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EXECUTIVE SUMMARY

An alternatives analysis was performed for resumption of transient testing. Eleven potential

alternatives were identified and considered, including U.S. and international facilities. A screening
process was used to identify two viable alternatives from the original 11 alternatives. In addition to the
two viable alternatives, the alternatives analysis considered a no action alternative as required by the
National Environmental Policy Act. The alternatives considered in this analysis include the following:

1.
2.

Restart the Transient Reactor Test Facility (TREAT)

Modify the Annular Core Research Reactor, which includes construction of a new hot cell and
installation of a new fuel motion monitoring device

No Action.

Based on the alternatives analysis documented herein, it is recommended to the Department of

Energy (DOE) that TREAT be restarted to support transient testing of nuclear fuels and materials,
pending the outcome of the ongoing environmental assessment. This recommendation was based on the
following because TREAT restart:

Scored highest in the alternatives analysis, based on input from subject matter experts from across the
DOE complex

Remained the highest scoring alternative over a wide range of criteria weights and scores, as
indicated by sensitivity analyses

Identified as the lowest risk alternative by risk analysis.

The TREAT alternative represents the best value to the government. Based on this analysis, the major

advantages of TREAT include the following:

The facility has the ability to supply prototypic neutron conditions to longer sections of nuclear fuel
during experiments.

There is dedicated availability to support transient testing for the DOE-Office of Nuclear Energy
mission.

Existing access to a co-located hot cell with required capabilities is available.
Construction of new facilities is not required.

This is a lower risk to the public because no public roads are required to transport nuclear materials in
support of transient testing. *

There is a lower risk to safeguards and security concerns because transport of nuclear materials to
support transient testing is limited to non-public roads and DOE-controlled areas.

 Risk to the public by use of public roads to transport nuclear fuels and materials will be evaluated during the National

Environmental Policy Act process.



NOTE:
This document presents the alternatives analysis for the Resumption of Transient Testing Program (RTTP).
DOE has not made a decision on an alternative to pursue for RTTP. The decision will be made following
all required analyses and an evaluation of the impacts of reasonable alternatives in accordance with the
National Environmental Policy Act of 1969. The information provided herein is presented for planning

purposes and supports scoping and alternatives evaluation. The use of words indicating requirements or
specifying intention, such as “shall” or “will,” are used for the convenience of discussion or to indicate
requirements or activities that are conditioned on DOE’s eventual decision. Such usage should not be
construed to mean that a final selection of an alternative has been made.
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1. INTRODUCTION

The U.S. Department of Energy (DOE) has a need to test nuclear fuels under high-speed and
high-energy pulse conditions to study fuel transient behavior. Testing fuel behavior in a prototypic
neutron environment under high-power, accident-simulation conditions is an essential step in licensing
new nuclear fuels for use in existing and future U.S. nuclear power plants. Additionally, modern fuel
system development and design increasingly relies on modeling and simulation efforts that must be
informed and validated using specially designed material performance separate effects studies. These
studies will require a testing platform with the ability to support variable scale, highly instrumented
experiments. To meet this need DOE approved Critical Decision-0 and the “Mission Need Statement for
the Resumption of Transient Fuel Testing” on December 3, 2010.'

Following approval of the mission need statement, a programmatic analysis of alternatives was
performed. Following completion of the programmatic analysis of alternatives, it was determined that an
additional screening requirement (go/no-go criteria) was needed to provide real-time fuel motion
monitoring to fully support the transient testing mission need. Subsequently, this alternatives analysis was
conducted with the additional real-time fuel motion monitoring screening requirement as described
herein. This report identifies the recommended preferred alternative resulting from this alternatives
analysis.

2. Alternatives Analysis Purpose and Scope

The purpose of this alternatives analysis is to evaluate the alternatives for providing transient testing
capability and to identify a recommended preferred alternative. This analysis is based on a programmatic
analysis of alternatives” performed by a team of subject matter experts from the following:

e Argonne National Laboratory

e Idaho National Laboratory (INL)

e Oak Ridge National Laboratory (ORNL)

e Sandia National Laboratories (SNL)

e Independent contractor familiar with transient testing and licensing of nuclear fuel and materials.

The subject matter experts provided information regarding facility capabilities, identified a
benchmark transient testing matrix that described the range of transient tests required to support future
fuel development, provided cost data for selected alternatives, scoring of alternatives, supported
development of weighting criteria, scored the alternatives, and reviewed the final report.

Alternatives considered in this alternatives analysis are capable of performing the following:
e Preparatory and characterization activities conducted in a hot cell, including the following:
- Radiation shielded cask receiving/shipping of experiments
- Radiation shielded fuel and material characterization of test articles before and after irradiations
- Radiation shielded transient test assembly, disassembly, and handling
- Radiation shielded sample sizing, specimen preparation, final sample storage, and archive.
e Performing transient testing in a test reactor capable of supplying a prototypic neutron environment

e Monitoring selected experimental parameters during transient testing, including real-time fuel motion
monitoring

Additional information regarding the alternatives analysis is provided in the following subsections.



2.1 Transient Testing Capability Gap

The development and testing of advanced nuclear fuels to improve nuclear reactor sustainability and
performance, to reduce the potential of proliferation of nuclear materials, and to advance the nuclear fuel
cycle will be needed for at least 40 years.' This capability will be needed for all nuclear fuel types,
including fuels for light water reactors, high-temperature gas reactors, and fast reactors such as liquid
metal reactors. For these reasons, the resumption of transient nuclear fuel testing is essential to the DOE
Office of Nuclear Energy research and development mission and the national nuclear fuel development
program.

Significant transient testing of nuclear fuels has not been conducted in the United States in over a
decade, and there are very few operating test facilities in the world where transient testing of
prototype-scale fuel pins can be conducted. Additionally, most of the transient fuel test reactors lack the
in situ, real-time imaging technology (i.e., using a neutron detection system such as a hodoscope) to see
fuel motion during rapid transient excursions; nor do they provide line-of-site access that would permit
access of advanced sensor equipment that would detect real-time pellet clad interaction or TRISO kernel
and particle layer interactions during rapid transient excursions. Transient test reactors without real-time
fuel motion monitoring are able to induce the specific phenomenological changes, but must rely on
post-irradiation examination to determine the final damage state. Relying on post-irradiation examination
alone provides no information about time evolution of the fuel damage, which is important to develop a
thorough understanding of the underlying science of fuel behavior. In order to successfully develop and
license fuels, an understanding of nuclear fuel phenomenology at millisecond to second time scales is
needed. This type of research and development requires the use of transient testing to conduct integral
effect tests to verify time-dependent fuel performance phenomena.

Detailed transient testing capability also is needed now for screening advanced fuel concepts in
support of the Office of Nuclear Energy roadmap imperatives. Because fuel development is a lengthy and
expensive activity, any early identification of fuel performance limitations obtained through transient
testing is advantageous.

2.2 Alternatives Considered

The analysis considered 11 potentially viable alternatives, including U.S. and international facilities.
A screening process was used to identify viable alternatives that met all the requirements for performing
transient testing. Two viable alternatives and a no action alternative, consistent with the requirements of
the National Environmental Policy Act (NEPA), were evaluated in the alternatives analysis. The
alternatives evaluated in this analysis included the following:

1. Transient Reactor Test Facility (TREAT), INL

This alternative involves restarting TREAT. TREAT was specifically designed and built to test
prototypic-sized reactor fuel pins and bundles under transient overpower accident conditions. A wide
range of power transients can be generated, including shaped or multiple peaks lasting several
seconds, single bursts (by rod step) that last from 70 msec to several seconds, and extended
steady-state operations — the full range that is required to perform transient experiments. TREAT has
an active fuel height of 48 in. and is equipped with a hodoscope that provides in situ time-resolved,
real-time images of fuel behavior under prototypic neutron irradiation. TREAT is located near the
Advanced Test Reactor (ATR) and operating hot cell facilities at the Materials and Fuels Complex
designed to receive, handle, and process irradiated nuclear fuel assemblies, construct test experiment
assemblies with either fresh or irradiated fuels, receive the tested transient experiments containing
failed fuel, and perform post-irradiation examination on the failed fuel. The proximity of ATR and the
Materials and Fuels Complex hot cells would reduce the use of public roads to complete the transient
testing mission. TREAT was last operated in 1994 and has been in a safe-shutdown condition since
that time. Prior to restart, the data acquisition system, reactor control system electronics, electronic



components of the time-resolved imaging system (hodoscope), and other systems will be evaluated
because of their age and advancements made in electronics since they were installed. It is anticipated
that these systems may need to be refurbished or replaced.

2. Annular Core Research Reactor (ACRR), SNL

ACRR currently is operational and is used to support the pulsed neutron testing of materials,
components, and equipment designed for use in high-neutron pulse conditions. ACRR was used for
severe fuel damage experiments for the Nuclear Regulatory Commission in the 1980s and for DOE
testing of New Production Reactor fuel and other experiments. Like TREAT, ACRR can support the
range of power pulses required to support transient testing. The active core height is 20 in. The height
can be increased to approximately 39 in. with flux shaping. Because ACRR is not located near hot
cell facilities capable of receiving, handling, and processing irradiated nuclear fuel assemblies, this
alternative includes construction of a new hot cell to assemble complicated loop experiments near
ACRR and uses hot cell capabilities at INL for pre and post-transient examinations. The capabilities
of the new hot cell would be limited to assembly and disassembly of transient tests because
construction of a hot cell capable of performing all required activities to prepare and characterize
transient test samples is cost prohibitive. This alternative also requires construction of a new hot cell
facility and installation of a new fuel motion monitoring device into ACRR to support real-time fuel
motion monitoring.

3. No Action

This alternative involves use of existing facilities at ACRR, ATR, and other U.S. and international
facilities to perform small-scale static capsule transient irradiations on fresh fuel without fuel motion
monitoring. Pre and post-test examinations would be performed in existing DOE facilities. This
alternative would preclude nuclear fuel developers from conducting the full range of transient testing
to support development of more advanced nuclear fuel. Licensing and deployment of new nuclear
fuels would proceed based solely on partially validated computer modeling and results of new small-
scale static capsule testing in existing facilities. This strategy would add considerable risk to the
deployment of new types of fuels because, historically, no nuclear fuels have been licensed for use in
U.S. reactors based solely on data from computer modeling and simulation. In this alternative, no
prototypic loop testing or fuel motion monitoring would be completed.

Other alternatives were considered in the analysis, but were not evaluated because they did not meet
the requirements (see Section 2.3) or (in the case of a new transient test reactor) were cost prohibitive.
Other alternatives considered but not evaluated include the following:

e ACRR/new transporter — utilize existing capability at ACRR and develop and design a new cask and
transporter to transport complicated loop experiments from existing hot cell facilities at INL and
ORNL to and from ACRR

e ATR — utilize existing capability at ATR to support transient testing and existing hot cell facilities at
INL

e High-Flux Isotope Reactor — utilize existing capability at the High-Flux Isotope Reactor and the
Irradiated Fuels Examination Laboratory at ORNL to support transient testing and existing hot cell
facilities at ORNL

e Construction of a new transient test reactor

e Missouri University Research Reactor — utilize existing capability at the Missouri University
Research Reactor to support transient testing and existing hot cell facilities at INL or ORNL

e CABRI — utilize existing capability at CABRI I (France) to perform all transient testing



e Nuclear Safety Research Reactor — utilize existing capability at the Nuclear Safety Research Reactor
(Japan) to perform all transient testing

e Impulse Graphite Reactor — utilize existing capability at the Impulse Graphite Reactor (Kazakhstan)
to perform all transient testing.

2.3 Goals and Requirements (Go/No-Go Criteria)

The analysis identified a hierarchy of goals, requirements, and criteria against which the alternatives
were measured as described in PLN-3965, “Resumption of Transient Testing of Nuclear Fuels Analysis
of Alternatives Plan.” The seven goals and their associated two requirements (go/no-go criteria) were
derived from the mission need statement' and are shown in Figure 1. Goals are statements of desired
states, responses, or outcomes relative to the alternatives being evaluated. Requirements are conditions
that any acceptable solution to the problem must meet. Requirements are used to eliminate non-compliant
alternatives from further consideration.

Resumption of Transient
Test Capability

Minimize the cost to create

Maximize transient testing
capability to mature LWR,
LMR, and HTGR fuel

Maximize real-time
experimental behavior
measurement

Maximize availability for
transient experiments

and maintain the transient
testing capability, including
experiment-support

Minimize environmental,
safety, and health impacts
in performing experiments

capabilities
Minimize Programmatic Minimize impact on other AHTHHTERD lmpac_ts ®
k o safeguards, security, and
Risks missions ¥ L
proliferation risks
Goals
Requirements
(Go/No-Go Provide necessary
Criteria) infrastructure to prepare Perform real time fuel
— and handle experiments L1 motion monitoring during a
including co-located hot cell transient experiment
facilities

Figure 1. Goals and requirements (go/no-go criteria) for the resumption of transient testing alternatives
analysis.

2.4 Transient Testing Capability Criteria and Stakeholder Weighting

The capabilities required to support transient testing are outlined in the mission need statement.'
Specific evaluation criteria for the alternatives analysis were generated by the subject matter experts,
based directly on the capabilities identified in the mission need statement to allow scoring and ranking of
viable alternatives.? Criteria were defined to provide an objective measure as to how well each alternative
satisfies the identified transient testing goals. The criteria were weighted for different stakeholder groups
to reflect their relative importance. A complete list of criteria and associated stakeholder weight sets are
provided in Appendix A.> A summary of the criteria for the alternatives analysis is provided as follows:

1. Reactor is capable of performing the experiments described in the benchmark transient experiment
list (Appendix B, Section B-1?), provides a wide variety of transient pulse characteristics



(Appendix B, Section B-2) that range from short pulses of 100 msec to longer, complex, shaped
transients up to 20 sec that match experimenter defined profiles, and is able to accommodate both
fresh and irradiated fuel samples, including those with high minor actinide content.

2. Reactor is equipped to allow monitoring of fission product release, temperature, pressure, coolant
velocity, and coolant chemistry throughout the transient (Criteria 18 and 19).

3. Reactor is available to perform the transient experiments of interest (Criteria 20 through 22).

4. The cost of establishing the required transient test capability and performing transient experiments is
minimized (Criteria 23 and 24).

5. Impacts to environment, safety and health, security, and proliferation are minimized (Criteria 25
through 29).

6. Technical performance, cost, and schedule risks are minimized (Criteria 30 through 33).

7. Impact on other facility missions or users is minimized (Criterion 34).

2.5 Life-Cycle Cost Estimate

Life-cycle cost (LCC) estimates were prepared for the two viable alternatives. The TREAT estimate
meets the definition of a Class 5 estimate in accordance with the Association for the Advancement of
Cost Engineering International Recommended Practices, No. 17R-97, Cost Estimate Classification
System, and No. 18R-97, Cost Estimate Classification System — As Applied in Engineering, Procurement
and Construction for the Process Industries, dated January 15, 2011. The ACRR estimate is a preliminary
Class 5 estimate, indicating that information associated with this alternative (e.g., new construction
activities) is not of sufficient maturity to classify in accordance with the Association for the Advancement
of Cost Engineering International guidance.

To facilitate comparison, the LCCs have been divided into four general categories: (1) total program
cost for the Resumption of Transient Testing Program (RTTP), (2) life-cycle operations, (3) science
coordination, and (4) decontamination and decommissioning. A brief description of each major effort, a
summary of the LCC estimate, and a brief comparison of the alternatives is provided in this section.

The RTTP cost for both alternatives includes all activities between approval of the Mission Need
Document and successful completion of an Operational Readiness Review for resumption of transient
testing. TREAT RTTP costs include assessment and refurbishment of existing equipment or replacement
of obsolete systems. ACRR RTTP costs include construction of a new hot cell and installation of a new
fuel motion monitoring device into ACRR.

Life-cycle operations include facility operations costs for the 40-year transient testing mission. The
facility operations costs are based on an average of 10 transient experiments per year. The Science
Coordinator function includes preparation of an experimenter’s guide for transient experiments and
funding for a scientific coordinator to establish a transient testing program. The estimated cost of
decontamination and decommissioning (D&D) is included for illustrative purposes. Both TREAT and
ACRR are existing facilities that will incur D&D costs regardless of whether they are selected to perform
transient testing in the future. The LCC does not include the costs for experiments and post-irradiation
examination that will be funded by DOE and non-DOE programs. The LCC for resumption of transient
testing is shown in Table 1. For additional detail regarding calculation of the LCC, see Appendix C.



Table 1. Life-cycle cost for TREAT and ACRR alternatives for resumption of transient testing. The cost
range shown represents a cost uncertainty of -20% to +35% which is consistent with a Class 5 estimate.

TREAT ACRR
Activity (Millions) (Millions)
RTTP"? — includes the costs of re-establishing a transient $46 to $74 $143 to $238
testing capability in the United States
Science Program Re-Establishment — includes $10to $16 $24 to $41

preparation of approach to conducting experiments,
refurbishment of experiment handling equipment,
refurbishment/installation of a fuel motion monitoring
device, and scientific coordinator support to establish a
transient testing program

Life-Cycle Operations’ — includes operations costs $439 to $741 $389 to $656
required to support 40 years of facility operations (FY 2019
to FY 2058), maintenance consistent with the RTTP
mission need, and D&D* of the facility upon completion of
its mission life

Science Program Integration’ — includes scientific $31 to $53 $31 to $53
coordinator to support transient experiments for 40-year
transient testing mission (FY 2019 to FY 2058)

Life-Cycle Cost Estimate for RTTP and Long-Term $526 to $884 $587 to $988
Operations through Successful Completion of an
Operational Readiness Review’

1- The RTTP costs are escalated to 2016 dollars. This reflects the midpoint of when the work associated with
reestablishing a transient testing capability would be performed.

2-  Life-cycle costs do not include costs associated with maintaining the facility and existing capabilities necessary to
support current mission activities.

3-  The total cost for Life-Cycle Operations is escalated to the midpoint of the 40-year transient testing mission.

4-  The total cost for D&D is escalated to the end of the 40-year transient testing mission to reflect when D&D would
be completed. The D&D cost estimate is based on the actual cost per square foot associated with recent D&D of a
test reactor at INL. It is assumed that the total area to be D&D is the same for TREAT and ACRR.

5- A preliminary analysis of risk events for the RTTP has been conducted and management reserve/contingency for
these events is identified. Additionally, a preliminary analysis of cost savings opportunities has been identified.
Based on the current understanding of the programmatic scope, funding for risk event management
reserve/contingency will not be specifically requested for program execution. Prior to establishment of the program
baseline, both the risks and opportunities will be evaluated to establish the potential impact on the program baseline.

A comparison between the two alternatives indicates that the LCC (see Table 1) are similar. The
major cost differences between the alternatives are as follows:

e The TREAT alternative requires refurbishment of existing equipment and replacement of obsolete
systems. This is less expensive than the activities required for the ACRR alternative - construction of
a new hot cell for experiment loop handling and installation of a new fuel motion monitoring device
into ACRR.



e The TREAT alternative is assumed to be dedicated to the transient testing mission, whereas ACRR
would support multiple customers. ACRR has several customers and operating costs associated with
transient testing would be limited to the time required to support testing. Based on this assumption,
long-term ACRR operations are less costly.

251 Risk Event Management Reserve, Department of Energy-Held
Contingency, and Cost Savings Opportunities

Risk management is a continuous process, where risks are identified, monitored, and mitigated. The
goal of risk management is to improve program performance and decrease the likelihood of cost overruns,
schedule delays, and compromises in quality and safety. The major risks for RTTP have been identified in
a preliminary risk register for the TREAT alternative. A risk register for the ACRR alternative has not
been developed. As a result, risk event management reserve and DOE-held contingency for the ACRR
alternative is scaled from the risk event management reserve and contingency for the TREAT alternative.
Management reserve and contingency do not apply to life-cycle operations or the science program
because annual budget requests will be made based on the requirements for maintenance/operation of the
facility and specific annual research objectives.

For TREAT, the internal program risks with the largest potential cost impact are related to existing
conditions. For example, it is assumed that the condition of TREAT fuel is acceptable. This assumption is
based on the operating history at TREAT, results of previous fuel inspections, and the very low expected
degradation rate of the zirconium-clad fuel. In addition, TREAT operations from 1959 to 1994 utilized
approximately 37% (see Appendix D) of the total TREAT fuel capacity, leaving approximately 63% of
the capacity for future operations. This remaining capacity is expected to meet the entire 40-year mission
need. However, if future fuel inspections show that the fuel cannot be used to support operations, it would
need to be replaced. The baseline cost estimate does not cover replacement of TREAT fuel, which is
consistent with historical information. While it is unlikely, the risk summary includes the possibility that
10 to 50 fuel elements would require replacement, following performance of a future fuel inspection
activity. Management reserve is based on internal program risks.

The DOE-held contingency is based on risks that are external to RTTP for both alternatives. One of
the external risks identified for the program is delays in receipt of adequate funding that delay the
schedule and result in cost escalation.

Cost savings opportunities have been identified for the TREAT alternative. Cost savings
opportunities for the ACRR alternative have been scaled from the savings identified for the TREAT
alternative. The calculation of risk event management reserve, risk event DOE-held contingency, and cost
savings opportunities for both alternatives are provided in Appendix E.

2.6 Scoring

Each alternative was assigned a score for each of the transient testing capability criteria (Section 2.4)
by the subject matter experts. The scoring is shown in Appendix F.



3. RESULTS

The go/no-go analysis evaluated both alternatives against the transient test requirements shown in
Figure 1. Alternative 3 (the no action alternative) did not meet the threshold requirements and was
eliminated from further consideration. Alternatives 1 and 2 both met the threshold requirements. To
complete the scoring process for the viable alternatives, each alternative was assigned a score of zero to
one by the subject matter experts for each criterion (see Appendix G). The scores were multiplied by the
criteria weights (see Appendix A) and then summed to generate a combined score for each alternative
(see Appendix F). The combined scores for the two viable alternatives for each weight set are shown in
Figure 2. The TREAT alternative scored higher than the ACRR alternative for each of the stakeholder
weight sets considered.
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Figure 2. Combined scores for the two viable alternatives for the weight sets considered.

3.1 Risk Analysis

Risks associated with resumption of transient testing were included in the overall alternatives
analysis. The overall risk of each alternative is related to the sum of the relative risks, with the lowest risk
alternative having the lowest overall risk score. The risk scores were converted from the utility scores
shown in Appendix G using the formula:

-utility score = risk score

Nine specific risks were evaluated for both alternatives. For example, Criterion 33 of the alternatives
analysis is “Risk of failing to meet the schedule for reestablishing the transient test capability.” For
TREAT, the risk score of 0.2 is based on the relative risk of performing refurbishments and replacements
of existing equipment to meet the schedule need date of 2018. For ACRR, the risk score of 0.5 is based on
the relative risk of obtaining line item funding and completing construction of a new hot cell and
installation of a new fuel motion monitoring device into ACRR to meet the schedule need date of 2018.
Both alternatives have risks, but the risk is higher for the ACRR alternative. A summary of the risks
considered in the analysis and a comparative score for the two viable alternatives is provided in Table 2.
Based on this analysis, the TREAT alternative has a lower overall risk than the ACRR alternative.



Table 2. Summary of risk scoring for TREAT and ACRR alternatives.

TREAT | ACRR
Risk Description Score' | Score' Scoring Explanation
Risk of significant impact 0.33 0.6 | TREAT—Ilow air and water emissions
to environmental ACRR—Iow air and water emissions, requires
discriminators construction of a new hot cell
(Criterion 25)
Risk of impact to safety 0 0.67 | TREAT—no offsite transportation on public roads
and health of public ACRR—requires offsite transportation of irradiated
(Criterion 26) fuel on public roads
Risk of impact to safety 0.67 0.67 | TREAT—requires additional radiological workers to
and health of workers operate the reactor
(Criterion 27) ACRR—requires additional radiological workers to
operate the new hot cell
Risk of impact to 0 0.67 | TREAT—all transportation of irradiated fuel is on
safeguards, security, and non-public roads, no offsite transportation required
proliferation ACRR-—most transportation of irradiated fuel is on
(Criterion 28) public roads
Technical performance 0.1 03 | TREAT-—cold standby since 1994; limited
risk (Criterion 30) experienced personnel available to support startup
ACRR—requires installation of a new fuel motion
monitoring device and construction of a new hot cell
Cost risk (Criterion 31) 0.85 0.76 | TREAT—uncertainty with costs for refurbishing and
replacing systems that have been in cold standby since
1994
ACRR—uncertainty with costs for a new hot cell and
new fuel motion monitoring device
Risk of not being able to 0 0.67 | TREAT—dedicated to transient testing mission
perform experiments in a ACRR—requires coordination with other customer
timely manner needs and coordination of offsite transportation
(Criterion 32)
Risk of failing to meet the 02 05 | TREAT—uncertainty with schedule to complete
schedule for system refurbishment and replacement activities
reestablishing the ACRR—uncertainty with schedule to initiate and
transient test capability complete a line item project that includes construction
(Criterion 33) of a new hot cell and design and install a new fuel
motion monitoring device
Risk of significant impact 0.1 05 | TREAT—some coordination with other Hot Fuel
on other facility missions Examination Facility users required for pre and
or users (Criterion 34) post-test evaluations
ACRR—coordination between DOE and other
customer needs and coordination with other Hot Fuel
Examination Facility users for pre and post-test
evaluations
Total Risk Score 2.25 5.34

1. Risk scores were converted from the utility scores in the alternatives analysis with the formula Risk Score = 1 — Utility

Score.




3.2 Sensitivity Analysis

Sensitivity analyses were performed to evaluate how errors or uncertainties in the assignment of
goal/criterion weights or alternative scores might affect the outcome, specifically, the overall alternative
ranking and the highest scoring alternative. The sensitivity analyses indicated that the ranking results
were very robust, meaning that TREAT remained the highest scoring alternative over a wide range of
variation in criteria weights and scores (see Appendix H).

3.3 Maintainability
Both TREAT and ACRR have operating histories that indicate no significant differences in

maintainability.
3.4 Regulatory Requirements

Both viable alternatives would have to be operated in accordance with all applicable regulatory
requirements.

3.5 Safety

Both alternatives will need to revise and implement a documented safety analysis that conforms to the
requirements of 10 CFR 830, “Nuclear Safety Management.”

4. ADVANTAGES SUMMARY

Following the analysis, the results were evaluated to determine the major discriminators between the
viable alternatives. Based on this evaluation, the TREAT alternative scored higher due to its:

e Ability to supply prototypic neutron conditions to longer sections of nuclear fuel during experiments
e Dedicated availability to support transient testing for the Office of Nuclear Energy mission

e Existing access to a co-located hot cell with all required capabilities

e Construction of new facilities is not required

e Lower risk to the public because no public roads are required to transport nuclear materials in support
of transient testing”

e Lower risk to safeguards and security concerns because transport of nuclear materials to support
transient testing is limited to non-public roads and controlled areas.

5. BOUNDING COST ESTIMATE FOR THE RECOMMENDED
PREFERRED ALTERNATIVE

The bounding cost estimate for the TREAT alternative includes RTTP activities necessary to restart
the TREAT Reactor, including refurbishments and replacements of reactor systems and required
operations support to reestablish the operating conditions and processes associated with conducting
transient testing. The Science Program includes development of experimental handling practices,
refurbishment of experiment handling equipment, refurbishment of the hodoscope, and integration
between the experimental/science community and RTTP. The total cost to reestablish a transient testing
capability includes all activities between approval of the mission need statement and successful
completion of a readiness review to restart TREAT reactor operations, as presented in Table 3.

® The risk to the public by the use of public roads to transport nuclear fuels and materials will be evaluated during the NEPA
process. The results of the NEPA process will be used to update the information presented in this report.
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Table 3. Total cost to reestablish transient testing capability for the TREAT alternative.

TREAT
Low Mid High
Activity (Millions) | (Millions) | (Millions)

Total cost to reestablish facilities for transient testing at TREAT —
including completion of an operational readiness review
(RTTP bounding estimate)"*° $46 $56 $74

Science Program Reestablishment® — preparation of approach to
conducting experiments, refurbishment of experiment handling

equipment, refurbishment of the TREAT hodoscope, and scientific
coordinator to establish a transient testing program $10 $12 $16

Total Cost to Reestablish Transient Testing Capability -
Reestablishes a transient test capability at TREAT and a supporting
transient testing science program $56 $68 $90

1-  The costs are escalated to 2016 dollars, the midpoint of RTTP activities. Based on the unknown, unknowns associated with a
Class 5 cost estimate the low and high range percentages were developed using DOE Cost Estimating Guide 413.3-21, Table
6-2. Per the direction of the program team, a low range of -20% and a high range of +35% were used to develop the total
range for the cost estimate.

2- A preliminary analysis of risk events for the RTTP has been conducted and management reserve/contingency for these events
is identified. Additionally, a preliminary analysis of cost savings opportunities has been completed. Based on the current
understanding of the programmatic scope, funding for risk event management reserve/contingency will not be specifically
requested for program execution. Prior to establishment of the program baseline, both the risks and opportunities will be
evaluated to establish the potential impact on the program baseline.

3-  Costs in the table do not include costs associated with maintaining the facility and existing capabilities necessary to support
current mission activities.

4-  The science program component is funded by non-Idaho Facilities Management funding sources.

6. CONCLUSION AND RECOMMENDATION

Based on this analysis, the recommended preferred alternative is Alternative 1, TREAT. The

recommended alternative is dependent on the results of the NEPA process. This decision was based on
the following:

TREAT scored highest in the alternatives analysis
The scoring was based on unanimous input from subject matter experts
The risk analysis identified TREAT restart as the lowest risk alternative

Sensitivity analyses indicated that the ranking results were very robust, meaning that TREAT
remained the highest scoring alternative over a wide range of criteria weights and scores.

The TREAT alternative represents the best value to the government.

11




7. REFERENCES

U.S. DOE, “Mission Need Statement for the Resumption of Transient Fuel Testing,” DOE Office of
Nuclear Energy, December 2010.

INL/EXT-12-26840, Final Report for the Resumption of Transient Testing of Nuclear Fuels Program
Analysis of Alternatives.

PLN-3965, “Resumption of Transient Testing of Nuclear Fuels Analysis of Alternatives Plan,”
September 2011.

12



Appendix A
Criteria and Associated Stakeholder Weight Sets
for the Alternatives Analysis of Resumption
of Transient Testing

The capabilities required to support transient testing are outlined in the mission need statement.'

Specific evaluation criteria for the alternatives analysis were generated by the subject matter experts,
based directly on the capabilities identified in the mission need statement to allow scoring and ranking of
viable alternatives.? Criteria were defined to provide an objective measure as to how well each alternative
satisfies the identified transient testing goals. The criteria were weighted for different stakeholder groups
to reflect their relative importance. Stakeholder weight sets were identified for the following:

DOE-ID

Nuclear Fuel Developers
Nuclear Reactor Operators
Congressional Staff
Environmental Interest Group.

A complete list of criteria and associated stakeholder weight sets are provided in the following pages

of this appendix.
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Appendix B
Benchmark Transient Fuel Experiments
and Transient Pulse Characteristics

B-1. Benchmark Transient Experiment List

During the programmatic Analysis of Alternatives for the Resumption of Transient Testing Program,
the Subject Matter Experts developed a list of potential transient test experiments. The list is intended to
provide the range of experiments that would be completed to develop advanced nuclear fuels. The
purpose of the list is to determine if potential transient test reactors are able to provide the prototypic
neutron environment needed to successfully support the range of transient test experiments needed. The
list includes capsule and loop experiments, different coolants, the number of fuel pins or rodlets
associated with each test, the fuel configuration, fuel dimensions, fuel form, and the physical size of the
test containment. The list of experiments is provided on the next page of this appendix.
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B-2. Transient Pulse Characteristics

The subject matter experts identified specific transient pulse characteristics that are required for a test
reactor to meet the mission need statement. The pulse characteristics range from short pulses of 100 msec
to longer, complex, shaped transients up to 20 sec that match experimenter defined profiles. The specific
pulse characteristics are identified on the next page of this appendix.
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Appendix C
Detailed Life Cycle Cost Estimates

The detailed cost estimates for the TREAT and ACRR alternatives are presented in this appendix.
Table C-1 provides background reference information to show where specific information was collected
to prepare Table 1 in Section 2.5 of this report. Table C-2 provides background reference information to
show where specific information was collected to prepare Table 3 in Section 6.

Table C-1. Source of cost estimate numbers presented in Table 1 in the main body of this re

Source Material for TREAT Cost

Source Material for ACRR Cost

Activity Estimate Estimate

RTTP See page C-7, Resumption of See page C-144, Resumption of
Transient Testing Program - point | Transient Testing Program — point
estimate of $56,401,230. The estimate of $177,612,122. The
range shown in Table 1 covers the | range shown in Table 1 covers the
uncertainty of -20% to +35% uncertainty of -20% to +35%
which applies to all but actual which applies to all but actual costs
costs from FY-11 to FY-13 from FY-11 to FY-13
{(856,401,230 - $5,899,691) - {($177,612,122 - $5,899,691) -
20%/+35% + $5,899,691 which 20% +35% + $5,899,691 which
gives range of $46M to $74M.} gives range of $143M to $238M}.

Science See page C-13, Science Program | See page C-145, Science Program

Program Re- — point estimate of $11,917,957. — point estimate of $30,012,204.

Establishment | The range shown in Table 1 The range shown in Table 1 covers
covers the uncertainty of -20% to | the uncertainty of -20% to +35%
+35% which gives range of $10M | which gives range of $24M to
to $16M. $41M.

Life-Cycle See page C-12 for point estimate | See page C-145 for point estimate

Operations of $588,404,667 less Scientific of $525,557,964 less Scientific
Coordinator point estimate of Coordinator point estimate of
$39,284,706 for Life-Cycle $39,284,706 for Life Cycle
Operations of $549,119,961. The | Operations of $486,273,258. The
range shown in Table 2 covers the | range shown in Table 1 covers the
uncertainty of -20% to +35% uncertainty of -20% to +35%
($439M to $741M). The estimate | ($389M to $656M). The estimate
includes 6 months of operation includes 5 months of operation per
per year to conduct an average of | year to conduct an average of 10
10 transient experiments per year. | transient experiments per year. The
This basis was selected to provide | SME’s concurred that the ACRR
a like-for-like comparison with throughput is slightly higher than
ACRR. When not performing TREAT. This basis was selected to
transient experiments, TREAT provide a like-for-like comparison
would support other INL with TREAT. When not
missions. performing transient experiments,

ACRR is used to support other
SNL missions.
Science See page C-13, Science Program | See page C-146, Science Program

C-1
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Source Material for TREAT Cost

Source Material for ACRR Cost

Activity Estimate Estimate

Program — point estimate of $39,284,706. — point estimate of $39,284,706.

Integration The range shown in Table 1 The range shown in Table 1 covers
covers the uncertainty of -20% to | the uncertainty of -20% to +35%
+35% ($31M to $53M). ($31M to $53M).

Life Cycle Cost | Total of the Above Total of the Above

Management Calculation of TREAT ACRR MR is based on TREAT

Reserve (in management reserve is based on a | management reserve. Scaled using

footnote to high-level risk analysis presented | the SME comparative analysis of

table) in Appendix E, Table E-1. TREAT —vs— ACRR. The upper
Includes major contributors from | bound of TREAT MR is 25.7% of
the risk register. The upper bound | the RTTP Cost for TREAT. This is
of TREAT MR is $14.4M. This is | multiplied by 0.76/0.85 to obtain
approximately 25.7% of the the ACRR MR percentage of
TREAT point estimate 23.0%. ACRR MR is $40.9 M =
($14.4M/$56M * 100% = 25.7%). | 23.0% * $178M (ACRR RTTP

point estimate). See Appendix E,
Table E-1.
DOE-Held Calculation of TREAT DOE-held | Based on TREAT DOE-held
Contingency contingency is based on a high- contingency. Scaled using the

(in footnote to
table)

level risk analysis of external
program risks. A summary of the
specific risks included in the
contingency is presented in
Appendix E, Table E-2. The
upper bound of TREAT DOE-
Held Contingency is $6.5M. This
is approximately 9% of the
TREAT RTTP point estimate
($6.5M/$56M * 100% = 11.6%).

SME comparative analysis of cost
risk of TREAT as compared to
ACRR. The upper bound of
TREAT MR is 11.6% of TREAT
RTTP point estimate. This is
multiplied by 0.76/0.85 to obtain
the ACRR DOE-Held Contingency
of 10.4%. ACRR DOE-Held
Contingency is $18.4M = 10.4% *
$178M (the sum of new
construction and mission
operations support).
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Table C-2. Source of cost estimate numbers presented in Table 3 in the main body of this report.

Activity Source Material for TREAT Cost Estimate

RTTP Bounding Estimate | See page C-7, Resumption of Transient Testing Program - point estimate of
$56,401,230. The range shown in Table 3 covers the uncertainty of -20% to
+35% which applies to all but actual costs from FY-11 to FY-13
{($56,401,230 - $5,899,691) -20%/+35% + $5,899,691 which gives range
of $46M to $74M.}

Science Program See page C-13, Science Program — point estimate of $11,917,957. The
range shown in Table 3 covers the uncertainty of -20% to +35% which
gives range of $10M to $15M.

Total Program Cost Total of the two items above.

The following pages of this appendix present the detailed cost estimate for TREAT and ACRR.
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INTEROFFICE MEMORANDUM dohoNoforel Loborooy™ NI

Date: November 7, 2013

To: L. O. Nelson, Project Engineer

From: A.W. Miller, Cost Estimator %,__

Subject: Resume Transient Testing (RTT) Program — Transient Reactor Experiment and
Test (TREAT) Facility /Annular Core Research Reactor (ACRR)
New Hot Cell

Reference: 1C40-G3 Resume Transient Testing Program

Per your request, Cost Estimating prepared a cost estimate (Class 5) for the RTT Program —
TREAT and a cost estimate (Preliminary Class 5) for the ACRR New Hot Cell Building. The
estimated costs, including escalation and management reserve, are shown below.

e RTT Program - TREAT - Low Range $530,000,000
e Class 5 point value $657,000,000
e RTT Program - TREAT - High Range $887,000,000
e ACRR New Hot Cell Building — Low Range $590,000,000
e Preliminary Class 5 point value $733,000,000
e ACRR New Hot Cell Building — High Range $990,000,000

Please note the following:

A. Please refer to the original recapitulation and letter 1C40-G3.

B. Changes to this cost estimate from the original estimated cost include the following:

1. Changes to the Work Breakdown Structure, which moved activities to different control
accounts with no cost or resource changes.

2. TREAT Base Operation and Infrastructure have been removed from the RTT Program
estimate per the project team.

3. Actuals for project management were added to the ACRR estimate.

C. Per the requester, this work will be direct funded. General and Administrative (G&A) costs
are included in this estimate.

D. This cost estimate has been evaluated as a Class 5 estimate for the RTT Program and a
Preliminary Class 5 for the ACRR cost estimate. The primary characteristic used in this
guideline to define the classification category is the degree of project definition at this time.
The intent of this classification is to assist in the interpretation of the quality and value of the
information available to prepare this cost estimate and the expected accuracy levels that can
be produced. Class 5 indicates the lowest amount of project information quality and value
with a graded approach to a Class 1, which indicates the highest amount of project
information quality and value.
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L. O. Nelson
November 7, 2013
Page 2

E. Multiple reviews of the cost estimate were held with the project team and this cost estimator.
Review dates include March 12, 13, and April 16, 2013. These reviews allowed for the
program team to review and comment, in detail, on the perceived scope, basis of estimate.,
assumptions, project risks, and the resources that make up this cost estimate. Comments
from this review have been incorporated into this estimate to reflect a project team consensus
of this document.

F. Due to the preliminary nature of this estimate, the scope has not been evaluated by Idaho
National Laboratory (INL) Construction Management to receive a “Block 9” determination
in the INL Construction Commercial Practices Evaluation for the purpose of construction
scope, management, and field oversight.

Refer to the cost estimating summary, detail, and markup sheets with the cost breakdowns.

This estimate, the work, and the work breakdown structure are based on the information
provided to this estimator as to the scope of work to be completed. Any changes to the
methodology used to prepare this estimate could have a significant effect on the cost estimate
and/or schedule and should be reviewed by me. If you have any questions or comments, do not
hesitate to contact me at 526-1827 or e-mail Andrew.Miller@inl.com.

Attachments
cc: D. S. Vandel, MS 3730
Estimate File 1C40-K(
Uniform File Code: 8309
Disposition Authority: A16-1.5-b
Retention Schedule: Cut off at the end of each fiscal year. Destroy 10 years after cutoff.

NOTE: Original disposition authority, retention schedule, and Uniform Filing Code applied by the sender
may not be appropriate for all recipients. Make adjustments as needed.

Final Letter Template 8.01.12
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Activity:
Group:
Level:
Project Name:

Labor Resource Report

RTT Program - TREAT

RTT Program - TREAT

Project Location: MFC
Estimate Number: 1C40-K
Direct

Code Description WODC Year Rate $/Hr Hours Labor Cost
A14GB ADMINISTRATIVE ASSIST/OFFICE COORDINATOR FY-13-D $64.32 35,200 $2,264,064
A20GB OTHER ADMIN SUPPORT FY-13-D $67.92 20,250 $1,375,380
ADM INL Admin, Doc. contro} $65.00 11,974 $778,281
CFRM INL Craft Forman $100.00 1,525 $152,500
CM/CE INL Construction Manager/Construction Engineer $180.00 750 $135,000
CRAFT INL Skilled Craft $95.00 15,851 $1,505,845
CRITSA/ENG  INL Criticality Safety Officer/Engineering $205.00 350 $71,750
CcSs Modeling/Computer Systems $195.00 4,100 $799,500
DE/ENG INL Design Engineer $195.00 12,327 $2,403,765
DE/ENG1 INL DESIGN ENGINEER $180.00 800 $144,000
DRAFT INL Drafter $100.00 4,940 $494,000
E14C2 NUCLEAR/REACTOR ENGINEERING FY-13-D $211.67 79,200 $16,764,264
E14W4 NUCLEAR/REACTOR ENGINEERING FY-13-D $176.23 17,600 $3,101,648
E17Q5 QUALITY ENGINEERING FY-13-D $138.64 17,600 $2,440,064
E19H1 SAFETY ENGINEERING FY-13-D $151.78 11,050 $1,677,169
E48WA1 OPERATIONS ENGINEER, GENERAL FY-13-D $128.09 1,525 $195,337
E54W4 OPS SYSTEM ENGR, VITAL SAFETY SYSTEMS FY-13-D $151.24 212,950 $32,206,558
E63W4 NUCLEAR SAFETY ANALYSIS FY-13-D $141.77 4,500 $637,965
ELEC1 ELECTRICIAN $95.00 170 $16,150
ELECF Electricain Forman $95.00 1,932 $183,540
ENV/ENG INL Environmental Engineer $200.00 846 $169,200
ES&H INL Environmental Safety and Health Eng. $185.00 1,956 $361,860
EST INL Cost Estimating $150.00 420 $63,000
BEA
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Activity:
Group:
Level:
Project Name:

Project Location:

RTT Program - TREAT

RTT Program - TREAT

MFC

Estimate Number: 1C40-K

Labor Resource Report

Code Description WDC Year Rate $/Hr Hours La?:i;':‘gost
F-P/IENG INL Fire Protection Engineer $170.00 1,630 $277,100
F01GB BUILDING/FACILITY MANAGEMENT FY-13-D $132.89 12,600 $1,674,414
F05GB FAC OPERATIONS FY-13-D $137.57 105,600 $14,5627,392
F10J1 WORK PLANNING AND/OR SCHEDULING FY-13-D $120.60 17,600 $2,122,560
F33P2 PM SCHEDULING FY-13-D $120.88 35,200 $4,254,976
F35P1 PROJECT MANAGER FY-13-D $188.53 35,200 $6,636,256
HP INL Health Physics Tech $90.00 1,179 $106,128
IT/ITEC INL IT Technician $105.00 1,504 $157,920
NU/ENG INL Analyst Engineer/Nuc/Rx $205.00 27,380 $5,612,900
OPR/ENG INL Operations Engineer $180.00 200 $36,000
OPR/MGR INL Operations Manager $205.00 500 $102,500
P19GB RECORDS MGMT/DOC CONTROL FY-13-D $111.20 9,000 $1,000,800
P23GB TRAINING FY-13-D $111.30 30,900 $3,439,170
P44F2 PLANNING AND CONTROLS FY-13-D $99.49 2,250 $223,853
PCE INL Project Controls Engineer $105.00 2,152 $225,918
PCE1 Project Controls Engineer $119.38 3,260 $389,227
PLANNER INL Planner $120.00 5,747 $689,688
PM/PE INL Project manager/Project engineer $205.00 14,786 $3,031,114
PROC INL Procurement $90.00 1,688 $151,920
QA/ENG INL Quality Engineer $130.00 4,010 $521,274
RAD/ENG INL Radiation Engineer $145.00 978 $141,810
RE/OPR INL Reactor Operator $120.00 1,500 $180,000
REA/SUP INL Reactor Supervisor $180.00 400 $72,000
BEA
11/7/20189:30:36 Cost Estimating Page 2

C-19



Activity: RTT Program - TREAT
Group:

Level:

Project Name: RTT Program - TREAT

Project Location: MFC
Estimate Number: 1C40-K

Labor Resource Report

Code Description WDC Year Rate $/Hr Hours La?)ic:f%ost
SO08H1 INDUSTRIAL HYGIENE FY-13-D $148.27 8,800 $1,304,776
SAIQA INL Safety/Quality Engineer $135.00 20 $2,700
SECURITY INL Security Enginer $165.00 504 $83,160
ST/IENG INL Structrual Engineer $200.00 695 $139,000
SUPER INL Operator Supervisor $135.00 3,550 $479,250
SYSENG INL Systems Engineer $180.00 22,020 $3,963,600
TO3W1 DRAFTER FY-13-D $87.36 4,500 $393,120
T04J1 ELECTRO/MECH TECHNICIAN FY-13-D $107.33 2,250 $241,493
T05GB EPRO FY-13-D $104.17 9,000 $937,530
T13H6 HEALTH PHYSICS TECH FY-13-D $108.76 57,300 $6,231,948
T44U1 NUCLEAR FACILITY OPERATOR FY-13-D $125.35 352,000 $44,123,200
TECH/EDIT INL Tech Editor $90.00 3,560 $320,400
uU11GB ELECTRICIAN FY-13-D $87.60 2,250 $197,100
U29GB SYS MECHANIC FY-13-D $87.78 2,250 $197,505
usam4 SECURITY OFFICER/ESCORT FY-13-D $70.61 45 $3,177
uU71GB EQUIPMENT OPER,HEAVY FY-13-D $87.44 900 $78,696
202GB MANAGER, FAC SUPPORT SERVICES FY-13-D $173.22 37,900 $6,565,038
Z03GB MANAGER, OPERATIONS FY-13-D $193.54 128,145 $24,801,183
204C2 MANAGER, SCI/ENG FUNCTION FY-13-D $275.11 211,200 $58,103,232
Total Labor Cost 1,619,969 $261,681,868
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Labor Resource Report

Activity: RTT Program - ACRR
Group:
Level:
Project Name: ACRR Transient Testing Operations & Intergration
Project Location:  Sandia
Estimate Number: 1C40-K
Direct

Code Description WDC Year Rate $/Hr Hours Labor Cost
ADM INL Admin, Doc. control $65.00 80 $5,200
CNCARPC CARPENTERS - CONCRETE FY-12-13 $47.86 53 $2,527
CNCEM CEMENT MASONS FY-12-13 $45.94 53 $2,443
CNIRON IRONWORKERS FY-12-13 $57.47 18 $1,034
CRITSA/ENG INL Criticality Safety Officer/Engineering $205.00 400 $82,000
DE/ENG INL Design Engineer $195.00 1,600 $312,000
E14C2 NUCLEAR/REACTOR ENGINEERING FY-13-D $211.67 79,200 $16,764,264
ITITEC INL IT Technician $105.00 1,600 $168,000
NU/ENG INL Analyst Engineer/Nuc/Rx $205.00 5,520 $1,131,600
OPER INL Operator $105.00 80 $8,400
OPR/ENG INL Operations Engineer $180.00 200 $36,000
OPR/MGR INL Operations Manager $205.00 6,840 $1,402,200
PLANNER INL Planner $120.00 200 $24,000
PM/PE INL Project manager/Project engineer $205.00 760 $155,800
RE/OPR INL Reactor Operator $120.00 12,520 $1,502,400
REA/SUP INL Reactor Supervisor $180.00 800 $144,000
SYSENG INL Systems Engineer $180.00 640 $115,200
TECH/EDIT INL Tech Editor $90.00 2,600 $234,000
TECH/WRT TECHNICAL WRITER $200.00 500 $100,000
TRN INL Trainer $120.00 1,800 $216,000
Total Labor Cost 115,464 $22,407,069
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Appendix D
Total TREAT Fuel Energy Release

As indicated in the letter embedded on the next page of this appendix, the total energy deposited into
TREAT fuel as of November 1997 is 2,600,581 MJ. No additional energy has been deposited into
TREAT fuel since that time. The total allowable energy deposited into TREAT fuel is 6,997,000 MJ. As a
result, transient testing at TREAT from 1959 to 1997 used approximately:

2,600,581/6,997,000 * 100% = 37%
of the total allowable deposited energy. This means that approximately
100% -37% = 63%

is available for future transient testing.
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TREAT Technical Specification 5.2.4 requires that | report o the Division Direcror art
least annually the total cnergy deposited in the TREAT core since the startup of TREAT, This
tolel must be compared to the value of 6,997,000 MJ which is used in the current ESAR to
evaluate the radiological hazard associated with 2 heyond DEA.

The current total is 2,600,581 MJ, which is the same as reported during November 1997,
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copies: M. L. Conley

D. M. Ray
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Appendix E
Risk Event Management Reserve, DOE-Held
Contingency, and Cost Savings Opportunities

Development of the risk event management reserve, contingency for the two alternatives, and cost
savings opportunities is described in this appendix. During the RTTP, many types of risks and
opportunities for cost savings will be encountered. For TREAT, the risks and opportunities that are
anticipated to have the highest cost impact are identified and are provided in this appendix. The
probability of each risk being realized is qualitatively classified based on the best available information as
likely, unlikely, or highly unlikely with a percentage assigned to each qualitative probability. The risk
event management reserve and contingency is calculated as the product of the cost impact and the
probability. The risk event management reserve and DOE-held contingency for TREAT refurbishment is
the sum of the risks as shown in Table E-1 and Table E-2, respectively. The ACRR risk event
management reserve and contingency are scaled from the TREAT management reserve and contingency
based on the relative cost risk identified by the subject matter experts (see Criterion 31 in Table 2, Section
3.1) as shown in Table C-1 in Appendix C.

A preliminary evaluation was done to identify potential cost savings opportunities for the TREAT
alternative. The cost savings opportunities for ACRR were calculated linearly from the TREAT cost
savings opportunities. The cost savings opportunities for both alternatives are presented in Table E-3.

E-1
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Appendix F
Detailed Scoring Results

Each alternative was assigned a score for each of the criteria by the subject matter experts. The
scoring is shown in the following pages of this appendix.
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Appendix G
Unweighted Utility Scores

To complete the scoring process for the viable alternatives, each alternative was assigned a score of
zero to one by the subject matter experts for each criterion. The scoring assigned to each criterion is
provided in the following pages in this appendix. The scores were multiplied by the criteria weights (see
Appendix A) and then summed to generate a combined score for each alternative (see Appendix F). The
combined scores for the two viable alternatives for each weight are the basis for selecting the preferred
alternative (see Figure 2 in the main body of this report). The TREAT alternative scored higher than the
ACRR alternative for each of the stakeholder weight sets considered.
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Appendix H
Sensitivity Analysis Results Summary

To complete the sensitivity analysis, the stakeholder weights were varied from O to 1 to evaluate the
impact of changing weights on the combined score for the analysis. The attached figure shows that if

minimizing the cost to operate the transient test reactor is the only important factor, the ACRR alternative

is the most favorable. For all other weight sets, the TREAT alternative is the most favorable.

Weight Sensitivity Summary
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