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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. Restart the Transient Reactor Test Facility (TREAT) 

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

3. 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. a

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. 

                                                     
a 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.  
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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, 2010.1

Following approval of the mission need statement, a programmatic analysis of alternatives2 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 alternatives2 performed by a team of subject matter experts from the following: 

Argonne National Laboratory 

Idaho National Laboratory (INL) 

Oak Ridge National Laboratory (ORNL) 

Sandia National Laboratories (SNL) 

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: 

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. 

Performing transient testing in a test reactor capable of supplying a prototypic neutron environment 

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. 
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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.1 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 
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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: 

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 

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

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 

Construction of a new transient test reactor 

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 

CABRI – utilize existing capability at CABRI I (France) to perform all transient testing 
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Nuclear Safety Research Reactor – utilize existing capability at the Nuclear Safety Research Reactor 
(Japan) to perform all transient testing 

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.”3 The seven goals and their associated two requirements (go/no-go criteria) were 
derived from the mission need statement1 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.  

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.1

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.2 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.2 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-12), provides a wide variety of transient pulse characteristics 
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(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. 
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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. 

Activity
TREAT 

(Millions)
ACRR 

(Millions)
RTTP1,2 – includes the costs of re-establishing a transient 
testing capability in the United States  

$46 to $74 $143 to $238

Science Program Re-Establishment – includes
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

$10 to $16 $24 to $41 

Life-Cycle Operations3 – includes operations costs 
required to support 40 years of facility operations (FY 2019 
to FY 2058), maintenance consistent with the RTTP 
mission need, and D&D4 of the facility upon completion of 
its mission life 

$439 to $741 $389 to $656 

Science Program Integration3 – includes scientific 
coordinator to support transient experiments for 40-year 
transient testing mission (FY 2019 to FY 2058) 

$31 to $53 $31 to $53 

Life-Cycle Cost Estimate for RTTP and Long-Term 
Operations through Successful Completion of an 
Operational Readiness Review5

$526 to $884 $587 to $988 

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: 

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. 
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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. 

2.5.1 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. 
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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.  

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:  

1-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. 
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Table 2. Summary of risk scoring for TREAT and ACRR alternatives.  

Risk Description 
TREAT
Score1

ACRR
Score1 Scoring Explanation 

Risk of significant impact 
to environmental 
discriminators 
(Criterion 25) 

0.33 0.6 TREAT—low air and water emissions 
ACRR—low air and water emissions, requires 
construction of a new hot cell 

Risk of impact to safety 
and health of public 
(Criterion 26) 

0 0.67 TREAT—no offsite transportation on public roads 
ACRR—requires offsite transportation of irradiated 
fuel on public roads 

Risk of impact to safety 
and health of workers 
(Criterion 27) 

0.67 0.67 TREAT—requires additional radiological workers to 
operate the reactor 
ACRR—requires additional radiological workers to 
operate the new hot cell 

Risk of impact to 
safeguards, security, and 
proliferation
(Criterion 28) 

0 0.67 TREAT—all transportation of irradiated fuel is on 
non-public roads, no offsite transportation required 
ACRR—most transportation of irradiated fuel is on 
public roads 

Technical performance 
risk (Criterion 30) 

0.1 0.3 TREAT-–cold standby since 1994; limited 
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 
perform experiments in a 
timely manner 
(Criterion 32) 

0 0.67 TREAT—dedicated to transient testing mission 
ACRR—requires coordination with other customer 
needs and coordination of offsite transportation  

Risk of failing to meet the 
schedule for 
reestablishing the 
transient test capability 
(Criterion 33) 

0.2 0.5 TREAT—uncertainty with schedule to complete 
system refurbishment and replacement activities 
ACRR—uncertainty with schedule to initiate and 
complete a line item project that includes construction 
of a new hot cell and design and install a new fuel 
motion monitoring device 

Risk of significant impact 
on other facility missions 
or users (Criterion 34) 

0.1 0.5 TREAT—some coordination with other Hot Fuel 
Examination Facility users required for pre and 
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.
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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: 

Ability to supply prototypic neutron conditions to longer sections of nuclear fuel during experiments  

Dedicated availability to support transient testing for the Office of Nuclear Energy mission 

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

Construction of new facilities is not required 

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

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. 

                                                     
b 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. 

Activity

TREAT 
Low

(Millions)
Mid

(Millions)
High

(Millions)
Total cost to reestablish facilities for transient testing at TREAT – 
including completion of an operational readiness review  
(RTTP bounding estimate)1, 2, 3 $46 $56 $74 
Science Program Reestablishment4 – 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. 
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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.1
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.2 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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B-1

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-3

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 report. 

Activity
Source Material for TREAT Cost 

Estimate 
Source Material for ACRR Cost 

Estimate 
RTTP See page C-7, Resumption of 

Transient Testing Program - point 
estimate of $56,401,230. The 
range shown in Table 1 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.} 

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

Science
Program Re-
Establishment 

See page C-13, Science Program 
– point estimate of $11,917,957. 
The range shown in Table 1 
covers the uncertainty of -20% to 
+35% which gives range of $10M 
to $16M. 

See page C-145, Science Program 
– point estimate of $30,012,204. 
The range shown in Table 1 covers 
the uncertainty of -20% to +35% 
which gives range of $24M to 
$41M. 

Life-Cycle 
Operations

See page C-12 for point estimate 
of $588,404,667 less Scientific 
Coordinator point estimate of 
$39,284,706 for Life-Cycle 
Operations of $549,119,961. The 
range shown in Table 2 covers the 
uncertainty of -20% to +35% 
($439M to $741M). The estimate 
includes 6 months of operation 
per year to conduct an average of 
10 transient experiments per year. 
This basis was selected to provide 
a like-for-like comparison with 
ACRR. When not performing 
transient experiments, TREAT 
would support other INL 
missions. 

See page C-145 for point estimate 
of $525,557,964 less Scientific 
Coordinator point estimate of 
$39,284,706 for Life Cycle 
Operations of $486,273,258. The 
range shown in Table 1 covers the 
uncertainty of -20% to +35% 
($389M to $656M).  The estimate 
includes 5 months of operation per 
year to conduct an average of 10 
transient experiments per year. The 
SME’s concurred that the ACRR 
throughput is slightly higher than 
TREAT. This basis was selected to 
provide a like-for-like comparison 
with TREAT. When not 
performing transient experiments, 
ACRR is used to support other 
SNL missions. 

Science See page C-13, Science Program See page C-146, Science Program 
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Activity
Source Material for TREAT Cost 

Estimate 
Source Material for ACRR Cost 

Estimate 
Program 
Integration

– point estimate of $39,284,706. 
The range shown in Table 1 
covers the uncertainty of -20% to 
+35% ($31M to $53M).  

– point estimate of $39,284,706. 
The range shown in Table 1 covers 
the uncertainty of -20% to +35% 
($31M to $53M). 

Life Cycle Cost Total of the Above Total of the Above 

Management 
Reserve (in 
footnote to 
table)

Calculation of TREAT 
management reserve is based on a 
high-level risk analysis presented 
in Appendix E, Table E-1. 
Includes major contributors from 
the risk register. The upper bound 
of TREAT MR is $14.4M. This is 
approximately 25.7% of the 
TREAT point estimate 
($14.4M/$56M * 100% = 25.7%). 

ACRR MR is based on TREAT 
management reserve. Scaled using 
the SME comparative analysis of 
TREAT –vs– ACRR. The upper 
bound of TREAT MR is 25.7% of 
the RTTP Cost for TREAT. This is 
multiplied by 0.76/0.85 to obtain 
the ACRR MR percentage of 
23.0%. ACRR MR is $40.9 M = 
23.0% * $178M (ACRR RTTP 
point estimate). See Appendix E, 
Table E-1. 

DOE-Held 
Contingency 
(in footnote to 
table)

Calculation of TREAT DOE-held 
contingency is based on a high-
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%).  

Based on TREAT DOE-held 
contingency. Scaled using the 
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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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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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-
2

Ta
bl

e 
E-

1.
 R

is
k 

ev
en

t m
an

ag
em

en
t r

es
er

ve
 fo

r T
R

EA
T 

an
d 

A
C

R
R

 b
as

ed
 o

n 
th

e 
m

aj
or

 in
te

rn
al

 p
ro

gr
am

 ri
sk

s i
de

nt
ifi

ed
 in

 th
e 

TR
EA

T 
pr

og
ra

m
 

ris
k 

re
gi

st
er

. 

R
is

k
N

um
be

r 
R

is
k 

D
es

cr
ip

tio
n 

C
os

t I
m

pa
ct

 

Pr
ob

ab
ili

ty
 

U
pp

er
 B

ou
nd

 o
f R

is
k 

Ev
en

t 
M

an
ag

em
en

t R
es

er
ve

 ($
M

) 

Li
ke

ly
 =

 5
0%

 
U

nl
ik

el
y 

= 
20

%
 

H
ig

hl
y 

U
nl

ik
el

y 
= 

5%
 

%
1 

Th
e 

co
nd

iti
on

 a
ss

es
sm

en
t o

f T
R

EA
T 

fu
el

 
in

di
ca

te
s t

ha
t t

he
 fu

el
 m

us
t b

e 
re

pl
ac

ed
. T

he
 

lo
w

er
 b

ou
nd

 is
 a

ss
oc

ia
te

d 
w

ith
 re

pl
ac

em
en

t 
of

 te
n 

fu
el

 e
le

m
en

ts
 a

nd
 th

e 
up

pe
r b

ou
nd

 is
 

as
so

ci
at

ed
 w

ith
 re

pl
ac

em
en

t o
f 5

0 
fu

el
 

el
em

en
ts

.  

$1
 to

 5
M

 
U

nl
ik

el
y 

20
%

 
$1

.0
M

 

2 
Th

e 
TR

EA
T 

R
ea

ct
or

 T
rip

 S
ys

te
m

 (R
TS

) 
w

ill
 h

av
e 

to
 b

e 
re

pl
ac

ed
 in

st
ea

d 
of

 
re

fu
rb

is
he

d

$3
 to

 5
M

 
U

nl
ik

el
y 

20
%

 
$1

.0
M

 

3 
A

 c
ha

ng
e 

in
 e

xi
st

in
g 

qu
al

ity
 re

qu
ire

m
en

ts
 

fo
r t

he
 T

R
EA

T 
A

ut
om

at
ic

 R
ea

ct
or

 C
on

tro
l 

Sy
st

em
 (A

R
C

S)
 w

ill
 re

qu
ire

 c
om

pl
et

e 
re

-
de

si
gn

 o
f a

n 
of

f-
th

e-
sh

el
f s

ys
te

m
 

$3
 to

 5
M

 
U

nl
ik

el
y 

20
%

 
$1

.0
M

 

4 
R

e-
ev

al
ua

tio
n 

of
 T

R
EA

T 
SS

C
’s

 d
ur

in
g 

pr
ep

ar
at

io
n 

of
 th

e 
10

 C
FR

 8
30

-c
om

pl
ia

nt
 

D
SA

 re
su

lts
 in

 m
aj

or
 c

ha
ng

es
 to

 q
ua

lit
y 

an
d 

re
lia

bi
lit

y 
re

qu
ire

m
en

ts
 th

at
 im

pa
ct

s t
he

 
co

st
 o

f m
ul

tip
le

 sy
st

em
s  

$2
 to

 3
M

 
U

nl
ik

el
y 

20
%

 
$0

.6
M

 

5 
Ex

te
ns

iv
e 

se
is

m
ic

 u
pg

ra
de

s a
re

 re
al

iz
ed

 a
t 

TR
EA

T 
$2

 to
 3

M
 

H
ig

hl
y 

U
nl

ik
el

y 
5%

 
$0

.1
5M

 

6 
Th

e 
TR

EA
T 

C
on

tro
l R

od
 D

riv
es

 m
us

t b
e 

re
pl

ac
ed

 in
st

ea
d 

of
 re

-f
ur

bi
sh

ed
 

$1
 to

 3
M

 
U

nl
ik

el
y 

20
%

 
$0

.6
M

 

7 
Th

e 
cu

m
ul

at
iv

e 
im

pa
ct

 o
f u

ne
xp

ec
te

d 
ex

is
tin

g 
co

nd
iti

on
s e

nc
ou

nt
er

ed
 d

ur
in

g 
co

nd
uc

t o
f a

ss
es

sm
en

t a
nd

 re
fu

rb
is

hm
en

t 
ac

tiv
iti

es
 –

 tr
ac

ke
d 

an
d 

m
ai

nt
ai

ne
d 

in
 a

n 
on

-
go

in
g 

pr
og

ra
m

 ri
sk

 re
gi

st
er

 

$5
 to

 1
0M

 
Li

ke
ly

 
50

%
 

$5
.0

M
 



E-
3

R
is

k
N

um
be

r 
R

is
k 

D
es

cr
ip

tio
n 

C
os

t I
m

pa
ct

 

Pr
ob

ab
ili

ty
 

U
pp

er
 B

ou
nd

 o
f R

is
k 

Ev
en

t 
M

an
ag

em
en

t R
es

er
ve

 ($
M

) 

Li
ke

ly
 =

 5
0%

 
U

nl
ik

el
y 

= 
20

%
 

H
ig

hl
y 

U
nl

ik
el

y 
= 

5%
 

%
8 

U
nc

er
ta

in
tie

s a
ss

oc
ia

te
d 

w
ith

 su
cc

es
sf

ul
 

co
m

pl
et

io
n 

of
 o

pe
ra

tio
na

l r
ea

di
ne

ss
 

ac
tiv

iti
es

$5
 to

 1
0M

 
Li

ke
ly

 
50

%
 

$5
.0

M
 

To
ta

l T
R

EA
T 

R
is

k 
Ev

en
t M

an
ag

em
en

t R
es

er
ve

: 
$1

4.
4M

 
To

ta
l A

C
R

R
 R

is
k 

Ev
en

t M
an

ag
em

en
t R

es
er

ve
:1

$4
0.

8M
 

1.
A

C
R

R
 m

an
ag

em
en

t r
es

er
ve

 is
 c

al
cu

la
te

d 
fr

om
 th

e 
TR

EA
T 

M
an

ag
em

en
t R

es
er

ve
 (M

R
) u

si
ng

 th
e 

re
su

lts
 o

f t
he

 q
ua

lit
at

iv
e 

an
al

ys
is

 p
er

fo
rm

ed
 b

y 
th

e
al

te
rn

at
iv

es
 a

na
ly

si
s s

ub
je

ct
 m

at
te

r e
xp

er
ts

. T
he

 re
la

tiv
e 

co
st 

ris
k 

fo
r T

R
EA

T 
an

d 
A

C
R

R
 w

as
 0

.8
5 

an
d 

0.
76

 re
sp

ec
tiv

el
y 

an
d 

th
e 

ra
tio

 o
f t

he
 A

C
R

R
 a

nd
 T

R
EA

T 
co

st
 

ris
ks

 is
 0

.7
6/

0.
85

 =
 0

.8
9.

Th
e 

up
pe

r b
ou

nd
 o

f T
R

EA
T 

ris
k 

ev
en

t M
R

 is
 2

5.
7%

 o
f t

he
 T

R
EA

T 
R

TT
P 

co
st

 (T
R

EA
T 

M
R

 o
f $

14
.4

M
/ T

R
EA

T 
R

TT
P 

C
os

t o
f $

56
M

 *
 

10
0%

 =
 2

5.
7%

). 
Th

e 
up

pe
r b

ou
nd

 o
f A

C
R

R
 ri

sk
 e

ve
nt

 M
R

 is
 2

5.
7%

 *
 0

.8
9 

= 
22

.9
%

 o
f t

he
 A

C
R

R
 R

TT
P.

 T
he

 c
al

cu
la

te
d 

A
C

R
R

 M
R

 is
 2

2.
9%

 *
 $

17
8M

 =
 $

40
.8

M
.  



E-
4

Ta
bl

e 
E-

2.
 R

is
k 

ev
en

t D
O

E-
he

ld
 c

on
tin

ge
nc

y 
fo

r T
R

EA
T 

an
d 

A
C

R
R

 th
at

 is
 b

as
ed

 o
n 

ris
ks

 e
xt

er
na

l t
o 

th
e 

re
su

m
pt

io
n 

of
 tr

an
si

en
t t

es
tin

g 
pr

og
ra

m
. 

R
is

k
N

um
be

r 
R

is
k 

D
es

cr
ip

tio
n 

C
os

t
Im

pa
ct

 
($

M
)

Pr
ob

ab
ili

ty
 

U
pp

er
 B

ou
nd

 o
f R

is
k 

Ev
en

t D
O

E-
he

ld
 

C
on

tin
ge

nc
y 

($
M

) 

Li
ke

ly
 =

 5
0%

 
U

nl
ik

el
y 

= 
20

%
 

H
ig

hl
y 

U
nl

ik
el

y 
= 

5%
 

%
1 

Si
gn

ifi
ca

nt
 sc

op
e 

ch
an

ge
s d

riv
en

 b
y 

ch
an

gi
ng

 
in

te
re

st
s/

pr
og

ra
m

 n
ee

ds
 

$2
 to

 5
M

 
U

nl
ik

el
y 

20
 

$1
.0

M
 

2 
D

el
ay

s i
n 

re
ce

ip
t o

f f
un

di
ng

 th
at

 re
su

lt 
in

 
sc

he
du

le
 d

el
ay

s a
nd

 u
lti

m
at

el
y 

in
cr

ea
se

 
es

ca
la

tio
n 

$3
 to

 5
M

 
Li

ke
ly

 
50

 
$ 

2.
5M

 

3 
D

el
ay

s i
n 

re
ce

iv
in

g 
D

O
E 

ap
pr

ov
al

 fo
r n

uc
le

ar
 

sa
fe

ty
 d

oc
um

en
ta

tio
n 

$2
 to

 3
M

 
U

nl
ik

el
y 

20
 

$0
.6

M
 

4 
Pr

oj
ec

t p
ro

gr
es

s i
s c

ur
ta

ile
d 

by
 a

n 
in

ju
nc

tio
n 

re
su

lti
ng

 fr
om

 a
 c

ha
lle

ng
e 

to
 th

e 
N

EP
A

 
pr

oc
es

s 

$2
 to

 3
M

 
Li

ke
ly

 
50

 
$1

.5
M

 

5 
C

ha
ng

es
 to

 se
cu

rit
y 

ac
ce

ss
 re

qu
ire

m
en

ts
 

$1
 to

 2
M

 
U

nl
ik

el
y 

20
 

$0
.4

M
6

U
ne

xp
ec

te
d 

fo
rc

e 
m

aj
eu

re
 e

ve
nt

 (o
th

er
 th

an
 a

 
se

rio
us

 in
ju

ry
 o

r d
ea

th
, e

.g
., 

un
io

n 
st

rik
es

, 
se

ve
re

 w
ea

th
er

, n
at

ur
al

 d
is

as
te

rs
, o

r b
ru

sh
 

fir
es

), 
th

at
 re

su
lts

 in
 a

 w
or

k 
st

op
pa

ge
, t

he
n 

de
la

ys
 to

 th
e 

pr
oj

ec
t c

ou
ld

 a
ris

e,
 im

pa
ct

in
g 

co
st

 
an

d 
sc

he
du

le
 

$1
 to

 2
M

 
H

ig
hl

y 
U

nl
ik

el
y 

5 
$0

.1
M

 

7 
C

ha
ng

es
 to

 a
pp

lic
ab

le
 n

uc
le

ar
 sa

fe
ty

 
re

qu
ire

m
en

ts
 o

r t
he

 a
pp

ro
ve

d 
co

de
 o

f r
ec

or
d 

ar
e 

ex
pe

rie
nc

ed
 a

fte
r t

he
 p

ro
gr

am
 b

as
el

in
e 

is
 

es
ta

bl
is

he
d 

th
at

 re
su

lt 
in

 th
e 

ne
ed

 fo
r a

dd
iti

on
al

 
de

si
gn

 fe
at

ur
es

 o
r d

oc
um

en
ta

tio
n 

$1
 to

 2
M

 
U

nl
ik

el
y 

20
 

$0
.4

M
 

U
pp

er
 B

ou
nd

 o
f r

is
k 

ev
en

t D
O

E-
he

ld
 c

on
tin

ge
nc

y 
fo

r T
R

EA
T:

 
$6

.5
M

 
U

pp
er

 B
ou

nd
 o

f r
is

k 
ev

en
t D

O
E-

he
ld

 c
on

tin
ge

nc
y 

fo
r A

C
R

R
: 1

$1
8.

3M
1.

A
C

R
R

 D
O

E-
he

ld
 c

on
tin

ge
nc

y 
is

 c
al

cu
la

te
d 

fr
om

 th
e 

TR
EA

T 
D

O
E-

he
ld

 c
on

tin
ge

nc
y 

us
in

g 
th

e 
re

su
lts

 o
f t

he
 q

ua
lit

at
iv

e 
an

al
ys

is
 p

er
fo

rm
ed

 b
y 

th
e 

al
te

rn
at

iv
es

an
al

ys
is

 su
bj

ec
t m

at
te

r e
xp

er
ts

. T
he

 re
la

tiv
e 

co
st

 ri
sk

 fo
r T

R
EA

T 
an

d 
A

C
R

R
 w

as
 0

.8
5 

an
d 

0.
76

 re
sp

ec
tiv

el
y 

an
d 

th
e 

ra
tio

 o
f t

he
 A

C
R

R
 a

nd
 T

R
EA

T 
co

st
 ri

sk
s i

s 
0.

76
/0

.8
5 

= 
0.

89
.T

he
 u

pp
er

 b
ou

nd
 o

f t
he

 D
O

E-
he

ld
 c

on
tin

ge
nc

y 
fo

r T
R

EA
T 

is
 1

1.
6%

 o
f t

he
 T

R
EA

T 
R

TT
P 

co
st

 e
st

im
at

e 
(D

O
E-

H
el

d 
co

nt
in

ge
nc

y 
of

 $
6.

5M
/T

R
EA

T 
co

st
 e

st
im

at
e 

of
 $

56
M

 *
 1

00
%

 =
 1

1.
6%

). 
Th

e 
up

pe
r b

ou
nd

 o
f t

he
 D

O
E-

he
ld

 c
on

tin
ge

nc
y 

fo
r A

C
R

R
 is

 1
1.

6%
 *

 0
.8

9 
= 

10
.3

%
 o

f t
he

 su
m

 o
f n

ew
 c

on
st

ru
ct

io
n 

an
d 

m
is

si
on

 o
pe

ra
tio

ns
 su

pp
or

t f
or

 A
C

R
R

 (1
0.

3%
 *

 $
17

8M
 =

 $
18

.3
M

). 



E-
5

Ta
bl

e 
E-

3.
 C

os
t s

av
in

gs
 o

pp
or

tu
ni

tie
s f

or
 th

e 
TR

EA
T 

al
te

rn
at

iv
e.

#
C

os
t S

av
in

gs
 O

pp
or

tu
ni

ty
 D

es
cr

ip
tio

n 

R
an

ge
 o

f C
os

t 
Sa

vi
ng

s
O

pp
or

tu
ni

ty
 ($

M
) 

1 
In

st
ea

d 
of

 re
fu

rb
is

hi
ng

/re
pl

ac
in

g 
th

e 
en

tir
e 

re
ac

to
r c

on
tro

l s
ys

te
m

, l
im

it 
sc

op
e 

to
 re

fu
rb

is
hm

en
t o

f c
on

tro
l r

od
 d

riv
es

 
an

d 
re

pl
ac

em
en

t o
f  

th
e 

au
to

m
at

ic
 re

ac
to

r c
on

tro
l s

ys
te

m
 c

om
po

ne
nt

s t
ha

t c
an

 n
o 

lo
ng

er
 b

e 
m

ai
nt

ai
ne

d 
su

ch
 a

s 
m

ag
ne

tic
 ta

pe
 d

riv
es

, h
ar

d 
dr

iv
es

, a
nd

 c
on

tro
l b

oa
rd

s t
ha

t n
o 

lo
ng

er
 w

or
k 

 

$2
.0

M
 to

 $
6.

0M
 

2 
Li

m
it 

re
pl

ac
em

en
t o

f r
ea

ct
or

 c
on

tro
l r

oo
m

 c
om

po
ne

nt
s t

o 
th

os
e 

th
at

 c
an

 n
o 

lo
ng

er
 b

e 
m

ai
nt

ai
ne

d 
an

d 
re

fu
rb

is
h 

th
e 

re
ac

to
r c

on
tro

l b
ui

ld
in

g 
so

 th
at

 it
 c

an
 b

e 
oc

cu
pi

ed
 –

 in
st

ea
d 

of
 re

lo
ca

tin
g 

it 
to

 th
e 

or
ig

in
al

 re
ac

to
r c

on
tro

l b
ui

ld
in

g.
 

$2
.0

M
 to

 $
3.

0M
 

3 
R

ed
uc

e 
th

e 
co

ns
er

va
tis

m
 o

f t
he

 a
ss

um
pt

io
ns

 u
se

d 
to

 p
er

fo
rm

 se
is

m
ic

/s
tru

ct
ur

al
 a

na
ly

si
s o

f t
he

 1
5-

to
n 

cr
an

e.
 It

 is
 

an
tic

ip
at

ed
 th

at
 re

vi
se

d 
as

su
m

pt
io

ns
 (t

ha
t a

re
 st

ill
 c

on
se

rv
at

iv
e)

 w
ill

 in
di

ca
te

 th
at

 th
e 

cr
an

e 
su

pp
or

t s
tru

ct
ur

e 
do

es
 n

ot
 

re
qu

ire
 m

od
ifi

ca
tio

n 
to

 m
ee

t P
C

-2
 re

qu
ire

m
en

ts
.  

$0
.2

M
 to

 $
0.

3M
 

4 
A

pp
ly

 in
no

va
tiv

e 
st

af
fin

g 
st

ra
te

gy
 fo

r R
TT

P 
an

d 
su

bs
eq

ue
nt

 o
pe

ra
tio

ns
 su

ch
 a

s m
ul

tip
le

 fu
nc

tio
ns

 b
ei

ng
 p

er
fo

rm
ed

 b
y 

a 
si

ng
le

 p
os

iti
on

 
$2

.0
M

 to
 $

3.
0M

 

5 
In

te
gr

at
e 

G
TR

I (
LE

U
 c

on
ve

rs
io

n 
pr

og
ra

m
) m

od
el

in
g 

an
d 

an
al

ys
is

 w
or

k 
to

 e
ns

ur
e 

th
at

 sc
op

e 
pe

rf
or

m
ed

 is
 n

ot
 

du
pl

ic
at

ed
 a

nd
 is

 e
xe

cu
te

d 
as

 e
ff

ic
ie

nt
ly

 a
s p

os
si

bl
e 

$1
.0

M
 to

 $
2.

0M
 

6 
Pu

rs
ue

 a
lte

rn
at

iv
es

 fo
r u

pd
at

in
g 

th
e 

D
SA

 th
at

 e
lim

in
at

es
 th

e 
ne

ed
 fo

r a
 B

IO
 a

nd
 m

in
im

iz
es

 D
SA

 u
pd

at
e 

co
st

s (
i.e

., 
lim

it 
m

od
ifi

ca
tio

ns
 o

f t
he

 e
xi

st
in

g 
SA

R
 to

 c
or

re
ct

in
g 

de
fic

ie
nc

ie
s)

 
$1

.0
M

 to
 $

2.
0M

 

7 
A

cc
om

pl
is

h 
sc

op
e 

w
ith

 re
so

ur
ce

s f
ro

m
 B

EA
 p

ar
tn

er
 c

om
pa

ni
es

 (p
ar

tn
er

 c
om

pa
ni

es
 c

on
tri

bu
te

 in
te

lle
ct

ua
l p

ro
pe

rty
 

an
d 

la
bo

r, 
as

 a
pp

ro
pr

ia
te

) 
$2

.0
M

 to
 $

4.
0M

 

8 
Pe

nd
in

g 
su

cc
es

sf
ul

 a
cc

ep
ta

nc
e 

te
st

in
g,

 u
se

 e
xi

st
in

g 
fil

tra
tio

n/
co

ol
in

g 
sy

st
em

 (H
EP

A
 sy

st
em

) 
$0

.5
M

 to
 $

1.
0M

 
9 

Im
pl

em
en

t m
od

er
n 

co
m

m
un

ic
at

io
n 

te
ch

no
lo

gi
es

 to
 a

llo
w

 u
se

 o
f e

xi
st

in
g 

fib
er

 o
pt

ic
 c

ab
le

s t
o 

su
pp

or
t r

ea
ct

or
 

op
er

at
io

ns
, a

s n
ee

de
d 

– 
el

im
in

at
in

g 
th

e 
ne

ed
 to

 d
ig

 a
 tr

en
ch

 a
nd

 re
pl

ac
e 

ca
bl

es
 b

et
w

ee
n 

th
e 

TR
EA

T 
R

ea
ct

or
 B

ui
ld

in
g 

an
d 

th
e 

TR
EA

T 
R

ea
ct

or
 C

on
tro

l B
ui

ld
in

g 
 

$0
.5

M
 to

 $
1.

5M
 

10
 

Ev
al

ua
te

 n
ee

d 
fo

r s
ta

nd
by

 p
ow

er
 sy

st
em

s. 
A

s f
ea

si
bl

e,
 re

du
ce

 re
pl

ac
em

en
t o

f U
PS

 a
nd

/o
r d

ie
se

l g
en

er
at

or
(s

). 
$0

.2
M

 to
 $

0.
5M

 
11

 
C

on
tin

ue
 to

 m
ai

nt
ai

n 
th

e 
ex

is
tin

g 
ra

di
at

io
n 

m
on

ito
rin

g 
eq

ui
pm

en
t (

R
A

M
s a

nd
 C

A
M

s)
 a

s o
pp

os
ed

 to
 re

pl
ac

in
g 

th
em

. 
A

ls
o,

 u
se

 h
an

d 
fr

is
ke

rs
 fo

r b
ui

ld
in

g 
eg

re
ss

 in
st

ea
d 

of
 p

ro
cu

rin
g 

pe
rs

on
ne

l c
on

ta
m

in
at

io
n 

m
on

ito
rs

 (P
C

M
s)

.  
$0

.2
M

 to
 $

1.
1M

 

12
 

El
im

in
at

e 
in

st
al

la
tio

n 
of

 fi
re

 p
ro

te
ct

io
n 

sy
st

em
 in

to
 h

ig
h 

ba
y 

th
ro

ug
h 

ad
di

tio
na

l f
ire

 h
az

ar
d 

an
al

ys
es

 
$0

.3
M

 to
 $

0.
5M

 
R

an
ge

 o
f C

os
t S

av
in

gs
 O

pp
or

tu
ni

tie
s f

or
 T

R
EA

T:
 

$1
1.

9M
 to

 $
24

.9
M

R
an

ge
 o

f C
os

t S
av

in
gs

 O
pp

or
tu

ni
tie

s f
or

 A
C

R
R

1 :
$3

7.
9M

to
$7

9.
2M

1.
Th

e 
ra

ng
e 

of
 A

C
R

R
 c

os
t s

av
in

gs
 is

 c
al

cu
la

te
d 

fr
om

 th
e 

TR
EA

T 
co

st
 sa

vi
ng

s a
s f

ol
lo

w
s:

 T
he

 lo
w

er
 ra

ng
e 

TR
EA

T 
co

st
 sa

vi
ng

s o
f $

11
.9

M
 is

 2
1.

3%
 o

f t
he

 R
TT

P 
po

in
t

es
tim

at
e 

($
11

.9
M

/$
56

M
 =

 2
1.

3%
), 

th
e 

up
pe

r r
an

ge
 T

R
EA

T 
co

st
 sa

vi
ng

s o
f $

24
.9

M
 is

 4
4.

5%
 o

f t
he

 R
TT

P 
po

in
t e

st
im

at
e 

($
24

.9
M

/$
56

 =
 4

4.
5%

), 
th

e 
A

C
R

R
 lo

w
er

 ra
ng

e 
is

 2
1.

3%
 

of
 th

e 
A

C
R

R
 p

oi
nt

 e
st

im
at

e 
(2

1.
3%

 *
 $

17
8M

 =
 $

37
.9

M
, t

he
 A

C
R

R
 u

pp
er

 ra
ng

e 
is

 4
4.

5%
 o

f t
he

 A
C

R
R

 p
oi

nt
 e

st
im

at
e 

(4
4.

5%
 *

 $
17

8M
 =

 $
79

.2
M

).
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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 0 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. 


