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1. Charter  

Within its mission to reduce global danger from weapons of mass destruction, the Defense Nuclear 

Nonproliferation Program through the Office of Material Management and Minimization is responsible 

for the implementation of the U.S.ïRussia Plutonium Management and Disposition Agreement (PMDA), 

which commits both countries to dispose of at least 34 metric tons (MT) of weapon-grade plutonium each 

by irradiating it as mixed oxide (MOX) fuel or any other methods that may be agreed by the Parties in 

writing. 

Unanticipated cost increases for the MOX fuel approach prompted the Department of Energy, National 

Nuclear Security Administration (DOE/NNSA) to assess plutonium disposition strategies in 2013 and 

identify options for the out years. The Secretary of Energy formed the Plutonium Disposition Working 

Group (PWG) to critically examine costs of other potential options to complete the plutonium disposition 

mission. In April 2014 the working group released its findings in ñReport of the Plutonium Disposition 

Working Group: Analysis of Surplus WeaponȤGrade Plutonium Disposition Options.ò  This report 

discussed five options for disposal, including the current program of record:  

1. Convert the Plutonium to MOX fuel for use in commercial reactors (program of record) 

2. Irradiation of plutonium in fast reactors 

3. Immobilization with high level waste 

4. Downblend the plutonium with inert material and disposition in a geologic repository 

5. Deep borehole disposal 

Congress directed DOE/NNSA to task a Federally Funded Research and Development Center (FFRDC) 

to conduct an independent review of the PWG report. In December 2014, The Aerospace Corporation 

(Aerospace) was approached by DOE/NNSA to perform this review. Aerospace was asked to assess and 

validate the reportôs analysis and findings, and independently verify lifecycle cost estimates for the 

construction and operation of the MOX facility (Option 1) and the option to downblend and dispose of the 

material in a repository (Option 4). Aerospace was asked to assess programmatic factors affecting cost 

and schedule relating to areas of technical uncertainty and risk, including areas of technical readiness and 

the systems operations concept; accreditation/certification of new facilities and technologies to transition 

or dispose of weapon-grade plutonium and disposal execution processes and documentation; compliance 

with existing / potential future environmental regulations and modifications to international agreements; 

oversight and governance, agencies external to DOE which may affect certification, facilities 

construction, regulations to support monitoring; and issues regarding implementation of such selected 

alternatives, including regulatory and public acceptance issues, and interactions with affected states. 

This report addresses the independent assessments of Option 1 and Option 4. The independent 

assessments of Options 2, 3, and 5 will be covered in a subsequent report to be submitted to NNSA. 

The Aerospace Corporation maintains capabilities in building architecture, civil, structural, mechanical, 

and electrical engineering as applied to facilities concept development, planning (including cost), 

construction and operations. Aerospace regularly performs technical and risk assessments of large scale 

complex facilities developments for use for civil, commercial, and national security programs.  
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2. Executive Summary 

Aerospace assembled a team of knowledgeable experts in facilities development, cost and schedule, 

programmatic and technical risk assessment, nuclear power industry experience, and prior nuclear 

weapons complex experience to review the NNSA plans and infrastructure associated with Option 1, 

MOX Fuel and Option 4, Downblend. 

The assessment approach for this study is illustrated in Figure 1. The assessment started by first 

examining the 2014 PWG estimate. The Aerospace team examined in detail, through presentations and 

discussions with NNSA and contractor personnel, all elements of the PWG 2014 cost estimate, 

considering use of best practices and industry standard approaches to cost estimating, including cost-risk. 

Aerospace assessed the quality and completeness of the individual program element cost estimating 

products for the defined scope of work at the time of the 2014 PWG Estimate, relative to other program 

experience in facilities development. Aerospace reviewed data provided by the NNSA used in the grass-

roots estimates, analogy based estimates, and prior independent cost assessments. 

 

Figure 1. Four-step approach used to develop estimates. 

Next, Aerospace made an assessment of changes that have occurred since the 2014 PWG estimate was 

completed in 2013. This included examination of missing cost elements, changes in work scope, and 

updates to the project element estimates since the time of the 2014 PWG estimate. Cost increases due to 

known delays in the program and the associated cost escalation due to inflation in the out-years were also 

estimated. These changes were then added to the original 2014 PWG estimate to create a new ñbaselineò 

from which to assess programmatic risk. 

In the third step of the assessment process, Aerospace performed a cost-risk assessment of the work scope 

associated with options 1 and 4, including the changes noted above. Risks were identified for both the 

capital and construction projects associated with the Mixed Oxide Fuel Fabrication Facility (MFFF) or 

downblending facility, and other key program elements, such as the MOX Fuel Irradiation, Feedstock, 

and Transportation Program (MIFT).  Costïrisk drivers were identified in terms of likelihood, range of 

potential consequence (cost impact), and the time-frame relative to the program lifecycle when the risk 

could be realized. Aerospace performed a probabilistic cost risk sensitivity analysis to assess the potential 

impact to the life cycle cost-to-go, and developed an estimate of the program cost contingency going 

forward, at the 85th percentile confidence level. 

In the final step of the assessment process, Aerospace applied fixed real-year cost-caps to capital and 

construction elements of the program in order to assess impacts of a constrained budget on the program 

timeline. Two scenarios were assessed:  the 2014 PWG estimate, which used 500M RY$/year, and an 

estimate of the minimum cost cap needed to complete the program. Application of the cost caps resulted 

in delays to the completion of construction and operations, and resulting cost escalation, relative to the 

2014 PWG estimate. 

Aerospace also conducted a qualitative assessment of other relevant factors that discriminate between 

options. These factors include accreditation/certification of new facilities and technologies to transition or 

dispose of weapons grade Pu, and disposal execution processes and documentation; compliance with 

existing and potential future environmental regulations and modifications to international agreements; 
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oversight / governance, agencies external to DOE which may affect certification, facilities construction, 

regulations to support monitoring; and regulatory and public acceptance issues regarding implementation 

of such selected alternatives, including interactions with affected States. 

Table 1 summarizes the results of the cost assessment. For the MOX Fuel Option, the 2014 PWG report 

estimate cost-to-go is 25.1B RY$ (18.6B FY14$). Adding known changes to the program since the time 

of the estimate, which include the costs of program delays, results in 30.7 $B (21.3B FY14$) cost-to-go.  

Additional cost contingency determined through the risk-sensitivity analysis and application of the 

$500M RY$/year cost cap used in the 2014 PWG estimate increases the total lifecycle cost-to-go to 47.5B 

RY$ (27.2B FY14$).  In a similar fashion, for the Downblend Option, the total lifecycle cost-to-go with 

identified changes to the 2014 PWG estimate and risk sensitivity analysis is 17.2B RY$ (13.1B FY14$). 

Table 1 includes costs for the capital and construction projects associated with options 1 and 4, and other 

key program elements needed to complete the plutonium disposition mission, such as MIFT. MIFT cost-

to-go over the lifecycle of the program is 16.5B RY$. 

Application of the cost cap results in increased time to compete MFFF construction and an increase in 

cost-to-go in real year dollars. This is due to additional costs for maintaining the Waste Solidification 

Building (WSB) and program management and integration functions during the additional years required 

to complete MFFF construction, and escalation over the lifecycle of the program due to inflation. 

It was determined that the minimum cost cap on capital and construction to complete the MFFF 

construction was approximately 375M RY$/year. In FY14, the MFFF construction was funded at ~350M 

RY$/year. The application of a 375M RY$/year cost cap increases the total lifecycle cost-to-go to 110.4B 

RY$ (29.8B FY14$). 

Table 1. Summary Cost-To-Go Estimate for Options 1 and 4 

 

Note that for the MOX Fuel Option, costs for MFFF shutdown to a safe state at end of operations are 

included in this assessment. However, this study did not assess MFFF decommissioning and demolition 

(D&D) and return to green field.  

Section 3 of this report provides an overview of Options 1 and 4. Section 4 describes the review of the 

2014 PWG estimate and associated findings. Section 5 documents the assessment of the changes to the 

program since the time of the 2014 PWG estimate, and quantifies those in terms of cost. Section 6 

provides a discussion of the risk sensitivity analysis process, identified risks and their cost impacts. 
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Section 7 presents the effects on overall lifecycle cost-to-go as influenced by cost caps, and includes cost 

profiles for option 1 and 4. Section 8 provides the updated estimate of the cost-to-go. Section 9 discusses 

the qualitative assessment factors, and Section 10 provides summary findings of the study. 

Summary findings of the study are: 

¶ Under the 500M RY$ / year cost cap on the Mixed Oxide Fuel Fabrication Facility (MFFF) 

capital and construction assumed in the 2014 PWG estimate, the total cost-to-go for the MOX 

Fuel Option is 47.5B RY$ (85% confidence cost contingency). The MOX Fuel Irradiation, 

Feedstock, and Transportation Program (MIFT) and other costs are 400-500M RY$ / year, 

including cost contingency starting in FY2017. MFFF operations costs are 1100-1300 M RY$ / 

year, starting in 2044. The MOX Fuel Program completion is ~ FY2059. 

¶ The MFFF construction cannot be completed at current (FY14) funding level (350M RY$ / year 

cost cap on construction/capital) and the assumed escalation rates (4% construction and capital, 

2% labor). The minimum cost cap on capital and construction to complete the MFFF construction 

is approximately 375M RY$/year, and results in completion of construction in FY2100, and a 

total cost-to-go of 110.4B RY$ (85% confidence cost contingency) for the MOX Fuel Program. 

Annual operations costs are > 3.0B RY$ / year. The MOX Fuel Program completion is in ~ 

FY2115. 

¶ The Downblend Option project cost-to-go is 17.2B RY$ (85% confidence cost contingency). 

Downblend construction and operations costs are 100-200 M RY$ / year, under the timeline 

assumed in the 2014 PWG estimate. MIFT and other costs are 400-500 M RY$ / year, with cost 

contingency, during feedstock production. Program completion is ~ FY2049. 

¶ In comparing MOX Fuel and Downblend Options, there is a large difference in total lifecycle 

cost-to-go at any cost-risk confidence level. There is no cost-risk confidence level in the 

assessment where the MOX Fuel Option lifecycle cost-to-go is less than the Downblend Option. 

¶ 2014 PWG cost estimates were done in a manner consistent with best practices and industry 

standards for cost estimating. 

¶ Program-level cost contingency in the 2014 Plutonium Working Group (PWG) estimate is 

underestimated. Contingencies are based on lower level technical risks, and do not consider 

program element dependencies and interactions. There is uncertainty in the remaining work 

scope. 

¶ Program delays to the MOX Fuel Program, realized thus far, result in ~ 4.3 $B RY increase from 

2014 PWG estimate. 

¶ Program delays to MIFT, realized thus far, result in ~ 1.5 $B RY increase from 2014 PWG 

estimate. 

¶ For the MOX Fuel Option, the majority of risk is related to the uncertainties in MFFF 

construction, start of operations, and feedstock and MOX Fuel production rates. 

¶ The Downblend Option is lower in risk than the MOX Fuel Option. The largest risk is the 

uncertainty in the feedstock production rate. 

¶ An opportunity exists to reduce cost and program complexity for Option 1 or 4 by consolidating 

the steady state feedstock production into a single product line. 
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3. Disposition Options Overview 

Top-level program work flow diagrams were constructed in order to organize the quantification process 

for each option and assist the process of assessing and quantifying risk. The MOX Fuel program 

workflow (Figure 2) starts with plutonium pits being transferred from the Pantex (PTX) facility to Los 

Alamos National Laboratory (LANL) for disassembly. At that point, the conversion of the material to a 

mixed oxide is divided into three separate product lines:  

¶ Plutonium is packaged in dissolvable containers at LANL and shipped to Savannah River Site 

(SRS) for dissolution in the H-Canyon facility. The plutonium is then extracted from the solution 

as an oxide in the HB-Line facility. Non-pit plutonium stored in K-area is also processed through 

the H-Canyon dissolution and HB-Line oxidation processes. 

¶ Plutonium metal is converted to a mixed oxide at the LANL PF-4 facility using muffle furnaces 

or specialized direct metal oxide (DMO) furnaces and then shipped to SRS for entry into the 

MOX fuel fabrication process. 

¶ Plutonium metal is prepared and shipped to SRS for oxidation in specialized DMO furnaces to be 

installed in the MFFF facility, once complete. 

The three product lines converge in MFFF, where it then undergoes aqueous processing, and is combined 

with depleted uranium oxide and fabricated into fuel pellets and ultimately fuel assembly rods for use in 

commercial nuclear reactors. Waste products from the MFFF processing are transferred to the Waste 

Solidification Building (WSB) for conversion to a form suitable for disposal. The MOX Fuel Option 

fulfills its mission when the fabricated fuel rods are burned in commercial reactor such that the residual 

plutonium is difficult to recover. 

 

Figure 2. MOX fuel program workflow. 
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The Downblend program workflow (Figure 3) starts with plutonium pits transferred from PTX to LANL 

where they are disassembled and divided into two product lines: 

¶ Packing plutonium in dissolvable containers at LANL for dissolution at SRS H-Canyon and 

conversion to an oxide with the existing supply of non-pit plutonium stored in K-area. 

¶ Conversion of plutonium to mixed oxide at LANL using muffle furnaces and/or specialized DMO 

furnaces. 

The two product lines converge at SRS, where the mixed oxide is combined in small amounts with a large 

amount of inert material, significantly reducing the mass and volumetric fraction of plutonium in the 

downblended material. The downblended material is then packaged and transported to a geologically 

stable underground repository for disposition. 

 

Figure 3. Downblend program workflow. 
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4. Assessment of the PWG 2014 Cost Estimate 

 

Figure 4. Step 1 of four-step approach, assessment of 2014 PWG estimate. 

The first step in the evaluation process was to assess the existing estimate in the 2014 PWG report. On 

January 13-15, 2015, NNSAôs Office of Material Management and Minimization (NA-23) organized a 

series of briefings for the team at NNSA Headquarters, detailing the options with supporting cost and 

technical data. Mr. William Kilmartin, Director, Office of Material Disposition, and his staff provided a 

detailed overview on the MOX Fuel Irradiation, Feedstock, and Transportation (MIFT) lifecycle. Ms. 

Sachiko McAlhany, Senior Technical Advisor, Office of Material Management and Minimization, gave a 

program overview and discussed the Plutonium Disposition Infrastructure Program (PDIP) costs. Richard 

Person, Office of Enterprise Project Management, Project Planning and Execution, discussed cost 

modeling of the MOX project. Mr. Matt Crozat, Senior Policy Advisor, Office of Nuclear Energy, 

presented materials on the Advanced Disposition Reactor (ADR), and Dr. John Herczeg, Deputy 

Assistant Secretary for Fuel Cycle Technologies, Office of Nuclear Energy discussed ongoing R&D 

efforts for deep borehole disposal option. 

On January 27-29, 2015, NA-23 organized a series of briefings and tours at Savannah River Site. Ms. 

Jean Ridley, Director of Waste Disposition Programs Division, Savannah River Operations Office, led the 

team on a tour of the Defense Waste Processing Facility (DWPF). Mr. James Dollar, Program Manager, 

Savannah River Nuclear Solutions (SRNS), presented an overview of Alternate Feed Stock 2 (AFS-2) 

program. Ms. Terri Williams, Environmental Management Operations, SRNS, provided a cost overview 

of H-Canyon and HB-line. Ms. Janice Lawson, Manager of L-Area and K-Area Project Operations, 

SRNS, led the team on a tour of K-Area. Mr. H Allen Gunter, DOE Senior Technical Advisor, Nuclear 

Materials Stabilization, briefed the downblending and disposal option. Terri Williams of SRNS provided 

a cost overview of K-Area, and Mr. William Bates of Nuclear Materials Management Programs, SRNL 

presented material on the ADR option. Security overviews and force cost estimates were presented, 

including vulnerability upgrades. Mr. Scott Cannon, Federal Project Director for the MFFF Facility, led a 

tour of the MFFF. A tour of the Waste Solidification Building (WSB) was led by Mr. Thomas Cantey, 

Federal Project Director, WSB. Ms. Sue King, Vice President of Project Operations, MOX Services LLC, 

presented the MOX operations cost basis, current MFFF project status, and a summary of MFFF technical 

and cost risks. A VTC was held with Carlsbad Field Office and EM-HQ. 

On February 10-11, 2015, NA-23 organized a series of briefings and tours over a two-day period at Los 

Alamos National Laboratory. Ms. Julia Whitworth, Acting Program Manager for the LANL Oxide 

Production Program, presented an overview of the ARIES plutonium disposition project. Mr. Mark 

Dinehart, Program Director, Plutonium Facility-4 Readiness, presented an overview of the Steady State 

Feedstock Project, and Dr. Drew Kornreich, LANL Process Modeling and Analysis Group, presented an 

accompanying briefing on steady state facility approach and associated cost estimates. A detailed tour of 

Plutonium Facility-4 (PF-4) was organized, showing equipment and facilities used/to be used by the 

Advanced Recovery and Integrated Extraction System (ARIES) and the Steady State Feedstock Project 

(SSFP). Dr. Judy Eglin, Program Director, Plutonium Science and Manufacturing Directorate, presented 

the PF-4 facility cost recovery model, and Dr. James Ostic, Program Director, Integrated Program 

Management Office, gave an overview of programs using PF-4. 
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Reports and other documentation provided to Aerospace as part of this assessment are documented in 

Appendix A of this report. The Aerospace team first reviewed the high-level, time phased cost estimating 

data from the 2014 PWG estimate which integrated individual program element cost estimates from the 

MOX construction Project, and other on-going programs necessary for the MOX Fuel or Downblend 

Options to execute. These included funding lines for PDIP, MIFT, and Waste sustainment for the MOX 

Fuel program, as well as estimates for K-Area new facilities at SRS, for the Downblend Option. Data was 

traced from the top level integrated estimate to the individual program element costs estimates. Those 

estimates were reviewed by Aerospace cost and facilities development experts and assessed for quality, 

completeness, inclusion of cost-risk analysis where applicable, and use of industry standards and best 

practices in development of the estimates. Related analogy estimates and other independent estimates 

were also reviewed as part of this assessment. 

The assessment described herein falls within the description of the Type IV independent cost estimate 

(Sampling Approach) as described in the Department of Energy (DOE) Independent Cost Review (ICR) 

and Independent Cost Estimate (ICE) Standard Operating Procedures (SOP) Revision 1. The assessment 

begins with the activities needed for a reasonableness review, and also includes the identification of the 

key cost-risk drivers, which are defined as elements in the estimate whose sensitivity significantly 

impacts the total lifecycle cost-to-go. Assessments of cost-risk were conducted using the Aerospace 

Project Risk Evaluation Process (PREP), which is described in Section 6 of this report. Program level 

cost-risks that significantly influence the estimate are captured and discussed in section 6. 

Aerospace did not assess the scientific and technical aspects of the physics, chemistry, and metallurgy 

processes used in the conversion of pit and non-pit plutonium to an oxide feedstock, the MOX fuel 

fabrication process, or the downblend process. Aerospace did not assess the adequacy of the existing and 

proposed facilities to support the physics, chemistry, and metallurgy processes required by the MOX Fuel 

and Downblend Options. Aerospace did not conduct an independent grass-roots, parametric, or analogy 

based cost estimate on the individual project elements in the time available for this study. The updated 

cost estimate has not been reconciled with other estimates at the time of this report. 

Aerospace used cost estimating experts and published GAO cost estimating guidelines1 in the assessment 

of the quality of the cost estimates in the 2014 PWG estimate. Based on the expert review, the individual 

cost estimates developed for the program elements were done in a manner consistent with best practices 

for grass-roots cost estimating and/or parametric and analogy-based cost estimating. The methodologies 

applied were appropriate based on the maturity of the elements being estimated. Several of the estimates 

were formally documented to include the purpose, description of the work scope to be estimated, ground 

rules and assumptions, along with a description of the point estimate and a risk analyses. Other estimates 

were provided in the form of briefing charts and spreadsheets, which when discussed with the authors 

were determined to be sufficiently complete for the purposes of this study. There were a number of 

omissions from the original 2014 PWG estimate, including funding to support the depleted uranium 

supply, full understanding of the MFFF prime contractor scope of work going forward, and costs for 

completing systems and operational processes for WSB. These items and others were carried forward in 

the study and addressed later as risks. Specific cost elements that were preliminary at the time of the 2014 

PWG estimate were known by the NNSA and were identified to the team. The information provided 

addressed all but a small fraction of the cost items for the program. 

With respect to the fully integrated program estimate, individual program-element cost estimates were 

appropriately integrated into the program estimate. Multiple estimates were integrated and correctly 

phased in time, and all major cost elements for each option were captured. 

                                                 
1 GAO Cost Estimating and Assessment Guide Twelve Steps of a High-Quality Cost Estimating Process 
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While some of the program element estimates incorporated into 2014 PWG estimate included cost-risk 

reported at the 85th percentile confidence level, the integrated program estimate as a whole is 

underestimated. Cost contingency was identified primarily at lower program element-levels, but 

interdependencies and impacts on other program elements were not considered in the cost-risk analysis. 

Additionally, the remaining work scope associated with the project and program continues to be more 

fully defined since the time of the 2014 PWG estimate and several program elements have been updated. 

Therefore, the completeness of the work scope identified for each project/program element remains 

uncertain. Sufficient detail, however, is available in the 2014 PWG estimate for use as a point of 

departure in assessing changes since the original estimate and for performing a sensitivity analysis to 

assess program risk. 
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5. Assessment of Changes since Publication of the 2014 Report 

 

Figure 5. Step 2 of four-step approach, assessment of changes from 2014 PWG estimate. 

Next, changes that have occurred to the program since the completion of the 2014 PWG estimate in 2013 

were assessed. Known updates to individual program elementsô cost estimates were accounted for. The 

time required for decision-making, program re-baselining and ramp up for full MFFF construction were 

assessed to be no less than two years, with authorization to proceed assumed at the start of FY2016. This 

resulted in either a ramp up to the MFFF construction or starting the Downblend project no earlier than 

the start of FY2018. The team assessed separately that the earliest restart for MIFT was the start of FY17. 

The overall duration of construction, capital improvements and operations times for either option were 

held constant from the 2014 PWG estimate, which resulted in essentially extending the entire program 

schedule to the right by three years for MIFT for both options, and four years for MFFF and WSB re-start 

in the MOX Fuel Option. Costs associated with maintaining workforce, technical readiness and 

continuing MFFF construction at 2014 levels during these delays were included. Escalation costs in out-

years associated with the delays were also included. 

Figure 6 illustrates the schedule shifts for both the MOX Fuel and Downblend Options. Table 2 and Table 

3 capture the cost changes for the MOX Fuel Option and Downblend Option, respectively. Updated 

program element estimates for MIFT-related functions included H-Canyon Lifecycle Cost Estimate, the 

LANL Steady State Feedstock Production Program, and upgrades to the shipping and receiving facilities 

at PF-4. Changes due to program delays were by far the largest contributing cost factor, adding 

approximately 4.3B RY$ to MOX Fuel and 1.5B RY$ to the Downblend Option cost-to-go. 
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Figure 6. Program timelines with changes since the 2014 PWG estimate. 

Table 2. Updates to 2014 PWG Estimate for MOX Fuel Option 
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Table 3. Updates to 2014 PWG Estimate for Downblend Option 
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6. Identification and Quantification of Risks through Sensitivity Analysis 

 

Figure 7. Step 3 of four-step approach, assessment of additional cost-risk with sensitivity analysis. 

6.1 Risk Identification and Quantification Process 

Technical and programmatic risks for each option were identified, quantified, and converted to cost-risk 

using the Project Risk Evaluation Process (PREP) methodology developed by The Aerospace Corporation 

to independently assess program risks on complex space programs. PREP is used to assess the cost-risk of 

a space missions and facilities at various points in their development lifecycle, and to identify and assess 

the total cost impacts associated with technical and programmatic risks to a program. 

The PREP process utilizes expert assessment informed with technical data and analytical tools to estimate 

the likelihood and impact (range of cost threat) associated with a given risk, should it be realized. Typical 

technical inputs include concept and/or detailed design information, concepts of operation, system 

complexity descriptions, and materials and equipment lists. Typical programmatic inputs include work 

breakdown structure, cost profiles, and an integrated master schedule. Risks are ñmonetizedò through 

evaluating their cost to specific program elements and applying an appropriate range of labor and/or 

hardware costs. 

Technical and programmatic risks associated with interdependencies of the program elements in the 

MOX Fuel and Downblend options were identified and common risks were grouped together. 

Likelihoods were designated based on the level of maturity of the program element to which the risk 

applied, information on historical program performance, and technical information from the documents 

supplied at the site visits.  

The risk consequence was developed as a three-point range estimate, which included a lower bound 

minimum value, most likely (or average) value, and an upper bound maximum value. Values were 

selected as a fraction of the total cost associated with the program elements impacted by the risk. The 

values were based on expert assessment of operational, and programmatic factors, such as planned 

production durations and rates vs. realized production durations and rates, planned funding vs. realized 

budgets, and the range of uncertainty in facility availability estimates. Technical factors, such as 

construction and operations complexity, the degree of uncertainty in the number and cost materials, and 

degree of uncertainty in the remaining work scope to complete the program elements, were also used in 

determining the range of consequences. 

The range of consequences were considered within the constraints of the construction and operations 

durations assumed in the 2014 PWG estimate. Consequences were estimated in terms of the additional 

time duration needed to complete the activity. The time impacts were then converted to dollars by 

assessing the resources needed to recover the additional time needed, and complete the activity within the 

original duration of the activity. These estimates were determined using the annual per year costs 

associated with the affected program elements from the 2014 PWG estimate.  
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6.2 Cost Contingency Confidence Level 

Estimating uncertainty is a function of, but not limited to, the quality of the project scope definition, the 

current project life-cycle status, and the degree to which the project team uses new or unique 

technologies. Government agency cost estimating guidance was reviewed in order to determine the 

appropriate confidence level for reporting cost-contingency and total cost-to-go on DOE programs. DOE 

order 413.3b Appendix C states that risks for all capital asset projects should be analyzed using a range of 

70-90% confidence level upon baselining at CD-2, but if the project undergoes a baseline change, risks 

should be reanalyzed at a higher confidence level2,3.  

GAO cost estimating guidance4,5 points to 70-80% confidence on cost contingency as typical, but does 

not prescribe a fixed level, and leaves it to the discretion of the agency and the nature of the program 

being estimated. Air Force and DOD/OSD cost estimating guidance is similar6,7, with many DOD 

programs using 65% confidence level as a guideline in reporting cost contingency. NASA8 typically uses 

70% for estimating purposes and funds cost contingency at the 50% confidence level. 

A number of the elements in the 2014 PWG estimate were reported at an 85% confidence level. 

Therefore, for purposes of this report, and in order to remain consistent with the original 2014 PWG 

estimate, cost contingency is reported at the 85% confidence level, unless otherwise noted. 

6.3 Summary of Top Risk Drivers for the MOX Fuel Option 

The risk assessment process for the MOX Fuel Option resulted in 14 risks and one opportunity, listed in 

Appendix B. Figure 8 summarizes the relative ranking of each of the risks, in terms of their mean value, 

which is defined as the product of the risk likelihood and average cost impact from the three-point range 

estimate. All risks and opportunities were probabilistically combined through a Monte-Carlo process to 

provide a total risk-based cost contingency in dollars. At 85% confidence, total cost contingency is 

$11.1B RY$. The 2014 PWG estimate includes 2.5B RY$ in cost contingency for the MOX Fuel Option, 

so the addition of the risk factors increases the cost-to-go estimate of Option 1 by $8.6B.  

  

                                                 
2 DOE G 413.3-21 U.S. DEPARTMENT OF ENERGY Cost Estimating Guide Draft 6, 1-24-2011. 
3 Independent Cost Review (ICR) and Independent Cost Estimate (ICE) Standard Operating Procedures (SOP) Revision 1, 

Department of Energy. 
4 GAO 13-510T, Observations on Project and Program Cost Estimating in NNSA and the Office of Environmental Management. 
5 GAO Cost Estimating and Assessment Guide Twelve Steps of a High-Quality Cost Estimating Process. 
6 Operating and Support Cost-Estimating Guide, Office of the Secretary of Defense Cost Assessment and Program Evaluation, 

March 2014 (OSD CAPE). 
7 U. S. Air Force Cost Risk and Uncertainty Analysis Handbook, 2009. 
8 NASA Program Requirements (NPR 7120.5E). 
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The following eight risks are responsible for 95% of the total mean cost risk assessed for Option 1: 

1. Fuel Production Rate Lower Than Expected:  IF MOX Fuel production goals are not met during 

MFFF steady state operations, THEN additional resources will be required to maintain the 

planned fuel production schedule.  Likelihood: Highly Likely (75%). There are a number of 

events that could result in this risk being realized. Different fuel types will be required by 

different commercial utilities, and uncertainty exists in the associated requirements and 

production work scope to accommodate multiple fuel types. It is not clear to what extent this has 

been factored into the layout, equipment, workforce size, training, and operations for MFFF. 

Another concern is the potential for continued changes to the safety basis, or other policy and 

regulatory requirements, which may, over time, impact staffing levels, use automation, and 

facility certification. Uncertainty exists in the complexity and extent of automated production 

support systems and the associated uncertainty in staffing to operate and maintain these systems. 

There is also a dependency on the WSB operations to support steady state fuel production rates, 

and difficulties in WSB could impact production goals. Production target rates have not been 

previously demonstrated domestically. Uncertainty also exists in demonstrating MFFF fuel 

production processes, which are to be validated for the first time through initial hot operations. 

Uncertainty in the funding of out-year operations for MFFF may impact the ability to maintain 

production rates and adequately staff the facility. In recent years funding has been less than 

requested for both MFFF construction and the Feedstock Pilot Program, and therefore steady state 

fuel production rates may not be able to be realized. 

2. Feedstock Production Rate Lower Than Expected:  IF steady state feedstock production goals are 

not met during steady state operations, THEN additional resources will be required to maintain 

the planned feedstock production schedule. Likelihood: Highly Likely (75%). There are a number 

of events that could result in this risk being realized. Competition from other programs for 

physical space and shared infrastructure in PF-4 may affect material storage, staging, material 

processing and material transportation throughout the facility. There is also uncertainty in the 

operational availability for the PF-4 facility, and actual availability rates to forecasts going 

forward. Changes to the safety basis, policy, and regulatory requirements may impact staffing 

levels and operational processes. Uncertainty exists in the planning to transition to steady state 

production, which is a several-fold increase from the current target production rates in the 

feedstock production pilot program. Uncertainty also exists in the ability to validate steady state 

production processes and throughput rates through the feedstock pilot program. Uncertainty in the 

funding of out-year operations may impact the ability to adequately staff and maintain steady 

state production goals. 

3. MFFF Construction Cost Estimate Uncertainty and Cost Growth: IF the current MOX services 

construction costs increase beyond the point estimate, THEN additional resources will be 

required. Likelihood: Highly Likely (75%). Cost increases could come from several sources. 

Uncertainty in the remaining design work to go results in uncertainty in the remaining 

construction work scope to complete the project. Uncertainty exists in the number, unit cost, and 

availability of specialized materials and hardware. The level of complexity in construction 

activities associated with the remaining 40-60% of the work is greater than the work 

accomplished to date. Finish work on plumbing systems and equipment installation has to be 

done within fine tolerances and requires specialized trades skills, which may require additional 

time, workforce, and result in the need for re-work. Uncertainty exists in the work scope for the 

integration of automated systems, control systems, and software. Workforce attrition may occur 

for both general and specialized construction skills due to competition in the labor market.   
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4. MFFF Temporary Suspension of Operations: IF a determination is made to suspend operations at 

MFFF, THEN additional resources will be required due to a delay in completion of MOX fuel 

production. Likelihood: Near Certainty (90%). The potential for adverse consequences associated 

with operations on hazardous materials drives a strong culture of safety around nuclear 

operations. Operations may be temporarily suspended for a variety of reasons, as the safety 

oversight process continually evaluates the effectiveness of process and safety controls across the 

spectrum of operational activities in MFFF. The use of automation in the facilities adds a layer of 

safety at the expense of added complexity of the hardware used in performing the operations. 

This, combined with the length of duration of the production operations at steady state rates, may 

result in at least one temporary suspension of operations during the production period. 

5. MFFF Full Construction Restart Delay: IF the decision is not made by start of FY16 or other 

complications delay re-start of full MFFF construction, THEN additional resources will be 

required due to a delay in the first year of re-start execution. Likelihood: Likely (50%). 

Uncertainty exists in the replanning and rehiring ramp-up schedule until the program is 

reauthorized. The resource pool of qualified contractors, vendors, and other resources is already 

constrained, due to the skill level required for nuclear operations and competition from other 

nuclear project in the region. A further delay could see a further diminished resource pool. 

6. Feedstock Temporary Suspension of Operations:  IF a determination is made to suspend 

operations in facilities supporting feedstock production (PANTEX, LANL, SRNS, and the 

Portsmouth Facility), THEN additional resources will be required due to a delay in completion of 

the feedstock production program. Likelihood: Near Certainty (90%). Feedstock production 

operations may be temporarily suspended for a variety of reasons, as the safety oversight process 

continually evaluates the effectiveness of process and safety controls across the spectrum of 

operational activities in all facilities required for feedstock production, transportation, and storage 

prior to conversion to MOX fuel. This, combined with the length of duration of the feedstock 

production operations at steady state rates, may result in at least one temporary suspension of 

operations during the production period. 

7. SRS Overhead Cost Increases: IF overhead costs for MOX Fuel Production at SRS are higher 

than anticipated, THEN additional resources will be required. Likelihood: Highly Likely (75%). 

Uncertainty in the out-year costs to maintain shared services and infrastructure at SRS may result 

in increased costs to MFFF and WSB operations. 

8. Facilities and Infrastructure Lifecycle Sustainment (Recapitalization):  IF start of operations is 

delayed, THEN facilities, such as WSB, K-Area, and Portsmouth, may require additional 

resources to maintain their readiness or lay-up status, to replace aging or obsolete equipment, 

and to complete necessary preparations for startup. Likelihood: Near Certainty (90%). 

Uncertainty in WSB start-up costs and the year of startup are the primary drivers for this risk, 

however recapitalization will be required at Portsmouth and possibly K-Area as delays to the start 

of operations continue. In addition, there is some concern regarding equipment obsolescence at 

MFFF and in the MIFT program if MFFF construction delays continue and there is need for 

recapitalization prior to completion of construction and facility startup. 
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Figure 8. Cost-risk sensitivity drivers, option 1: MOX fuel. 
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6.4 Summary of Top Risk Drivers for the Downblend Option 

The risk and identification process for the Downblend Option resulted in 14 risks and two opportunities, 

listed in Appendix B. Figure 9 summarizes the relative ranking of each of the risks, in terms of their mean 

values. These items were probabilistically combined through a Monte-Carlo process to provide total risk 

exposure in dollars. At 85% confidence, cost contingency is $3.6B RY$. The following eight risks are 

responsible for 95% of the total mean cost risk assessed for Option 4: 

1. Feedstock Production Rate Lower Than Expected:  IF feedstock production goals are not met 

during steady state operations, THEN additional resources will be required to maintain the 

planned feedstock production schedule. Likelihood: Highly Likely (75%). There are a number of 

events that could result in this risk being realized. Competition from other programs for physical 

space and shared infrastructure in PF-4 may affect material storage, staging, material processing 

and material transportation throughout the facility. There is also uncertainty in the operational 

availability for the PF-4 facility, and actual availability rates to forecasts going forward. Changes 

to the safety basis, policy, and regulatory requirements may impact staffing levels and operational 

processes. Uncertainty exists in the planning to transition to steady state production, which is a 

several-fold increase from the current target production rates in the feedstock production pilot 

program. Uncertainty also exists in the ability to validate steady state production processes and 

throughput rates through the feedstock pilot program. Uncertainty in the funding of out-year 

operations may impact the ability to adequately staff and maintain steady state production goals. 

2. SRS Downblend Facility Start Delay: IF program decision is not made by start of FY16 or 

discussions on changes to the PMDA extend beyond 2018, THEN additional resources will be 

required due to the delay. Likelihood: Unlikely (25%). Uncertainty exists in the re-planning and 

rehiring ramp-up schedule until reauthorization of the program. Further, uncertainty exists in 

PMDA discussion depth and timeline required to adopt the Downblend Option. 

3.  Feedstock Temporary Suspension of Operations:  IF a determination is made to suspend 

operations in facilities supporting feedstock production (PANTEX, LANL, SRNL, and the 

Portsmouth Facility), THEN additional resources will be required due to a delay in the 

completion of the feedstock production program. Likelihood: Near Certainty (90%). Feedstock 

production operations may be temporarily suspended for a variety of reasons, as the safety 

oversight process continually evaluates the effectiveness of process and safety controls across the 

spectrum of operational activities in all facilities required for feedstock production, 

transportation, and storage prior to conversion to MOX fuel. This, combined with the length of 

duration of the feedstock production operations at steady state rates, may result in at least one 

temporary suspension of operations during the production period. 

4. Downblend Production Rate is Lower than Expected: IF the downblend production goals are not 

met during steady state operations, THEN additional resources will be required to complete the 

downblend production on schedule. Likelihood: Unlikely (25%). Changes to the safety basis, 

policy, or regulatory requirements, over time, may impact staffing levels, automation 

requirements, and facility certification. Uncertainty in the availability date for the disposition 

repository for the downblended material may impact the lblend production rate, however, K-Area 

may be available for temporary storage of the downblended material. Uncertainty in out-year 

operations funding may impact ability to adequately staff and maintain production rates. 
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5. Downblend Facility Temporary Suspension of Operations:  IF a determination is made to 

suspend operations at Downblend facility, THEN additional resources will be required due to a 

delay in completion of the downblend production program. Likelihood: Near Certainty (90%). 

Downblend material production operations may be temporarily suspended for a variety of 

reasons, as the safety oversight process over the downblend production line, and the K-Area 

facility continually evaluates the effectiveness of process and safety controls. Aside from the 

downblend production line itself, a decision to temporarily suspend other program activities in K-

Area may result in suspension of the downblend production line. 

6. Downblend Construction Cost Estimate Uncertainty and Cost Growth: IF the complexity of the 

glove boxes and other infrastructure to support the Downblend Option in K-area increase, THEN 

additional capital resources and staffing may be required to support design, installation, 

maintenance and production operations. Likelihood: Highly Likely (75%). Immaturity in the 

design and associated costs of downblend-option equipment and infrastructure in K-Area may 

result in cost growth. 

7. LANL Overhead Cost Increase: IF overhead costs for feedstock production at LANL are higher 

than anticipated, THEN additional funding will be needed. Likelihood: Unlikely (25%). 

Uncertainty in the out-year utilization for PF-4 space may result in increased costs (facility price 

per square foot) for programs using the facility. 

8. MFFF Project Termination Cost Uncertainty: IF MFFF contract termination and program close 

out costs exceed funds allocated in the 2014 PWG Estimate, THEN additional resources may be 

required. Likelihood:  Unlikely (25%). Legal challenges and economic and political impacts may 

result in delays in terminating the MOX Fuel program, as well as uncertainty in subcontract 

penalties, damage payments, and payments for long-lead items. 

 

Figure 9. Cost-risk sensitivity drivers, option 4: downblend. 
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6.5 Opportunities 

Earlier in the MOX Fuel program, plutonium oxide feedstock production was thought to be on the critical 

path, lagging behind MFFF construction. In order to regain schedule, three different feedstock production 

processes were planned (shown in Figure 2). With the current delays to MFFF construction, feedstock 

production is no longer a critical path item, which creates an opportunity to consolidate the steady state 

feedstock production into a single oxide production line at LANL after the completing the dissolution and 

oxidation of non-pit plutonium in storage in K-area at SRS. This opportunity for cost savings was 

included in the PREP analysis for both the MOX Fuel Option (Figure 8) and the Downblend Option 

(Figure 9). 

A second opportunity exists for the Downblend Option to save costs associated with the milling, blending 

and assay of the feedstock batch lots produced at LANL . Since the feedstock in the Downblend Option is 

no longer destined for MOX fuel fabrication, the level of quality control rigor and documentation on each 

batch lot can be significantly relaxed. This opportunity for cost savings was included in the analysis for 

the Downblend Option. 

6.6 Cost Risk 

Risks are probabilistically combined through a Monte-Carlo process to provide total risk exposure to the 

program in dollars. Each risk is considered to be independent from the others. For each risk, the first draw 

in the Monte-Carlo process is on likelihood. If the draw is successful then the second draw, on impact, is 

done by randomly sampling a triangular probability density function defined by the three-point range 

estimate described above for the given risk. The results are summed across all risks and then binned by 

likelihood. 10,000 draws are made on each risk in the Monte-Carlo process to produce the cumulative 

cost-risk distribution function or ñS-curve.ò  The S-curve is then summed with the changes identified in 

original 2014 PWG estimate, accounting for contingency already included in the original estimate. 

The results of the cost-risk sensitivity analysis are shown in Figure 10 for MOX Fuel and Downblend 

Options. The numbers in this figure do not include the cost increases associated with the application of 

cost caps to MFFF construction, which will be addressed in the next section of this report. The figure 

shows cost-to-go for cost confidence levels associated with (1) updates due to changes since 2014 PWG 

Estimate (in the ~10th %-tile), (2) 70%-tile confidence cost contingency, and (3) 85%-tile confidence cost 

contingency. 85% confidence cost contingency results in 36% cost contingency for MOX Fuel and 27% 

for Downblend on the total lifecycle cost-to-go, including operations. The initial 2014 PWG estimate 

carried 10% cost contingency on MOX Fuel Program. In comparing the MOX Fuel and Downblend 

Options, Figure 10 illustrates the large difference between the options at any cost-risk confidence level. 

There is no cost-risk confidence level in the assessment where MOX Fuel program lifecycle cost-to-go is 

less than the Downblend Option. 
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Figure 10. Comparison of total lifecycle cost-to-go before application of cost caps to MFFF construction. 
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7. Assessment of Cost Caps on Cost Profile 

 

Figure 11. Step 4 of four-step approach, apply RY $ fixed cost cap. 

The previous section described the development of the total cost-to-go at the 85% confidence level for 

Option 1 and Option 4, based on the 2014 PWG estimate timeline with adjustments for the delays that 

have been realized to date. Year-after-year cost profiles were constructed for the following cost capped 

scenarios: 

1. Option 1 cost profile with a 500M RY$ / year cost cap during MFFF construction (Figure 12) 

2. Option 1 cost profile with a 375M RY$ / year cost cap during MFFF construction (Figure 13). 

375M RY$ represents the minimum cost cap to complete the MFFF construction, given 

assumptions on cost confidence level, and escalation factors. 

3. Option 4 cost profile (Figure 15). Option 4 construction and capital costs do not exceed 200M 

RY$ / year and therefore the 375M and 500M RY$ /year cost caps are not applied. 

Several key assumptions were made in the construction of the cost profiles. An 85th percentile confidence 

estimate was used on cost-to-go. It should be noted that small changes in the cost confidence level can 

have large impacts on the total lifecycle cost-to-go for programs that have very long lifecycles and are 

subject to cost caps. These programs experience an amplification of the effects of cost escalation in RY$. 

For example a 15% change from 70% to 85% confidence level results in a 4.2B RY$ increase to the 

MOX Fuel Program under the 500M RY$ / year cost cap assumed in the 2014 PWG estimate. 

The shape of the cost profile for MIFT and MFFF operations is scaled from the 2014 PWG estimate and 

was not replanned to match an ideal profile. The WSB lay-up period was extended for the MOX Fuel 

Option to maintain consistency with delays to the MFFF operations start. Program management and 

integration costs were also extended and a 10% penalty was applied to account for additional labor for on-

going replanning.  

In all cases, the MIFT costs were not constrained to a cost cap, and the feedstock production duration was 

assumed to be the same as used in the 2014 PWG estimate (19 Years). For the MOX Fuel Option, MFFF 

operations were not constrained to a cost cap, and the MOX Fuel production duration was assumed to be 

same as used in the 2014 PWG estimate (15 Years). For the Downblend Option, the downblend 

production duration was also assumed to be the same as used in the 2014 PWG estimate (29 years). A 4% 

escalation on construction/capital and a 2% escalation on program labor and operations were applied. 

The effects of funding caps on the MOX program are significant. Examining the cost profiles for Option 1 

shows the $500M RY / year cost cap during MFFF construction increases the total cost-to-go to 47.5B 

RY$, and extends the task completion date to FY2059. (Figure 12)  A reduction in the MFFF construction 

cost cap from $500M/year to $375M/year increases the total cost-to-go to 110.4B RY$ and extending the 

completion date to FY2115. (Figure 13) 
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Figure 12. Cost profile, option 1: MOX fuel, $500M RY/YR cap on MFFF construction. 

 

Figure 13. Cost profile, option 1: MOX fuel, $375M RY/YR cap on MFFF construction. 
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Figure 14 illustrates that MFFF construction cannot be completed under a 350M RY$ / year cost cap 

using the 85th percentile cost with 4% and 2% escalation on construction/capital and labor, respectively. 

In the figure, the Y-axis represents the accumulation of value in M FY14$ associated with annual 

expenditures of 500, 425, 375, 350 and 300 M RY$ / year. As can be seen, approximately 9400M FY14$ 

is required to complete MFFF construction at 85% confidence. As real-year dollars are added each year, 

inflation begins to reduce the $FY14 value of each following year. Below about 375M RY$ / year, 

inflation overwhelms the value of money in the out-years, making it impossible to achieve the needed 

value in FY14$. 

 

Figure 14. Option 1: MFFF construction cost-to-go FY14$ compared to a series of constant RY$/year cash flows. 
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The Option 4 cost profile is not subject to cost caps on construction/capital, with the program being 

executed without similar penalties in completion date or increases in cost-to-go. (Figure 15) 

 

Figure 15. Cost profile, option 4: downblend. 

  














































