanup and will be managed for the next 100 years under
Superfund including monitoring and maintenance of a low hydraulic conductivity cap. After 100 years, it is
anticipated that the ground surface will have fully settled and then a final cap will be installed; monitoring and
maintenance will continue in perpetuity. Thus an alternative to those in Table 3 would be to install a
temporary, low-permeability barrier over the SDA (without in situ grouting) allowing the ground to settle.
Then a final cap could be installed after allowing time for fission product decay and monitoring.
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Table 3. Possible Idaho Site Buried Waste Disposition Alternatives
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1. Contain-in-Place Alternative (4 options)
1A. No Action option®
1B. Surface barrier with selected in situ grouting X X
1C. In Situ Grouting with surface barrier X [ X[ X X
1D. In Situ Vitrification with surface barrier’ X | X | X X
2. Retrieve/Treat/Dispose Alternative (2 options)
2A. Targeted RFP TRU waste retrieval with surface barrier” X | X | X ]| X | X
2B. Full RFP TRU waste retrieval with surface barrier® X | X | X ]| X | X

a. This option represents baseline conditions and is required under CERCLA for comparison purposes.
Although no further actions would be taken to reduce contaminant mobility, toxicity, or volume,
long-term monitoring, maintenance, and institutional controls would be instituted.

b. Although identified as a potential option (Schofield, 2002; Zitnik et al., 2002), in situ vitrification
has since been removed from consideration for the SDA (Holdren & Broomfield, 2004). Although
no formal reasons are provided in (Holdren & Broomfield, 2004) for exclusion, this omission is
likely due to safety considerations based upon testing at PNNL, Oak Ridge, and other sites. This
option has been retained in this report for comparison purposes.

c. The retrieval alternatives may hinge on future legal decisions concerning to what extent the TRU
wastes originating from the Rocky Flats Plant (RFP) must be removed from the SDA. The options
presented here concern targeted or “hot-spot” retrieval of RFP TRU wastes versus full retrieval of
all buried RFP TRU wastes (however, not including contaminated soil) down to the basalt. The
TRU waste retrieved would be treated, and transferred to the Waste Isolation Pilot Plant for ultimate
disposal. The non-TRU wastes retrieved would be disposed of on-site at the Idaho Site. It is also
possible that high-level waste (HLW), spent nuclear fuel (SNF), or wastes similar to HLW and SNF
were buried. If HLW or SNF is buried in the SDA, then additional retrieval, segregation, and
storage prior to disposal in a deep geologic repository should be evaluated as part of this alternative.

The specific alternatives for disposition of the SDA buried wastes explored in this report are:

1. Contain in Place

The Idaho Site would contain the buried SDA wastes in-place without additional waste
retrieval after completion of currently planned test retrievals and vapor extraction for
removal of volatile organic contaminants. All options include long-term monitoring,
maintenance, and institutional controls. Four options were examined under this
remedial alternative:

a. “No Action” (although long-term monitoring, maintenance, and institutional
controls would be instituted);

b. Surface Barrier Installation with in situ grouting as needed for subsurface
geotechnical stabilization (i.e., to prevent future subsidence and surface barrier
impact);

c. In Situ Grouting for both subsurface geotechnical stabilization and contaminant
of potential concern immobilization with surface barrier installation; and
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d. In Situ Vitrification for contaminant of potential concern immobilization in
concert with in situ grouting for subsurface geotechnical stabilization and
surface barrier installation.

2. Retrieve, Treat, and Dispose

The Idaho Site would retrieve and treat some buried SDA wastes for both on-site (low-
level and mixed low-level wastes) and off-site (TRU waste) disposal where the extent
of the retrieval is based upon risks, costs, and possible future legal decisions. Two
options were examined for this alternative:

a. Targeted Rocky Flats Plant TRU Waste Retrieval with in situ grouting for both
subsurface geotechnical stabilization and contaminant immobilization, as well
as surface barrier installation based upon a risk-informed decision incorporating
risks, costs, effectiveness, etc., and

b. Full Rocky Flats Plant TRU Waste Retrieval with in situ grouting for
subsurface geotechnical stabilization and contaminant immobilization as well
as surface barrier installation.

Another way to characterize these remedial alternatives is by how aggressively the wastes in
the SDA must be treated. Installation of a surface barrier helps to reduce the flux of water to
the buried wastes, but does not impact the source of contamination or the potential risks
remaining if the surface barrier fails in the future. The other remedial alternatives represent a
progression from less to more aggressive approaches where selected contaminants will be
immobilized in-place (using grouting or vitrification) to those involving selecting the highest
risk wastes that can be removed effectively for ultimate disposition in a different form and
location. For example, it appears as though the nitrates, Tc-99, and Sr-90 may present the
greatest short-term risks after the volatile organic compounds that are currently being
extracted. Thus the decision as to whether buried wastes can be effectively contained in-place
or have to be retrieved should be based on the current form, geospatial distribution, and
retrievability of the risk-driving contaminants, as well as the risk reduction achieved through
the proposed retrieval actions.

The different areas where wastes have been buried within the SDA present very different
hazards and risks;’” therefore, both the remedial approach and approach to risk evaluation must
be able to consider these different risks. The approach used in this report may be used to
evaluate the SDA as a whole, or applied to sub-areas of the SDA to evaluate which areas or
“hot-spots” warrant different remediation approaches from the remainder of the site. From
evaluating the available information, it appears that the best risk-informed decisions
concerning remedial actions in the SDA will likely not include a single remedial action for the
entire site. Instead a graded approach appears warranted that addresses each sub-area in the
SDA, the risks posed by the waste buried there, and the remedial actions that must be taken to
place the wastes in a safe state as well as the risks involved to achieve the remedial actions.
Thus the retrievability of the contaminants of potential concern that drive the risks must be

52" For example, the pits and trenches where Rocky Flats Plant wastes containing volatile organic compounds and
TRU-contaminated wastes and sludges pose decidedly different risks than those areas where liquid wastes
containing fission products were disposed of in augur holes.
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more clearly defined before determining the risk reduction that may be achieved through waste
excavation. In addition, area-specific considerations should be made in the context of closure,
remedial actions, long-term stewardship needs, and remaining risks posed by the entire SDA.

5.3. Additional Information for Alternative 1 (Contain in Place)

Alternative 1 involves containing the SDA wastes in-place; the final step for any of the
contain-in-place options (excluding the No Action option) requires installation of a long-term,
multilayer, low-permeability cap over the SDA without retrieval of any of the hazardous or
radioactive contaminants—after completion of the test waste retrievals in Pits 9 and 4 and
vapor extraction to remove volatile organic contaminants. A number of possible cap designs
(e.g., modified RCRA Subtitle “C” Type, evapotranspiration, etc.) are available that would
likely provide sufficient hydrologic isolation of the landfill contaminants. One design that has
been considered for the SDA (Schofield, 2002; Zitnik et al., 2002) is the same as that selected
for the Idaho Site CERCLA Disposal Facility (ICDF) landfill. This cap is a modified RCRA
Subtitle “C” type cap (Zitnik et al., 2002), which includes a low-permeability layer to limit
surface water infiltration as well as a biotic barrier to deter intrusion into the burial site from
burrowing animals and deep-rooted plants. The cap would also include a gas collection layer
to control future volatile organic compound emissions from the buried waste. However, an
evapotranspiration cap may be a simpler, more viable approach currently under consideration
for the SDA (Holdren & Broomfield, 2004). Furthermore, because there is an active low-level
waste disposal program in the SDA, cap installation may have to be completed using a phased
approach.

The primary option being considered for immobilizing contaminants in place before a cap is
installed is in situ grouting. Pretreatment using in situ thermal desorption would be performed,
if found necessary, on selected pits and trenches with high volatile organic concentrations prior
to in situ grouting operations. Therefore, evaluation of this alternative requires:

1. defining the waste inventory in the SDA and determining the geographical distribution
of contaminants of potential concern,

2. determining what, if any, pretreatment and stabilization measures are necessary prior to
cap installation, and

3. determining the type of surface barrier or cap (e.g., modified RCRA Type “C” or
evapotranspiration) to be placed over the SDA.

5.4. Additional Information for Alternative 2
(Retrieve/Treat/Dispose)
Alternative 2 requires retrieving and treating wastes for both on-site (in the cases of low-level
and mixed low-level wastes) and off-site (for TRU waste) disposal. During retrieval activities
high-level waste, spent nuclear fuel, or wastes similar to high-level waste and spent nuclear
fuel may be encountered (Schofield, 2002; Zitnik, 2002; Holdren & Broomfield, 2004). The
Short-Term Risk Evaluation (Schofield, 2002) suggests that, if such material is encountered, it
would be removed to a separate cell, grouted, and contained in place in either a cell or trench.
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However, if this material is either high-level waste or has properties similar to spent nuclear
fuel, it may be required to be disposed of as such and the operations necessary for its retrieval
need to be included in this alternative and its evaluation. For example, the Nuclear Waste
Policy Act of 1982 (as amended) specifies that high-level radioactive waste will be disposed of
underground, in a deep geologic repository (currently proposed off-site at Yucca Mountain,
Nevada) and not grouted in-place. Furthermore, the 1995 Settlement Agreement’® between the
Governor of Idaho, DOE, and the Department of the Navy states that “DOE shall treat all high-
level waste currently at [the Idaho Site] so that it is ready to be moved out of Idaho for
disposal by a target date of 2035.”

This alternative also includes placement of a protective barrier over the entire SDA after
retrieval activities have been concluded. For Alternative 2, retrieved waste will be treated and
managed on-site (i.e., returned to the SDA or stored at some other on-site location) if classified
non-TRU waste. If the retrieved waste is classified as TRU waste, it will be packaged for
shipment to WIPP for disposal. Truck and rail are possible transportation alternatives to WIPP.
To evaluate this alternative, the following decisions must be made:

1) the extent to which contaminated material must be retrieved,

2) the extent to which the retrieved non-TRU material must be treated (to remove
organics, fixate regulated metals and radionuclides, etc.) before on-site disposal
(Zitnik et al., 2002),

3) the non-TRU material packaging requirements (for on-site disposal),

4) the extent to which retrieved TRU material must be treated (to solidify liquids,
remove prohibited items, and eliminate ignitability, corrosivity, or reactivity)
before packaging for shipment to the Waste Isolation Pilot Plant (WIPP) (Zitnik et
al., 2002),

5) the TRU material packaging requirements (for WIPP disposal), and

6) the method (e.g., truck or rail) and route(s) by which the packaged TRU waste will
be transported to WIPP.

As indicated in Table 3, the primary difference between the two options for Alternative 2 is the
extent to which the Rocky Flats Plant buried wastes must be retrieved from the SDA.>* Once
removed, the wastes will be segregated (i.e., into TRU, low-level, mixed low-level, and special
handling fractions), treated, and packaged for either disposal on-site (for the low-level and
mixed low-level fractions) or transportation to WIPP (for the TRU fraction). For example, the
Transuranic Package Transporter Model 2 (TRUPACT-II) and RH-72B could be used to
transport contact-handled (CH) and remote-handled (RH) TRU wastes, respectively, to WIPP
(Schofield, 2002).

53 The 1995 Settlement Agreement was found at www.id.doe.gov/doeid/RFP-

NE&NSD/SEC%20J%20Attachments/J-M%201995%20SA..pdf.

There has been litigation concerning the extent to which the buried transuranic wastes must be retrieved from
the Subsurface Disposal Area (NRC, 2005), and there may be additional legal action taken in the future.
Therefore, there is likely to be a great deal of programmatic uncertainty associated with Alternative 2.
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6. Risk Evaluation Framework

In this section, a framework for evaluating the risks associated with the remedial alternatives
considered is presented. This information provides a structure for risk evaluation and insights
to those areas where further detailed analysis is warranted.

Characterization of risk for a remedial alternative requires the identification of what may go
wrong (i.e., those activities or events that may result in an adverse outcome, e.g., injury,
fatality, etc.); the likelihood of an adverse event; the severity of the adverse outcome (i.e.,
consequences); and the affected population. A preliminary risk characterization was achieved
through the following steps:

1.

Task lists were developed in conjunction with the management flow diagrams
described in Section 5, which include the primary subtasks required to implement
the alternatives. The task lists for Alternative 1 and Alternative 2 are provided in
Appendix B and Appendix C, respectively.

Risk flow diagrams were developed (as shown in Section 0) for the alternatives that
indicate the sequences of activities that have the potential to pose significant health
risks to workers or the general public. These risk flow diagrams incorporate
conceptual site models (in Appendix D and Appendix E) for each activity that
indicate potential hazards, failure and release modes, transport pathways or media,
exposure mechanisms, and impacted populations.

Uniform terminologies and categories are necessary to characterize both the
knowledge gaps and risks in a meaningful fashion. The applicable terminology is
provided in Appendix F.

Detailed hazard analyses are provided for Alternative 1 and Alternative 2 in
Appendix G and Appendix H, respectively. For each primary subtask, the
following is determined: the task frequency, what can potentially go wrong, how
likely is the adverse event to occur, the severity of the consequences, the impacted
population, the basis for characterizing the risk, and the contribution of the subtask
to overall risk of the remedial alternative.

Detailed gap analyses describing the key knowledge barriers, missing information,
and uncertainties involved in implementing Alternative 1 and Alternative 2 are
provided in Appendix I and Appendix J, respectively, and summarized in Section 8.
For each primary subtask, knowledge gaps were identified and then characterized
by: what information is missing, how important the missing information is, and
how large the knowledge gap is according to the terminology provided in Appendix
F.

An integrated hazard and gap analysis was performed and is provided in the form
of a summary table (Table 4 in Section 0) of the most important potential risks and
information gaps for the remedial alternatives considered.

A recent National Research Council report stresses the importance of balancing public health
with worker and environmental risks, costs, achievability, and other site-specific factors when
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developing a risk-based approach (NRC, 2005). The aforementioned observations were made
in the context of possible exemption of certain high-level and transuranic wastes from disposal
in a geologic repository; however, the observations have broader implications and
applicability. Furthermore, they are consistent with the framework approach employed herein.

A preliminary risk characterization and identification of the most important information gaps
were developed based primarily upon review of the extensive document database provided in
the Idaho Site Administrative Record concerning details of the Idaho Site CERCLA process.™
Related materials pertaining to other sites (e.g., Oak Ridge National Laboratory, Waste
Isolation Pilot Plant, etc.) within the DOE Complex were also utilized. Idaho Site personnel
provided additional insights and answered extensive questions. The results of the review
expressed in this report reflect the judgment and opinions of the authors, who collectively have
extensive relevant experience. However, further detailed analysis and evolving information
may identify additional considerations that impact risk characterization for the remedial
alternatives considered in this report. The risk characterization process itself should be viewed
as a vehicle for gathering and organizing additional information as well as assessing the new
information to inform the overall management and decision process.

This report was developed to promote a more broad discussion amongst DOE, regulators,
public representatives, and the general public on the most appropriate path forward for
remediation of the wastes buried in the SDA. Risk is but one of several important aspects that
must be considered in decisions impacting public welfare. Imperfect and/or incomplete
information, inherent variability and uncertainty, and differences in individual values and
perspectives will undoubtedly lead to differing views on the appropriate path forward. These
differences highlight the necessity for a clearly defined and engaged stakeholder participation
process as an integral part of the on-going decision and management process for wastes buried
in the SDA.

6.1. Major Process Components for the Alternatives Considered
As indicated in Table 3, the primary alternatives considered in this report are

1. Contain the wastes buried in the SDA in-place

2. Retrieve buried wastes and treat the wastes for both on-site (in the cases of low-level
and mixed low-level wastes) and off-site (for TRU waste) disposal

These alternatives can be broken down into the major process steps required to achieve
successful completion of the remedial action. Commonality amongst individual process steps
within the alternatives (and remedial options) allowed identification of the primary risk drivers
within each process step and highlighting how the risk drivers changed from one alternative to
the other as well as one remedial option to another. There are 14 basic process steps that were
identified for the alternatives for dispositioning wastes currently buried in the SDA. These
process steps are

55 The Idaho Site Administrative Record can be accessed via http://ar.inel.gov.
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Subsurface Disposal Area (SDA) Characterization
In Situ Thermal Desorption Pretreatment

In Situ Grouting

In Situ Vitrification

Pad A Reconfiguration

Locate, Retrieve, and Segregate Buried Waste

Ex Situ Treatment (e.g., Compaction)

Package Retrieved Wastes

A AR SR AN

Intermediate Storage of Retrieved and Packaged Wastes
. Surface Barrier Selection, Preparation, and Emplacement
. Long-term Stewardship Activities for the SDA
. Construct New SDA Disposal Cell
. Long-term Stewardship Activities for New SDA Disposal Cell
. Off-site Shipment and Disposal at WIPP

—_—
—_ O

—_—
B~ W N

As indicated in Table 3, all process steps are not required for each alternative. The
characteristics of the buried waste site and the extent to which remediation must be exercised
impact the decision logic and risks associated with the remedial actions. To evaluate these
considerations, management flow diagrams were developed for each alternative.

Two sets of diagrams are provided for each alternative in this report: the aforementioned
management flow diagram and a risk evaluation framework or risk flow diagram. The
management flow diagram for an alternative consists of the general steps that must be
completed—and the order in which they should be taken—to provide a protective end-state for
the wastes buried in the SDA. The companion risk flow diagram, which will be discussed in
Section 0, provides a detailed delineation of the major sources of risk both to workers and the
general public.

6.1.1. Management Flow Diagram for Alternative 1

The management flow diagram for Alternative 1 (i.e., contain in-place) is provided in Figure 6.
This may be used to evaluate the SDA as a whole, or, applied to sub-areas of the SDA to
evaluate which areas or “hot-spots” warrant different remedial actions from the majority of the
site. This alternative is based upon the assumption that no wastes will be retrieved (other than
those already retrieved or will be retrieved during the Pit 4 Accelerated Retrieval Project
(DOE-ID, 2004b)). Note that the four options, with the exception of the No Action option, are
reasonably similar in terms of the actions that will be executed; therefore, only a single
management flow diagram (i.e., Figure 6) has been constructed for the options under the
contain-in-place alternative.
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The major process-related decision points for Alternative 1 within the management diagram
(Figure 6) are

e  Whether or not pretreatment using in situ thermal desorption (ISTD) will be needed
for those areas with high residual organic contaminant concentrations.

e Whether or not in situ stabilization (e.g., grouting or vitrification) will be
necessary.

e The type of surface barrier (e.g., modified RCRA Type “C” or evapotranspiration)
will be used.

6.1.2. Management Flow Diagram for Alternative 2

The management flow diagram for Alternative 2, retrieve, treat, and dispose (RTD) with
subsequent capping, is provided in Figure 7 and Figure 8. The two options for this alternative
are similar in terms of the actions that must be executed (i.e., they differ in the extent of buried
material that will be retrieved); therefore, only one management flow diagram (i.e., that in
Figure 7 and Figure 8) is provided for the two options under consideration. The major process-
related decision points within the management flow diagram include:

e Definition of the locations for waste retrieval that would result in significant risk
reduction.

e The type of enclosure and retrieval process necessary to ensure worker protection.

e The types of ex situ treatment (e.g., physical, chemical, or thermal) and packaging
necessary for both non-TRU and TRU wastes.

e Whether or not pretreatment using in situ thermal desorption (ISTD) will be needed
for areas with high residual organic contaminant concentrations. There is an on-
going treatment operation to remove organic contamination in the vadose zone
(Housley & Sondrup, 2004).

e Whether or not in situ stabilization (e.g., grouting or vitrification) will be needed
for contaminant immobilization.

e The type of surface barrier (e.g., modified RCRA Type “C” or evapotranspiration)
that will be used.

The two alternatives presented (i.e., contain the wastes in-place and retrieve, treat, and
dispose) bracket the management pathways because they involve either minimal action
(contain the waste in-place with continued monitoring) or full Rocky Flats Plant TRU waste
retrieval and shipment to WIPP. Remedial actions may need to include the entire SDA or
specific, high-risk sub-areas of concern (i.e., “hot-spots”’)—the proposed framework can
address these issues of scale. Institutional controls will be added to either alternative to restrict
access and enforce future land use decisions. It is assumed that environmental monitoring, cap
integrity monitoring, and maintenance would be conducted on an annual basis to prevent
significant cap degradation. Provisions would also be established for access restrictions and
necessary maintenance.
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7. Preliminary Conceptual-level Hazard and Risk Analysis

Risk flow diagrams help form the foundation for life-cycle risk assessment and comparison.
These diagrams indicate the sequence of steps that have the potential to pose significant human
health risks to workers or the public. The top-level, life-cycle risk flow diagram for the Idaho
Site buried waste is presented in Figure 9. Note that one of the steps taken prior to evaluating
the various alternatives is to examine and evaluate the current, baseline, or “No Action” (in
CERCLA terms) situation. This can be done by examining the risks associated with the
relevant conceptual site model provided in Figure 10.

7.1. Alternative 1 — Elements of Risk

The first alternative for the disposition of buried wastes at the Idaho Site considered in this
report is containing the waste in place using a surface barrier without first excavating (and
retrieving) any of the wastes (other than the volatile organic constituents via vapor extraction).
As illustrated in Table 3, there are three potential options: 1) no stabilization, 2) stabilization
using in situ grouting, and 3) stabilization using in situ vitrification. All three options involve
placement of a surface barrier with various degrees of in situ waste treatment. The major steps
involved that present significant potential risk elements are indicated in Figure 11 and Figure
12.

7.1.1. Conceptual Site Models for Alternative 1

The conceptual site model for the current state of the Idaho Site buried waste sites in the SDA
was depicted in Figure 10. Note that this conceptual model is independent of the disposition
option and thus can be examined prior to analyzing the risks associated with any alternative.

The first step in this alternative (as illustrated in Figure 11) is to determine whether or not
areas there are areas in the SDA with excessively high concentrations of volatile organic
constituents that must be treated. The prescribed treatment is in situ thermal desorption (Zitnik
et al., 2002; Holdren & Broomfield, 2004). It has been suggested that in situ thermal
desorption may not be necessary (Holdren & Broomfield, 2004); hence the pertinent decision
point in Figure 11.%°

%% The pertinent conceptual site model for the in situ thermal desorption process is provided in Figure D-1.
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The next step in the process (illustrated in Figure 11) is to disposition (or reconfigure) the
waste and other material in Pad A. This is an above grade disposal Pad A that cannot be buried
under the surface barrier (as it will cause instability). Thus the material will be retrieved and
the waste will be sent to an ex sifu treatment facility (i.e., which is also called for in the RTD
alternative). In this paper, the primary ex sifu treatment technology for the wastes retrieved
from the SDA is assumed to be compaction.”’

Once Pad A has been reconfigured, the next issue that must be considered in this alternative is
the extent of in sifu grouting that will be necessary. It is assumed that some degree of in situ
grouting will be necessary for geotechnical stabilization against subsidence prior to surface
barrier emplacement (or capping) (Zitnik et al., 2002; Holdren & Broomfield, 2004).”® The
decision to be made is whether there will be areas of high contaminant concentrations that
must be immobilized using in situ grouting prior to capping. This decision should be made
after the relevant risks are quantified and compared.™

As indicated above, a decision must be made as to what kind of in situ treatment would be
needed if none of the Rocky Flats Plant wastes are removed. It appears that the decision has
been made by Idaho Site personnel that in situ vitrification would be unnecessary or
inappropriate under any circumstances (Holdren & Broomfield, 2004). However, in situ
vitrification has been included in this alternative for comparison purposes and completeness
especially because the life-cycle risks have not been quantified to this point.*” There again is a
decision point as to whether or not in situ vitrification would be necessary to provide sufficient
protection against contaminant migration.

Once the volatile organic constituents have been treated (if necessary), Pad A has been
reconfigured, the subsurface has been stabilized using in sifu grouting, and Rocky Flats Plant
wastes immobilized using in situ grouting or in situ vitrification (if necessary), then the final
step will be to emplace a surface barrier to limit infiltration into the buried waste site (and
possibly prevent biotic intrusion). The capping process may have to be executed in stages
because there is still an active low-level waste disposal program in the SDA.®'

>7 The conceptual site model for the Pad A reconfiguration is illustrated in Figure D-2.

% Other methods (e.g., preloading or dynamic compaction) for subsidence control may be considered for the

SDA (Zitnik et al., 2002; Holdren & Broomfield, 2004); however, it is assumed in this report that in situ
grouting will be used prior to surface barrier installation.

%" The pertinent conceptual site model for the in situ grouting process is provided in Figure D-3.

%" The conceptual site model for in situ vitrification is provided in Figure D-4.

1 A conceptual site model representing the capping process (as shown in Figure 12) for the buried waste site is

depicted in Figure D-5. A conceptual site model representing a possible protective end state for the buried
wastes in the SDA after surface barrier installation is depicted in Figure D-6.
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7.2. Alternative 2 — Elements of Risk

The second alternative for the disposition of buried waste at the Idaho Site considered in this
report is to retrieve, treat ex situ (e.g., using compaction), package, transport TRU to WIPP,
and dispose TRU waste at WIPP and low-level wastes at the Idaho Site (likely in the SDA
under the cap). The major steps involved that have significant, potential risk elements are
illustrated in Figure 13. There are many similarities between the flowcharts for the two
alternatives.

7.2.1. Conceptual Site Models for Alternative 2

The conceptual site model for the current or No Action state of the Idaho Site buried waste site
in the SDA is depicted in Figure 10. This conceptual site model is irrespective of the final
disposition alternative and can be evaluated prior to examining alternatives. The first step in
this alternative is to determine the extent to which Rocky Flats Plant TRU wastes must be
retrieved from the SDA to provide a protective end state. (This step is illustrated in Figure 13
and may be influenced by future litigation.) Once the extent to which Rocky Flats Plant TRU
wastes must be retrieved is determined, then the material will be retrieved based upon
experience gained in the Pit 9 and Pit 4 test retrievals.”

After the Rocky Flats Plant wastes have been retrieved for subsequent ex sifu treatment (e.g.,
using compaction as discussed below), the disposition of the SDA is very similar to that for the
contain-in-place alternative outlined in Figure 11 and Figure 12.°* However, because of the
nature of the remaining wastes, very different risks may exist and very different decisions may
be made in the modified version of the contain-in-place portion of the retrieve, transport, and
dispose alternative. For example, in situ thermal desorption, in situ grouting, or in situ
vitrification may not be required for this alternative (i.e., Figure 11); thus worker risks would
be significantly different.®

Material from Pad A (in this alternative) and Rocky Flats Plant wastes must be treated ex situ
in a facility yet to be designed and constructed. Here the primary ex sifu treatment technology
for the wastes retrieved from the SDA is assumed to be compaction (although treatment of
volatile organic constituents in retrieved wastes is also likely) (Zitnik et al., 2002).66

5 The conceptual site model for the retrieval (or excavation) process from the SDA is depicted in Figure E-1.

% This is indicated by the conceptual site model for the “Modified Contain-in-Place” alternative as indicated in
Figure E-1.

5 A conceptual site model representing a possible protective end state for wastes remaining in the SDA after

retrieval would be very similar to that depicted in Figure D-6 where additional source material would be

removed.

66 According to the Preliminary Evaluation of Remedial Alternatives (Zitnik et al., 2002), ex situ treatment

entails treating retrieved soil and waste via chemical, physical, thermal, electrokinetic, or biological
technologies. These technologies focus on physical and radiological segregation as well as processing to
reduce toxicity, mobility, and waste volume. The necessary processing depends on pertinent requirements for
specific waste, but could include sizing, treatment to destroy organics or stabilize heavy metals, absorption of
liquids, and repackaging. Ex situ treatment for TRU waste and soil will be focused primarily on segregation
and sizing technologies to provide for off-site disposal at WIPP.
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Temporary storage will likely be necessary prior to treating all wastes.®” The treated material
must also be packaged for either shipping to WIPP (for ultimate disposal of TRU wastes) or
for disposal on-site at the Idaho Site (e.g., under the SDA cap).

Transport of the packaged wastes must now be considered. In this alternative, only those risks
associated with transportation of TRU wastes to WIPP are considered; the travel distances for
low-level wastes that will be disposed of on-site (e.g., under the SDA cap) are relatively
insignificant.®®

The final step in this alternative is to manage the disposal of the wastes retrieved from the
SDA; these wastes will include TRU, low-level, and mixed low-level wastes. The TRU wastes
will be transported to WIPP for ultimate disposal and the non-TRU wastes will be assumed
disposed of at the Idaho Site (e.g., under the SDA surface barrier).”” The end state is based on
the assumption that any contaminated equipment is disposed of by burial in the SDA under the
cap without prior decontamination.”

7.3. Preliminary Hazard Analysis

The intent of this report is to provide a framework for assessing and comparing risks
associated with the various remedial alternatives investigated and a preliminary qualitative
evaluation of those risks. Detailed hazard analysis tables were developed and are provided for
Alternative 1 and Alternative 2 in Appendix G and Appendix H, respectively. For each
primary subtask, the following is determined:

the task frequency,

what can potentially go wrong,

how likely is the adverse event to occur,

the severity of the consequences,

the impacted population,

the basis for characterizing the risk, and

the contribution of the subtask to overall risk of the remedial alternative.

7 The conceptual site models for the ex situ treatment process (i.e., assuming compaction is used) and end state

are provided in Figure E-2 and Figure E-3, respectively.

% The conceptual site models for the transportation process and corresponding end state are provided in Figure

E-6 and Figure E-7, respectively.

% The relevant process and end state conceptual site models for these disposal options are provided in Figure

E-8 and Figure E-9, respectively. Note that all pathways are blocked in Figure E-9 indicating that the end state

would be protective.

" The conceptual site models for the packaging process and end state are provided in Figure E-4 and Figure E-5,

respectively.
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The detailed hazard analyses presented in Appendix G and Appendix H for the SDA remedial
alternatives are summarized in Table 4. It is impossible for the authors to identify properly
every conceivable process hazard at this stage of evaluation. Furthermore, Idaho Site personnel
have published two baseline risk assessments (Becker et al., 1998; Holdren et al., 2002) for the
SDA as well as one that focuses on the short-term impacts associated with the various
remedial alternatives (Schofield, 2002). This examination allows known process risks that are
significant in terms of both likelihood and consequence to be identified. Specifically, those
events that were deemed (using the definitions in Appendix F) as 1) probable and either
critical or severe and 2) possible and severe were classified as high-risk hazards. The focus of
the following discussion is on said &igh-risk hazards, which are examined in Table 4. The full
preliminary hazard analysis can be found in Appendix G and Appendix H.

The intent of this report is not to rehash existing risk assessment information, but instead to
examine the existing risk information from an independent, qualitative perspective and to note
when needed risk information is lacking. The risk assessments provided in the Interim Risk
Assessment and the Ancillary Basis for Risk Analysis only provide risk estimates for the
baseline or “no action” conditions. The evaluations of risk impacts presented in the Short-term
Risk Evaluation do not consider the full life-cycle risks involved in the remedial alternatives
considered. Thus potential life-cycle risk reductions that may be achieved through the remedial
alternatives considered have not been addressed by the Idaho Site to date.

7.3.1. Risk Categories

For the purposes of this evaluation, a probable event is defined as something very likely to
occur during task execution and a possible event is defined as something with a reasonable
expectation of occurring. A severe consequence is defined as the loss of the ability to satisfy
applicable and relevant design and performance criteria and protect human health (both worker
and general public) and the environment (both on- and off-site) and a critical consequence is
defined as significantly degraded performance versus applicable and relevant design and
performance criteria and the ability to protect human health and the environment. These terms
are further defined in terms of injuries, illnesses, fatalities, environmental damage and
equipment or property damage in Appendix F. In this report, permutations of probable/critical,
possible/severe and probable/severe combine sufficient likelihood of occurrence with
significant human health and environmental impact to deem the corresponding hazards high-
risk.

The determinations made in this report are based upon the hazard and risk categories defined
in Appendix F. Although it is understood that there is not likely to be unanimous agreement on
any set of definitions, a common basis must be used for assessing the tasks in question. These
definitions allow reviewers to “mean the same thing” when generic terms such as “/ow” or
“high” are used. Because some assessment of the risks must be made (and precise values
cannot be placed on the risks or gaps), the authors have agreed on the descriptions provided.
These categories are subject to change as further knowledge is obtained; however, any such set
of categories must be both defined and consistent to be of use.
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7.4. Major Hazards

Based upon the preliminary hazard analysis presented in Appendix G and Appendix H, the
most significant hazards are from the in sifu grouting and in situ vitrification process steps.
Each of these steps has a subtask that appears to be both probable and severe (in terms of
consequences). For example, in situ vitrification has been removed by the Idaho Site from
consideration for remediation of the SDA buried wastes (by immobilizing contaminants of
potential concern) due to both its inherent hazards as well as costs (Holdren & Broomfield,
2004); this decision would seem warranted based upon the preliminary hazard analysis
performed in this report. /n sifu grouting is an alternative for immobilizing subsurface
contaminants of potential concern; however, as illustrated in Table 4, this process step also
presents significant hazards.

It is the intent of process design and implementation to mitigate hazards and minimize
unacceptable risks to the greatest extent practical. However, all hazards and risks cannot be
completely mitigated, and as a result, adverse outcomes do occur. Therefore, identification of
risks is important not only for process selection, but also to carry out the intended management
option as safely as possible.

7.41. Failure of High-Pressure Grout System Resulting in Projectiles or
Grout Release and Injuries (/In Situ Grouting)

According to the Preliminary Documented Safety Analysis for in situ grouting in the SDA
(Abbott & Santee, 2004), a failure of the high-pressure (6,000 psi) grout system resulting in
projectiles or grout release as well as subsequent worker injury or even fatality is anticipated
during grouting operations.”' A system similar to that planned for in situ grouting use failed
during a test program at the Idaho Site and generated a projectile that injured a worker (Abbott
& Santee, 2004). No radioactive or hazardous material is used in the grouting system, so none
would be released during system failure; however, a “failure could generate a projectile or
release high-pressure grout with sufficient energy to cause a fatality” (Abbott & Santee, 2004).
Therefore, it appears more than reasonable to classify this failure event as both probable and
severe. The impacts would be restricted to the site. The hazards associated with the grouting
would be compounded if it would be used for both contaminant immobilization as well as
subsurface stabilization.

m According to Table 3-9 in the preliminary safety analysis (Abbott & Santee, 2004) for in sifu grouting in the

SDA, the likelihood category is anticipated and the consequence category is moderate. Anticipated means that
the event is expected to occur during the lifetime of the facility (frequency between once in 10 and once in
100 years) and is the most probable likelihood category in the safety analysis. Moderate means that there is
likelihood of on-site contamination and worker exposures of up to 100 rem (TEDE) and is the second highest
of four such categories.
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7.4.2. Injuries and Exposure to Radiological/Toxic Chemicals from Fire,
Deflagration, Detonation, or Melt Expulsion (In Situ Vitrification)

According to the Preliminary Documented Safety Analysis for in situ vitrification in the SDA
(Santee, 2003), a melt expulsion is considered “unlikely” to occur during operations; however,
if it did occur, the consequences would be considered “high” based upon the definitions in the
Safety Analysis.”* Melt expulsions are initiated by conditions below the surface of the melt and
could be caused by (Santee, 2003):

(1) Rapid depressurization of a pressurized container (e.g., sealed drums, gas cylinders,
etc.),

(2) Steam pressurization resulting from the presence of significant quantities of moisture
or volatiles beneath the melt, and

(3) Deflagration from the mixing of nitrate salts and either pyrolyzed combustibles or
finely divided graphite.

Of the 300 test, demonstration, or commercial melts using this technique, there have been at
least five melt expulsions (Santee, 2003), one of which at the Oak Ridge National Laboratory
involved the expulsion of approximately 20 tons of contaminated molten material (DOE,
1996). Fortunately, the radioactive contamination was fixed in the vitrified material in this
case. The authors agree with the Idaho Site assessment that the consequences of a failure of
this type during SDA processing would be severe (as defined in Appendix F) and restricted
primarily to on-site impacts. Because the likelihood of such an accident is tied to the presence
of sealed drums and volatiles (both of which are present in the SDA in large numbers) and no
amount of site conditioning would totally disrupt the integrity of the drums or remove the
water or volatiles that this type of failure is deemed probable for processing in the SDA.
Therefore, the reason to remove in situ vitrification as a potential remedial action for
immobilizing contaminants of potential concern in the SDA appears reasonable.

7.4.3. Injuries and Exposure due to Excavation and Related Material-
Handling Activities (Locate, Retrieve, & Segregate Buried Waste)

Other than the in situ grouting and in situ vitrification process steps, four of the other 12 steps
had at least one hazard that was considered to be high-risk’>. These hazards tend to be either
traumatic injuries from excavation-related or tote-bin handling activities or exposure due to
failure of a containment system. The process step that will be highlighted here is one that
presents three high-risk hazards (where the others have one each).

2 According to Table 3-9 in the preliminary safety analysis (Santee, 2003) for in situ vitrification in the SDA,

the likelihood category is “unlikely” and the consequence category is “high.” The term “unlikely” indicates
that the event may occur but is not anticipated during the lifetime of the facility (frequency between once in
100 and once in 10,000 years) and is the second most probable of four likelihood categories. A “high”
consequence event is one where there is likelihood of on- and off-site contamination as well as worker

exposures of more than 100 rem (TEDE) and is the highest of four such categories.

7 High-risk failures are those events that were deemed (using the definitions in Appendix F) as 1) probable and

either critical or severe and 2) possible and severe were classified as high-risk hazards. These are highlighted
in Table 4.
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The Locate, Retrieve, and Segregate Buried Waste (for Alternative 2) process step presents the
following three high-risk hazards:

e (Contaminated soil removal resulting in radiological/toxic chemical exposure

e Loaded tote-bin is dropped outside confinement area releasing radioactive material

e (Cave-in occurs during excavation operation and buries a worker or worker is otherwise
injured during excavation operations.

Although none of these hazards are deemed both probable and have severe consequences
(which would translate into an overall Aigh contribution to alternative risk), the fact that there
are three high-risk hazards highlights the potential difficulties in retrieving and handling
buried wastes from the SDA.

7.4.4. Failure of Long-Term Stewardship (Alternative 1)

The risks to the general population associated with Alternative 1 (contain the wastes in-place)
depend largely on the effectiveness of the long-term stewardship associated with the SDA.
Failure of the long-term stewardship may result in any of the following: site intrusion,
inappropriate land or natural resource use, population encroachment, or contamination of the
underlying aquifer. Each of these failure mechanisms has the potential to impact a large
number of people.

The necessary long-term stewardship will have three primary components: maintaining
performance of the engineered containment systems (i.e., final cap); maintaining institutional
controls to prevent intrusion, encroachment, and inappropriate land or natural resource use;
and effective monitoring strategies for both engineered containment systems and institutional
controls. For monitoring strategies to be effective, they must credibly provide warning of
system degradation before failure occurs. With respect to engineered containment systems, this
implies monitoring the integrity of caps, and moisture and contaminant movement in the
vadose zone. This monitoring should be construed as preemptive, rather than monitoring as the
basis for the regulatory point of compliance. With respect to institutional controls, regular
evaluation of the effectiveness of these controls is necessary. Public acceptance of these
measures will depend on the credibility of DOE and the financial and legal mechanisms
established for insuring long-term stewardship.
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8. Gap Analysis

The nature of the risk assessments in the Ancillary Basis for Risk Analysis (Holdren et al.,
2002) and the Short-Term Risk Evaluation (Schofield, 2002) indicate that there are
uncertainties and gaps in knowledge that must be addressed prior to completing a
comprehensive analysis of the risks posed by placing the wastes buried in the SDA into a more
secure state. A detailed analysis of gaps in knowledge is provided in Appendix I and Appendix
J for Alternative 1 and 2, respectively. The key knowledge gaps’* or missing pieces of
information that are considered to be of highest priority for resolution are provided in this
section on an overall, as well as a process-specific, basis. The relationship among these
information gaps and the highest risk hazards is provided in Table 4.

8.1. Gaps in Knowledge Relevant to All Remedial Alternatives

8.1.1. Risk Reduction and Risks Remaining after Implementation of
Remedial Options

The extent of risk reduction that would be achieved and remaining risks as a consequence of
each of the potential SDA remedial options has not been quantified. Furthermore, the impact
of proposed future land use (i.e., perpetual government control) on risk estimates has not been
evaluated. These risk reductions and residual risks for specific areas of the SDA should be
evaluated in the context of remaining risks, closure and stewardship requirements for the entire
SDA, including areas currently receiving additional wastes for disposal.

8.1.2. Geospatial Distribution of Wastes and Waste Forms

The inventories and geospatial distributions of the radioactive, organic, and inorganic
contaminants of potential concern are highly uncertain; however, they drive both the
evaluation of risk and the necessary remedial alternatives. Knowledge of the specific location
of the risk driving contaminants is required to estimate the effectiveness of excavation or
retrieval options and identify locations for targeted retrieval actions. For example, if nitrates
originally present in waste packages are now widely dispersed in the disposal area and vadose
zone, waste retrieval actions will be ineffective in reducing the risk associated with nitrate
contamination. Similar concerns exist with respect to the fission products contaminants of
potential concern. In addition, knowledge of the geospatial distribution of both risk-driving
contaminants and wastes that potentially can lead to high radiation doses to workers is needed
to achieve protection of remediation workers.

8.1.3. Presence and Location of High-Level Waste, Spent Fuel, or
Similar High-Activity Material

The Short-Term Risk Evaluation (Schofield, 2002) stated that “[d]uring retrieval activities,

high-level waste and possibly spent nuclear fuel may be encountered [in the SDA].” The

Preliminary Evaluation of Remedial Alternatives (Zitnik et al., 2002) further states that

™ Key information gaps are those that are both critical (from a safety standpoint) and large (indicating little or
no information is available) based upon the definitions provided in Appendix F.

60



“[w]aste buried in the SDA before 1970 contains small quantities of irradiated fuel
material....” Finally, in the Second Addendum to the Work Plan for the WAG 7 RI/FS (Holdren
& Broomfield, 2004), the following statement appears:

“Some shipments to the SDA contained waste that is similar to spent nuclear
fuel or high-level waste and may exhibit some characteristics of these waste
forms.”

where

“The [above] assumption reflects information developed since the First
Addendum [DOE-ID, 1998] through review of waste shipment and inventory
records. Waste similar to spent nuclear fuel or high-level waste may require
specific attention in modeling (e.g., contaminant inventories and release and
transport mechanisms) and in analyzing alternatives (e.g., safety issues related
to exposure rates, potential security concerns, and interference with remedial
technologies such as retrieval and ISG).”

Therefore, there is some uncertainty concerning the presence, type, and amount of
high-level waste and spent nuclear fuel (or similar material) in the SDA. Special
requirements are necessary when handling this type of material due to its high activity.

If it is discovered that high-level waste was buried in the SDA, then this waste may be
required to be disposed of as such and the operations necessary for its retrieval added
to the Retrieve, Treat, and Dispose alternative (i.e., Alternative 2) and its evaluation.
For example, the Nuclear Waste Policy Act of 1982 (as amended) specifies that high-
level radioactive waste must be disposed of in a deep geologic repository (currently
proposed off-site at Yucca Mountain, Nevada). Furthermore, the 1995 Settlement
Agreement”” between the Governor of Idaho, DOE, and the Department of the Navy
states that “DOE shall treat all high-level waste currently at [the Idaho Site] so that it is
ready to be moved out of Idaho for disposal by a target date of 2035.”

8.1.4. Baseline Risk Assessment (“No Action” Option)

A first step in assessing the information needed to assess risks for any given alternative is to
evaluate the information available before any remedial actions are undertaken so there is a
basis for comparison—this can be done by examining the information gaps for the No Action
option. In this option, no additional actions’® are assumed to be taken to treat or immobilize

" The 1995 Settlement Agreement was found at www.id.doe.gov/doeid/RFP-
NE&NSD/SEC%20J%20Attachments/J-M%201995%20S A.pdf.

For example, some waste will be retrieved during the Pit 4 Accelerated Retrieval Project (DOE-ID, 2004b).
Beryllium blocks, which weigh approximately 180 pounds each and became radioactive after being used as
reflectors in Idaho Site test reactors, were buried in pits, trenches and soil vault rows. These blocks are being
grouted in-place to immobilize C-14; however, this does not preclude future retrieval is found necessary
(Lopez & Schultz, 2004; Lopez, 2004). There is also an on-going removal of organic contamination in the
vadose zone using vacuum vapor extraction. More than 162,000 pounds of volatile organic compounds have
been successfully extracted from the SDA and destroyed using vapor vacuum extraction units.
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the wastes buried in the SDA to reduce risks further (DOE-ID, 2004b; Lopez & Schultz, 2004;
Lopez, 2004). However, in any event, environmental monitoring, maintenance, and
institutional controls would be implemented.

Semi-quantitative and qualitative baseline risk analyses were previously performed in the
Interim Risk Assessment (Becker et al., 1998) and Ancillary Basis for Risk Analysis (Holdren
et al., 2002) for the wastes buried in the Subsurface Disposal Area (SDA). The conclusions for
both reports were that the wastes buried in the SDA pose “unacceptable long-term risk to
human health and the environment” (Becker et al., 1998; Holdren et al., 2002). Sufficient
information existed for many contaminants of potential concern to estimate respective risks to
receptors quantitatively; the risks from other contaminants that might be of potential concern
(however without sufficient inventory and/or toxicological information) had to be addressed
qualitatively. However, in the most recent and comprehensive baseline risk assessment
(Holdren et al., 2002), the risks for those that were assessed quantitatively were based solely
upon best inventory estimates instead of also examining reasonable bounding quantities; this
information was supplemented by limited sensitivity and uncertainty analyses.

Because a modeling effort is required to assess the risks posed in any proposed scenario, a
significant part of the gap analysis can be conceptualized in terms of the modeling effort
required. Generally, there are key methodological, release, transport, and fate aspects of
modeling that must be adequately addressed before the model (or suite of models) can be
useful for assessing risks. In general, these key aspects for a given contaminant of potential
concern are

a) ability of the model used to adequately describe the true situation,

b) contaminant release and source term (including contaminant flux to the surface or
subsurface media),

c) surface transport of contaminant through both air and water,

d) subsurface transport of contaminant including both vadose and groundwater zones,
e) exposure mechanisms, and

f) receptors and effects.

Many of these key aspects are described by the conceptual site model (ASTM, 1995; DOE,
2003) of the waste burial site.

Some of the above aspects are likely to be unknown (i.e., gaps). Table I-1 in Appendix I
provides a detailed analysis of the known gaps in knowledge for the No Action option
including not only the modeling tasks but also the long-term stewardship and institutional
control activities. From the definitions provided in Appendix F, those gaps in information
concerning the No Action option (for Alternative 1) that are both critical (from a safety
standpoint) and /arge (i.e., little if anything is known) are

e Potential for facilitated plutonium transport
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e Presence and location of spent fuel’ or similar high-activity material

These knowledge gaps are also relevant to all remedial alternatives considered.

8.1.5. Potential for Facilitated Plutonium Transport

The wastes buried in the Subsurface Disposal Area (SDA) appear to be unique both in their
magnitude and diversity. Plutonium is one of the radioactive elements found buried in the
SDA. Estimates indicate that between 1 and 1% metric tons of plutonium may have been
buried in the SDA (INEEL, 2004a; Sentieri, 2003a; Neeley, 2003; Sentieri, 2003b; Sentieri,
2003c; Sentieri & Taylor, 2003).” Under oxidizing and consolidated conditions, plutonium
has been found to be generally fairly immobile in the environment. However, plutonium can
move significant distances when present as fine particulates, chelated, or under reducing
conditions in the subsurface or if it is present as, transformed into, or attached to a colloid
(Flury & Harsh, 2003). For example, if plutonium is of small particle size (i.e., less than 1
um), it can be transported as a colloid (Batcheller & Redden, 2004) or it can form an intrinsic
colloid by polymerization (Flury & Harsh, 2003). Also it can form aqueous complexes with
organic materials, such as EDTA, which is present in the SDA. Finally, when reduced to a
soluble species, plutonium can sorb or bind to other, natural “colloidal” material such as
zeolites or clays, which are ubiquitous in the subsurface and can be transported (Flury &
Harsh, 2003).

In fact, because of their low solubility in water and strong sorption potential, actinides such as
plutonium are ideal candidates for colloid-facilitated transport (Flury & Harsh, 2003;
Honeyman, 1999). When in colloidal form or attached to colloidal particles, plutonium can
move through the subsurface at velocities equal to the average velocity of water—that is,
unretarded (Flury & Harsh, 2003). Colloid concentrations in natural subsurface systems tend
to be low resulting in limited facilitated colloidal transport of plutonium and resulting colloids
may not stable over the long distances necessary to reach the aquifer. It has been estimated that
as much as 5% (or 75 kg) of the plutonium’® buried in the SDA may be of the size that could
form colloids. There is also information that suggests that complexing agents such as EDTA
may have been buried in the SDA.* The stability of the colloids and the distances over which
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According to the Nuclear Regulatory Commission (www.nrc.gov/reading-rm/basic-ref/glossary/spent-nuclear-
fuel.html), spent fuel is defined as “[f]uel that has been removed from a nuclear reactor because it can no

longer sustain power production for economic or other reasons.”

™ As indicated in footnote 23 on page 8 of this report, there is a large quantity of fissionable material buried in

the SDA. Thus one might consider the potential for a criticality accident to be both Aigh-risk and/or a critical
information gap. However, the preliminary safety analyses (Abbott, 2003; Abbott & Santee, 2004; Santee,
2003) for the proposed remedial actions indicate that any conceivable criticality accident would have a
frequency less than once in 10,000 years. The conclusion from these safety analyses are supported by
criticality analyses for the SDA (INEEL, 2004a; Sentieri, 2003a; Neeley, 2003; Sentieri, 2003b; Sentieri,
2003c¢; Sentieri & Taylor, 2003), which indicated that criticality accidents were either extremely unlikely or
not credible.

The 95% upper confidence limit on the colloid-sized plutonium in the SDA is 4.9% of the 1100 kg (best
estimate) to 1500 kg (upper bound) (Batcheller & Redden, 2004). These values translate into 55 kg and 75 kg
of plutonium, respectively.
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% According to the Interim Risk Assessment (Becker et al., 1998), up to 71,000 kg of versenes (assumed to be

EDTA) could have been disposed of in the SDA. Versenes are organic chelating agents.
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this facilitated transport can occur is strongly a function of specific field conditions. There is
insufficient field data that can be used to test or calibrate possible colloid transport models !
Therefore, some facilitated transport of plutonium cannot be ruled out and presents potentially
a significant gap in information that must be addressed to assess the risks posed by the wastes
buried in the SDA.

8.1.6. Other Important Knowledge Gaps

There are a number of knowledge gaps that, even though they were not classified as critical
and /arge in Appendix I and Appendix J, are still important enough to emphasize. These
include:

e Carcinogenic and non-carcinogenic risks were estimated using standard exposure
parameters at the downgradient Idaho Site boundary for a hypothetical 100-year
institutional control period (Holdren & Broomfield, 2004). In the Remedial
Investigation/Feasibility Study (RI/FS) for the SDA (Holdren & Broomfield, 2004),
only a single acute well-drilling, intruder scenario will be evaluated. A residential
groundwater ingestion scenario was evaluated to 10,000 years at the SDA boundary
after completion of the 100-year institutional control period (Holdren &
Broomfield, 2004). Additional exposure scenarios and pathways need to be
evaluated that are more relevant to projected, future land use and local values.

e There are on-going low-level waste disposal operations being carried out in the
SDA. Wastes were also removed during the Pit 9 test retrieval and additional
wastes are being removed during the Pit 4 Accelerated Retrieval Project (DOE-ID,
2004b). The SDA inventory should be updated to account for these events if the
change in inventory would result in doses beyond that represented by the
uncertainty present in the current dose assessments.*

e It is uncertain whether in situ grouting will have to be used to immobilize
contaminants of potential concern in selected areas of the SDA. However, the in
situ vitrification option has been removed from consideration for the SDA due to
inherent safety considerations (Holdren & Broomfield, 2004).** There is also
uncertainty as to the extent of in sifu grouting needed for both contaminant
immobilization, if necessary, and subsurface (geotechnical) stabilization.

81 The limitations on the plutonium transport information include: few appropriate laboratory (or column)

studies, insufficient field data that can be used to test or calibrate possible colloid transport models, and no
link made between the laboratory and field characteristics (Batcheller & Redden, 2004). Often the column
studies used to estimate the transport parameters do not consider preferential flow pathways.

The SDA inventory will be updated as part of the Idaho Site CERCLA Remedial Investigation/Feasibility
Study process (Holdren & Broomfield, 2004).

Of the 300 test, demonstration, or commercial melts using in situ vitrification, there have been at least five
melt expulsions (Santee, 2003), one of which at the Oak Ridge National Laboratory involving the expulsion of
approximately 20 tons of contaminated molten material (DOE, 1996). Because the likelihood of such
accidents is tied to the presence of sealed drums and volatiles (both of which are present in the SDA in large
numbers) and no amount of site conditioning would totally disrupt the integrity of the drums or remove the
water or volatiles that this type of failure is deemed probable for processing in the SDA. Therefore, the reason
to remove in situ vitrification as a potential remedial action for immobilizing contaminants of potential
concern in the SDA appears reasonable.
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e Because the final applicable or relevant and appropriate requirements (ARARs) for
the SDA will not be defined until the Record of Decision is finalized, the regulatory
requirements for SDA remedial actions may change from those assumed in this
report.

e A significant amount of fill, or “borrow,” material will be required to backfill areas
in the SDA, prevent subsidence, and complete the surface barrier.** Under the most
favorable circumstances, this material can be taken from the spreading areas less
than one mile from the SDA. However, this material may have to be moved (by
truck) from a location more than 40 miles from the SDA (Schofield, 2002). This
activity would substantially increase both the risks and costs associated with this
alternative because as many as 159,000 truck loads (at 22 yd® per load) of material
may be required if a RCRA type “C” cap is employed.

8.2. Process-Specific Knowledge Gaps

The key gaps in knowledge® covered in this section are specific to various alternatives or
process steps. The detailed gap analysis for Alternative 1 (Contain in Place) is provided in
Appendix I and that for Alternative (Retrieve/Treat/Dispose) is provided in Appendix J.

8.2.1. Amounts and Distributions of Water, Volatiles, Vapor Pockets,
and Drums (Alternative 1: Contain in Place; Option D: In Situ
Vitrification)

Alternative 1 involves containing the buried wastes in place—that is, no additional waste will

be retrieved. As illustrated in Table 3, there are four options associated with this alterative

whose gaps were examined in detail in Appendix I. Option D for Alternative 1*® included
employing in situ vitrification to immobilize subsurface contamination that would otherwise
be retrieved (i.e., Alternative 2). A single data gap (i.e., “Amounts and Distributions of Water
and Volatiles in the SDA”) is identified as both critical (in terms of safety) and large

(indicating little or no is known about it) as defined in Appendix F.

When in situ vitrification is applied to areas with large amounts of volatile compounds or
vapor pockets (e.g., in drummed waste), there is a high probability that the gases released will
result in bubbling and the splattering of molten material and a very real safety concern. For

¥ From (Zitnik et al., 2002): “Preliminary assessments indicate that suitable materials are available from borrow

areas on and off the INEEL. However, this project would require extensive excavation within the designated
areas. For example, approximately 3.5 million yd® [or over 159,000 truck-loads] of silt loam materials would
be required to complete construction of the [RCRA-type] cover. Assuming this was retrieved from a single pit
with an average extraction depth of 20 ft, it is projected that the pit surface would cover approximately 100
acres [or approximately the size of the SDA].” This may need to be revisited because there are obvious
problems associated with leaving an open pit of this size including risks, pooling of water and snow, etc. Also,
less borrow material would be necessary if an evapotranspiration-type cover is ultimately selected for the
SDA.

% Please refer to footnote 74 on page 60.

% Table I-4 in Appendix I provides the detailed gap analysis for Option 1D (i.e., contain the wastes in-place

using in situ vitrification).
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example, a melt expulsion®’ involving approximately 20 tons of contaminated molten material
occurred during in situ vitrification of 216 tons of contaminated soil at the Oak Ridge National
Laboratory (DOE, 1996; INEEL, 2004b). Volatile gas collection hoods have even ignited.
Events such as the ORNL melt expulsion and other safety concerns have prompted the Idaho
Site to remove in situ vitrification from the list of remedial actions considered for the SDA. It
was retained here for comparison purposes.

8.2.2. Possible Future Legal Decisions and Resulting Actions
(Alternative 2: Retrieve/Treat/Dispose; Options A and B)

Alternative 2 involves retrieving buried wastes from the Subsurface Disposal Area (SDA),
segregating and treating the retrieved wastes, and disposing the non-TRU wastes at the Idaho
Site and the TRU wastes at WIPP. As illustrated in Table 3, there are two options associated
with this alterative whose gaps were examined in detail in Appendix J. These options differ in
the extent to which buried wastes must be retrieved.

The extent to which buried waste must be retrieved from the SDA is controversial and may
ultimately be the result of legal decisions concerning the ultimate disposition of Rocky Flats
Plant waste buried in the SDA prior to 1970. The 1995 Settlement Agreement between the
Governor of Idaho, DOE, and the Department of the Navy states that™

“DOE shall ship all transuranic waste now located at INEL, currently estimated
at 65,000 cubic meters in volume, to the Waste Isolation Pilot Plant (WIPP) or
other such facility designated by DOE, by a target date of December 31, 2015,
and in no event later than December 31, 2018.”

The Idaho Site and DOE indicated that the approximately 65,000 m® of transuranic waste
referred to in the Settlement Agreement is that currently stored in the Transuranic Storage
Area and does not include that buried in the SDA. However, in United States of America v.
Dirk Kempthorne (USA v. Kempthorne, Civil Case No. 91-0054-S-EJL), a judge ruled that:®

“The intent and spirit of the 1995 Settlement Agreement was to establish a
binding process and timeline for the removal of all INEEL high-level and
transuranic waste, both stored and buried, out of the State of Idaho and to
statutorily compliant permanent geologic repositories.”

In the judge’s opinion, “all” meant both stored and buried transuranic and a// high-level
wastes. DOE appealed this ruling to the U.S. Court of Appeals for the Ninth Circuit (NRC,
2005). In December 2004, the decision was reversed and the case remanded to district court
indicating that all evidence (including the source of the 65,000 m® estimate) must be

7 A melt expulsion is the violent upsurge of gas through the melt that has the potential to elevate the hood and
release both gaseous and entrained melt contaminants. This was observed during testing of ISV at the Oak
Ridge National Laboratory (DOE, 1996).

The 1995 Settlement Agreement was found at www.id.doe.gov/doeid/RFP-
NE&NSD/SEC%20J%20Attachments/J-M%201995%20SA.pdf.

The text of the court ruling was found at
personalpages.tds.net/~edinst/publications/EDI.amicus.Buried.final.htm.
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considered.” The outcome of such legal actions in the future may dictate the extent to which
wastes buried in the SDA will have to be retrieved and/or immobilized and the concomitant
risks involved in the selected remedial action. The Idaho Site has little control over such legal
matters; however, because such actions may dictate the remedial actions that must be taken,
these actions also directly influence the risks associated with the SDA remediation.

8.3. Suggestions for Gap Resolution

The path forward for resolving the knowledge gaps identified in this report can be considered
as part of the on-going CERCLA Remedial Investigation/Feasibility Study process, and it is
hoped that this report could be useful as input to that process. For example, an assessment of
the size and impact of each knowledge gap indicated in this report could be used as a way of
determining the order in which gaps should be resolved. Information concerning risk reduction
achievable through each remedial alternative, remaining risks after remediation, inventory,
geospatial distribution, waste form, release, fate, and transport of contaminants of potential
concern in the SDA should be collected. This data collection effort should be focused on the
risk-driving contaminants of potential concern that have been previously identified. An
assessment of the potential to uncover high-radiation material (especially spent nuclear fuel or
similar material) should be performed early in this process. Contingencies should be developed
to prepare for the possibility that a future court decision mandates the extent to which buried
transuranic wastes from the Rocky Flats Plant must be retrieved for shipment to WIPP.

% The reversal can be found at:
http://www.ca9.uscourts.gov/coa/memdispo.nsf/pdfview/120304/$File/03-35470.PDF.
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9. Preliminary Comparison of Alternatives

Coupling the hazard and gap analyses allows for a qualitative ranking of the various remedial
alternatives in terms of risk, human health, environmental, and programmatic factors. When
assessed for these various factors, the remedial alternatives for the SDA buried wastes can be
qualitatively ranked.

For Alternative 1, there are no options that would be considered low-risk. For example, the No
Action option (1A) is considered high-risk because nothing would be done to isolate the
subsurface contamination from percolating water. Therefore, even though long-term
monitoring, maintenance, and institutional controls would be instituted, this option would still
have to be considered high-risk. The high-risk hazard for this option is associated with failure
of long-term stewardship actions. Such activities are required for any of the proposed remedial
options; however, a surface barrier will be emplaced for all but the No Action option and thus
the risks would be lower.

Therefore, all remedial options (including No Action) for Alternative 1 and Alternative 2
would be classified as high-risk primarily because they employ one or more of the high-risk
process steps (i.e., in situ grouting, in situ vitrification, and long-term stewardship). However,
this is not to say that there is not a rank-ordering possible amongst the various options.

For example, significant programmatic risk is associated with the waste retrieval options
represented by Alternative 2. Another factor that impacts the overall risk would be how
extensively a high-risk process step may be employed. A number of the remedial options
employ in situ grouting for both subsurface stabilization and contaminant immobilization. On
the other hand, the in situ vitrification option (1D) for Alternative 1, employs both in situ
grouting (for subsurface stabilization and contaminant immobilization) and in situ vitrification,
which are both classified as high-risk process steps. However, for the in situ vitrification
option (1D), in situ grouting may be employed over a smaller area of the SDA.

Significant risks are also associated with the retrieval process employed in Alternative 2.
Assuming that risk increases with increasing waste retrieval, one might assume that the full
Rocky Flats Plant TRU waste retrieval option (2B) would present more risk than the targeted
or “hot-spot” Rocky Flats Plant TRU waste retrieval option (2A). Furthermore, because all
options employ at least one high-risk process step, a possible rank-ordering of the remedial
options in terms of risk might produce the following:’’

1) >> @) > > > 9> ()

or

! This rank-ordering is based upon the following assumptions: 1) risk increases with increased waste retrieval,

2) employing both in situ grouting and in situ vitrification is much higher in risk than employing just in situ
grouting even for both subsurface stabilization and contaminant immobilization, 3) employing in situ grouting
for both subsurface stabilization and contaminant immobilization is higher risk than when in sifu grouting is
used for only subsurface stabilization, and 4) not containing the wastes using a surface barrier would have the
potential to impact by far the greatest number the public, which would overwhelm any reduced worker risks.

68



No Action >> In Situ Vitrification > Full Retrieval > Targeted Retrieval
> In Situ Grouting > Surface Barrier

However, the above rank-ordering is subjective and based upon a number of assumptions
concerning comparison of the qualitative risk classifications made in this report. Furthermore,
not all of the above options (e.g., No Action) would be considered satisfactory from a remedial
standpoint. A quantitative assessment of risks or examination of remedial requirements (e.g.,
retrieval of buried Rocky Flats Plant TRU wastes) might produce a different rank-ordering or
set of remedial options than that provided.

9.1. Interpretation of the Overall Risk Classification

The results of the hazard analysis identify no clear, ideal choice for dispositioning the wastes
buried in the SDA from the alternatives considered. One could qualitatively rank-order the
various remedial options based upon assumptions concerning the relative risks and remedial
requirements; however, additional programmatic and regulatory information will be required
to identify an acceptable choice.

For example, the 1995 Settlement Agreement calls for removing at least the 65,000 m® of
retrievably stored TRU waste in the Transuranic Storage Facility that borders the SDA.
However, past legal action has been undertaken by various stakeholders resulting in court
decisions that a/l buried TRU wastes from the Rocky Flats Plant must also be retrieved and
sent to WIPP for disposal (NRC, 2005).°% If such a decision would be binding in the future,
then only the full retrieval option (2B) would satisty the regulatory requirement for
remediation of the SDA. If, on the other hand, the buried TRU waste retrieval requirement is
based upon risk information, then all options (except for No Action) might be acceptable.
Numerous factors including risk, cost, regulatory requirement, etc. should factor into the
decision process for the best remedial alternative.

Because of the experience both at the Idaho Site and other DOE complex sites in employing
the various remedial actions reviewed in this report, there is a great deal of information
available to assess and compare quantitatively such factors as overall risk and cost for the
proposed remedial actions. Many of these factors are being assessed as part of the Idaho Site
CERCLA process for remediation of the SDA. For example, the most recent baseline risk
assessment was developed in the Idaho Site Ancillary Basis for Risk Analysis (Holdren et al.,
2002) report. Risks for various remedial options were also examined in the Idaho Site Short-
Term Risk Evaluation report (Schofield, 2002); however, life-cycle risks were not evaluated.

The development of analogous risk assessments (to those in the baseline risk assessment
documents) that define risk reduction and remaining risks (in the context of the entire SDA)
for proposed remedial actions would provide very informative inputs to the decision-making
process. It is necessary to characterize the contaminants of potential concern based on their
geospatial distributions and forms in the context of the overall SDA closure and stewardship,

2 The Department of Energy appealed this ruling to the U.S. Court of Appeals for the Ninth Circuit (NRC,
2005), and the decision was reversed.
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which will allow the risk drivers and their potential impacts over time to be identified and
managed appropriately. An example should make this clear. If the buried TRU wastes from the
Rocky Flats Plant were retrieved (which would remove TRU contaminants, perhaps one-half
of the nitrate source, and much of the volatile organic material that had not already migrated
from the SDA), this would have little impact on many of the contaminants of potential concern
(e.g., Tc-99, Sr-90, etc.) and thus limited reduction to the overall risk presented by the SDA.

Results of the evaluation in this report indicate that the lowest risk option is likely to be
removal of the highly mobile contaminants (i.e., volatile organics and nitrates) that pose
significant short-term risks followed by in-place containment. The containment will isolate the
remaining contaminants in-place and reduce their ability to migrate to the environment.
However, the characterization of the risk associated with this option is strongly dependent on
the effectiveness of the long-term stewardship following remediation. Failure of the long-term
stewardship may result in any of the following: site intrusion, inappropriate land or natural
resource use, population encroachment, or contamination of the underlying aquifer. Each of
these failure mechanisms has the potential to impact a large number of people in the (possibly
distant) future. Retrieval options appear to pose the highest risks to the worker population in
the near term.
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10. Conclusions and Recommendations

The information provided in this report provides a foundation for improved risk
characterization and assessment of remedial alternatives and identifies the most important gaps
in information that must be resolved to provide improved risk assessment and enable risk-
informed decision making. The most important information gaps concern 1) risk reductions
potentially achieved through implementation of each remedial option and remaining risks after
remediation in the context of the overall SDA closure, i1) current geospatial distribution of the
risk-driving contaminants of concern, and iii) future court decisions that may mandate the
extent to which buried transuranic waste from the Rocky Flats Plant must be retrieved for
shipment to WIPP. These findings appear to be consistent with recent National Academy
findings and recommendations that suggest that the effort, exposure, and costs associated with
retrieval, immobilization, and disposition of transuranic wastes buried without intent for
retrieval may not warrant the corresponding risk reduction that would be achieved (NRC,
2005). The risk assessment framework presented here provides a foundation for answering
these types of questions concerning remedial alternatives.

The primary recommendations resulting from this report are to

1) explore new techniques or technologies to either mitigate or circumvent (using new
and safer techniques) the hazards identified in this report for the remedial actions that
will be undertaken in the SDA, concentrating initially on those that are deemed
probable and would result in severe consequences,

i1) gather additional inventory (focusing on geospatial distributions and forms), release,
fate, and transport information for the contaminants of potential concern in the SDA,

i11) resolve knowledge gaps as information becomes available, concentrating on those
highlighted in this report as both /arge and critical,

iv) use the new information obtained to generate improved risk assessments for both
baseline conditions and proposed remedial actions as input to improved decision-
making in the Idaho Site CERCLA process for the SDA, and

v) continue to communicate to resolve their differences concerning the relative risks
concerned with either retrieving or leaving the buried TRU waste in place.

Results of this evaluation indicate that, when relevant risk factors are taken into account, the
lowest life-cycle risk option is likely to be extraction of highly mobile contaminants that may
pose significant risk followed by in-place containment. The primary short- to intermediate-
term risk driving contaminants are volatile organic contaminants (e.g., carbon tetrachloride,
methylene chloride, and tetrachloroethylene) currently being addressed by soil vapor
extraction, nitrates, and mobile fission products (e.g., Tc-99 and Sr-90) and activation products
(e.g., C-14 and Cl-36). Various uranium isotopes and Np-237 buried in the SDA represent the
majority of the long-term risks to human health. Currently available information indicates that
nitrates and uranium isotopes are present from both Rocky Flats Plant wastes and other
sources, and not all forms of the Rocky Flats Plant wastes contain significant quantities of the
contaminants presenting the most unacceptable risks. Insufficient information is available to
define the current spatial distribution of these key contaminants but efforts are underway to
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improve this understanding. Thus greatest risk reduction is achieved through removal or
remedial actions targeted towards removal of significant pockets of these contaminants
presenting the greatest threats to groundwater rather than through removal actions targeted
based on the origin of the wastes (e.g., Rocky Flats Plant). However, the characterization of
the risk associated with this option is strongly dependent on the effectiveness of the long-term
stewardship following remediation. Failure of the long-term stewardship may result in any of
the following: site intrusion, inappropriate land or natural resource use, population
encroachment, or contamination of the underlying aquifer. Each of these failure mechanisms
has the potential to impact a large number of people in the (possibly) distant future. Retrieval
options pose the highest risks, impacting the worker population in the near term.
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DISCUSSION DRAFT — January 6, 2005

CRESP Evaluation of Management Alternatives for Buried Wastes in the Subsurface
Disposal Area (SDA) at INEEL

Objectives:

1.

Develop a framework for comparative life-cycle risk evaluation of management
options for ultimate disposition of the wastes buried in the Subsurface Disposal Area at
INEEL with emphasis on buried transuranic (TRU) waste.

Describe the primary activities, processes, and their relationships that are necessary to
carry out each of the proposed management alternatives.

Identify the major sources of risks, data gaps, and uncertainties for each of the primary
processes or activities necessary to carry out each of the proposed management
alternatives.

Identify prior risk assessments at INEEL and/or other sites or analogues that serve as
bases for evaluation of hazards or risks and provide a qualitative or semi-quantitative
characterization of such hazards or risks. Characterization of risks will include
consideration of expert opinion, where necessary, based on team and other experience,
and relative ranking of risks.

This evaluation will not include quantification of risks or recommendations on the preferred
waste management approach. The purpose of the document is to serve as technical input for
further open discussion and evaluation of the management alternatives. Future discussion
should include public input as well as consideration of costs and public policy.

The management alternatives for INEEL buried waste disposition can be divided into two
broad categories: 1) contain the wastes in place without retrieval, and 2) appropriately retrieve,
treat, package, store, ship, and dispose the wastes. Inherent to these alternatives there are a
number of options:

1.

Contain the SDA Buried Wastes in Place

A. Surface barrier emplacement with selected in sifu grouting for subsurface
geotechnical stabilization.

B. In situ grouting for both contaminant immobilization and subsurface geotechnical
stabilization with surface barrier emplacement.

C. In situ vitrification for contaminant immobilization, in situ grouting for
subsurface geotechnical stabilization, and surface barrier emplacement.

2. Retrieve/Treat/Dispose Wastes

A. Selective retrieval of buried wastes with treatment, packaging, interim storage,
and either on-site or off-site shipping and final disposal.
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B. Full retrieval of buried wastes (i.e., from the Rocky Flats Plant) with segregation,
treatment, packaging, interim storage, and either on-site or off-site shipping and
final disposal. Off-site disposal of TRU-contaminated wastes is assumed to be at
the Waste Isolation Pilot Plant (WIPP) in New Mexico.

With both management alternatives above, the following is to be considered:

A. Disposition of the SDA buried wastes is being performed as a CERCLA non-time
critical removal action. INEEL assumes that remedial activities will likely
commence around 2010.

B. There currently is an on-going soil vapor extraction (SVE) of organic
contamination in the vadose zone (OCVZ) around the SDA that may impact the
waste inventory and associated risks to workers and the general public during
future operations.

C. There currently is an on-going program to grout the areas around the beryllium
reflector blocks (to prevent '*C release) that will impact the associated risks to
workers and the general public. This work does not preclude future retrieval, if
found necessary.

D. There may be need to perform in situ thermal desorption pretreatment if areas are
found to have too high concentrations of organic contamination following soil
vapor extraction operations.

E. Buried wastes will be retrieved during the planned Pit 4 Accelerated Retrieval
Project; this will marginally reduce the waste inventory and associated risks.

F. There are current and planned low-level and mixed low-level waste disposal
activities in the SDA that impact both the inventory and associated risks.

G. Both management alternatives involve emplacement of a surface barrier to limit
surface water infiltration and to deter intrusion into the burial site from burrowing
animals and deep-rooted plants. The emplacement is likely to be carried out in
stages based upon the closure of the active low-level and mixed low-level waste
disposal operations in the SDA.

H. Final closure of the SDA will require long-term stewardship activities (e.g.,
environmental monitoring, repair and maintenance, institutional controls, etc.)
independent of the management alternative selected.

For the Retrieve/Treat/Dispose alternative, there is an added consideration that interim
storage facilities and capacity will be necessary for retrieved, segregated, and packaged
wastes, including low-level, mixed low-level, TRU, etc.

For each management alternative identified above, the report will contain:
1. A management flow diagram of major activities, decisions, and processes necessary to

achieve each alternative. (example included below, Figure 6)
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. A risk flow diagram that identifies the major processes that incur risk to human health
or the environment. Associated conceptual site models for each process step will be
included in appendices, but will not include detailed evaluation of ecological impact.
(example included below, Figures 8 and 10)

. A summary table listing the primary failure modes and hazards or sources of risk
associated with each major process step. This will also identify the populations at risk
(e.g., workers, local public, off-site public) for each of the associated hazards or risks.
Table format is under development.

. A table listing the primary data gaps associated with the evaluation of risk for each
major process step, based on current information.

The available basis and approach for estimating risks associated with each major
process step.

. In appendices, (a) task list for each major process step, (b) conceptual site models for
each major process step associated with the material flow diagrams (item 2 above), (c)
gap analysis for each major process step (example below, Table 6), (d) hazard analysis
for each major process step (examples below, Tables 7 and 8).

. Document will be less than 30 pages of text (in addition to the tables and figures
identified above, appendices identified above, and two page executive summary).



B. Tasks for Alternative 1: Contain in Place (4 Options)
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There are 14 basic process steps that have been identified for the alternatives for dispositioning
wastes currently buried in the Subsurface Disposal Area (SDA) at the Idaho Site. These are
enumerated in Table B-1. The task lists that are composed of the various process steps in Table
B-1 are provided in Appendices B and C. The format of the lists is illustrated in Figure B-1.

Table B-1. Process Steps Available for Dispositioning SDA Buried Wastes*

Alt. 1 Alt. 2
g
5| 2] 8ot
£l 2 E|EEIE,
AR EHEE
=] ; 2 2 ; 3 i %)
4 [77) 54 54 e o =3
d14d|d| 8|48
Process Step il Rl el el A
1. Subsurface Disposal Area (SDA) Characterization VNN [N YA
2. In Situ Thermal Desorption Pretreatment NN NN Y
3. In Situ Grouting®** VW W W W
4. In Situ Vitrification N
5. Pad A Reconfiguration NN NN A
6. Locate, Retrieve, and Segregate Buried Waste R
7. Ex Situ Treatment (e.g., Compaction) A
8. Package Retrieved Wastes R
9. Intermediate Storage of Retrieved and Packaged Wastes R
10. Surface Barrier Selection, Preparation, and Emplacement NN NN Y
11. Long-term Stewardship Activities for the SDA NN N [N YA
12. Construct New SDA Disposal Cell oA
13. Long-term Stewardship Activities for New SDA Disposal Cell oA
14. Off-site Shipment and Disposal at WIPP v

*  Two basic alternatives have been identified for dispositioning the SDA buried wastes: 1) contain the
wastes in place or 2) retrieve, treat, and dispose (RTD) the wastes.

** The two options associated with the retrieve, treat, and dispose (RTD) alternative include A) targeted
retrieval of Rocky Flats Plant (RFP) TRU wastes or B) full retrieval of Rocky Flats Plant TRU wastes.

##% Two check marks (V) in this column indicate that in situ grouting will potentially be used for both
subsurface stabilization and contaminant immobilization.

= - Alternative
— -4— Process Step

Option — >
Task —p= =

Determine contaminant waste forms, inventories, distributions, and fluxes from
the burial site

Figure B-1. Basic format for the task enumeration in the Appendices
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B.1. Task Listing for the Contain-in-Place Alternative, No
Action Option (1A)

1A.0 No Action Option—Long-term Monitoring of the Buried Wastes”

1A.1. Subsurface Disposal Area (SDA) Characterization

1A.1.1. Determine contaminant waste forms, inventories, distributions, and fluxes
from the burial site

1A.1.2. Complete analysis of historic, current, and planned retrieval activities (e.g.,
those for Pit 9 and Pit 4 when completed as well as the extraction of organic
contamination in the vadose zone or OCVZ (DOE-ID, 1994a))

1A.1.3. Complete conceptual site model(s) for the SDA
Note that process steps 2 through 10 (in Table B-1) are not applicable to this option.
1A.11. Long-term Stewardship Activities for the SDA

1A.11.1. Determine long-term monitoring, maintenance, and institutional controls
(e.g., physical and administrative land-use restrictions) needed to ensure that
buried contamination will be left in a protective state based upon, in part,
future land use decisions and possible failure mode scenarios

1A.11.2. Implement long-term monitoring (including sampling and analyses) and
institutional controls

1A.11.3. Routine maintenance, repair, and replacement
1A.11.4. Non-routine maintenance, repair, and replacement

Note that process steps 12 through 14 (in Table B-1) are not applicable to this option.

% The tasks associated with the Pit 4 Accelerated Retrieval Project (DOE-ID, 2004b) and Beryllium Block

Grouting (to immobilize "*C) (Lopez & Schultz, 2004; Lopez, 2004) have been omitted from the task lists
because they are common to all alternatives and will be completed before and regardless of what alternative
(and option) is selected.



B.2. Task Listing for the Contain-in-Place Alternative, Surface
Barrier Option (1B)

1B.0 Contain Buried Wastes in Place Using a Surface Barrier’*

I1B.1. Subsurface Disposal Area (SDA) Characterization

IB.1.1.

1B.1.2.

1B.1.3.

Determine contaminant waste forms, inventories, distributions, and fluxes
from the burial site

Complete analysis of historic, current, and planned retrieval activities (e.g.,
those for Pit 9 and Pit 4 when completed as well as the extraction of organic
contamination in the vadose zone or OCVZ (DOE-ID, 1994a))

Complete conceptual site model(s) for the SDA

1B.2. [In Situ Thermal Desorption Pretreatment

1B.2.1.

1B.2.2.

1B.2.3.

1B.2.4.

1B.2.5.

1B.2.6.

Determine performance criteria and requirements for /n Situ Thermal
Desorption based upon relevant Waste Acceptance criteria, performance
standards, and future land use decisions

In Situ Thermal Desorption development and treatability testing (including
necessary planning and Quality Assurance/Quality Control)

Prepare site (e.g., add overburden) and install /n Situ Thermal Desorption
equipment

Perform required /n Situ Thermal Desorption pretreatment (on any remaining
areas with too high levels of volatile organic contaminants)

Dismantle /n Situ Thermal Desorption equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose In Situ Thermal Desorption equipment under the surface barrier

1B.3. In Situ Grouting (for Subsurface Stabilization)

1B.3.1.

1B.3.2.

1B.3.3.

Determine performance criteria and requirements for /n Situ Grouting based
upon relevant performance standards

In Situ Grouting development and treatability testing (including necessary
planning and Quality Assurance/Quality Control)

Install In Situ Grouting equipment

% The tasks associated with the Pit 4 Accelerated Retrieval Project (DOE-ID, 2004b) and Beryllium Block
Grouting (to immobilize "*C) (Lopez & Schultz, 2004; Lopez, 2004) have been omitted from the task lists
because they are common to all alternatives and will be completed before and regardless of what alternative
(and option) is selected.



1B.3.4.

1B.3.5.

1B.3.6.

Grout needed areas to stabilize subsurface (against subsidence) prior to
surface barrier installation—it is assumed that an enclosure will not be
needed for this process step

Dismantle /n Situ Grouting equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose In Situ Grouting equipment under the surface barrier

Note that process step 4 (in Table B-1) is not applicable to this option.
1B.5. Pad A Reconfiguration

IB.5.1.
1B.5.2.
1B.5.3.

1B.5.4.
IB.5.5.

IB.5.6.
1B.5.7.

1B.5.8.

Install necessary equipment for Pad A reconfiguration
Retrieve wastes from Pad A

Segregate/treat retrieved wastes through an external sorting/packaging
facility (which is assumed available)

Temporarily store packaged wastes prior to disposal

Dispose of Pad A non-TRU wastes by placing the packaged material in a
single layer within the central portion of the SDA prior to capping

Ship Pad A TRU wastes to WIPP

Dismantle Pad A retrieval equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose contaminated Pad A retrieval equipment under the surface barrier

Note that process steps 6 through 9 (in Table B-1) are not applicable to this option.

1B.10. Surface Barrier Selection, Preparation, and Emplacement

1B.10.1.

1B.10.2.

1B.10.3.

1B.10.4.

1B.10.5.

Determine performance criteria and requirements for surface barrier
emplacement based upon relevant Waste Acceptance criteria, performance
standards, and future land use decisions

Prepare work plans and safety analyses and obtain necessary permits
(including those for borrow area)

Determine type of barrier required based upon performance criteria,
requirements, and other relevant information—the Idaho Site Preliminary
Evaluation of Remedial Alternatives called for the modified RCRA type “C”
cap used in the Idaho Site CERCLA Disposal Facility although an
evapotranspiration (ET) cap is currently favored and should be protective

Prepare SDA for surface barrier installation including grading and
construction of necessary containment buildings and structures

Install surface barrier over the SDA (likely in two phases depending upon
closure of the low-level and mixed low-level waste disposal activities)
including transporting material from the borrow area



1B.11. Long-term Stewardship Activities for the SDA

1B.11.1. Determine long-term monitoring, maintenance, and institutional controls
(e.g., physical and administrative land-use restrictions) needed to ensure that
buried contamination will be left in a protective state based upon, in part,
future land use decisions and possible failure mode scenarios

1B.11.2. Implement long-term monitoring (including sampling and analyses) and
institutional controls

1B.11.3. Routine maintenance, repair, and replacement
1B.11.4. Non-routine maintenance, repair, and replacement

Note that process steps 12 through 14 (in Table B-1) are not applicable to this option.



B.3. Task Listing for the Contain-in-Place Alternative, In Situ
Grouting Option (1C)

1C.0 Contain Buried Wastes in Place Using In Situ Grouting (ISG)”

1C.1. Subsurface Disposal Area (SDA) Characterization

IC.1.1.

1C.1.2.

1C.1.3.

Determine contaminant waste forms, inventories, distributions, and fluxes
from the burial site

Complete analysis of historic, current, and planned retrieval activities (e.g.,
those for Pit 9 and Pit 4 when completed as well as the extraction of organic
contamination in the vadose zone or OCVZ (DOE-ID, 1994a))

Complete conceptual site model(s) for the SDA

1C.2. In Situ Thermal Desorption Pretreatment

1C.2.1.

1C.2.2.

1C.2.3.

1C.2.4.

1C.2.5.

1C.2.6.

Determine performance criteria and requirements for /n Situ Thermal
Desorption based upon relevant Waste Acceptance criteria, performance
standards, and future land use decisions

In Situ Thermal Desorption development and treatability testing (including
necessary planning and Quality Assurance/Quality Control)

Prepare site (e.g., add overburden) and install /n Situ Thermal Desorption
equipment

Perform required /n Situ Thermal Desorption pretreatment (on any remaining
areas with too high levels of volatile organic contaminants)

Dismantle /n Situ Thermal Desorption equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose In Situ Thermal Desorption equipment under the surface barrier

1C.3. In Situ Grouting for Subsurface Stabilization and Contaminant Immobilization

1C.3.1.

1C.3.2.

1C.3.3.

Determine performance criteria and requirements for /n Situ Grouting based
upon relevant Waste Acceptance criteria, performance standards, and future
land use decisions

In Situ Grouting development and treatability testing (including necessary
planning and Quality Assurance/Quality Control)

Install /n Situ Grouting equipment and enclosure

% The tasks associated with the Pit 4 Accelerated Retrieval Project (DOE-ID, 2004b) and Beryllium Block
Grouting (to immobilize "*C) (Lopez & Schultz, 2004; Lopez, 2004) have been omitted from the task lists
because they are common to all alternatives and will be completed before and regardless of what alternative
(and option) is selected.



1C.3.4.

1C.3.5.

1C.3.6.

1C.3.7.

1C.3.8.

Grout selected areas (e.g., those containing Rocky Flats Plant wastes) to
immobilize subsurface contamination prior to surface barrier installation

Assuming same equipment can be used, dismantle, move, and install In Situ
Grouting equipment (but not enclosure) for those areas requiring subsurface
stabilization (against subsidence)

Grout needed areas to stabilize subsurface (against subsidence) prior to
surface barrier installation

Dismantle /n Situ Grouting equipment and enclosure, test for contamination,
and decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose In Situ Grouting equipment and enclosure under the surface barrier

Note that process step 4 (in Table B-1) is not applicable to this option.
1C.5. Pad A Reconfiguration

1C.5.1.
1C.5.2.
1C.5.3.

1C.5.4.
1C.5.5.

1C.5.6.
1C.5.7.

1C.5.8.

Install necessary equipment for Pad A reconfiguration
Retrieve wastes from Pad A

Segregate/treat retrieved wastes through an external sorting/packaging
facility (which is assumed available)

Temporarily store packaged wastes prior to disposal

Dispose of Pad A non-TRU wastes by placing the packaged material in a
single layer within the central portion of the SDA prior to capping

Ship Pad A TRU wastes to WIPP

Dismantle Pad A retrieval equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose contaminated Pad A retrieval equipment under the surface barrier

Note that process steps 6 through 9 (in Table B-1) are not applicable to this option.

1C.10. Surface Barrier Selection, Preparation, and Emplacement

1C.10.1.

1C.10.2.

1C.10.3.

Determine performance criteria and requirements for surface barrier
emplacement based upon relevant Waste Acceptance criteria, performance
standards, and future land use decisions

Prepare work plans and safety analyses and obtain necessary permits
(including those for borrow area)

Determine type of barrier required based upon performance criteria,
requirements, and other relevant information—the Idaho Site Preliminary
Evaluation of Remedial Alternatives called for the modified RCRA type “C”
cap used in the Idaho Site CERCLA Disposal Facility although an
evapotranspiration (ET) cap is currently favored and should be protective



1C.10.4. Prepare SDA for surface barrier installation including grading and
construction of necessary containment buildings and structures

1C.10.5. Install surface barrier over the SDA (likely in two phases depending upon
closure of the low-level and mixed low-level waste disposal activities)
including transporting material from the borrow area

1C.11. Long-term Stewardship Activities

1C.11.1. Determine long-term monitoring, maintenance, and institutional controls
(e.g., physical and administrative land-use restrictions) needed to ensure that
buried contamination will be left in a protective state based upon, in part,
future land use decisions and possible failure mode scenarios

1C.11.2. Implement long-term monitoring (including sampling and analyses) and
institutional controls

1C.11.3. Routine maintenance, repair, and replacement
1C.11.4. Non-routine maintenance, repair, and replacement

Note that process steps 12 through 14 (in Table B-1) are not applicable to this option.
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B.4. Task Listing for the Contain-in-Place Alternative, In Situ
Vitrification Option (1D)

1D.0 Contain Buried Wastes in Place Using In Situ Vitrification (ISV)96

ID.1. Subsurface Disposal Area (SDA) Characterization

1D.1.1. Determine contaminant waste forms, inventories, distributions, and fluxes
from the burial site

1D.1.2. Complete analysis of historic, current, and planned retrieval activities (e.g.,
those for Pit 9 and Pit 4 when completed as well as the extraction of organic
contamination in the vadose zone or OCVZ (DOE-ID, 1994a))

1D.1.3. Complete conceptual site model(s) for the SDA

1D.2. In Situ Thermal Desorption Pretreatment

1D.2.1. Determine performance criteria and requirements for /n Situ Thermal
Desorption based upon relevant Waste Acceptance criteria, performance
standards, and future land use decisions

1D.2.2. In Situ Thermal Desorption development and treatability testing (including
necessary planning and Quality Assurance/Quality Control)

1D.2.3. Prepare site (e.g., add overburden) and install /n Situ Thermal Desorption
equipment

1D.2.4. Perform required /n Situ Thermal Desorption pretreatment (on any remaining
areas with too high levels of volatile organic contaminants)

1D.2.5. Dismantle /n Situ Thermal Desorption equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

1D.2.6. Dispose In Situ Thermal Desorption equipment under the surface barrier

1D.3. In Situ Grouting for Subsurface Stabilization and Specific Contaminant
Immobilization
1D.3.1. Determine performance criteria and requirements for /n Situ Grouting based

1D.3.2.

1D.3.3.

upon relevant Waste Acceptance criteria, performance standards, and future
land use decisions

In Situ Grouting development and treatability testing (including necessary
planning and Quality Assurance/Quality Control)

Install In Situ Grouting equipment and enclosure

% The tasks associated with the Pit 4 Accelerated Retrieval Project (DOE-ID, 2004b) and Beryllium Block
Grouting (to immobilize "*C) (Lopez & Schultz, 2004; Lopez, 2004) have been omitted from the task lists
because they are common to all alternatives and will be completed before and regardless of what alternative
(and option) is selected.
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1D.3.4.

1D.3.5.

1D.3.6.

1D.3.7.

1D.3.8.

Grout selected areas (i.e., primarily in the Soil Vault Rows containing "*C,
1291, 94Nd, and *Tc¢ in activated metals) to immobilize selected subsurface
contamination prior to surface barrier installation

Assuming same equipment can be used, dismantle, move, and install /n Situ
Grouting equipment (but not enclosure) to those areas requiring subsurface
stabilization against subsidence

Grout needed areas to stabilize subsurface (against subsidence) prior to
surface barrier installation

Dismantle /n Situ Grouting equipment and enclosure, test for contamination,
and decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose In Situ Grouting equipment and enclosure under the surface barrier

1D.4. In Situ Vitrification for Specific Contaminant Immobilization

1D.4.1.

1D.4.2.

1D.4.3.

1D.4.4.

1D.4.5.
1D.4.6.
1D.4.7.

1D.4.8.

Determine performance criteria and requirements for /n Sifu Vitrification
based upon relevant Waste Acceptance criteria, performance standards, and
future land use decisions

In Situ Vitrification development and treatability testing (including necessary
planning and Quality Assurance/Quality Control)

Prepare site (e.g., add overburden) and install /n Situ Vitrification equipment
(including off-gas and secondary waste stream treatment systems) and
enclosure

Vitrify selected areas (e.g., those containing Rocky Flats Plant wastes) to
immobilize subsurface contamination prior to surface barrier installation

Package and ship secondary TRU wastes to WIPP
Treat secondary non-TRU wastes and dispose under surface barrier

Dismantle /n Situ Vitrification and treatment equipment and enclosure, test
for contamination, and decontaminate selected equipment (where remaining,
contaminated equipment will be disposed of by placing under surface barrier)

Dispose In Situ Vitrification and treatment equipment and enclosure under
the surface barrier

1D.5. Pad A Reconfiguration

1D.5.1.
1D.5.2.
1D.5.3.

1D.5.4.
ID.5.5.

Install necessary equipment for Pad A reconfiguration
Retrieve wastes from Pad A

Segregate/treat retrieved wastes through an external sorting/packaging
facility (which is assumed available)

Temporarily store packaged wastes prior to disposal

Dispose of Pad A non-TRU wastes by placing the packaged material in a
single layer within the central portion of the SDA prior to capping
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1D.5.6. Ship Pad A TRU wastes to WIPP

1D.5.7. Dismantle Pad A retrieval equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

1D.5.8. Dispose contaminated Pad A retrieval equipment under the surface barrier
Note that process steps 6 through 9 (in Table B-1) are not applicable to this option.
1D.10. Surface Barrier Selection, Preparation, and Emplacement

1D.10.1. Determine performance criteria and requirements for surface barrier
emplacement based upon relevant Waste Acceptance criteria, performance
standards, and future land use decisions

1D.10.2. Prepare work plans and safety analyses and obtain necessary permits
(including those for borrow area)

1D.10.3. Determine type of barrier required based upon performance criteria,
requirements, and other relevant information—the Idaho Site Preliminary
Evaluation of Remedial Alternatives called for the modified RCRA type “C”
cap used in the Idaho Site CERCLA Disposal Facility although an
evapotranspiration (ET) cap is currently favored and should be protective

1D.10.4. Prepare SDA for surface barrier installation including grading and
construction of necessary containment buildings and structures

1D.10.5. Install surface barrier over the SDA (likely in two phases depending upon
closure of the low-level and mixed low-level waste disposal activities)
including transporting material from the borrow area

ID.11. Long-term Stewardship Activities

1D.11.1. Determine long-term monitoring, maintenance, and institutional controls
(e.g., physical and administrative land-use restrictions) needed to ensure that
buried contamination will be left in a protective state based upon, in part,
future land use decisions and possible failure mode scenarios

1D.11.2. Implement long-term monitoring (including sampling and analyses) and
institutional controls

1D.11.3. Routine maintenance, repair, and replacement
1D.11.4. Non-routine maintenance, repair, and replacement

Note that process steps 12 through 14 (in Table B-1) are not applicable to this option.
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C.Tasks for Alternative 2: Retrieve/Treat/Dispose (2
Options)
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There are 14 basic process steps that have been identified for the alternatives for dispositioning
wastes currently buried in the Subsurface Disposal Area (SDA) at the Idaho Site. These are
enumerated in Table B-1. The task lists that are composed of the various process steps in Table
B-1 are provided in Appendices A and B. The format of the lists is illustrated in Figure B-1.

Table B-1. Process Steps Available for Dispositioning SDA Buried Wastes*

Alt. 1 Alt. 2
g (=
5| 2 ?i. 3

<|€| 8| & |Px|z=

2la| s | s |EglE¢g

i1d) <] g 428z

Process Step

1. Subsurface Disposal Area (SDA) Characterization VNN [N YA
2. In Situ Thermal Desorption Pretreatment NN NN Y
3. In Situ Grouting®** VW W W W
4. In Situ Vitrification N
5. Pad A Reconfiguration NN NN A
6. Locate, Retrieve, and Segregate Buried Waste R
7. Ex Situ Treatment (e.g., Compaction) A
8. Package Retrieved Wastes R
9. Intermediate Storage of Retrieved and Packaged Wastes R
10. Surface Barrier Selection, Preparation, and Emplacement NN NN Y
11. Long-term Stewardship Activities for the SDA NN N [N YA
12. Construct New SDA Disposal Cell oA
13. Long-term Stewardship Activities for New SDA Disposal Cell oA
14. Off-site Shipment and Disposal at WIPP v

* Two basic alternatives have been identified for dispositioning the SDA buried wastes: 1) contain the
wastes in place or 2) retrieve, treat, and dispose (RTD) the wastes.

**  The two options associated with the retrieve, treat, and dispose (RTD) alternative include A) targeted
retrieval of Rocky Flats Plant (RFP) TRU wastes or B) full retrieval of Rocky Flats Plant TRU wastes.

##%  Two check marks (V) in this column indicate that in situ grouting will potentially be used for both
subsurface stabilization and contaminant immobilization.

= - Alternative
— -4— Process Step

Option — >
Task —p= =

Determine contaminant waste forms, inventories, distributions, and fluxes from
the burial site

Figure B-1. Basic format for the task enumeration in the Appendices
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C.1. Task Listing for the Retrieve/Treat/Dispose (RTD)
Alternative, Targeted Rocky Flats Plant TRU Waste
Retrieval Option (2A)

2A.0 Retrieve/Ex Situ Treat/Package/Transport Targeted Rocky Flats Plant TRU
Waste to Waste Isolation Pilot Plant (WIPP)97

2A.1. Subsurface Disposal Area (SDA) Characterization

2A.1.1.

2A.1.2.

2A.1.3.

Determine contaminant waste forms, inventories, distributions, and fluxes
from the burial site

Complete analysis of historic, current, and planned retrieval activities (e.g.,
those for Pit 9 and Pit 4 when completed as well as the extraction of organic
contamination in the vadose zone or OCVZ (DOE-ID, 1994a))

Complete conceptual site model(s) for the SDA

2A.2. In Situ Thermal Desorption Pretreatment

2A2.1.

2A2.2.

2A2.3.

2A2.4.

2A25.

2A.2.6.

Determine performance criteria and requirements for /n Situ Thermal
Desorption based upon relevant Waste Acceptance criteria, performance
standards, and future land use decisions

In Situ Thermal Desorption development and treatability testing (including
necessary planning and Quality Assurance/Quality Control)

Prepare site (e.g., add overburden) and install /n Sifu Thermal Desorption
equipment

Perform required /n Situ Thermal Desorption pretreatment (on any remaining
areas with too high levels of volatile organic contaminants)

Dismantle /n Situ Thermal Desorption equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose In Situ Thermal Desorption equipment under the surface barrier

2A.3. In Situ Grouting for Subsurface Stabilization and Contaminant Immobilization

2A3.1.

2A3.2.

2A3.3.

Determine performance criteria and requirements for /n Situ Grouting based
upon relevant Waste Acceptance criteria, performance standards, and future
land use decisions

In Situ Grouting development and treatability testing (including necessary
planning and Quality Assurance/Quality Control)

Install /n Situ Grouting equipment and enclosure

7 The tasks associated with the Pit 4 Accelerated Retrieval Project (DOE-ID, 2004b) and Beryllium Block
Grouting (to immobilize "*C) (Lopez & Schultz, 2004; Lopez, 2004) have been omitted from the task lists
because they are common to all alternatives and will be completed before and regardless of what alternative
(and option) is selected.



2A.3.4. Grout selected areas (e.g., soil vault rows) to immobilize subsurface
contamination prior to surface barrier installation

2A.3.5. Assuming same equipment can be used, dismantle, move, and install /n Situ
Grouting equipment (but not enclosure) to those areas requiring stabilization
against subsidence

2A.3.6. Grout needed areas to stabilize subsurface (against subsidence) prior to
surface barrier installation

2A.3.7. Dismantle /n Situ Grouting equipment and enclosure, test for contamination,
and decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

2A.3.8. Dispose In Situ Grouting equipment and enclosure under the surface barrier
Note that process step 4 (in Table B-1) is not applicable to this option.
2A.5. Pad A Reconfiguration

2A.5.1. [Install necessary equipment for Pad A reconfiguration

2A.5.2. Retrieve wastes from Pad A

2A.5.3. Segregate/treat retrieved wastes through an external sorting/packaging
facility (which is assumed available)

2A.5.4. Temporarily store packaged wastes prior to disposal

2A.5.5. Dispose of Pad A non-TRU wastes by placing the packaged material in a
single layer within the central portion of the SDA prior to capping

2A.5.6. Ship Pad A TRU wastes to WIPP

2A.5.7. Dismantle Pad A retrieval equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

2A.5.8. Dispose contaminated Pad A retrieval equipment under the surface barrier

2A.6. Locate Rocky Flats Plant TRU Waste “Hot-Spots™ and Retrieve Buried Wastes
from these Targeted Areas and Segregate into TRU and non-TRU Fractions

2A.6.1. Identity appropriate retrieval methods (and assume no additional testing other
than that done in previous tests for Pits 4 and 9 is needed)

2A.6.2. Determine extent to which buried wastes must be retrieved based on relevant
waste acceptance criteria, performance standards, future land use decisions,
and possible future legal decisions

2A.6.3. Plan and manage retrieval of buried waste from the SDA (including
preparation of work plans, safety analyses, and other pertinent reviews and
activities as well as obtaining any necessary permits)

2A.6.4. Install retrieval equipment for targeted contaminated areas

2A.6.5. Retrieve wastes from target areas (noting that spent fuel or analogous
materials may be discovered that will have to be handled specially)

C-5



2A.6.6.

2A.6.7.
2A.6.8.

2A.6.9.

2A.6.10.

Segregate retrieved wastes into TRU and non-TRU (e.g., low-level and
mixed low-level waste) fractions where any spent fuel or analogous material
will be segregated further

Temporarily store retrieved and segregated wastes

Back fill areas from which wastes have been retrieved (assuming this
material will come from the same borrow area used for surface barrier
emplacement)

Dismantle retrieval equipment and facilities, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose retrieval equipment and appropriate facilities under the surface
barrier

2A.7. Ex Situ Treatment

2A7.1.

2A.7.2.

2A.7.3.
2A.7.4.
2A.7.5.

2A.7.6.

Determine Ex Situ Treatment requirements and methods based upon relevant
performance standards

Develop necessary Ex Situ Treatment technology and perform treatability
studies (including necessary planning and Quality Assurance/Quality
Control)

Construct necessary Ex Situ Treatment facilities and install equipment
Perform Ex Situ Treatment on retrieved and segregated wastes

Dismantle Ex Situ Treatment equipment and necessary structures, test for
contamination, and decontaminate selected equipment (where remaining,
contaminated equipment will be disposed of by placing under surface barrier)

Dispose Ex Situ Treatment equipment and necessary structures under the
surface barrier

2A.8. Package Retrieved (and Potentially Treated) Wastes

2A8.1.
2A8.2.
2A.8.3.

2A.84.
2A8.5.

Install packaging equipment
Transfer treated wastes to packaging facility

Package non-TRU low-level and mixed low-level wastes for on-site storage
(assumed to be in the SDA prior to capping)

Package TRU wastes for shipment to WIPP

Special Materials will be handled on a case-by-case basis

2A.9. Intermediate Storage of Retrieved and Packaged Wastes

2A9.1.
2A9.2.

Construct necessary intermediate storage facilities

Store wastes prior to disposal (e.g., there is a 225-day wait period following
final packaging before a drum can be certified for transport to WIPP)

2A.10. Surface Barrier Selection, Preparation, and Emplacement



2A.10.1. Determine performance criteria and requirements for surface barrier
emplacement based upon relevant Waste Acceptance criteria, performance
standards, and future land use decisions

2A.10.2. Prepare work plans and safety analyses and obtain necessary permits
(including those for borrow area)

2A.10.3. Determine type of barrier required based upon performance criteria,
requirements, and other relevant information—the Idaho Site Preliminary
Evaluation of Remedial Alternatives called for the modified RCRA type “C”
cap used in the Idaho Site CERCLA Disposal Facility although an
evapotranspiration (ET) cap is currently favored and should be protective

2A.10.4. Prepare SDA for surface barrier installation including grading and
construction of necessary containment buildings and structures

2A.10.5. Install surface barrier over the SDA (likely in two phases depending upon
closure of the low-level and mixed low-level waste disposal activities)
including transporting material from the borrow area

2A.11. Long-term Stewardship Activities for the SDA

2A.11.1. Determine long-term monitoring, maintenance, and institutional controls
(e.g., physical and administrative land-use restrictions) needed to ensure that
buried contamination will be left in a protective state based upon, in part,
future land use decisions and possible failure mode scenarios

2A.11.2. Implement long-term monitoring (including sampling and analyses) and
institutional controls

2A.11.3. Routine maintenance, repair, and replacement
2A.11.4. Non-routine maintenance, repair, and replacement

2A.12. Construct New SDA Disposal Cell for Disposal of non-TRU Wastes and
Contaminated Soil

2A.12.1. Determine performance criteria and requirements for new SDA disposal cell
based upon relevant Waste Acceptance criteria, performance standards, and
future land use decisions

2A.12.2. Construct on-site disposal cell in the SDA including installing a leachate
collection system

2A.12.3. Dispose of non-TRU Wastes and Contaminated Soil in New SDA Disposal
Cell

2A.13. Long-term Stewardship Activities for New SDA Disposal Cell

2A.13.1. Determine long-term monitoring, maintenance, and institutional controls
(e.g., physical and administrative land-use restrictions) needed to ensure that
waste buried in the new SDA disposal cell will be left in a protective state
based upon, in part, future land use decisions and possible failure mode
scenarios



2A.13.2.

2A.13.3.
2A.13.4.

Implement long-term monitoring (including sampling and analyses) and
institutional controls

Routine maintenance, repair, and replacement

Non-routine maintenance, repair, and replacement

2A.14. Off-site Shipment and Disposal at WIPP

2A.14.1.

2A.14.2.
2A.14.3.
2A.14.4.
2A.145.
2A.14.6.

Plan and manage the waste shipments (including carrier/conveyance
designation, preparing necessary plans for the route and security,
coordinating the shipment with DOE and State/Local Governments,
preparing the Hazardous/Radiological Shipment manifests, and performing
the transportation Health Physics survey)

Load TRU Waste Packages into Appropriate Carrier
Load Appropriate Carrier on Appropriate Conveyance
Transport TRU Waste to WIPP via road and/or rail
Off-load TRU waste at WIPP

Store TRU waste at WIPP



C.2. Task Listing for the Retrieve/Treat/Dispose (RTD)
Alternative, Full Rocky Flats Plant (RFP) TRU Waste
Retrieval Option (2B)

2B.0 Fully Retrieve/Treat Ex Situ/Package/Transport TRU Waste to the Waste
Isolation Pilot Plant (WIPP)*®

2B.1. Subsurface Disposal Area (SDA) Characterization

2B.1.1.

2B.1.2.

2B.1.3.

Determine contaminant waste forms, inventories, distributions, and fluxes
from the burial site

Complete analysis of historic, current, and planned retrieval activities (e.g.,
those for Pit 9 and Pit 4 when completed as well as the extraction of organic
contamination in the vadose zone or OCVZ (DOE-ID, 1994a))

Complete conceptual site model(s) for the SDA

2B.2. In Situ Thermal Desorption Pretreatment

2B.2.1.

2B.2.2.

2B.2.3.

2B.2.4.

2B.2.5.

2B.2.6.

Determine performance criteria and requirements for /n Situ Thermal
Desorption based upon relevant Waste Acceptance criteria, performance
standards, and future land use decisions

In Situ Thermal Desorption development and treatability testing (including
necessary planning and Quality Assurance/Quality Control)

Prepare site (e.g., add overburden) and install /n Sifu Thermal Desorption
equipment

Perform required /n Situ Thermal Desorption pretreatment (on any remaining
areas with too high levels of volatile organic contaminants)

Dismantle /n Situ Thermal Desorption equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose In Situ Thermal Desorption equipment under the surface barrier

2B.3. In Situ Grouting for Subsurface Stabilization and Contaminant Immobilization

2B.3.1.

2B.3.2.

2B.3.3.

Determine performance criteria and requirements for /n Situ Grouting based
upon relevant Waste Acceptance criteria, performance standards, and future
land use decisions

In Situ Grouting development and treatability testing (including necessary
planning and Quality Assurance/Quality Control)

Install /n Situ Grouting equipment and enclosure

% The tasks associated with the Pit 4 Accelerated Retrieval Project (DOE-ID, 2004b) and Beryllium Block
Grouting (to immobilize "*C) (Lopez & Schultz, 2004; Lopez, 2004) have been omitted from the task lists
because they are common to all alternatives and will be completed before and regardless of what alternative
(and option) is selected.



2B.3.4.

2B.3.5.

2B.3.6.

2B.3.7.

2B.3.8.

Grout selected areas (e.g., soil vault rows) to immobilize subsurface
contamination prior to surface barrier installation

Assuming same equipment can be used, dismantle, move, and install /n Situ
Grouting equipment (but not enclosure) to those areas requiring stabilization
against subsidence

Grout needed areas to stabilize subsurface (against subsidence) prior to
surface barrier installation

Dismantle /n Situ Grouting equipment and enclosure, test for contamination,
and decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose In Situ Grouting equipment and enclosure under the surface barrier

Note that process step 4 (in Table B-1) is not applicable to this option.
2B.5. Pad A Reconfiguration

2B.5.1.
2B.5.2.
2B.5.3.

2B.5.4.
2B.5.5.

2B.5.6.
2B.5.7.

2B.5.8.

Install necessary equipment for Pad A reconfiguration
Retrieve wastes from Pad A

Segregate/treat retrieved wastes through an external sorting/packaging
facility (which is assumed available)

Temporarily store packaged wastes prior to disposal

Dispose of Pad A non-TRU wastes by placing the packaged material in a
single layer within the central portion of the SDA prior to capping

Ship Pad A TRU wastes to WIPP

Dismantle Pad A retrieval equipment, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose contaminated Pad A retrieval equipment under the surface barrier

2B.6. Locate and Retrieve Buried Rocky Flats Plant Waste and Segregate into TRU and
non-TRU Fractions—it is assumed that “full” retrieval applies only to Rocky Flats
Plant wastes buried in the SDA

2B.6.1.

2B.6.2.

2B.6.3.

2B.6.4.

Identify appropriate retrieval methods (and assume no additional testing other
than that done in previous tests for Pits 4 and 9 is needed)

Determine location of buried Rocky Flats Plant wastes that must be retrieved
based on relevant waste acceptance criteria, performance standards, future
land use decisions, and possible future legal decisions

Plan and manage retrieval of buried waste from the SDA (including
preparation of work plans, safety analyses, and other pertinent reviews and
activities as well as obtaining any necessary permits)

Install retrieval equipment for areas containing buried Rocky Flats Plant TRU
waste



2B.6.5.

2B.6.6.

2B.6.7.
2B.6.8.

2B.6.9.

2B.6.10.

Retrieve Rocky Flats Plant wastes from areas containing buried Rocky Flats
Plant TRU waste (noting that spent fuel or analogous materials may be
discovered that will have to be handled specially)

Segregate retrieved wastes into TRU and non-TRU (e.g., low-level and
mixed low-level waste) fractions where any spent fuel or analogous material
will be segregated further

Temporarily store retrieved and segregated wastes

Back fill areas from which wastes have been retrieved (assuming this
material will come from the same borrow area used for surface barrier
emplacement)

Dismantle retrieval equipment and facilities, test for contamination, and
decontaminate selected equipment (where remaining, contaminated
equipment will be disposed of by placing under surface barrier)

Dispose retrieval equipment and appropriate facilities under the surface
barrier

2B.7. Ex Situ Treatment

2B.7.1.

2B.7.2.

2B.7.3.
2B.7.4.
2B.7.5.

2B.7.6.

Determine Ex Situ Treatment requirements and methods based upon relevant
performance standards

Develop necessary Ex Situ Treatment technology and perform treatability
studies (including necessary planning and Quality Assurance/Quality
Control)

Construct necessary Ex Situ Treatment facilities and install equipment
Perform Ex Situ Treatment on retrieved and segregated wastes

Dismantle Ex Situ Treatment equipment and necessary structures, test for
contamination, and decontaminate selected equipment (where remaining,
contaminated equipment will be disposed of by placing under surface barrier)

Dispose Ex Situ Treatment equipment under the surface barrier

2B.8. Package Retrieved (and Potentially Treated) Wastes

2B.8.1.
2B.8.2.
2B.8.3.

2B.8.4.
2B.8.5.

Install packaging equipment
Transfer treated wastes to packaging facility

Package non-TRU low-level and mixed low-level wastes for on-site storage
(assumed to be in the SDA prior to capping)

Package TRU wastes for shipment to WIPP

Special Materials will be handled on a case-by-case basis

2B.9. Intermediate Storage of Retrieved and Packaged Wastes

2B.9.1.

Construct necessary intermediate storage facilities



2B.9.2. Store wastes prior to disposal (e.g., there is a 225-day wait period following
final packaging before a drum can be certified for transport to WIPP)

2B.10. Surface Barrier Selection, Preparation, and Emplacement

2B.10.1. Determine performance criteria and requirements for surface barrier
emplacement based upon relevant Waste Acceptance criteria, performance
standards, and future land use decisions

2B.10.2. Prepare work plans and safety analyses and obtain necessary permits
(including those for borrow area)

2B.10.3. Determine type of barrier required based upon performance criteria,
requirements, and other relevant information—the Idaho Site Preliminary
Evaluation of Remedial Alternatives called for the modified RCRA type “C”
cap used in the Idaho Site CERCLA Disposal Facility although an
evapotranspiration (ET) cap is currently favored and should be protective

2B.10.4. Prepare SDA for surface barrier installation including grading and
construction of necessary containment buildings and structures

2B.10.5. Install surface barrier over the SDA (likely in two phases depending upon
closure of the low-level and mixed low-level waste disposal activities)
including transporting material from the borrow area

2B.11. Long-term Stewardship Activities for the SDA

2B.11.1. Determine long-term monitoring, maintenance, and institutional controls
(e.g., physical and administrative land-use restrictions) needed to ensure that
buried contamination will be left in a protective state based upon, in part,
future land use decisions and possible failure mode scenarios

2B.11.2. Implement long-term monitoring (including sampling and analyses) and
institutional controls

2B.11.3. Maintenance, repair, and replacement

2B.12. Construct New SDA Disposal Cell for Disposal of non-TRU Wastes and
Contaminated Soil

2B.12.1. Determine performance criteria and requirements for new SDA disposal cell
based upon relevant Waste Acceptance criteria, performance standards, and
future land use decisions

2B.12.2. Construct on-site disposal cell in the SDA including installing a leachate
collection system

2B.12.3. Dispose of non-TRU Wastes and Contaminated Soil in New SDA Disposal
Cell

2B.13. Long-term Stewardship Activities for New SDA Disposal Cell

2B.13.1. Determine long-term monitoring, maintenance, and institutional controls
(e.g., physical and administrative land-use restrictions) needed to ensure that
waste buried in the new SDA disposal cell will be left in a protective state



based upon, in part, future land use decisions and possible failure mode
scenarios

2B.13.2. Implement long-term monitoring (including sampling and analyses) and
institutional controls

2B.13.3. Routine maintenance, repair, and replacement
2B.13.4. Non-routine maintenance, repair, and replacement
2B.14. Off-site Shipment and Disposal at WIPP

2B.14.1. Plan and manage the waste shipments (including carrier/conveyance
designation, preparing necessary plans for the route and security,
coordinating the shipment with DOE and State/Local Governments,
preparing the Hazardous/Radiological Shipment manifests, and performing
the transportation Health Physics survey)

2B.14.2. Load TRU Waste Packages into Appropriate Carrier
2B.14.3. Load Appropriate Carrier on Appropriate Conveyance
2B.14.4. Transport TRU Waste to WIPP via road and/or rail
2B.14.5. Off-load TRU waste at WIPP

2B.14.6. Store TRU waste at WIPP
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This appendix presents conceptual site models for Alternative 1, which involves containing the
buried wastes in the Subsurface Disposal Area in-place. That is, no wastes will be retrieved
after completion of the on-going vacuum vapor extraction operations to remove volatile
organics and the Pit 4 Accelerated Retrieval Project. Conceptual site models® can
communicate risk-related information to DOE, regulators, and the general public. These
models provide (often in block diagram form) pertinent information regarding hazards,
pathways, receptors and barriers between known hazards and receptors. The models presented
in this appendix follow the general format provided in Appendix C of the DOE-EM
memorandum entitled “Guidance to Support Implementation of DOE Policy 455.1 for a Site-
Specific Risk-Based End State (RBES) Vision Document,” dated September 22, 2003 (DOE-
EM, 2004).

9 According to ASTM International (ASTM, 1995), a conceptual site model is “a written or pictorial
representation of an environmental system and the biological, physical, and chemical processes that determine
the transport of contaminants from sources through environmental media to environmental receptors within
the system.”
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E. Conceptual Site Models for Alternative 2:
Retrieve/Treat/Dispose (2 Options)

E-1



List of Figures

Figure E-1

Figure E-2

Figure E-3

Figure E-4

Figure E-5

Figure E-6

Figure E-7

Figure E-8

Figure E-9

Conceptual Site Model Representation for Retrieval of the Idaho Site Buried

Conceptual Site Model Representation for Ex Situ Treatment of Pad A and
Buried RFP Wastes——ProCeSSING ......ccccuieriieiiieiieniieeiiesiieeieesiee e seeeeteeseeeevee e E-7

Conceptual Site Model Representation for Ex Situ Treatment of Pad A and
Buried RFP Wastes—End State...........ccoeouiiriiiiiienieeiieeceeeeeee e E-9

Conceptual Site Model Representation for Packaging Retrieved SDA
WasteS——PTrOCESSINE ....covvieiiieiieeiieiie ettt ettt ettt et ete et e esbeessaeeaseeaee e E-11

Conceptual Site Model Representation for Packaging Retrieved SDA
WasteS—ENd State ........c.ooiiiiiiiiiiiiiieeece s E-13

Conceptual Site Model Representation for Transporting TRU Wastes to
WIPP—Transportation ..........cccueeuierieeiiienieeieeeie et ete et e sereeteeseteebeeseneeseesaneens E-15

Conceptual Site Model Representation for Transporting TRU Wastes to
WIPP—ENA StAte ....ccuviiiiiiiiieiiieeeeeee et E-17

Conceptual Site Model Representation for Disposal of Retrieved SDA
W aSTES—PIOCESS ....eeiueiiiiieiieeecee ettt s E-19

Conceptual Site Model Representation for Disposal of Retrieved SDA
Wastes—Potential Protective Post-Retrieval End State.........c.cccccoevvveiiiniiienienin. E-21



This appendix presents conceptual site models for Alternative 2, which involves retrieving
some fraction of the buried wastes in the Subsurface Disposal Area and treating these wastes
for subsequent disposal. Conceptual site models'® can communicate risk-related information
to DOE, regulators, and the general public. These models provide (often in block diagram
form) pertinent information regarding hazards, pathways, receptors and barriers between
known hazards and receptors. The models presented in this appendix follow the general format
provided in Appendix C of the DOE-EM memorandum entitled “Guidance to Support
Implementation of DOE Policy 455.1 for a Site-Specific Risk-Based End State (RBES) Vision
Document,” dated September 22, 2003 (DOE-EM, 2003).

100 According to ASTM International (ASTM, 1995), a conceptual site model is “a written or pictorial
representation of an environmental system and the biological, physical, and chemical processes that determine
the transport of contaminants from sources through environmental media to environmental receptors within
the system.”
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F.1. Introduction

Hazard and gap analysis tables are provided as part of this report, which evaluates the various
Idaho Site Subsurface Disposal Area (SDA) remedial alternatives. This report provides a
framework for assessing risks associated with the various remedial alternatives investigated;
however, the document will provide neither quantitative risk estimates nor recommendations
for remedial alternatives. We must have the ability to categorize, at least qualitatively, the
known hazards and gaps pertaining to the remedial alternatives considered. Although we
realize that there is not likely to be unanimous agreement on any set of definitions, we must
still have a common basis for assessing the tasks in question—this is an attempt to provide
such a basis. Furthermore, these definitions allow reviewers to “mean the same thing” when
generic terms such as “low” or “high” are used. It is understood that not everyone would agree
with the categorizations provided here; however, because some assessment of the risks must
be made (and precise values cannot be placed on the risks or gaps), we have agreed on the
descriptions provided. Note that the intent of these reports is to provide a framework for
assessing risks and not to provide quantitative risk estimates. We are cognizant of the fact that
these categories are subject to change as further knowledge is obtained; however, any set of
categories must be both defined and consistent to be of use.

F.2. Hazard Analysis Definitions

The basic format that has been agreed upon for the hazard analysis tables is illustrated for the
SDA alternatives in Appendix G and Appendix H (i.e., Table G-1 through Table H-2). In these
tables, there are a number of columns whose definitions were standardized. These columns are

e Task Frequency

e How likely is it? (Event Probability)

e What is the severity of the consequences?
e Overall contribution to risk

where the other columns are considered self-explanatory.

The “Task Frequency” column indicates the frequency with which a task is performed and the
“How likely is it?” or event probability column denotes the overall probability of experiencing
an adverse event given performance of the task.'”’ Based upon these assumptions, definitions
have been provided in Box F-1 for the hazard analysis tables. That is, for each hazard in a
given task in a given process step, we can categorize both an adverse event probability (i.e.,
“How likely is it?”’) and a consequence severity.

%1 The “How likely is it?” or event probability column indicates the likelihood of the adverse event occurring (or
the product of the task frequency and the hazard likelihood).
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Box F-1. Definitions for Hazard Analysis Tables

Task Frequency
Frequent: Occurs very often (e.g., more than once per quarter for long-duration tasks) or continuously.

Anticipated: Occurs several times (e.g., on the average of once per year) over the project lifetime or occurs
infrequently but with long duration.

Occasional: Occurs sporadically or at a well-defined time (e.g., start-up or closure) or has a remote possibility of
occurrence.

Unlikely: One can reasonably assume that this will not occur, but its occurrence is not impossible.

How likely is it? (Event Probability)

Probable: Very likely to occur (e.g., more than 50 times out of 100) during task execution.

Possible: Expected to occur (e.g., between | time out of 100 and 50 times out of 100) during task execution.
Unlikely: One can reasonably assume that this hazard will not transpire (e.g., less than one chance out of 100),
but its occurrence is not impossible.

Consequence Severity'”

Severe: Loss of ability to satisfy applicable and relevant design and performance criteria and protect human
health (both worker and general public) and the environment (both on- and off-site). Likely to result in death or
permanent disability including that from latent cancer effects to a large group of people (e.g., greater than 25 and
greater than 5, respectively). Loss of major or safety-critical system or equipment. Major property or facility
damage (e.g., greater than $1 million). Severe environmental damage (e.g., significant loss of protected or
endangered species habitat). Severe security failure (e.g., loss of material with potential “dirty bomb”
applicability).'”

Critical: Significantly degraded performance versus applicable and relevant design and performance criteria and
the ability to protect human health (both worker and the general public) and the environment (both on- and off-
site). Likely to result in traumatic injury, illness, and/or disability requiring medical treatment to a moderate-sized
group of people (e.g., 10 to 25 and 2 to 5 for injuries and deaths, respectively). Significantly degraded
performance of major or safety-critical system or equipment. Significant property damage (of less than $1
million) requiring repairs and replacement and/or environmental damage requiring treatment. Breach of security
(e.g., potential loss of control over material with potential “dirty bomb” applicability).'"

Marginal: Some degraded performance versus applicable and relevant design and/or performance criteria or
reduced ability to protect human health (both worker and the general public) as well as the environment (both on-
and off-site). Minor damage to equipment, facilities, property, or environment that does not require immediate
action. Injury or illness likely to result and will be limited to a small group of people (e.g., less than 10 and less
than 2 for injuries and deaths, respectively). Minimal breach of or threat to security.'"

Risk Level (Overall Contribution to Risk)

High: The hazard associated with the alternative has the potential for major on-site and off-site impacts to large
numbers of persons or with the potential for major impacts to the environment or national security. There is a
high risk of fatality due to traumatic injury or a high probability (e.g., more than one in 10%) of a latent cancer to
either on- or off-site personnel. Highly contaminated area of greater than 10 mi’.

Significant: The hazard associated with the alternative represents considerable potential on-site impacts to human
health or the environment, but at most only minor off-site impacts to human health, the environment, or national
security. There is a risk of traumatic injury or a moderate probability (e.g., between one chance in 10° and one in
10%) of a latent cancer to either on- or off-site personnel. Contaminated area of between 1 and 10 mi°.

192 Direct injuries and deaths are taken into account; psychological damage, economic loss, and stigma are not
considered.

19 Tt is recognized that this report primarily concerns human health; however, those tasks that involve risks to
facilities and property, the environment, and site security will also be noted where appropriate.
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Box F-1. Definitions for Hazard Analysis Tables

Low: The hazard associated with the alternative presents only minor on-site and negligible off-site impacts to
human health, the environment, or national security. There is negligible risk of injury (which can result in no
more than a first-aid treatment case) or a low probability (e.g., less than one chance in 10°) of a latent cancer
developing in either on- or off-site personnel. Impacted area of less than 1 mi’.

Definitions of generic terms, such as those used in Box F-1, can be broadly interpreted. So, our
use of terms such as "critical" depends upon our philosophic stance. For example, for certain
groups, any release of radioactive or chemical wastes would be considered critical. For other
groups, unless there was some damage to people or the environment, it would not be deemed
critical. Consequently, because we are dealing with these issues from a technical perspective,
we are not considering the political or psychological impact of a given hazard. So for the
“consequence severity” category, “Marginal” would be used for injuries or deaths to small
groups, say less than 10 and less than 2 for injuries and deaths, respectively. For “Critical” we
would use injuries or deaths to larger groups, say 10 to 25 and 2 to 5, respectively. For
“Severe” we would use injuries or deaths to large groups, say greater than 25 and greater than
5, respectively. We recognize that these numbers are subjective, but we need numbers so that
we all mean the same thing when we use a generic term from Box F-1. Those with a different
philosophical view can use transforms to change the meanings but with a note that this has
been done. We also recognize that these numbers are only estimates because a rigorous risk
analysis has not yet been done and is outside the scope of this report.

However, the purpose of this exercise is to estimate (and possibly rank order) the contributions
to the overall risk for a given alternative of the various process steps (which are comprised of
tasks with associated hazards). For example, the in situ thermal desorption (ISTD) process step
indicated in Table G-2 is comprised of six (6) tasks—each of which may have multiple known
hazards (as indicated in the “What can go wrong” or failure mode event column). Therefore, a
possible, initial step might be to estimate the contribution of a given hazard to overall process
step risk and then “roll up” (and possibly rank order) the process steps risks for a given
alternative. However, to determine the contribution to the overall process step risk for a given
hazard would require

1) determining the risks for all hazards for tasks within a given process step,
2) aggregating the risks'® to derive an overall risk for the process step, and finally
3) determining the contribution from each hazard to the overall process step risk.

We believe that the resources and/or the level of detail are not available to complete these
required tasks in what theoretically would be the desired scientific manner. Therefore, the
overall risk from a given hazard will instead be estimated based on expert opinion using a risk-
assessment matrix type analysis. That is, given an event probability (e.g., in the “How likely is
it?” column) and consequence severity, a risk-assessment matrix can be defined'® that

1% We recognize that the risks could be synergistic or antagonistic; however, for simplicity we will assume that
the risks are additive.

19 The primary reference for the hazard categorization is: “Review of the Army's Technical Guides on Assessing
and Managing Chemical Hazards to Deployed Personnel,” Subcommittee on the Toxicological Risks to
Deployed Military Personnel, Committee on Toxicology, National Research Council, 2004.
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translates the products of these factors to corresponding overall risk levels given in the
“Overall Contribution to Risk” column, which are defined in Box F-1. Our proposed scheme is
illustrated in Table F-1; where the definitions of High, Significant, and Low are provided in
Box F-1.

Table F-1. Example Risk-Assessment Matrix

How likely is it? (Event Probability)
Probable Possible Unlikely
2 Severe High Significant | Low
g Critical Significant | Significant | Low
# | Marginal Low Low Low

Thus for each hazard associated with a given alternative/process step/task triplet, we can
define a risk based upon the consequence severity and event probability information in Table
F-1. We also need a way to take the information in the individual hazard tables (provided in
Appendix G and Appendix H) and “roll up” this information for multiple hazards into a single
metric representing the overall contribution to alternative risk for a given process step.106 For
simplicity, it is assumed that the minimum risk contribution for a given process step cannot be
less than the maximum risk for any hazard for any task in that process step. Furthermore,
assuming independence, the maximum risk contribution for a given process step cannot be
more than the sum of risk over all hazards.

Because the risk levels (i.e., high, significant, and low from Box F-1) that we require to roll-up
into a single metric can be considered as primarily categorical variables'”’, there is no simple,
mathematical expression that can be derived for use here. Instead the following criteria will be
used to roll-up the risk information into a single overall contribution to risk metric:

1. If a process step has at least one hazard that is considered Aigh risk, then that
process step is considered Aigh risk in terms of its contribution to the overall risk.

There may be a subsequent attempt to rank-order the high risk hazards; however,
this will be by its very nature subjective because of the many assumptions already
made. For example, one rank-ordering would place the potential for human health
effects first (based upon numbers of people impacted, death versus injury,
immediate versus latent, off-site versus on-site, etc.) followed by ecological risk,
then national security and finally property damage. After we complete the analysis,

1% We can adopt a process analogous to the Welch-Satterthwaite method for estimating degrees of freedom
corresponding to adding a set of variances in quadrature, each having unique degrees of freedom. The
resulting degrees of freedom estimate (associated with the total variance) is bounded by the maximum of the

individual degrees of freedom and the sum of all.

197 We have, in part, relied upon definitions (i.e., 10 to 10"®) analogous to those used in CERCLA indicating

acceptable “excess upper bound lifetime cancer risk[s] to an individual” (per 40 CFR Part 300.430). Thus,
again we must agree on what we consider “acceptable” levels of risk, especially for things other than cancer
risks. This is especially important because neither the information nor time exists to develop a quantitative
risk estimate for each hazard. Thus our definitions are inherently categorical in nature; however, they should
represent our best estimates of risks analogous to 10 to 107
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we shall rank order the risks based upon expert opinion and the value judgment of
the individual expert. If there is not at least a majority agreement, then the
individual rank-ordering will be given with a description of the drivers for their
choices.

2. Ifaprocess step has only hazards that are considered /ow risk, then the contribution
to overall risk from that process step is also low risk. This is akin to what should be
done when considering cumulative radiological dose estimates.

3. Ifaprocess step has hazards that are considered as significant to overall risk, then
the minimum risk contribution must also be significant. There is a high contribution
to overall risk from a process step if ten (10) hazards in a process step are deemed
significant. This is based upon the fact that the best information that we are likely
to find for our analyses is on an order of magnitude. For reasons similar to those in
Criterion #2 above, the number of low-risk hazards does not factor into this
assessment.

These metrics indicating the overall contribution to risk for a given process step are
determined and entered into Table 4 for the remedial alternatives considered.

F.3. Gap Analysis Definitions

We must also explore the information that is available concerning the necessary tasks, process
steps, and alternatives and how important each is or will be to protecting human health and the
environment. To that end, a set of gap analysis tables have been provided in Appendix I and
Appendix J that are analogous to the hazard analysis tables in Appendix G and Appendix H. In
the gap analysis tables in Appendix I and Appendix J, a number of column heading definitions
were standardized to the point that was possible and reasonable. These columns are

e How important [is the gap]?
e How large a gap?

where other columns are considered self-explanatory. It is realized that there is not likely to be
unanimous agreement on any set of definitions for the gap analysis tables; nonetheless, we
again require a common basis for assessing the tasks in question.

A set of definitions for the two aforementioned columns is provided in Box F-2. The gaps are
considered important because of their ability to jeopardize human health, the environment,
and/or security. Using the definitions in Table F-2 would allow us to roll-up the gap
information in a manner similar to that for the hazard analysis. It should be noted that there is
not necessarily a one-to-one correspondence between the hazards in the hazards analysis tables
and the gaps in the gap analysis tables.

F-7



Box F-2. Definitions for Gap Analysis Tables

How Important (a Gap)?

Critical: Lack of this piece of knowledge is sufficient to provide a high degree of uncertainty in the ability to
assess the threat to human health (both worker and the general public), the environment (both on-site and off-
site), and/or security; i.e., result in a critical or severe hazard (as defined in Box F-1).

Important: Possession of this knowledge is important to the ability to assess the threat to human health (both
worker and the general public), the environment (both on-site and off-site), and/or security. Other information
must be lacking to the ability to assess the threat to human health and the environment.

Inconsequential: This knowledge may have localized significance to non-safety-related activities (including
routine maintenance, repair, etc.).

Low large a Gap? (Magnitude of Gap or Level of Knowledge)
Large: Little is known or can be reasonably inferred concerning this piece of information (from other sources of
information).

Intermediate: Incomplete information is available concerning this piece of information or can only be inferred
from other data not necessarily directly related to the missing piece of information.

Small: Complete or nearly complete information is available concerning this piece of information or an adequate,
well-known analogue can be established.

Table F-2. Example Information Contribution-Assessment Matrix

How large a Gap?
Large Intermediate Small
@ | Critical Safety Critical Safety Significant Saf.ety.
Q Insignificant
s . . Safety
§_ Important Safety Significant | Safety Significant e
E Safety Safety Safety
5=} .
Inconsequential Insignificant Insignificant Insignificant
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G.Hazard Analysis Tables for Alternative 1:
Contain in Place (4 Options)
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This appendix contains the hazard analysis tables for Alternative 1, which involves containing
the buried wastes in the Subsurface Disposal Area in-place. That is, no wastes will be retrieved
after completion of the on-going vacuum vapor extraction operations to remove volatile
organics and the Pit 4 Accelerated Retrieval Project. These hazard tables provide the following
information for each tasks associated with a remedial alternative:

e Task Frequency

e How likely is it? (Event Probability)

e What is the severity of the consequences?
e Overall contribution to risk

The definitions in Box F-1 are used to characterize this information. Although we realize that
there is not likely to be unanimous agreement on any set of definitions, we must have a
common basis for assessing the tasks in question—this is an attempt to provide such a basis.
Furthermore, these definitions allow the authors and reviewers to “mean the same thing” when
generic terms such as “/ow” or “high” are used. It is understood that not everyone would agree
with the categorizations provided here; however, because some assessment of the risks must
be made (and precise values cannot be placed on the risks or gaps), we have agreed on the
descriptions provided. Note that the intent of these reports is to provide a framework for
assessing risks and not to provide quantitative risk estimates. We are cognizant of the fact that
these categories are subject to change as further knowledge is obtained; however, any set of
categories must be both defined and consistent to be of use.
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Box F-1. Definitions for Hazard Analysis Tables

Task Frequency
Frequent: Occurs very often (e.g., more than once per quarter for long-duration tasks) or continuously.

Anticipated: Occurs several times (e.g., on the average of once per year) over the project lifetime or occurs
infrequently but with long duration.

Occasional: Occurs sporadically or at a well-defined time (e.g., start-up or closure) or has a remote possibility of
occurrence.

Unlikely: One can reasonably assume that this will not occur, but its occurrence is not impossible.

How likely is it? (Event Probability)
Probable: Very likely to occur (e.g., more than 50 times out of 100) during task execution.
Possible: Expected to occur (e.g., between | time out of 100 and 50 times out of 100) during task execution.

Unlikely: One can reasonably assume that this hazard will not transpire (e.g., less than one chance out of 100),
but its occurrence is not impossible.

Consequence Severity

Severe: Loss of ability to satisfy applicable and relevant design and performance criteria and protect human
health (both worker and general public) and the environment (both on- and off-site). Likely to result in death or
permanent disability including that from latent cancer effects to a large group of people (e.g., greater than 25 and
greater than 5, respectively). Loss of major or safety-critical system or equipment. Major property or facility
damage (e.g., greater than $1 million). Severe environmental damage (e.g., significant loss of protected or
endangered species habitat). Severe security failure (e.g., loss of material with potential “dirty bomb”
applicability).

Critical: Significantly degraded performance versus applicable and relevant design and performance criteria and
the ability to protect human health (both worker and the general public) and the environment (both on- and off-
site). Likely to result in traumatic injury, illness, and/or disability requiring medical treatment to a moderate-sized
group of people (e.g., 10 to 25 and 2 to 5 for injuries and deaths, respectively). Significantly degraded
performance of major or safety-critical system or equipment. Significant property damage (of less than $1
million) requiring repairs and replacement and/or environmental damage requiring treatment. Breach of security
(e.g., potential loss of control over material with potential “dirty bomb” applicability).

Marginal: Some degraded performance versus applicable and relevant design and/or performance criteria or
reduced ability to protect human health (both worker and the general public) as well as the environment (both on-
and off-site). Minor damage to equipment, facilities, property, or environment that does not require immediate
action. Injury or illness likely to result and will be limited to a small group of people (e.g., less than 10 and less
than 2 for injuries and deaths, respectively). Minimal breach of or threat to security.

Risk Level (Overall Contribution to Risk)

High: The hazard associated with the alternative has the potential for major on-site and off-site impacts to large
numbers of persons or with the potential for major impacts to the environment or national security. There is a
high risk of fatality due to traumatic injury or a high probability (e.g., more than one in 10%) of a latent cancer to
either on- or off-site personnel. Highly contaminated area of greater than 10 mi’.

Significant: The hazard associated with the alternative represents considerable potential on-site impacts to human
health or the environment, but at most only minor off-site impacts to human health, the environment, or national
security. There is a risk of traumatic injury or a moderate probability (e.g., between one chance in 10° and one in
10%) of a latent cancer to either on- or off-site personnel. Contaminated area of between 1 and 10 mi®.

Low: The hazard associated with the alternative presents only minor on-site and negligible off-site impacts to
human health, the environment, or national security. There is negligible risk of injury (which can result in no
more than a first-aid treatment case) or a low probability (e.g., less than one chance in 10°) of a latent cancer
developing in either on- or off-site personnel. Impacted area of less than 1 mi”.

G-4




sny} pue 2I1nsodxo JAIIOBOIPEI JO [BITWAYD 0) dJB[dI A31) Op IOU JUBOIUSIIS PAIPISU0 AJjensn jou aIe (-032 ‘Surddis ‘Surddin ‘owoipuds jauuny jedres “3-9) spiezey 901330

"110do1 SIY) U PAIOPISUOD J0U Ik

sfeskesiesk
"Pa3o9]es ST oAleUIS)E

[eIPAWSI JEYM JO SSO[PIeSal pue 910J0q Po3o[dwos 9q [[IM PUL SOATIEUId)E [[E 0} UOUIIOD 96 AJY) 9SNBOIq POPIWIO Udaq dA.Y S309f01d 959Y) Y3Im PajeIoosse syse) oy}

‘10AMOHY "s100fo1d (1007 2odoT 4007 Z3nyos 29 zodoT) Sunnoin) yoorg wnlfA1eg pue ($007 ‘Al-dOA) [BALIAY PRIV  31d SY) YIM PIJRIOOSSE SpPIezey dIe 219y

ko

(€00 “I9I[IA) uonda[109 eiep pue Surjdwes pue ‘3ur}sd) pue uone[[elsul
o1oyaqouid ‘Surddewr pue sAaaIns ‘uonjeredald 931s opnyoul [[1m SI SIY], "UOTJRUIUEBIUOD JO JUIXD AU} AJuap! 03 VS 2y ul 302foxd Surqoid pajer3ojur SuroS-uo ue SIAIOYL, 4y
-own Jo porrad Suo[ B 10A0 ‘19AMOY] ‘Qwn) 9[UIS B PIJONPUOD ST JeY) AJIATJOR UR 0] SI9JAI JX2IU0 SIY) Ul  [RUOISEIDQ,, "

-4 A'TdV.L NI AALVOIANI SV A'TdVOI'TddV LON TV 0I'VI HONOYH.L T°VI SYISV.L

PoIopIsuoo ANADOE Te[IuIs| - PaIOPISUOD 9I9PISUOD 1O PoIopISuoo QIOPISUO0D 10U SPIeZey 901 nd. NS o% oy
JoNe pue juowspny JON ® pa1opt JON e JON 3% POIIPI 10U SpIeZey 20YJO @ | 4[BUOISEIIQ|  (S)[opowt d)is [enydaouod oﬁoﬁm.ﬂmoﬁ
PaIOPISUOD A)IADOR Je[IUIIS|  PIIOPISUOD S IODISUOD 10 PaIOPISUOD IODISUOD 10U SDIEZEU 901 **momgtom E\%EE
JONe pue juowspng JON ® pal1opt JON e JON 3% POIIPI jou SpIezey 0UJO e | 4[eU0ISLdd) OLIOISIY JO SISA[eue 0auw.ﬂmw
jueoyTuSISe IONIOAN @ [eonII) 91qISsoJ eruIoyodAy 10 ssams 1O o
MOTe £Anoe seqrus INIOM @ ?Emng . Q[qISsOd e uoTneIpelr [euId)Xa Woly 3so(J e 1% SOXNTJ ‘SUOTINQLIISIP ‘SILIOJUIAUT
juedyIusISe v.E.N anwvm_. IONIOM @ [eont) e 9[qIssod e uone[equl BIA oyeydn DOA 9IX0] e | ,[BUOISEIOO ‘SULIOJ 9)SBA QUIULIdO(
MOTe IONIOM @ [eont)) e A[oy1[un) e |uonereyur jsnp eia axeidn eor3ojoipey e I'TVI
jueoyTuSISe IONIOA @ [eonII) o1qIssod e | Anfur onewnen; peje[oI-uooNISu0)) o
SR 0} Jsiseq|  cuonemdod 2sdduanbasuod|  (Apiqeqoad (3uaAd apowr danqie)| Aduanbaag Msel
uonnqriuo)) | uUOnBN[BAd YSILI pajoedur Y} JO AJLIIAIS JUIAT) (M ,SUO0IM 03 UBD JBYAA ysel,
[epRAQ Y] SIIBYA Y} ST OYA Ay} s1yeyAN | ST APYI MOH
NOLLVZIdALOVIVHD (VAS) VAUV TVSOdSId HDVAINSINS I'VI

S9)SEAA PALINg JO SULIOJUOTA] WI}-3U0T (V) uondQ uondy oN “QARBWIAY de[J-UI-UIejuo)) 10J uoneneAy paezeH '[-9 d[qeL

uonoy oN v uondp

90B[J Ul UIBIUO)) : ] QANRUIAY

G-5



"130da1 SIY) UI POIAPISUOD JOU
21k sny} pue 2Insodxd 9ANOBOIPEI IO [BOIWAYD 0} AJe[AI AU} OP JOU JUBDYIUSIS PAIdPISU0d A[jensn jou d1e (-o30 ‘Furddifs ‘Furddin ‘oworpuAs jouun) jedies ©3-9) SpIezey OUYJO x4
‘owiry Jo porrad Suoj & 10A0 JOAIMOY ‘Qwi) S[SUIS B PAJONPUOD SI Jey) AJIAIOR Uk 0 SIQJAT JXJU0D SIY) UT  [RUOISEIDD,, 4

-4 A'T9V.L NI AALVIIANI SV HT1dVII'IddV .LON TIV +I'VI HONOUHL ¢I'VI SMSV.L

JUBOYIUSIS © IONIOA @ [eont) e 91qISsod e eruIdyjodAy 10 ssans 1ol e
MOT e oouonadxo IONIOM @ [euISIeN @ A[oyIun) o uorjeIpel [BUIIXS WOl 3S0( @ . Eoﬁucouﬁ%: pue
MOT e [[Jpue] pourfun, IONIOM @ [euISIeN @ 91qIsso{ e uone[equl BlA oyeldn DOA JIXO] e| [BUOISEODQ Aredas “oueudjutpw
JueOYIuUSIS ° pue juow3pny IONIOA @ [eonI) e 91qISSO{ e | uOTIR[EYUI 3SNP BIA 3E)dn [eoISO[0IpEY * occsn.z-c.oz
JueOyIudIq ° IONIOA @ [eonI) e 91qIssod e| Amlur orjewneI) poje[oI-dOUBUIUTRIA] e VTVl

JuUBOYIUSIS ® IONIOA @ [eont) e 91qISso{ e erudyjodAy 10 ssans 1ol e
MOTe ooﬁoﬁo&%w JONIOM @ ﬂmﬁm.ﬁmzo b@vEﬁD ° uorneIpelr [BuId)Xd WOy 3S0(J e aﬁoﬁﬁooﬁmoh pue QEQQH
MOT e [[Jpue] pourfun, IONIOM @ [euISIeN @ J1qIssod e uone[equl BlA oyeydn DOA OIX0] o| pajedionuy |  ‘0dUBUIUIBW QUNNOY
MOT e pue juow3pny IONIOA @ [eonI) e ATo3ITu) e |UOTIETRYUT JSNP BIA Oxe)dn [EOISO[OIPEY ° CITVI

MO e IONIOM @ [eonu)e K[oy1un o| Ainfur onewunen) paje[oI-ooUBUJUIRIA] e

YSIH e arqnde Q109G @ d1qeqoid e diyspremalg wid ] -3uo Jo aInjre, e
JuBOYIUSIS © IONIOA @ [eoni) e 91qIssod e eruIdyjodAy 10 ssans 1ol e S[o1u0d
MOT e douatiadxa IONIOA @ [euISIeN @ 9Iqeqoid e UOT)RIPEI [BUISIXS WO 9SO @ [euOnMIYSUL pUB

[[Jpue] paurfun «[EUOISEIO() T

JuBOIIUSIS ® pue JuswSpng IOIOM @ [eonu)e J1qIssod e uorjereyur e1a oxeldn HOA 9I1X0], e Suroyuow juswd|duuy
MOT e IONIOA @ [eonI) e KToyITu) e |UOTIETRYUT JSNP BIA OYe)dn [BOISO[OIPEY ° TITVI

JuedYIUSIS ® IONIOA @ [eont) e J1qIssod e| Ain[ur orjewiner) paye[oI-uonoNIsuo)) e
papaau
< S[OJIUO0J [RUOTIN)ISUT

JIATIOR JR[IUUIS
PAIOpISUOD JON pue juowSpny POIOpISUOD JON @ PAIOPISUOD JONe | PAIOPISUOD JON e +PIOPISUOD JOU SPIRZEY AD1JO @ | ,[BUOISEIOQ pue 3uLioyruowr
u119)-3U0] SUILIR(
I'Irvi
SRy 2sIseq Juonemdod 2$9duanbasuod (Hynqeqoad (JudAd dpow danjie)| Aduanbaag ysel,
0) UuonNQLIIU0)) uonen[eAd YsL paroedwr Y} jo JUIAY) 3U0IM 03 ued JRyYA\ ysel
[eRAQ Y} SIIBYA oY) ST OYA | AJLIDAIS Y STIBYA | (IT ST APPYI] MOK

SHILIALLDYV dIHSAQAVAILS WIHL-DNOT

vl

PINUNU0)—SIISBAA PILING JO SULIONUOJA] WLIY-3U0T :(V]) uondQ uondy oN 9ANBUIIY dB[J-UI-UIBIUO0)) 10J Uonen[eAf piezeH ‘[-9 d[qeL

uonoy oN v uondp
00B[{ UI UIBIUO)) | SAIRUIANY

G-6



Apmg Liiqrsea oy st ySAd PUE (B6661 “AI-HOA) Ueld oM Aprus Ajiqeear] uondiosa( [WOy] WIS U 41/ [-L 3u[) o[qerad( ay) st ue[d J10A\ AP, oYL,
(6661 ‘AI-4OQ) Sunsay pioy pue A1ojeroqe] yjoq sapnjoul Sunsay Ajiqereon uondiosd(q [ewoy [, 11S Uy

((€00Z ‘Noqqy) eary [esodsiq aoepmsqng oy} ur uondiosa rewtdy [, 771§ Uy 10§ (VSAd) SIsATeuy £1ojes pajuownoo(q ATeuru[dig

ek sk sk
kK

“110da1 SIY) U PAISPISUOD JOU dJe
sny) pue 2I1nsodxo SATIOBOIPEI JO [BITWAYD 0) d)B[AI A2} Op IoU JUBOIUSIS PAIIPISU0D AJfensn jou e (032 ‘Furddrs ‘Surddin ‘owoipuAs [ouuny jedred “3-0) sp1ezey OUJO  sx

-own Jo porrad Suo[ B 10A0 ‘19AMOY] ‘Qwl) 9[SUIS B PIJONPUOD ST JeY) AJIATJOR UR 0] SIQJI JXIU0J SIY) Ul  [RUOISEIDQ,, "
MOT e IONION @ JI9AQS o A[ayIun) e | (99uopIsqns) 201n0s uorjeIpel Y31y JuLIDA0OU() e
MOT e IONION @ [euISIe|q e Jlqeqoid e UOTJBIPEI [BUIIXO WOIJ 9SO(] o yuouneanad
MOT e ****<m%E IDIOM ® QI0AQS Aoyiun o woYsAs sed-jJo armerodway y3iy woly suing e sedis ALSI
MO @ ENMMMMVMM%N@M@ IONIOM @ [eUISIRIN © A1onIun e | a3eidn DOA 91X0) Ur SUNNSAI AINJIR WNNOBA e peredionuy parmbar wioj1o g
MO0T e T 1ol IONION @ [euISIeIN A[oy1un e | 9sop [ed130[0Ipel Ul FUNNSI AIN[TB] WNNJBA yrdl
MOT @ IONIOA @ [euISIBN © A[oyiun) e uorso[dxa wnip punoi3iopu) e
JueolIusdIq e IDIOM ® [eonu)) e J1qIssod e eruLIOY30dAy 10 SSaMS JeOH e
Mo 2 VSAd o . . Juewdmba [rersut
MOT e IDIOM ® [eonu)) e AoyIun o Surpjom Furmp Amfur uing e
pue sousLadxd o : : : s «[eUOISE0O() | pue ay1s aredord
MOT e TS ‘SNOIABIg IIOM ® [eonu)) e Aoyiun e uonoNNsuod Surmp Amfur oewner], o cTdl
MOT e o : IONION @ [eonL) o A[9YI[U[) e |UONE[[EISUI USPINGIIA0 SuLINp AInful onewnel], e
Sunsay Ajiqereon
JuedHIUSIS ##xxVSUd PUE IOYIOM e [eanu) e J[qIssod e prey Surmnp eruidyiodAy 10 Ssans JedH e £ 5UNS)
to ‘ued y1op\ Aprus o : ’ ’ Aniqeyean
MOT e : IONION @ [eonL) o A[yIun o sumngq ur Sunnsar ainyrey odid e| ,[eU0ISLIO0)
douorrodxo .. : o : ; : pue juawdojoaag
MOTe| s ‘snoTAsIg IDIOM ® [euISIeIN ® J[qIssod e sodwres £10110qE] QAI}OBOIPEI WIOIJ 9SO(] ® C 7l
MOT e o : IDIOM ® [euISIeIN ® Aoyiun o spiezey K10je10qe] AIEWOISNO PUE [BNS() e
BLIDJLIO
poIopIsuoo doudLiadxd poIopIsuoo QIOPISUOD JON ® paIopsuoo QIOPISUOD 10U AIB SPIBZEY DI | ,[BUOISEOD OUBULIOJO
JON | repiurs ‘snoaarg JON palop! N JON o %3 P11 PIBZEY 3OLJO | [BUOISEIOO _.M.m_aw
sy JsIseq Juonemdod 2.Sdouanbasuod (Kqeqoad (3uaAd apowr dunqie)| Aduanbaag yse],
0) UonNQLIIU0)) uonenfeAd ysL paroedwr Y3 JO AILIAAJS JUIAY) 2 3U0IM 03 uBd JBYA\ ysel
[[e1RAQ Y} STIBYA Y} STOYM Uy STIBYAN | (1 ST A1 MOH
(@LSD INFWLVAILTId NOILIHOSAd TVINITHL 2.LIS NT cdl
uoNDZLI21IVIVY)) (F(JS) Doy [pSodsiq aonfansgns [V [ 40f [-D 2]qn] 01 42fa.4 asvajd ‘S|ivjap 40,] Jy [ dADULII]Y WO 2ZUDYD ON
SRy siseq Juonemdod 2$9duanbasuod (Kynqeqoad (3uaAd apowr dunqie)| Aduanbaag ysel,
0) UonNQLIIU0)) uonen[eAd ysL paroedwr Y} JO AJLIAAJS JUIAY) 2 3U0IM 03 uBd JBYA\ ysel
[[e1RAQ Y} STIBYA Y} STOYM Uy STIBYAN | 1 ST A1 MOH

NOILVZIMALOVIVHD (VAS) VAIV TVSOdSId ADVAINSANS

rdar

(41) uondQ J9L1IRg IBLING VANBUINY B[J-UI-UIBIU0)) 10J UOneN[eAT piezeH °7-9 d[qeL

Ioureg 2oeyng g1 uondo
90B[J Ul UIBIUO)) : ] QANRUIAY

G-7



"7-D 91qe, ‘yuswede[dwyg pue ‘uoneredald ‘Uonos[og Joleq d0vJINS (0] g 10J 9SO} Sk dwes ) 218 spIezey preg ‘Juowodedwo Jo1IRq 99BLINS 0} PAJE[) Ik SpIezey JAYQ

k%
‘own} Jo porrad Suo[ B I0A0 ‘IOAOMOY ‘OuT) O[SUIS B POJONPUOD ST e} AJTAT)OR UB 0} SIOJOI JXQJUO0D SIY} UT  JRUOISEID),, 4
juowrdinba
JuedyIusdIS e owaocomxo IOIOM © [eoni) e J1qIssoq e #+AI0[UT O1jRWINET) POJB[QI-UOIIONIISUO)) e | ,[BUOISBIO() ALSI omommﬁ
T Te[IuIIs ‘SnoTAdIg i : T : : o
9cdl
JueOIU3IS ° IIOM e [eonu) e J[qIssod e eruLIOY30dAy 10 SSAMS JeOH e
MOT @ IOIOM © [euISIBN © d1qeqoid e UOTJBIPEI [BUIIX WO 350 juowdmbs (ST
MOT @ S:E_MMM%MMWM IOIOM © [euISIRIN © 91qIssod e |Furpuewisip SULINP 2INS0dXd [BOIUAYD OIXO], @ | ,[BUOISEOI)|  UOIIP/Q[JUBWSI(]
JuedyIusIS o : IOIOM © [eoni) e J1qIssod e | Surpuewsip Suunp aInsodxa [edI30[0IpeYy e szdl
JueoyrudIg e IOIOM ® [eonII) J1qIssoq e Amfur onjewnen) paje[oI-uononIsuo)) e
AR 2sIseq Juonemdod 289duanbasuod (Kqeqoad (QuaAd dpow dunjre )| Adudanbaag ysel,
0) uonNQLIU0)) uonen[eAd ysL paroedurr Y JO AILIAIS JUIAY) £ 3U0IM 03 ued JeYA\ yseL
[e.12A0 oY) ST IBYM oY) STOYA oY) STIBYAN | (T ST APYIT MOF

QANNTINOD—(ALSD INFWLVAILTAd NOILIFIOSAA TVINIAHL LIS NT

(41!

(41) uondQ J9L1IRg IBLING VANBUINY B[J-UI-UIBIU0)) 10J UOneN[eAT piezeH °7-9 d[qeL

Ioureg 2oeyng g1 uondo
90B[J Ul UIBIUO)) : ] QANRUIAY

G-8




Qafig paruownooq Liutmlja.qd Apmg ANIqisead oy st VSAd Pue (100Z “I9[[IA) Apmis Aijiqereal], Sunnoin nyig uf oYy 10y uvjd 1afvg puv yipapy 34y st JSYH YL
"($00T “9o1uEs 2 10qQV {100T “IRI[IA) Sunsa) p[oy pue A10je1oqe| y1oq sapnjout Sunsa) Aiqeledr) SUNNOID IS Uy

“(£00T ‘e9a1ues 7 110qqy) eary [esodsiq eoepmsqng ay) ut (DS]) Sunnoid w1 uy 10§ (VSAd) SIsqvuy

sekokck

“110da1 SIY) U PAISPISUOD JOU dJe
sny) pue 2I1nsodxo SAIIOBOIPEI JO [BITWAYD 0) d)B[dI A2} Op IoU JUBOIUSIS PAIIPISU0D AJfensn jou e (032 ‘Furddrs ‘Surddin ‘owoipuAs jouuny jedred “3-0) sp1ezey OUJO  sx

‘owiry Jo porrad Suo[ B 10A0 JOAIMOY QW) S[SUIS B PINPUOD SI Ty} AJIANOR UL 0} SIJJAI JXU0D SI) Ul  [BUOISEIIQ),, "

SJUBUTWEIUOD SnopIezey 0) 9Insodxd

MOT e IONIOM e [euISIeIN © J1qIssod e Ul $)]NS2I WIJSAS JUSWUIRIUOD JO dIN[IB] o TOTIRZI[IqR)S
MOT @ wrxVSAd IONIOA [euISIBIA © A[oyIun e 90BJINS 0} SUINJ2I JNOIS PIjeuIueIuod A[YSry e aoryInsqns
MOT e pue douoLIddxd IONION e [eurSIely e JIqeqoid e UOTJBIPRI [BUINXO WOIJ 950 o | poredionuy 10} sea1e
MOT e Je[IuIs ‘SnotAdI] IONION e QI0AQS o A[y1un e [eLIdYeW J[ISST WO A)I[LO1ILIO0 JUSJIOAPEU] Papasu 1noIn
soun[ur pue aseaa1 o013 1o sanosfoid ur yedl

Y31y e IDIOM e QIOADS ® J[qeqoid e | Sumnsal wolsAs noid amssaid-y3iy Jo amqre] e

MOT @ IONIOA [eUISIEIA © d1qeqoid e | a3ewep SuLeay Sunnsal pue S[IA] ASIOU YSTH e

[eLIdJeW ShopIezey
MoT e s VSAd IONIOM e [euISIeIN © JIqeqoid e Sursea[al 19)[1J 10 PNOIYS [[LIP Ul JeT e yuowdimbo
pue doudLadxd uorsordxa ur Surnsar uagoIpAy Jurure;uod «[BUOISBIO() DS] [[eIsu]
MOT e Je[IuIs ‘SnolAdI IONIOM e [euISIeIN © A[yIun) o Juo 10 1opul[ko pozunssaid sojenouad [[LI e cedl
21sodxa UoTje[eYUI [BOIUSYD OI1X0)/[eIIFO[OIpRl

MoT e IONIOM e [euISIeIN © A[oy1un o JuI0qgJIe Ul SUN[NSAI 9JBJINS QINISI(] e

MOT e IDIOM e [eUISIEIA @ J[qeqoid e | o9Sewep JuLreay SurynNsal pue S[OAd] SIou YSIH e
s VSAd 3unsa) Ayiqeresn —s
JueoIusdIS e pue ‘dSVH IDIOM e [eonu)) e J[qIssod e prey Sunmp eruoyiodAy 10 ssans jBOH e Aiqeearn
‘ooudriadxo S[BLI2JBW J)SBM PIJR[NIIIS *[BUOISE0 pue juowdoaasg
MOT e Je[IuIs ‘SNOTAQIJ IONION e [eurSIeln e J1qIssod e 031 21nsodxo Surynsol pue j0ejU0d 101 vedl

MOT e IDIOM e [eUISIEIA @ AU e spiezey K10Je10qe] AIRWOISNO PUE [BNS() ®
BLIDJLIO

PRI9pISU0d oousLadxe|  paIdpISUOD PRI9PISUOd R
JON » - JON PRIOPISUOD JON ® JON » 4+ PIIOPISUOD JOU IB SPILZEY JO e | 4[BUOISBIO) ooﬁm&w.o%m.w
SR 2sIseq Juonemdod 2$9duanbasuod (Kpqeqoad (QuaAd dpow danjre)| Aduanbaayg ysel,
0) uonNqLIUO) uonEeN[eAd NSLI pajoedurr ) Jo AILIIASS WWIAY) (M 8u0IM 03 uBd JBYAL yse],
[[e1RAQ Ay styeym oY) ST oYM o) SLIEYA | STAPYI MOH

NOILVZITIGVLS ADVAINSINS 04 (DSD ONILNOAD LIS NI

€dl

panunuo)—(gqy) uondQ JoLLIEY 3IEJINS VANCUII[Y I8[J-UI-UIBIU0)) 10J Uonen[eAy piezeq °7-9 dqeL

Joueq oeyns g1 uondQ

90B[J Ul UIBIUO)) : ] QANRUIAY

G-9



"7-D 91qe L yuowasedwy pue ‘uoneredold ‘Uonoeg IoLLEY 90B1NS ()] g 10J 9SO} SB dwes 9y} e spIezey pres ‘juswade[dws 1o1Ieq 90BHNS 0 PAJR[al AIB SPIRZRY JOUID) x4
(£00T “291uEs % 10qQqYy) eary [esodsi( ooepmsqng oy} ut (DS]) SunnolH g uf 10y (VSAd) sishjeuy

K1oyeg pajusumdo( Areurwiiald Apmg A[iqised s st ySAd Pue (100T “[IIA) Apmis ANjiqereal], Sunnoln mig uf ) 10j ue|d A1o§es pue yijeaH dui st JSYH dYL

K3k
‘own} Jo porrad Suo[ B I0A0 ‘I0AOMOY ‘OuT) O[SUIS B POJONPUOD ST e} AJTAT)OR UB 0} SIOJOI JXOJUO0D SIY} UT  JRUOISEID)),, 4
I-4 AT4VL NI AALVIIANI SV AT9VII'TddV LON SI (ASD NOLLVOIATI.LIA ALIS NI vl
juowrdinba
JuBOYIUSIS @ doudtiadxa IOIOMN e [eonII) @ o[qIssod e #33AI0[UT OEWINET) POJE[OI-UOIIONIISUOD) e | ,[BUOISBII() DSl omommﬁ
o Je[IwIs ‘SnOTARIJ s ‘ A : : s
9¢dl
JuUBOYIUSIS @ IOIOMN e [eoni)) e J1qIssod e eruIdylodAy 10 SSans JedH e
MOT o «xVSAd IOIOMN e [euISIEIA © J1qeqoid e uorjeIpel [BUIOIXS WOIJ 90 e juowrdinbe HST
JuBOYIUSIS @ pue ooudrradxo IOIOMN e [eonI)) e o[qIssod e Amfur onjewner) paje[oI-uononysuo)) e | ,JRUOISEOO)| UWOJOP/Q[IUBWSI]
Te[IWIS ‘SNOTAdIJ 21nsodxa uone[eyUI [BOTWAYD 91X0)/[BIISO[0IpET sedl
MOT e IIOM e [eUISIEIA @ Aoyiun e JuIOgaIe Ul JunNsal 90BINS qINSI(] ®
SR 03 2sIseq Juonemdod 2$9duanbasuod (Apqeqoad (QuaAd spow danjre)| Aduanbaay ysel,
uopnqLIUO) uonen[eAd ysL paoedurr Y JO AIJLIAAIS JWIAY) (N 2 8U0aM 03 ued JeyA\ seL
[[e.12A0 oY) STIBYM oY) STOYAM oy sTIeyAN | STAPYI MOH

QANNIINOD—NOILVZITIAVLS ADVAINSINS 04 (DSD ONILNOAD LIS NT

€dl

panunuo)—(gqy) uondQ JoLLIEY 3IEJINS VANCUII[Y I8[J-UI-UIBIU0)) 10J Uonen[eAy piezeq °7-9 dqeL

Ioureg 2oeyng g1 uondo
90B[J Ul UIBIUO)) : ] QANRUIAY

S
O



"(9€00T “TAANI) PAASLIRI 21oM S2)seM YoIym SuLmp 303fo1d (01-L NO 10) 6 3d Y JO 11
08e)§ 10J JUBWNDO(] UOHEOYUSP] PIezeH A} ST (11ZEH 6 }d., O} PUE (B00T ‘AoJ00A ) 100(01d [2ASLINSY PRIeId[dDY 1 IId O 10J ub]q A2fvg pup yipafy oY) ST ISVH OUL

-own Jo porrdd Fuo[ B 10A0 ‘19AMOY ‘Qwun) S[SUIS B POIONPUOI ST JeY) AJIAT)OR UE 0) SIQJOI JXIUO0J SIY) UI  JBUOISBID(0,, 4
Surppuey wnip pue ‘Aq yonns ‘syurod yourd
MO e #+dSVH IONIOM e [euiSIeN o 91qeqold e |  SuIpn[oUI SONIANJE PIIR[AI-UOIIONIISUOD WO saunfu] e eI
pue douaLadxd : : oo : Co paredionuy | poSesoed a103g
. SIOUTBIUOD QISBM 1M JOBIUOD JOITIP .
Je[IUIS ‘SNOTAQIJ yodl
Mo e IONIOM e [euiSIeN o J1qIssod e | WO 2Insodxo UOIE[RYUI [EOIWIAYD JIX0)/[BIIFO[0IPEY e
JUBOIUSIS @ IONIOM e [eoni) e J1qIssod e eruIoy)odAy 10 ssans 1edH e
amsodxd pue osea[a1 Funynsal Ym IOpurjko
MOT e +xdSVH pue IDIOM e [eonu) e Aoyiun e | sed passardwod e Suroedwod woly uonezLnssaidion)) e So15EM PaASLIRN
‘dizeH 6 1d Surpuey wnip pue ‘Aq yonns ‘syurtod yourd ;
; : : ‘ : [euoIseod) | jean/dredoidog
MOT e doudradxa IDIOM e [EUISIEIA o Jlqeqoid e Surpnjour sanIAOR PIJB[AI-UOIIONIISUOD WO soLn(u] e .
Je[IUIS ‘SNOTAQIJ 21npaooid uoreunILIU0dIP gedl
SuLmp Jo SISUIBIUOD J)SEM [JIM JOBIUOD JOOIIP
MOT @ IONION e JeuISIeN o 91qIssod e | w0 2InsodXd UOR[RYUI [EOTIAYD OIX0)/[edIS0[0IpEY e
JueoIusdIS e IDIOM e [eonu) e J1qIssod e eruLIoY3odAy 10 SSOS 1B e
Surppuey wnip pue ‘Aq yonns ‘syurod yourd
MOT e «xdSVH IONION e JeuISIe|N o 91qeqoid e |  SuIrpn[ouI SONIANOE PIIR[OI-UOIIONIISUOD WO SoLN[U] V ped woy
pue 2ouoLdx? SIOUIBIUOD QJSBM M JOBIUOD JOIIP [BUOISEIO() | SAISBM JAILDAY
MOT e | Je[IWIS ‘SNOIAILJ IONION e JeuISIe|N o 91qIssod e | w0 2Insodxo UOR[RYUI [EOTWIAYD OIX0)/[eIS0[0IpEY e vsdl
21nsodxa uone[eYUI [BOTIUAYD J1X0)/[BIISO[0IpR]
MOT e IONIOM e [euiSIeN o JIqeqoid e oulogiIe ul Sun[nsal BaIe d)sem qInisiq e
JUBOIUSIS @ o odSVH IONIOM e [eoni)) e J1qIssod e eruIoy)odAy 10 ssans 1oy e Jowdinbs
MOT e IONIOA e [euISIeIA ° J1qIssod e o3ewep Sunreay Sunnsal pue S[9A9] 10U YSIH e :
pue doudLadxd «[BUOISBOO() | A1BSSQ00U [[BISU]
. 2msodxd uorje[eyul [EOTAYD o
Je[IuIs ‘SNOTAQIJ rsdil
MOT e IDIOM e [EUISIEIA o A[oy1un) e | 0r1x03/[0130[0IPEI dUIOQIIR Ul FUNNSAT 90BJINS QINISI(] o
SRy 0} Jsiseq|  cuonemdod .sdoudanbasuod|  (Kypqeqoad (JudAd dpow danjre)| Aduanbaag yse],
uonnNQLIuO)| UOHEBN[BAJ YSLI pajoedur Y} Jo AILIdAJS JUIAY) (I 2, 3U0IM 03 ued JRyYA\ ysel
[[e1RAQ Y} sTyeym\ Y} ST oYM o) S yeyAL | SEAPYI MOH
NOILVINIIINODHA V dVvd sl

panunuo)—(gqy) uondQ JoLLIEY 3IEJINS VANCUII[Y I8[J-UI-UIBIU0)) 10J Uonen[eAy piezeq °7-9 dqeL

Ioureg 2oeyng g1 uondo
90B[J Ul UIBIUO)) : ] QANRUIAY

G-11



"7-D o1qe, ‘yuawooejdwy pue ‘uorjeredard ‘uonodag IoLLIRg 99€JIng () g J0J 9SOy} Se dwes Y} dIe SpIezey preg JuowWde[dwd IOLLIRQ Q0BJINS 0} PIJR[AI oI SPILZEY JOYID) 445
"1-D 9[qeL ‘ddIM Je [esodsiq pue judwdiyg oys

-JO 17V 10J 9SOy} Sk dwes oy} dIe spiezey pres Tesodsip ojewnin 10j JJIM 03 V Ped Ul POISA0ISIP sdjsem (L) orueinsuer) Aue Jo judwdiys 0} paje[al oIe spIezey] 9soy L,
'so)sem YL

ko

2q 0} punoj aq [[IM sAISeM Y ped 93 Jo Aue ey AJoxI[un SI 31 ‘9IOUIISY}IN,] "PALING JOU oIk SaIsem 3oy} ‘arojo1ay) ‘ped jjeydse ue uo opeiSoAoqe opIsal 7 ped Ul SAISBM YL 4y
‘owiry Jo porrad Suo[ & 10A0 JOAIMOY QW) S[SUIS B PAJINPUOD SI Jey) AJIANOR UL 0} SIQJAI JXUO0D SI) Ul  [BUOISEIIQ),, "

-4 H'T4V.L NI ALVIIANI SV A'1dVOI'lTddV LON HUV 6'd1 HONOYH.L 9°d1 SISV.L

uowdimba
JuedyIuUsIS ° doudtiadxa IONIOM e [eont) e J1qIssod e w2 %4AIN[UT OBWUNERI) PIJR[OI-UONINIISUO)) o | ,[RUOISEIIQ _w>o_bwk 80%5
T Je[IWIS ‘SNOTAdIJ i : e : : : o
8'¢dl
JuedYIUSIS @ IONIOM e [eont) e 21qIssod e eruIy)odAy Jo ssans JedH e
MOT @ g IONIOM e [euISIeIA ° J1qeqoid e UOT)BIPEI [BUIIXS WO IS0 e juotndimbo
JueoyTudIg ° HE_E_MWMM%MOMM IOIOMN e [eoni)) e o[qIssod e Amfur onjewner) paje[oI-uonoNISu0)) e | L[BUOISEIO()| UWOJOP/Q[IUBWSI(]
T : 21msodxa UoTje[BYUI [EOTUIAYD OTX0)/[BOIS0[0TpeT Lsdl
MOT e IIOM e [EUISIEIA o Aoyiun e JuI0qgaIe Ul SUn[NSal 90BLINS qINSI(]
PoISPISUOD ouonadxa|  PAIdPISUOD S1ODISUO 10 POIOPISUOD SDIRZE Jo— o mwB**m&\% o
JON e | Iepuus ‘snotadlg JON o palopl JON JON o ##4SPIEZBY dIM @ [AHU ) Dm%m..ww
SIOUTBIUOD 9)SEM [JIM JOBIUOD JOIIP WO
MOT @ souanadxa IONIOM e [euISIeIA ° A[oyi[un e | 2insodxa uone[eyUI [BOTWIAYD OI1X0)/[BOISO[0IPEY e ded 1opun sajsem
L : : i ch : : : «[BUOISEOO) | MY L-uou asodsig
Je[IWIS ‘SNOIAdIJ 2msodxa UoTjR[BYUI [EOTUIAYD OTX0)/[EO1S0[0TpeT o
MOT e IDIOM e [EUISIEIA o Aoyun e JuI0qgiTe Ul SUN[NSaI 90BLINS qIMSI(] sedl
SRy 0} 2sIseq Juonemdod 2$9dudanbasuod (Kynqeqoad (JudAd dpow danjie)| Aduanbaag ysel,
uonnqrLIuo)) |  UONEBN[BAJ YSHI payoedur 3Y) JO AILIIAIS JUIAT) (M 2,3U0.IM 03 UBD JeYAA ysep,
[eRAQ Y} STIeyM Y3 ST oYM oY) STIBYAL | ST AYII MOH

IANLINOD—NOILVINIOIINODHY V AVd

sdl

panunuo)—(gqy) uondQ JoLLIEY 3IEJINS VANCUII[Y I8[J-UI-UIBIU0)) 10J Uonen[eAy piezeq °7-9 dqeL

Ioureg 2oeyng g1 uondo
90B[J Ul UIBIUO)) : ] QANRUIAY

G-12



‘suonje1ado [esodsIp 91sem [9A9]-MO] FUI03-UO JO 9SNBIq S9FBIS 0M] UI PI[[eISUI 9q ABW IOLLIEq 90BJINS VS YL

ko

*310do1 SIY) U PIISPISUOD 10U dJe
sny} pue 21nsodxo JAIIOBOIPEI JO [EOTWAYD 0} 9)B[d1 A3} Op Jou JuedlIUSIS paIopIsuod A[jensn jou are (*030 ‘Surddiys ‘Surddin ‘owoipuds [ouum jedied “3-9) sprezey PO 4«
-own Jo porrad Suo[ B 10A0 ‘19AMOY] ‘Qwn) 9[SUIS B PIJONPUOD ST JeY) AJIATJOR UR 0] SIS JXIU0 SIY) Ul  [RUOISEID(,, "

-4 H'T4V.L NI AALVIIANI SV A'TdVOI'lddV LON T4V #1'd1 HONOYHL ¢I'd1 SYSV.L

So1AIY d1YSPAPMIIS Wid)-SUOT [['F [ 40 [-D) 2]qD ] 0} 42fo. 2sD2]d ‘SIDIAP A0 Y[ 2A1DUID]]Y WOLf 23UDYD ON

SR 0} Jsiseq|  ¢cuopemdod 2S9dudanbasuod (Kynqeqoad (JudAd Jpowr dunjre)| Aduanbaag yse],
uonnNqLIUO) | UOHEN[BAJ YSLI pajoeduur 3y Jo KILIAAS JWIAY) (N 48U0IM 03 ued JeyYA\ yse],
140 ) sTieyM ) ST oYM oy STIeYAL | ST APYI MOH
SHILIALLDYV dIHSQUVMALS WHAL-DNOT  IT1'9dl
MOT o IOIOMN e [euISIeIA ° J1qIssod e o3ewep Suneay Sunnsal pue S[9AS] dsIoU YSIH e
j10dsuen) [10s M0110q ok VAS
MOT @ doudLIdxd IONION e JeuISIe|N o JIqeqoid e Surpnjour sONIAIOR PAJR[I-UOIINIISUOD WO SOLM(U] o|  [BUOISEIO) ot 1940 Io1LrEq
Je[IuIS ‘SNOTAQIJ : : I : o : QoeJIns [[eIsuf
T : 21nsodxa UOTjE[eYUI [BOTIUAYD OTX0)/[eIIF0[0Ipel ot
MOT e IONION e JeuISIeN o Jlqeqoid e ouroqire ur Sun[nsaI 99BINS qINISI(T ® SordI
MOT e IONION e JeuISIe|N o 91qISsoq e eruoy)odAy 1o ssoms JeoH e
MO o IOIOMN e [euISIeIA ° J1qIssod e o3ewep Sunreay Sun|nsal pue S[oAd[ osiou Y3IH e uoye[[RISUL
MOT @ IOYIOM e [euISIEIN @ 21qIssoq e SOIIAI}OR PIJR[QI-UOONNSUOD WO SOLIN[U] e IoLreq
doudradxa : : e : C y
e ansodxo Sunnsal pue SuIpeId | 4[BUOISBII() 90®BJINS 10§
Je[IuIs ‘SNOIAdLJ : : :
MOT o IOIOMN e JI0A0G A[oy1[un) e | Suump 201n0s uoreIpel Y3y SULI2A0oUN A[[EUOHUIUIU() e vds aredarg
21sodxa UoTje[eYUI [BOIUSYD OI1X0)/[eIIFO[0IpRl yordl
MOT e IOYIOM e [euISIEIN ® o1qeqoid e susoqJre ur Surnsal odeyIns qInsi(J e
IoLLIRq JO
paiopisoo 20udLIadxa | paIapIsid o10pIsu0D Jop o | POIOPISUO? QIOPISUOD 10U dJB SPIBZEY] dIL o | LrUOISEOOQ | 0dA) ourLIBI
JON o | Iepums ‘snotaaig JON palop! N JON * 33 PIIOPI PIBZEY 90O *[BUOISEIO0 1 Ul . H a
eordrl
sosA[eue Ajoyes
paloplsuos QoudLIadXa | - paIapIs0d o10pISuo0 JoN o | POIOPISUO? QIOPISUOD J0U I8 SPIBZEY] I o | 4[BUOISEID ue suejd y10
JON o | s ‘snotaaig JON o palop! N JON * #xPI9PI PIBZBY 3OJO x[BUOISBIOQ | P [ .x . M
cordl
BLIOJLIO
paIopsuoo QoudLIadxa | - paapIsuod o1opIsuoo JoN o | POTOPIUO? QIOPISUOD 10U dJB SPIBZEY] I o | 4[BUOISEID OUBULIOJO
JON o | s ‘snotaaig JON o palop! N JON * #xPI9P! PIBZBY 3OO x[BUOISBIO0 _.ow.m.w
SR 0} Jsiseq|  ¢cuopemdod 2S9duanbasuod (Kynqeqoad (JudAd dpow danjre)| Aduanbaag yse],
uonnqLIuo) | UONEBN[BAI YSLI paroedwr Y} Jo AILIdAJS JUIAY) (N 3U0IM 03 ued JRyYA\ ysel,
[eRAQ oY) STIBYM oY) ST oYM oy STIBYAL | ST A1 MOH

INTFWADVIAINA ANV ‘NOILLVIVAAUd ‘NOLLDATAS YATHAVE ADVAINS

ordr

panunuo)—(gqy) uondQ JoLLIEY 3IEJINS VANCUII[Y I8[J-UI-UIBIU0)) 10J Uonen[eAy piezeq °7-9 dqeL

Ioureg 2oeyng g1 uondo
90B[J Ul UIBIUO)) : ] QANRUIAY

G-13



dIe sny} pue 2Insodxd 9ANOROIPEI IO [BOIWAYD 0} AJe[dI A3y} OP JOU JUBDYIUSIS PAIAPISU0I A[jensn jou d1e (*o30 ‘Furddifs ‘Surddin ‘oworpuAs jouun) fedies ©3-9) spiezey 201330

‘uonezI[Iqe)s 99eJInsqns pue UoIeZI[1qouIl
JUBUTWIEIUOD [[J0q 10J Pasn oq [[Im Funnoid s uz yey) st uondQ totreq doeymg g Aq pajussardar jeyy pue uondo siy) uoomiaq aoudrlip Arewrnid oy, -

"(¥00T “@aiues 79 110qqy) eary [esodsi(q doepNSqNS Ay} ur SUnNoI 11y Uy 10§ (VSAd) SIsA[euy
Kjeyeg pajuswndo( Areurwrard Apmg Aiqisea,] oy s ySAd o) pue (1007 “IP[[IA) Apris AN[Iqeieal], SunnoIn niig uy oy 10y ue[d A1ajes pue [[edH oyl St JSVH OUL 4«
"110da1 SIY) UI PaISPISUOD Jou

sk
-owr} Jo porrod SuO[ B I9A0 ‘I9AMOY ‘O S[SUIS B POJONPUOD ST e} AJIAT)OR UB 0} SIQJRI JXJUO0D SIY} UT  JRUOISEID)),, 4
MOT e IOIOMN e [ewISIeIA ° 91q1ssod e |93ewep Sunreay Sunnsal pue S[OAd] osIoU YSIH e
3 w5 VSAd 3 3 dK 3unssy
JUBOTUSIS @ o ¢ IONIOM e [eonI) @ J[qIssoJ e | 3umnsd) prary SuLmMp LrurrdylodAy J0 SSans JedH e KTaeIEel
nv dSVH STRLIOJRW d)SBM PIJR[NUITS «]BUOISBOO) HIgeBen
douoradxo : : : pue juawdojoaag
MOT e TRTIIS ‘SNOIADI IDIOM e [EUISIEIA o J1qIssod e 0} 21nsodxd Funnsal pue JoBIUOD JOAI( e .
MOT e i 1ald IDIOM e [EUISIEIA o AU e spiezey K10Je10qe] AIRWOISND PUE [BNS() ® ¢eol
BLIDILIO
padopisuod oouaLIadxa padopisuod QIOPISUOD JON @ PaIopIsuoD 9IOPISUOD 10U I8 SpIeZey] 01 . BUOISBOD QOUBULIOND
JON o JE[IUIS ‘SNOIAdIG JON o poIop! N JON ® #3PIOPL plezey 204JO %[BUOl O _.M.U.w
P RIN | Jsiseq Juonemdod 2S3duanbasuod (Smqeqoad (3uaAd apowr dunqie)| Aduanbaag yse],
0) uoyNqLIUO)) uonen[eAd YsL paroedwr Y} Jo AILIdAJS JUIAY) 2 3U0IM 03 uBd JBYA\ ysel
[epRAQ Y] SIIBYA Y} ST OYA Yy ST IBYAN | I ST APYI] MO
NOILVZITIdONWIAI LNVNIINVLINOD ANV NOILLVZI'TIGV.LS 3DVAANSAdNS 404 ONILNOAD LIS NI €01
JUIWIDIAJIA ] NQ..NWN& SQ.QQ.NQ%&Q \Gskms\& ;Q% uy wa \QK.N:U NNQQ'N o} km\.mk Nmﬁ&wm .&.:8&% A0 MNN N\{NG:\NQV\ §Qk.\.mmv:~§\b ON
PRIV | Jsiseq Juonemdod 2Saduanbasuod (Kmqeqoad (3uaAd apowr dunqie)| Aduanbaag yse],
0} uonNQLIIU0)) UO)EN[BAD YSLI payoedur 3Y) JO AILIIAIS JUIAT) ,SUO0IM 03 UBD JBYAL ysep,
[epRAQ ) SIIBYA Y} ST OYA Yy SIIBYAN | I ST APYI] MO
(ALSD INFIWLVIILAAd NOLLdYOSHd TVINIAH.L LIS NI o1
RG.QGN.Q&&UG&EQD Q\Q%x Bmkv\ \EMOQ&Q NDE&&EMQE@ Nv\N k@\\ub w\QErN 0} km.\.mk mw@m?& nnN.:&N% A0 v\N N\{NER\NQv\ 56&.\.%%:3@\9 ON
AR 2sIseq Juonemdod 2$90udanbasuod (Hynqeqoad (3uaAd apowr dunqie)| Aduanbaag yse],
0} uonNQLIIU0)) UO)EN[BAd YSLI payoeduwr Y} JO AILIIAIS JUIAT) ,SUO0IM 03 UBD JBYAL ysep,
[epRAQ ) SIIBYA Y} ST OYA Yy SIIBYAN | I ST APYI] MOH

NOILVZIMALOVIVHD (VAS) VAIV TVSOdSId ADVAINSANS

I'D1

o0 (O1) uondQ 3unnorn mig uy ANEBUIN[Y 39e[J-Ul-UIE)uo)) 10§ UOHEN[EAY PIeZeH '€-D dqEL

Sunnoin na1g uy :H1 uondQ
00B[{ UI UIBIUO)) | SAIRUIANY

G-14



“($00T “0dues % 10qqY) ealy [esodsi(q eorpmsqng ay) ut (DSI) Sunnoln nyig uy 10§ (VSAd) s1saqvuy Gafvs pajuowmndoq Lwuiuijolg Aprg KIqisea oyl S VSAd UL

-own Jo porrad Fuof B 10A0 ‘19AMOY ‘Quin) 9[SUIS B POIONPUOD ST Jey) AJIATIOR UR 0) SIQJOI JX9IU0D SIY) UI  JRUOISEID(,,

*

sjueUIWRIUOD SnopJezey

MOT e IONION e [eurSIeln e J1qIssod e 0} 21nsodxo Ul $)]NSAI WOISAS JUSWIUTLIUOD JO dIN[IE] o uoneZI[IqeIs
MOT e *VSad IDIOM e [eUISIEIA @ AU e 90BJINS 0} SUINI JN0I3 PajeuIueIuod A[YSIH e QorjInsqns
MOT e pue 2ouoLIdx? IONIOM e [euISIeIN © JIqeqoid e UOTJBIPRI [BUIXO WO} 350 e | pajedionuy 10J seale
MOT e | IB[IWIS ‘SNOIADIJ IONIOM e JI0AS o A[yIun o [BLI91RW [ISSI WO AJI[BO1ILIO JUIJIOAPRU] Papasau 1noin
soumfur pue ases]ar n0I3 1o sa[noaford 9°¢ DI
ySIy e IONIOA QI0AS @ d1qeqoid e ur 3unynsal wajsAs noi3 ainssaxd-ysiy jo anjre] e
MOT e IDIOM e [eUISIEIA @ J[qIssod e o3ewep 3uLeay Funnsal pue S[OAJ] 9SI0U YSIH e
MOT e IONION e [eurSIeln e 91qeqoid e | [eLIdeW Snoprezey SUISed[d 19)[1f 10 PNOIYS [[LIP UL BT e yuawdinba
xVSdd uorso[dxa ur Sunnsar uds3oIpAy O8I m:ﬁmi
MOT e pue oo":oﬁomxo IDIOM e [eUISIEIA @ AU e Sururejuos auo 10 Eva:x.o vONtzmon. sorenouad [ e *[PUOISER00 n_unw oo
Je[IuIs ‘SNOIAdIJ opuBWSI
21nsodxo Uone[RYUI [BOIUSYD O1X0}/[BIIFO0[0IpR] .
MOT e IONION [euISIRIA © A[oNIun) o QUIOQIIE U SUT)NSAI 998Jans qINISIJ o SE0l
SJUBUIWEJUOD SNOPIBZEY
MOT e IONIOM e [euISIeIN © JIqeqoid e 0} 2Insodxo Ul $1|NSAI WIISAS JUSUIUTLIUOD JO dIN[IR] o TOTIRZI[IqR)S
MOT e «VSad IONIOA [euISIBIA © A[oyIun e 90BJINS 0} SUINJAI JN0I3 pIjeureiuod A[YSiyq e JUBUILUBIUOD
MOT e pue 2ousLadx? IONIOM e [eurSIeln e JIqeqoid e UOTJBIPRI [BUINXO WO 950 e | poredionuy 10} sea1e
MOT e | JIR[IWUIS ‘SNOIADI] IONION e QI0AS o K[y1un) e [eLIdYeW J[ISSY WO A)JI[LO1ILIO0 JUDJIOAPEU] Papasu 1noIn
soun[ur pue 9sea[a1 Inois 10 sa[1392fo1d ¥ €01
Y31y e IDIOM e QIOADS ® Jlqeqoid e ul 3unynsal wolsAs noid amssaid-y3iy jo apie] e
MOT e IONIOA [eUISIEIA ® J1qIssod e o3ewep SuLreay Sun|nsal pue S[OAJ] osI0U YSIH e
MOT e IONIOM e [euISIeIN © 91qeqold e | [eLIdJEW SnOpIeZey SUISLa[dl 19)[1f 1O PNOIYS [[LIP Ul JeT
MOT e «VSAd IONIOM e [euISIeIN © A[yIun) o SONIAIIOR PAIR[2I-UONONNSUOD IO WO saun(u] e o;:mmﬁowo
pue douarradxo uorso[dxa ur Junynsar us3oIpAy «[BUOISBO0() pue yuowcinbe
MOT e | IR[ILUIS ‘SNOIAIJ IONIOA e [euISIBIA © A[oyIun e Sururejuod duo Jo JopurjAo pazrnssaid sarenouad (L OsI :.E.mE
21msodxa UoTje[eYUI [BOIUSYD O1X0)/[eIIFO[0IpRl el
MOT e IDIOM e [eUISIEIA @ AoyIun e JuIoqaIe ur unnsal 90BlNS qINISI(] ®
SRy 0} Jsiseq|  ¢cuonendod 2sdduanbasuod|  (L11qeqoad (3uaAd apowr danqie)| Adudanbaay yse],
uopnNQLIUuO))| UONEBN[BAJ YSLI pajoedur Y} JO AJLIAAJS JUIAY) (I 2 3U0IM 03 uBd JBYA\ ysel
[[e1RAQ oY) ST IBYM o) ST oYM ayy sLyeyM | St APYI MOH

TINNLINOD-NOILVZI'TTIOIWINI INVNIINV.INOD ANV NOILLVZITIAV.LS HOVAINSdNS 404 ONLLAOAD N.LIS NI

€01

panunuo)—(D1) uondQ SUNNOID NS U] VANBUIII[Y dB[J-UI-UIBIUO0)) 10] UOneN[eAT pIezeH "€-9 dqeL

Sunnoin na1g uy :H1 uondQ
00B[{ UI UIBIUO)) | SAIRUIANY

G-15



‘7-D 91qe, ‘yuowededwyg pue ‘uoneredald ‘Uonod[og Joled 9oejIng (] g I0J 9SOU) Se dWes J} AIe SpIezey pres Juowode[dwd IoLIeq 99BLINS 0} PAB[I dI. SPILZRY JOUIO 44

"($00T “edues % 10qqY) raIy [esodsi( eoepmsqng ay) ut (DS) Sunnoin nyig uy 10§ (VSAd) sisAqvuy Gafvs paruawnsoq Livutujaid Aprag ANJIqIsed, oys st VSAd oYL

k%
-own} Jo porrod SuO[ B I9A0 ‘I9AOMOY ‘OWT) S[SUIS B POJONPUOD ST e} AJIAT)OR UB 0} SIJJRI JXJUO0D SIY} UT  JRUOISEII),, 4
juowdimbo
ueoyrugIg e doudLadxd IONIOM e [eoni)) e 9[qIssod e Amfur onjewnes) paje[a1-uononNsuo)) e | ,[BUOISBIOO) 0§ asodsig
' T JIR[IWIS ‘SNOIAdI] ge : T : *EEE w.m.m.:
JUBOYIUSIS @ IONIOM e [eoni) e 9[qIssod e eruIdylodAy 10 SSans JedH e
MOT e +xVSAd IONIOM e [euISIBIA © J1qeqoid e uorjeIpel [BUIOIXS WOIJ 90 e %MM%WMM pue
JuUBOYIUSIS @ pue douaLadxd IONIOM e [eoni)) e 91qIssod e AInfur onjewiner) paje[oI-uUonONISUO)) e | 4[BUOISBIOO) Ewoo o.Emeﬁm_
Te[IuIIs ‘SnoTAdIg 21nsodxo Uone[BYUT [EOTWIAYD OT1X0)/[BOISO[OTpEI i e a
MOT e IDIOM e [eUISIEIA @ AyIun e Juioqare ur unnsal 90BlNS qINISI(] ® €01
AR 2sIseq Juonemdod 2$9duanbasuod (Hynqeqoad (3udAd apowr danqreq)| Aduanbaag yse],
0} uonNQLIIU0)) UO)EN[BAd YSLI pajyoedur Y} JO AJLIIAIS JUIAT) (M ,BUO0IM 03 UBD JBYAL ysep,
[e1RA0 Y} STIeyM Y3 ST oYM oY) STJBUAN | ST APYII MOH

TINNLINOD-NOILVZI'TTIOWNI INVNIINV.INOD ANV NOILLVZITIAV.LS HOVAINSdNS 404 ONLLNAOAD N.LIS NI

€01

panunuo)—(D1) uondQ SUNNOID NS U] VANBUIII[Y dB[J-UI-UIBIUO0)) 10] UOneN[eAT pIezeH "€-9 dqeL

Sunnoin na1g uy :H1 uondQ
00B[{ UI UIBIUO)) | SAIRUIANY

G-16




-4 A'T9V.L NI FALVIIANI SV HT1dVII'IddV .LON IV +I'D1 HONOJHL ¢I'D1 SMSV.L

$an1A1JO Y d1ySpAvMa)S ULId]-3UOT [ [V [ 40f [-D) 2]qD] 0} 42fo.4 asv2]d ‘S|IDIaP L0, ‘F] 2AYDUAI]Y WOLf 2SUDYD ON

SRy Jsiseq Juonemdod Sdouanbasuod (Kmqeqoad (3uaAd apowr danqreq)| Aduanbaayg yse],
0) uonNqLIUO)) uonen[eAd S paoedur Y Jjo JUIAY) £, 3u0aM 03 ued JeyA\ ysel,
[e1RA0 Yy styeym\ Y3 S1 OYAN | KILIDARS 33 SIIBYAA | (I ST AN MOH
SHILIALLDYV dIHSAQAVAILS WIHL-DNOT  II'D1
Juaw2ov)duLsy pun ‘UoyD.vdaig U01I2]IS ADLLIDG 2ODfINS () [ ] 10f 7-D 2]qD 0] 42o.4 2sD2]d ‘S]IDIAP A0, [ 2AUDUIDI]Y WOLf 23UDYd ON
SRy Jsiseq Juonemdod 2Sdouanbasuod (Kmqeqoad (3uaAd apow danqreq)| Aduanbaayg yse],
0) uoNqLIUO)) uonen[eAd S paoedur Y Jjo JUIAY) £, 3u0aM 03 ued JeyA\ ysel,
[e1RAQ Yy styeym\ Y} S1 OYAN | KILIDARS 33 SIIBYAA | (T ST AN MOH
INFWADVIJAINE ANV ‘NOILVIVIAUd ‘NOLLDATAS JATHIVE ADVAINS  01°D1
I A T4V.L NI AALVIIANI SV A'1dVOI'lddV LON 34V 6'°01 HONOYH.L 9°D1 SISV.L
uonPN3fit0d2y ¥ pod g 40f 7-D 2]qn 0] 42fo.4 asva)d ‘SjIpIap 40, (g dADUIR]]Y WOl 23Uy ON
AR 2sIseq Juonemdod 2$9duanbasuod (Hynqeqoad (3udAd Jpowr dunjre) | Adudanbaay yse],
0) UonNQLIU0)) uoneneAd S paroedur ay) jo JUIAY) £, 3u0aM 03 ued JeyA\ ysel,
[e1RAQ Yy styeym\ YY) S1 OYAA | KILIDAIS 33 SIIBYAA | (T ST AN MOH
NOILVINOIINODHY V AVd SOl
1-4 AT9V.L NI ALVIIANI SV ATdVOI'TddV LON ST (ASD NOILVDIATILIA LIS NT Ol

panunuo)—(D1) uondQ SUNNOID NS U] VANBUIII[Y dB[J-UI-UIBIUO0)) 10] UOneN[eAT pIezeH "€-9 dqeL

Sunnoin na1g uy :H1 uondQ
00B[{ UI UIBIUO)) | SAIRUIANY

G-17



($00T ‘@9ueg 29 30qqy) Ba1y [esodsig soejansqng oy ut Sunnoin) nyg uy 10§ (YSAJ) SIsk[euy
Kjeyeg pajuswndo( Areurwrard Apmg Aiqisea,] oy s ySAd o) pue (1007 “IP[[IA) Apris AN[Iqeieal], SunnoIn niig uf oy 10y ue[d A1ajes pue [[edH oyl St JSVH OUL sk
*110da1 SIY) UI PaISPISUOD JOU 2I6 SN} PUE JUBIIJIUSIS PpAIopIsuod A[jensn jou a1e (039 ‘Surddiys “‘Surddin ‘owoipudks [ouuny [edies ““3-0) sprezeyq 90IJO 44

-own} Jo porrad SuO[ B I9A0 ‘I9AOMOY ‘OuT) 9[SUIS B POJONPUOI ST et} AJIAT)OR UB 0} SIJJAI JXJUO0D SIY} UT  JRUOISEID)),, 4
MOT @ IONIOA [eUISIBIA © J1qIssod e o3ewep Sunreay Sunnsal pue S[OA9] osiou YSIH e
MOT e IONION e TeurSIeln e Jlqeqoid e 21msodxo UOIIRIPEI 101 e
MOT e vsad IONION e [eurSIeln e AloyIun e SONIAI}OR PAJR[OI-UOT)ONIISUOD WO SOLIN(U] e 2InS0[oUd
keskok
MOT e puE 2oUsLIAdXD IONION e TeurSIeln e 9]qeqoid e | [eLIOJEW Snoprezey SuIses]dl I9){1J JO PNOIYS [[LIP UI Jed e L[PUOISE300) pue juowdinba
IR[IUIIS ‘SNOIADI] uorso[dxa ur Sunnsar uds3oIpAy DG [1eIsu]
MOT @ T : IONIOA e [euISIBIA © A[ayiun) e Sururejuod duo Jo JopurjAo pazrnssaid sarenouad L e cedal
21nsodxa uone[eyUI [BOTWAYD 91X0)/[BIIS0[0IpEl
MOT @ IONIOA e [euISIBIA © A[oyiun) e JuIOqIe Ul SUNNSAI 99ejans qInISI e
MOT @ IONIOA e [euISIBIA © J1qeqoid e o3ewep Sunreay Sunnsal pue S[OA9] osiou YSIH e
% VSAd ; ; : ; : Sunso)
JueOIUsIS y IDIOM e [eonu)) e J1qIssod e Sunsay proy Surmp erudyodAy 10 Sso1s JeOH e
pue 'dSVH Ayiqeiesn pue
. S[eLIdJeW | ,[eUOISBIO()
douoradxo juowdojoaag
MOT e | s nm:oSoE IONION e [eurSIely e 91qISSOJ e | Q)Sem pIjenNWIS 0) 91nsodxd Funnsal pue 1oejU0d 10AIIJ © zedl
MOT e i ’ IDIOM e [eUISIEIA @ Aoyiun e spiezey K10Je10qe] AIBWOISNO PUE [BNS()
BLIDJLIO
poIopIsuioo 20udLIddXd | pa1apIstIod QI9PISUOD JON] @ paIopsuoo QIOPISUOD JOU SpIeZey 01 o | 4[eUOISEID OUBULIOJO
JON e | Iequus ‘snotaoig 0N ® palop! N JON * #xP319P! PIBZEY 9OUJO e | x[BUOISBIO( _.M.D.w
SR 0} Jsiseq|  ¢cuonpemndod|  ;saduanbasuod | (Kiqeqoad (3uaAd apowr dunqie)| Aduanbaay yse],
uonnQLIuO)| UOHEBN[BAJ YSLI pajoedur Y3 JO AJLIAAJS JUIAY) (N 2 3U0IM 03 uBd JBYA\ ysel
[[e1RAQ oY) ST IBYM oY) STOYA oy sTjeyA | ST APYI MOH
NOILVZITISOIWII INVNIINV.INOD JI4IDAdS ANV NOILLVZI'TIAV.LS HOVAHANSAdNS 404 ONILLNOUD LIS NI €dar
JuaunvajaLg ((LS]) uond.iosa(q [puLidy ] njis uy 7 gJ 10f -0 2]quJ 0} 12fo.4 asvad ‘Sjpjap 40, (g 2ADULI]Y WO 2SuvYd ON
SR 0} Jsiseq|  ¢cuonemndod|  gsdduanbasuod | (Kiqeqoad (3uaAd apowr dunqie)| Adudanbaay yse],
uonnqLIuO)| UOHEBN[BAJ YSLI pajoedur Y3 JO AJLIAAJS JUIAY) (N 2 3U0IM 03 uBd JBYA\ ysel
[[e1RAQ oY) ST IBYM Y} STOYA oy sTIeyA | STAPYI MOH
(@LSD INFWLVAILTId NOILIHOSAd TVINITHL 2.LIS NT oat
uoNDZLI21IVIVY)) (F(JS) Doy [pSodsiq aonfansgns [V [ 40f [-D 2]qn] 01 42fa.4 asvajd ‘S|ivjap 40,] Jy [ dADULII]Y WO 2ZUDYD ON
SRy 0} Jsiseq|  ¢cuopendod|  ;sdduanbasuod|  (Aypiqeqoad (3uaAd apowr dunqie)| Adudanbaay yse],
uonnqLIuO)| UOHEN[BAJ YSLI pajoedur Y} JO AJLIAAJS JUIAY) (N 2 3U0IM 03 uBd JBYA\ ysel
[[e1RAQ oY) ST IBYM Y} STOYA oy sTIeyA | STAPYI MOH

NOILVZIMALOVIVHD (VAS) VAIV TVSOdSId ADVAINSANS

rdar

(@n) uondQ uonedIYLIIA Mg U] VAPLUIN[Y Ne[J-Ul-ule)uo)) 10§ uonenfeAy piezeHq ‘p-9 dqeL

uonedyIIA 121§ uf (1 uondQ
90B[{ Ul UTRIUO)) 1| QANBUIY

G-18



"Z-D 91qe L uowooedwy pue ‘uoneredold ‘Uonooag IOLLBY 90B1NS ()] g 10J 9SO} SB dwes 9y} dJe spIezey pres ‘Juswade[dws 1o11Ieq 90BHNS 0 PaJe[al AIB SPIRZRY JOUIO) x4
“($00T “0dues % 10qqY) ealy [esodsi( eoepmsqng ay) ut (DSI) Sunnoln nyig uy 10§ (VSAd) s1saqvuy Gafvs pajuowndoq Lwuiuijodg Aprag Kiqisea oyl S VSAd UL

-own Jo porrad Suo[ B 10A0 ‘19AMOY] ‘Ol 9[SUIS B PIJONPUOI ST ey} AJIATJOR UB 0] SIQJAI JXIUO0J SIY) Ul  [RUOISBID(Q,, &
juowrdinba
JueoTUSIS ° doudtiadxd IONION e [eoni)) e J1qIssod e #3AI0[UT OEWINET) POJE[OI-UOIONISUO)) e | ,[BUOISEIO) DSl 80%5
o Je[TwIs ‘SnotAdIg s : R : : L
8'¢dl
JUBSIJIUTIS @ IONION e [eon)) e J1qIssod e eruIdy)0dAy 10 SSoI)s JeOH e
MOT e #£VSad IONION e [eurSIeln e J1qeqoid e UOTJBIPRI [BUIN)XO WOIJ 9S0(] o oImsopous
pue juowdinba Hg1
JUBdJIUTIS @ pue oouaLIadxd IONION e [eoni)) e J1qIssod e Amfur orjewner) poje[oI-UuoONISuU0) e | ,[RUOISEIOD) 00SD/SPUEWSIC]
Te[IuIs ‘SNOTAdIJ 21nsodxa Uone[RYUI [BOIUSYD 91X0}/[BIIFO0[OIp.] e
MOT e IONION [euISIRIA © A[oNImun) o QUIOQIIE U SUT)NSAT 998Jans qINISIJ e Ledai
SJURUIWIEBIUOD SNOPIBZRY 0}
MOT e IONIOM e [euISIeIN © 91qeqold e |2Insodxa Ul S}NSI WIYSAS JUSWUIRIUOD JO IN[Ie] e
MOT @ IONIOA e BUISICIA ® A[oyIun e 90BJINS 0} SUINJAI JN0I3 pajeureIuod A[YSiyq e UOREZI[IQEIS
#xVSAd IOM [eulsIe]A [3Hun 2l 1 1917 pajeurtuey [4stH 2ovpMSqNS 10§
MOT e pue oouorIadxd IONIOM e [euISIeIN © J1qeqoid e UOTJBIPRI [BUIXD WOLJ 350 e | pajedionuy SEaIE POpesT OIS
MOT e | Ie[IUIS ‘SNOIADIJ IONION e QI0AQS o K[y1un e [eLIdYeW J[ISST WOIJ A)JI[LO1ILIO0 JUDJIOAPEU] -
soun[ur pue 9sea[a1 Inois 10 sa[1302fo1d odi
Y31y e IDIOM e QIOADS ® J[qeqoid e | ur unnsar waisAs noi3 ainssord-y3iy Jo s e
MOT e IO e [BUISIRIN @ 91qIssod e | oFewep SuLiedy Sun|nsal pue S[AJ] AsIou YIIH e
[eLIo)ew
MOT e IONIOM e [euISIeIN © 9]qeqoid e | snopiezey SuIsed]al Jo)[1 JO PNOIYS [[LIP UL Jed] e wowdinba
MOT e pue ouﬂwwm%w IONIOM e [RUISIRIN © d[qeqoid e uorsojdxa ur Sunynsar usSoIpAy [puorsE0o0| | Omﬂzﬁmﬁ pue
TEJIUS ‘SNOIASI] Sururejuod dA0W oz:m.E.m_Q
MOT e IONIOA [euISIBIA © A[oyIun e Juo 10 IopuI[Ad pazunssaid sarenouad (L e sedal
21msodxa UoTje[eYUI [BOIUSYD O1X0)/[eIIFO[OIpRl
MOT e IONIOM e [euISIeIN @ A[y1un o JuIogiIe Ul Sun[nsal 9JB}INS qINISIJ e
SJUBUIUIEIUOD SNOPIBZRY 0}
MOT e IONION e [eurSIely e 91qeqoid e |92Insodxd Ul S)NSOI WI)SAS JUSWUIEIUOD JO dIN[Ie] e
MOT e *xVSAd IDIOM e [eUISIEIA @ AU e 90BJINS 0} SUINIAI INOIF PIjeuIleIuod A[Y3IH e UOREZI[Iqels
MOT e pue aoudLIadxd IONION e [eurSIeln e JIqeqoid e UOTJBIPRI [BUINXO WO 950 o | pajedionuy mmowwwﬂﬂwﬁwﬂ%%oww
MOT e | IE[IWUIS ‘SNOIAIJ IONIOM e JI0AS @ A[yIun) o [eLI91RW [ISSI WO AJI[BO1ILIO JUDJIOAPRU] .
soun[ur pue 9sea[a1 InoIs 10 sa[1392fo1d redl
ySIy e IONIOA e QI0AS @ 91qeqoid e | ur Sunynsar weIsAs Inoid aInssaid-y3iy jo aInre e
SR 0} Jsiseq|  cuonendod 2Sdouanbasuod (Kmqeqoad (3uaAd apowr danqreq)| Aduanbaayg yse],
uonnqLIuo)) uonen[eAd ysr pajoedur Y} JO AJLIAAJS JUIAY) (I ,3U0IM 03 u®d JBYA\ ysel
[[eRAQ oY) styeym oY) ST oYM au) SLIeYAL | ST APYI] MOH

TIANLINOD--NOILVZI'TTIOIIAL LINVNIINV.INOD JI4IDAdS ANV NOLLVZI'TIAV.LS HDVAINSdNS 4Od ONLLAOUD LIS NI

€dal

panunuo)—(y) uondQ UONEIYLIIA MIS U] DANBUIINY I[J-UI-UIE)UO)) 10] UOHEN[EAT PIeZeH “p-O IqEL

uonedyIIA 121§ uf (1 uondQ
90B[{ Ul UTRIUO)) 1| QANBUIY

G-19



panoun>0q ivunuijai Kpmys KNIQISea] 94 ST VSAd A PUB (6661 e 10 YHOMSUIE,]) Ue]d SHOM APmiS AI[IqeIeal], UOHEOYILIIA NS U] 93 ST e[ KPS SHOM,, YL

vds pauueld ayj 10§ Jey) se sprezey dwes 3 Jo Auewr Judsaid pinom pue (00g ‘@ues) {31 Jo 19109 & 10J pauue[d sem Apnys A)1[1qerean) uonedyIA 171s uj Ay jo ued v

"(€00T ‘eaiueg) eory [esodsi(] 2oejmsqng oy ut (AS[) UONBIYLIIA 11§ U 10} (VSAd) S1s4puy A12/vg

sekokck
oM

kK

“110da1 SIY) U PAISPISUOD JOU dJe
sny) pue 2I1nsodxo SATIOBOIPEI JO [BITWAYD 0) d)B[AI A2} Op IoU JUBOIUSTIS PAIIPISU0D AJfensn jou aIe (032 ‘Furddrs ‘Surddin ‘owoipuAs jouuny edred “3-0) sp1ezey OUJO  sx

-own Jo porrad Suo[ B 19A0 ‘19AMOY] ‘Ol S[SUIS B P2JONPUOI ST ey} AJIATJOR UB 0] SIQJAI JXIUO0J SIY) Ul  [RUOISBID(Q,, &
MOT e IONIOM e [euISIeIN © 21qIssoq e suone1ado SuLmp pasesa[a1 SHOA 03 2Insodxyq e
21nsodxa uoTje[eyUI [BOIUSYD OIX0}/[BIIFO[0IPRI QUIOqIIe Ul UOLBZI[IQE)S
MOT e s VSAd IONIOM e [euISIeIN © A[ayIun o Sunnsal uondnisip wnip orueuAp SuLnp 90BJINS qINISI(] © doejInsqns
pue douaLadxd uoneId Juonbasqns pue I1o0Ae] SNOINIA UL SJUBUIWIEBIUOD paredionuy 10J seare
MOT e | IB[IWIS ‘SNOTADIJ onqng e [euISIBIA © A[ayiun) e [e9TWAYD J1X0}/[ed130]0IpEl 9)e1odiodul 01 AInjie] e Pa109[as AJInIA
21nsodxa uoTje[eyUI [EOTUOYD aael!
MOT e IDIOM e [eUISIRIA @ A[oy1[un e | o1x03/[€o130[0IpRI SUIOqITR Ul SUr[nsal uonezunssaid weag e
MOT e IONION e [euISIeln e Jlqeqoid e UOTJBIPRI [BUI)XO WOIJ 9S0(] o
MOT @ s VSAd IONION e [eurSIeln e AjoyIun e SOIIAI}OR PAJR[OI-UOT)ONIISUOD WO SOLIN(U] e OISO
MOT e pue 20uoLdx? IONIOM e [euISIeIN © 21qIssoq e oFewep SuLreay Sun|nsal pue S[OAJ] ASI0U YIIH e | ,[RUOISEII0 pue juowidimbo
Te[Iwis ‘snoradl g 21nsodxo UonR[BYUT [EOTWIAYD OT1X0)/[BOISO[OTpeI ASI iﬁmﬁ
MOT e IONIOM e [euISIRIN © ApayIun e JuIoqgIIe Ul Sun[NsaI 9JBJINS qINISI] e trdi
MOT e IDIOM e [eUISIEIA @ J1qIssod e o3ewep 3uneay Funnsal pue S[OAJ] 9SI0U YSIH e
JueoyIUSIS ° IONION e [eoni)) e 91qIssoq e eruIdy)0dAy 10 SSoI)S JeOH e
JIn[re} WjsAS UONB[NUIA 10 POOY Se3-1JO
MOT e wxxVSAd IDIOM e [eUISIEIA @ Aoyiun e woJj 3unnsal S[edIuAYD 91X0}/ [BII30[0Ipel 0} AINSodx e Sunso
pue ‘ue[q uors[ndxa jjouwr woJy Junynsax < O LS
MOT e ApmiS IO IONIOM e [eUISIRIA ® A1oyI[un) e S[BOIWAYD J1X0)/ [BOI30[OIPRI 0} d1nsodxd pue saunfuy e |, [eUOISEIIQ Hiiqeiean) pue
MOT e ‘ooudriadxo IONIOM e [euISIeIA © 21qIssoq e suone1ado JuLmp pasesa[a1 SHOA 0} dInsodxyq e EoEQo_.o\.,oD
Je[IUIS ‘SNOTAQIJ 21nsodxa uone[eyul [BOIULYD O1X0}/[BIIFO0[OIPRI QUIOQIIE Ul crdl
MOT o IONIOA e [euISIBIA © A[ayiun) e Sunnsax uondnisip wnip orueuAp SuLnp 90B}INS qINISI(] ©
MOT e IONIOM e [euISIeIA © 21qIssoq e S[BLIOJRW J)SeM PIJR[NIIIS 0} 2INSOdXD pue JoLIU0D 1031 e
MOT e IONIOM e [euISIeIN © A[ayIun o splezey A10je10qe| AIBUIOISND PUR [BNS[)
BLIOJLIO
PAIIPISUOD ooudLadxe | PaIopISU0d PaIapISu0d PaIapISu0d R
JON ® | Teqmus ‘snomoig JON o JON o JON #%POIOPISUOD JOU SPIEZEY IOJO e |, [RUOISEII0 oogwEwwWM_Aw
S 03 Jsiseq| ¢cuonemdod| ;sdduanbasuod| (K1qeqoad (3u9Ad apowt danqre)| Aduanbaag yse],
uonnqLIuO)) | UONEBN[BAJ YSLI pajoedwir| 9y Jo AILIAIS JUIAY) (N ,3U0IM 03 UBd JBYA\ yse],
[[e.12A0 ) SIIBYA | Ay ST oym au) STJBYAL | ST A1 MOH

NOLLVZITISOWINT INVNINVINOD d04 (ASD NOLLVDIATILIA /2.LIS NI

yail

panunuo)—(Y) uondQ UONEIYLIIA MIS U] DANEUIINY I[J-UI-UIEIUO)) 10] UOHEN[EAT PIeZeH “p-O IqEL

uonedyIIA 121§ uf (1 uondQ
90B[{ Ul UTRIUO)) 1| QANBUIY

G-20



“7-D 91qe L ‘yuowdoeidwiy pue ‘uoreredord ‘uonod[os oLy 99ejIng (1 g 10J 9SOy} Se duIes d} A1k SpIezey pres Judwode[dud IOLLIBq 90BJINS 0} POJE[OI I8 SPIBZBY IOUID s
‘1-D 9[qRL ‘ddIm

1e [esodsiq pue juowdiyg 931S-JJO § V' 10J 9SOy} Sk dures dy) dIe sprezey pre§ ‘[esodsip syewnn 10§ JJIA\ O3 SAISeam orueInsuer) Jo judwdiys o) paje[ol a1e sprezey IYI0

ko

"(€00T ‘edueg) BAIY [esodsi(] o0ByINSqNS Ay Ul (AS]) UONBIYLNIA 11§ U] 10J (VSAd) S1s47vuy afvs paruownooq Livutuljaid Apmg ANIqIsed] oyl S VSAd OUL s

-own Jo porrad Suo[ B 10A0 ‘19AMOY] ‘Ol S[SUIS B PIJONPUOI ST ey} AJIATJOR UB 0] SIQJAI JXIUO0J SIY) Ul  [RUOISBID(Q,, &
deo
douoradxo Jopun judwdimba
ueoIUSIS @ A IONIOM e [edn1I) @ 21qIssoq e %% +AI0[UT OJBWNEI) PIJR[DI-UONINIISUO)) e | ,[BUOISEIO) AST 9s0ds1T
8v'dl
eOIUSIS @ IONIOM e B9 @ 21qIssoq e eruoylodAy 10 ssans JBOH e
MOT e #£VSAd IONIOM e [eurSIeln e 91qIssoq e UOTJBIPRI [BUIN)XO WOIJ 9S0(] o “%MMH%WMM pue
JuBOIUSIS © pue sousLadxo IIOM e [eonu)) e o1qIssod e Amfur opewner; poje[oJ-uoIoNN)SU0)) e | [EUOISBII) cooo@\owcme\wm
JTe[IwIS ‘SNOTAIJ aInsodxa uone[eyuI [BONUSYD Ly m.:
MOT e IDIOM e [eUISIEIA @ Aoyiun e 01X0)/[e0130[0IPeI QUIOQIIE Ul SunNsSaI J0BJINS qIMISIJ e
. (sus oyepy)
souonadxo SIOUIBIUOD 2)SEM (1M JOBIUO0D 11T So)sem -uou
more Te[ruIrs “m:mSoE 1HOM [PUBIEA ¢ Apun o woxy aImsodxd so_uﬁgﬁ [eoTuIaYd m%ot_mo&oﬁo%m.m o | [PUOIERO bmvnooow WWWSNE
9v'dl
. (dd1m)
QIOPISUOD QouoLIadXa | PIIOPISUOD QI0PISUOD QIIPISUOD sojsem
paop o e | s sneong paop o~ paap o« paop o« s%%SPIBZBY JDUOLIPPY ON o | [BUOISBOO() Krepuooes owmwwu%
Sydl
ueOIUSIS @ IONIOM e B9 @ 21qIssoq e eruoylodAy 10 ssans JeoH e UONRZI[IqRIS
MmoTe | | **<mnmE pue IONIOM e [euISIeIN © JIqeqoid e UOTJBIPRI [BUI)XD WOIJ 950 o doepInsqns
Swoom ”_mmZH oIn[rej woIsAS UONB[IUA IO POOY SeJ-Jo 10} sea1e
MO o .wmm_ mﬁwﬂv IONIOM e [eUISIBIA © A[oyI[un) e | WO} SUNNSAI S[BITWAYD OTXO0)/ [BOIS0[OIpel 0} 2INSodXy e poredionuy Pa19979s AJIIIA
E:EMMHMMW@M onqng uors[ndxa 3jow 10 ‘UoNBUOIOP ‘UONBIFLJIP ‘D1If WOoIJ (pauo))
YSIH e T : IDIOM e QIOADS ® Jlqeqoid e S[BOTWAYD O1X0}/ [eo130[0Ipel 0} arnsodxd pue sounlu] e vy dal
SR 03 Jsiseq| cuopemndod| ¢sdouanbasuod| (Kpiqeqoad (3udAd apowr dunqieq)| Aduanbaag ysel,
uonnqLIuo)) | UOHEN[BAJ YSLI paoedwr| Jy) Jo AILIAIS JUIAY) (N 2 3U0IM 03 uBd JBYA\ ysel
[eRAQ o) SIIeUA | dY) STOYM U} SLIBYAA | ST AN MOH

AANNILNOD—NOILVZITISOIWINI INVNINVINOD 04 (ASD NOILVOIATILIA 2.LIS NT

yat

panunuo)—(([) uondQ UOREBIYLIIA WIS U] VADEUIIN[Y IIE[J-UI-UIE)U0)) 10§ UONEN[EAT PILZEH ‘p-O) J[qEL

uonedyIIA 121§ uf (1 uondQ
90B[{ Ul UTRIUO)) 1| QANBUIY

G-21



-4 A'TAV.L NI AALVIOIANI SV A'TdVOI'lddV LON HdV v1I'd1 HONOJYH.L TI'dI SSV.L

Sa1411o Y diySpivma)g uLiaj-3uog [ [V 40f [-D) 2]qD] 0} 12f2.4 asv2]d ‘S|IDIOP A0, (F[ dA1DUAI]Y WO.Lf 23UDYD ON
y arysp. A) IV [-D 219 14 S|1vjop Vi v

ASnY 2sIseq Juonemdod | (sdduanbasuod ay) jo (Hnqeqoad (QudAd Jpowr dunjre)| Aduanbaay yse],
0) uonNqLIUO) uonen[eAd st payoeduwr|  A)I9AIS 3Y) S JeYAN JUIAY) ,3U0IM 03 ued JeyA\ ysel
[[e.12A0 Yy sTyeyM Y} ST OYM S STAPRYI MOH
SHILIALILDYV dIHSQAVAILS WJHL-DNOT  ITI'dI
JuawWaov|dusy pun UONDADAIAJ UONID]IS AD1LIDE dIDfNS () [ 10f 7-D) 2]qV. 0] 42fo.1 25D2]d ‘SIDIOP A0, G| 2ANDUII]Y Wi0.4f 23UDYI ON
AR 2sIseq Juonemdod | (sdduanbasuod ay) jo (Hnqeqoad (QudAd Jpowr dunjre)| Adudanbaay yse],
0) uonNqLIUO) uonen[eAd st payoeduwr|  A)LI9AIS 3Y) SIJeYAN JUIAY) 2 3U0IM 03 uBd JBYA\ ysel
[[e.12A0 Yy sTyeyM Y} ST OYM SN STAPRYI MOoH
INAWHIVIJINA ANV ‘NOILLVIVdTId ‘NOLLOATAS YAIIAVE 4DvAdNS  01'dl
-4 ATdVL NI AALVIIANI SV A'1dVOI'TddV LON 34V 6'd1I HONOYHL 9°dT SISV.L
uonPN3fit0d2y ¥ pod g 40f 7-D 2]qn 0] 42fo.4 asva)d ‘SjIpIap 40, (g dADUIR]]Y WOl 23Uy ON
ATy Jsiseq Juonemdod| ;sdduanbasuod ay) Jo (Hynqeqoad (3udAd apowr danqreq)| Adudanbaay yse],
0} uonNQLIIU0)) UO)EN[BAJ YSLI paroedwr|  A)LIdAJS Y} ST JBYAA JUIAT) ,BUO0IM 03 UBD JBYAN yse],
[e1RA0 Y} STIBYA\ Y} ST OYM S STAPYI Mo

NOILVINOIINODHY V AVd

sar

panunuo)—(([) uondQ UOREBIYLIIA WIS U] VADEUIIN[Y IIE[J-UI-UIE)U0)) 10§ UONEN[EAT PILZEH ‘p-O) J[qEL

uonedyIIA 121§ uf (1 uondQ
90B[{ Ul UTRIUO)) 1| QANBUIY

G-22



H.Hazard Analysis Tables for Alternative 2:
Retrieve/Treat/Dispose (2 Options)
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This appendix contains the hazard analysis tables for Alternative 2, which involves retrieving
some fraction of the buried wastes in the Subsurface Disposal Area and treating these wastes

for subsequent disposal. These hazard tables provide the following information for each tasks
associated with a remedial alternative:

e Task Frequency

e How likely is it? (Event Probability)

e What is the severity of the consequences?
e Overall contribution to risk

The definitions in Box F-1 are used to characterize this information. Although we realize that
there is not likely to be unanimous agreement on any set of definitions, we must have a
common basis for assessing the tasks in question—this is an attempt to provide such a basis.
Furthermore, these definitions allow the authors and reviewers to “mean the same thing” when
generic terms such as “low” or “high” are used. It is understood that not everyone would agree
with the categorizations provided here; however, because some assessment of the risks must
be made (and precise values cannot be placed on the risks or gaps), we have agreed on the
descriptions provided. Note that the intent of these reports is to provide a framework for
assessing risks and not to provide quantitative risk estimates. We are cognizant of the fact that
these categories are subject to change as further knowledge is obtained; however, any set of
categories must be both defined and consistent to be of use.
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Box F-1. Definitions for Hazard Analysis Tables

Task Frequency
Frequent: Occurs very often (e.g., more than once per quarter for long-duration tasks) or continuously.

Anticipated: Occurs several times (e.g., on the average of once per year) over the project lifetime or occurs
infrequently but with long duration.

Occasional: Occurs sporadically or at a well-defined time (e.g., start-up or closure) or has a remote possibility of
occurrence.

Unlikely: One can reasonably assume that this will not occur, but its occurrence is not impossible.

How likely is it? (Event Probability)
Probable: Very likely to occur (e.g., more than 50 times out of 100) during task execution.
Possible: Expected to occur (e.g., between | time out of 100 and 50 times out of 100) during task execution.

Unlikely: One can reasonably assume that this hazard will not transpire (e.g., less than one chance out of 100),
but its occurrence is not impossible.

Consequence Severity

Severe: Loss of ability to satisfy applicable and relevant design and performance criteria and protect human
health (both worker and general public) and the environment (both on- and off-site). Likely to result in death or
permanent disability including that from latent cancer effects to a large group of people (e.g., greater than 25 and
greater than 5, respectively). Loss of major or safety-critical system or equipment. Major property or facility
damage (e.g., greater than $1 million). Severe environmental damage (e.g., significant loss of protected or
endangered species habitat). Severe security failure (e.g., loss of material with potential “dirty bomb”
applicability).

Critical: Significantly degraded performance versus applicable and relevant design and performance criteria and
the ability to protect human health (both worker and the general public) and the environment (both on- and off-
site). Likely to result in traumatic injury, illness, and/or disability requiring medical treatment to a moderate-sized
group of people (e.g., 10 to 25 and 2 to 5 for injuries and deaths, respectively). Significantly degraded
performance of major or safety-critical system or equipment. Significant property damage (of less than $1
million) requiring repairs and replacement and/or environmental damage requiring treatment. Breach of security
(e.g., potential loss of control over material with potential “dirty bomb” applicability).

Marginal: Some degraded performance versus applicable and relevant design and/or performance criteria or
reduced ability to protect human health (both worker and the general public) as well as the environment (both on-
and off-site). Minor damage to equipment, facilities, property, or environment that does not require immediate
action. Injury or illness likely to result and will be limited to a small group of people (e.g., less than 10 and less
than 2 for injuries and deaths, respectively). Minimal breach of or threat to security.

Risk Level (Overall Contribution to Risk)

High: The hazard associated with the alternative has the potential for major on-site and off-site impacts to large
numbers of persons or with the potential for major impacts to the environment or national security. There is a
high risk of fatality due to traumatic injury or a high probability (e.g., more than one in 10%) of a latent cancer to
either on- or off-site personnel. Highly contaminated area of greater than 10 mi’.

Significant: The hazard associated with the alternative represents considerable potential on-site impacts to human
health or the environment, but at most only minor off-site impacts to human health, the environment, or national
security. There is a risk of traumatic injury or a moderate probability (e.g., between one chance in 10° and one in
10%) of a latent cancer to either on- or off-site personnel. Contaminated area of between 1 and 10 mi®.

Low: The hazard associated with the alternative presents only minor on-site and negligible off-site impacts to
human health, the environment, or national security. There is negligible risk of injury (which can result in no
more than a first-aid treatment case) or a low probability (e.g., less than one chance in 10°) of a latent cancer
developing in either on- or off-site personnel. Impacted area of less than 1 mi”.
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Box F-2. Definitions for Gap Analysis Tables

How Important (a Gap)?

Critical: Lack of this piece of knowledge is sufficient to provide a high degree of uncertainty in the ability to
assess the threat to human health (both worker and the general public), the environment (both on-site and off-
site), and/or security; i.e., result in a critical or severe hazard (as defined in Box F-1).

Important: Possession of this knowledge is important to the ability to assess the threat to human health (both
worker and the general public), the environment (both on-site and off-site), and/or security. Other information
must be lacking to the ability to assess the threat to human health and the environment.

Inconsequential: This knowledge may have localized significance to non-safety-related activities (including
routine maintenance, repair, etc.).

Low large a Gap? (Magnitude of Gap or Level of Knowledge)
Large: Little is known or can be reasonably inferred concerning this piece of information (from other sources of
information).

Intermediate: Incomplete information is available concerning this piece of information or can only be inferred
from other data not necessarily directly related to the missing piece of information.

Small: Complete or nearly complete information is available concerning this piece of information or an adequate,
well-known analogue can be established.
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J. Gap Analysis Tables for Alternative 2:
Retrieve/Treat/Dispose (2 Options)
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Box F-2. Definitions for Gap Analysis Tables

How Important (a Gap)?

Critical: Lack of this piece of knowledge is sufficient to provide a high degree of uncertainty in the ability to
assess the threat to human health (both worker and the general public), the environment (both on-site and off-
site), and/or security; i.e., result in a critical or severe hazard (as defined in Box F-1).

Important: Possession of this knowledge is important to the ability to assess the threat to human health (both
worker and the general public), the environment (both on-site and off-site), and/or security. Other information
must be lacking to the ability to assess the threat to human health and the environment.

Inconsequential: This knowledge may have localized significance to non-safety-related activities (including
routine maintenance, repair, etc.).

Low large a Gap? (Magnitude of Gap or Level of Knowledge)
Large: Little is known or can be reasonably inferred concerning this piece of information (from other sources of
information).

Intermediate: Incomplete information is available concerning this piece of information or can only be inferred
from other data not necessarily directly related to the missing piece of information.

Small: Complete or nearly complete information is available concerning this piece of information or an adequate,
well-known analogue can be established.
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