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1. Charter

Within its mission to reduce global damgem weapons of mass destruction, the Defense Nuclear
Nonproliferation Program through the Office of Materighhgement and Minimizatiag responsible

for the implementation of the UiSRussia Plutonium Management and Disposition Agreement (PMDA),
which commits both countries to dispose of at leashdtic tons KMT) of weaporgrade plutonium each
by irradiating it as mixed oxide (MOX) fuel or any other methods that magreed by the Parties in
writing.

Unanticipated cost increases for the MOX fapproach prompteithe Department of Energy, National

Nuclear Security AdministratiorDOE/NNSA) to assess plutonium disposition strategies in 2013 and

identify options for the out year§he Secretary of Energy formed the Plutonium Disposition Working

Grouw (PWG)to critically examine costs of other potential options to complete the plutonium disposition
missionl n  Apr i | 2014 the working group released its f
Working Group: Analysis of Surplus Weagh@rade Pl ni um Di sposition Options.
discussed five options for disposal, including the current program of record:

Convert the Plutonium to MOX fuébr use incommerciakeactors (program of record)
Irradiation @ plutonium in fast reactors

Immodhilization with high level waste

AP w DN PRE

Downblend the plutonium with inert material and disjtion 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 independemtview of the PWG reportin December 2014, The Aerospace Corporation
(Aerospaceyvas approached by DOE/NNSA to perform this reviderospace was asked to assess and
val i date t he r e mgsrandinslependeatly yediifecycleaosteestiiatesrfod the
construction and operation of the MOX facility (Optibnandthe option to dowblend and dispose of the
material in a repository (Option .4)erospace was askeddssess programmatic factaffecting cost

and schedule relating to areagexfhnical uncertainty and risk, includiageas otechnical readiness and
the systems operations congegatcreditation/certification of new facilities and technologietsansition

or dispose of weapegrade plutoniunanddisposal execution processesl atbcumentationcompliance
with existing/ potential future environmental regulations anddifications to international agreements
oversight and governance, agencies external to DOE which may affect certification, facilities
construction, regulations gupport monitoring; and issues regarding implementation of such selected
alternatives, including regulatory and public acceptance issues, and interactions with sfieeted

This report addresses the independent assessaofiédsion1 and Option 4The independent
assessments of Options 2, 3, anglilbbe covered in a subsequent report tsshbmitted to NNSA

The Aerospace Corporation maintains capabilities in building architecture, civil, structural, mechanical,
and electrical engineering as appliedacilities concept development, planning (including cost),
construction and operatianserospace regularly performs technical and risk assessments of large scale
complex facilities developments for use for civil, commercial, and national securinapreg



2. Executive Summary

Aerospacassembled eeamof knowledgeablexperts in facilities development, cost and schedule,
programmatic and technical risk assessnmantlear power industry experience, and prioreaic
weapons complex experienttereview the NNSA plans and infrastructuassociated with Option 1,
MOX Fuel and Option 4, Downblend.

The assessmeapproach for thistudy is illustrated ifrigure1l. The assessment startedflrgt

examining the 2014PWG estimateThe Aerospace team examined in detail, through presentations and
discussions with NNSA antbntractompersonnelall elements of thBWG 2014 cost estimate

considering use of best practices and industry standard approaches to cost gstimohiting costisk.
Aerospace assessed the quality and completeness of the individual prizgnemt €ost estimating
productsfor the defined scope of work at the time of the 2014 PWG Estimate, relative to other program
experience in facilities devgdmnent. Aerospace reviewed data provided by the NNSA used in the grass
roots estimates, analogy based estimates, and prior independent cost assessments.

Assessment of Assessment of Assessment of Apply RY Updated
2014 PWG Changes From Additional Cost- -> $ Fixed | _ Estimate
Estimate + 2014 PWG + Risk w/ Sensitivity CostCap | — Cost to Go
Estimate Analysis (FY14 Forward)

Figurel. Fourstep approach used to develop estimates

Next, Aerospace madan assessment ofianges that have occurred since the 2014 PWG estimate was
completedn 2013 This includedexamination ofnissing cost elements, changes in work scope, and
updates to the project element estimates since the time of the 2014 PWG e€listatecreases due to
known delays in the program and the associated cost escalaéda inflationin the outyearswerealso
estimatedThese changes were then added to the original 2014 PWG estimate to creafibasptng
from which to assess prnagnmatic risk.

In the third step of the assessment procksegyspaceerformeda costrisk assessment of the work scope
associated with options 1 andidcluding the changes noted aboRésks were identified foboth the
capitalandconstructiorproject associatedith theMixed Oxide Fuel Fabrication FaciligviFFF) or
downblendingacility, andother key program elementsjch as th#10X Fuel Irradiation, Feedstock,

and Transportation PrograflIFT). Costi risk drivers were identified in terms of likeood, range of
potential consequence (cost impaat)dthetime-frame relative to the program lifecycle when the risk
couldbe realizedAerospace performedmobabilisticcost risk sensitivity analysis to assess the potential
impact to the life cycleostto-go, and developdan estimate of the prograrost contingencgoing

forward, at the 85percentile confidence level

In the final step of the assessment proc&esospace appliefixed reatyearcostcapsto capital and
construction elements dfi¢ program in order to assess impacts of a constrained budget on the program
timeline Two scenarios were asseds¢he 2014 PW@stimate, which useaDOM RY$/year, and an
estimate of the minimum cost cap needed to complete the profypatication of thecost capsesulted

in delays tahe completion otonstruction andperationsandresultingcost escalation, relative to the

2014 RNG estimate.

Aerospace also conducted a qualitative assessment ofelinantfactorsthat discriminate between
options These factors includeccreditation/certification of new facilities and technologies to transition or
dispose of weapons grade Pu, and disposal execution processes and ddionmemigpliance with

existing andootential future environmental regulaticensd modifications to international agreements



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 affiécted States.

Tablel summarizeshe results of the cost assessmEnt the MOX Fuel Option, the024 PWGreport
estimate costo-go is 25.1BRY$ (186B FY14$) Adding known change® the progransince the time

of the estimatewhich include the costs of program delagsults in 30.7 $§21.3B FY14$)costto-go.
Additional cost contingencdetermined through the risdensitivity analysis and appligan of the

$500M RY$/year cost capsed in the 2014 PWG estimatereases the total lifecycle cestgo to 475B
RY$ (272B FY14$) In a similar fashion,dr the Downblend Optigrihe total lifecycle costo-go with
identified changes to the 2014 PW8&imate and risk sensitivity analysis is 17.2B RY$ (13.1B FY14$).

Table 1 includes costs for tikapital and construction projects associated with options 1 and 4, and other
key program elementseeded to complete the plutonium disposition mission, subhF&E. MIFT cost
to-go over the lifecycle of the program is 16.5B RY$.

Application of the cost capesults in increased time to compete MFFF construction and an increase in
costto-go in real year dollar§ his is due to additional costs for maintaining iWasge Solidification
Building (WSB) andprogram management and integration functions duringdléionalyearsrequired

to complete MFFF constructioand escalationver the lifecycle of the progradue to inflation.

It was determined that the minimurost cap on capital and construction to complete the MFFF
construction was approximately 375M RY$/ydarFY 14, the MFFF construction was funded at ~350M
RY$/year.The application o& 375M RY$/yeacost cap increases the total lifecycle eosgo to 1D.4B
RY$ (29.8B FY14%$)

Tablel. Summary Cosfro-Go Estimate for Options 1 and 4

Plutonium Working Assessment of Assessment of Cost-Risk Drivers Through
Group (PWG) 2014 Changes Since PWG Sensitivity Analysis
Report Estimate 2014 Report Estimate (85th Percentile Confidence)
Costto-Go Fv14 + Changes + Cost Risk = Updated Estimate
Forward
500M RY$/Yr Cap on ~375M RY$/Yr Cap on
Construction/Capital Construction/Capital
25.1B RY 30.7 BRY 47.5B RY! 110.4B RY
Option 1: MOX $ 0 $ $ $
Fuel
18.6B FY14% 21.3B FY14% 27.2B FY14$ 29.8B FY14$
) 10.3B RY$ 13.2BRY$ 17.2B RY$
Option 4:
Downblend
8.2B FY14$ 10.1 B FY14% 13.1B FY14%

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 stlidynot assess MFFF decommissioning and demolition
(D&D) and return to green field.

Section 3 of this repoprovidesan overview of Options 1 and 8ection 4 describes the review of the
2014 PWG estimatand associated findingSection 5 documents tlassessment of the changes to the
program since the time of the 2014 PWG estimate quantifies those in terms of c&ction 6
providesadiscussion of the risk sensitivity analysis process, identified riskthenatost impad.



Section 7 presentbé effects on overdlifecycle costto-go as influenced by cost caped includes cost
profiles foroption 1 and 4Section 8 provides the ugdd estimate of the cet-go. Section 9 discusses
the qualitative assessment factors, and Section 10 praudawary findings of the study.

Summary findings of the study are:

1 Underthe500M RY$ / year cost cap dheMixed Oxide Fuel Fabrication FacilityFFF)
capital and constructiomssumed in the 2014 PW&Stimatethetotal costto-go for the MOX
Fuel Optim is 475B RY$ (85% confidence cost contingencfheMOX Fuel Irradiation,
Feedstock, and Transportation Progi@hh~T) and other costs are 4800M RY$ / year,
includingcost contingencygtarting in FY2017MFFF operations costs are 120800 M RY$ /
yea, starting in 2044TheMOX Fuel Program completion is ~ FY2059

1 The MFFF construction cannot be comples¢durrent £Y14) funding level(350M RY$ / year

cost capn construction/capitaBndthe 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$/year, angsults in completion of construction in FY2100, and a
total costto-go 0f110.8B RY$ (85% confidence cost contingendgy theMOX Fuel Program
Annual operations costs are B RY$ / year TheMOX Fuel Program completion ia ~
FY2115

1 The Downblend Option project cest-go is17.2B RY$ (85% confidence cost contingency)
Downblend construction and operations costs are2D0M RY$ / year, under the timeline
assumed in the 2014 PWG estimaté=T and other costs are 4800 M RY$ / year, witltost
contingencyduring feedstock production. Program completion is ~ FY2049.

1 In comparing MOX Fuel and Downbler@ptions there is adrge difference in total lifecycle
costto-go at any costisk confidence levelThere is no costisk confidence level in the
assessment where the MOX F@gitionlifecycle costto-go is less than the Downblend Option.

1 2014 PWG cost estimates were dona manner consistent with best practices and industry
standards for cost estimating.

1 Programlevel cost contingenciy the 2014 Plutonium Working Group (PWG) estimiate
underestimatedContingencies are based on lower level technical risks, and do sideon
program element dependencies and interactidmsre is uncertainty in the remaining work
scope.

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

2014 PWG estimate.

1 Program delays to MIFT, realized thas,fresult in ~ 1.5 $B RY increase from 2014 PWG
estimate.

1 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.

1 TheDownblend Options lower n risk than théVilOX Fuel Option The largest risk is the
uncertainty in the feedstock production rate.

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

the steady statéeedstock production into a single protlice.



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 quantifyifidn@dkOX Fuel program

workflow (Figure2) starts with plutonium pits being transferred from the Pantex (PTX) facility to Los
Alamos Naipnal Laboratory (LANL) for diassembly. At that point, the conversion of the material to a
mixed oxide is divided intdhree separate product lines:

9 Plutonium is packaged in dissolvable containers at LANL and shipped to Savannah River Site
(SRS) for dissolution in thed@anyon facility The plutonium is then extracted from the solution
as an oxide in the HBine facility. Non-pit plutonium stored in Karea is also processed through
the HCanyon dissolution and HBine oxidation processes.

9 Plutonium metal is converted to a mixed oxide at the LANER&cility using muffle furnaces
or specializedlirect metal oxide[MO) furnaces and then shipped to SRS for entry into the
MOX fuel fabrication process.

1 Plutonium metal is prepared and shipped to SRS for oxidation in speclaif@durnacego be
installed in the MFFF facility, once complete.

The three product lines convergeMirFF, where it then undergoes aqueous procesaimtis combined

with depleted uranium oxide and fabricated into fuel pellets and ultimately fuel assembly rods for use in
commercial nuclear reactoM/aste products from the MFFF processing are transfféorthe Waste
Solidification Building(WSB) for conversiorto a form suitable for disposalhe MOX Fuel Option

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

Figure2.

MOX fuel program workflow
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Plutonium
v
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The Downblend program workflowr{gure 3) starts with plutonium pits transferred from PTX to LANL
where they are disassembled and divided into twdymidines:

9 Packing plutonium in dissolvable containers at LANL for dissolution at SE&iyon and
conversion to an oxide with the existing supply ofparplutonium stored in Karea.

1 Conversion of plutonium to mixed oxide at LANL using muffle furnaamed/or specialize®@MO
furnaces.

The two product lines converge at SRBere the mixed oxide ombined in small amounts with a large
amount of inert material, significantly reducing the mass and volumetric fraction of plutonium in the
downblended matai. The downblended material is then packaged and transported to a geologically
stable underground repository fdisposition

SRS
K-Area
Non-Pit
Plutonium
v
LANL
PF-4 SRS Hae
Package in [=2| H-Canyon e
Dissolvable Dissolution t0 Pu Oxid
Containers 0 Fu Oxide
Pantex LA LANL LANL
Surplus Pit |- PF-4 PF-4 ) PE-4 | 5
Storage b Conversion Oxide Milling
Disassembly to Pu Oxide & Blending
== Interstate Transportation
—> Intra-Site Flow
] mier
N
|:| Downblend 4
SRS Repository
K%fria i >)
Waste Below-Ground
Downblend PO
Certification Emplacement

Figure3. Downblendprogram workflow



4. Assessment of the PWG 2014 Cost Estimate

Assessment of Assessment of Assessment of Apply RY Updated
2014 PWG Changes From Additional Cost- -> $ Fixed | _ Estimate
Estimate + 2014 PWG + Risk w/ Sensitivity CostCap | — Cost to Go
Estimate Analysis (FY14 Forward)

Figure4. Step 1 offour-step approach, assessmen2@i4 PWGestimate

The first step in the evaluation process was to assess the existing estimate in the 2014 PWIk report
January1d 5, 2015, NNSAOGs Office of M@ALI) orgathizedba na g e me r
series of briefings for the team at NNSA Headquarters, detailing the options with supporting cost and
technical dataMr. William Kilmartin, Director, Office of Material Dispositiorand his stafprovided a
detailed overview on the ®IX Fuel Irradiation, Feedstock, and Transportation (MIFT) lifecydie
Sachiko McAlhany, Senior Technical Advisor, Office of Material Management and Minimizgtwa,a
program overview andiscussedhe Plutonium Disposition Infrastructure Program (PDdostsRichard
Person, Office of Enterprise Project Management, Project Planning and Execution, discussed cost
modelirg of the MOX projectMr. Matt Crozat, Senior Policy Advisor, Office of Nuclear Energy,
presented materials on the Advanced DisposReactor (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 229, 2015, NA23 organized a series of briefings and tairSavannah River Sithls.

Jean Ridley, Director of Waste Disposition Programs Division, Savannah River Operations Office, led the
team on a tour of the Defense Waste Processing Facility (DWfF)ames Dollar, Program Manager,
Savannah River Nuclear lations (SRNS), presented an overview of Alternate Feed Stock 2ZAFS
program Ms. Terri Williams, Environmental Management Operati@RNS provided a cost overview

of H-Canyon and HBine. Ms. Janice Lawson, Manager ofArea and KArea Project Operains,

SRNS led the team on a tour ofKrea Mr. H Allen Gunter, DOE Senior Technical Advisor, Nuclear
MaterialsStabilization, briefed the dovetending and disposal optioheni Williams of SRNS provided

a costoverview of K-Area, and Mr. William Batesf Nuclear Materials Management ProgranmRNG
presented material on the ADR opti@ecurity overviews and force cost estimates were presented,
including vulnerability upgrade$/r. 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/1s. Sue King, Vice President of Project Operations, MOX Services LLC,
presented the MOX operations cost basis, current MFFF psbgas, and a summary of MFFF technical
and cost risksA VTC was heldwith Carlsbad Field Office and EMQ.

On February 141, 2015, NA23 organized a series of briefings and tours over ad@yoperiod at Los
Alamos National Laboratorys. Julia Whitwoth, Acting Program Manager for the LANL Oxide
Production Program, presented an overview of the ARIES plutonium disposition pvtjeltark
Dinehart,Program DirectorPlutonium Facility4 Readinesspresented an overview of the Steady State
Feedstok Prgect, and Dr. Drew Kornreich, ANL Process Modeling and Analysis Groppesented an
accompanying briefing on steady state facility approach and associated cost eshimiataied tour of
Plutonium Facility4 (PF4) was organized, showing equipment &llities 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 PF4 facility costrecovery model, and Dr. James Ostic, Program Direlcttagrated Program
Management Officegave an overview of programs using-4#F



Reports and other documentation provided to Aerosaagart of this assessmané documented in
Appendix Aof this repat. The Aerospace team first reviewed the HigWvel, time phased cost estimating
data from the 2014 PWG estimate which integrated individual program element cost estimates from the
MOX construction Project, and other-gning programs necessary for the MI®Guel orDownblend
Optiors to executeThese included funding lines for PDIAIFT, andWaste sustainment for the MOX
Fuel program, as well as estimates feAkeanewfacilities at SRS, for the Downblend Optidbata was
traced from the top level intedeal estimate to the individual program element costs estimates. Those
estimates were reviewed Bygrospaceost and facilities development experts and assessed for quality,
completeness, inclusion of castk analysis where applicable, and use of indugtaipdards and best
practices in development of the estimatslated 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 indepast@stimate
(Sampling Approach) as described in the Department of Energy (DOE) Independent Cost Review (ICR)
and Independent Cost Estimate (ICE) Standard Operating Procedures (SOP) ReVistoassessment
begins with the activities needed for a readmeness review, and also includes the identification of the
key costrisk drivers, which are defined as elements in the estimate whose sensitivity significantly
impacts the total lifecycle coft-go. Assessments of cessk were conducted using the Aspace

Project RiskEvaluationProcess (PREP), which is described in Section 6 of this ré&frogram level

costrisks that significantly influence the estimate are captured and discussed in section 6.

Aerospace did not assess the scientific and techaspactof the physics, chemistry, and metallurgy
processes used in the conversion of pit andpibplutonium to an oxide feedstock, the MOX fuel

fabrication process, or the downblend procéssospace 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 Downblendptions Aerospace did not conduct an independent giass, parametric, or analogy

based cost estimate tme individual project elemenis the time available for this studVhe updated

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

Aerospace used cost estimating experts and publEA€ai costestimatingguidelines in the assessment

of the qualityof the cost estimates in the 2014 PWG estiniased on the expemtview, the individual

cost estimates developed for the program elements were done in a manner toviidbest practices

for grassroots cost estimating and/or parametric and anab@gped cost estimatinghe methodologies
applied were appropriate based on the maturity of the elements being esteatzdl 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 amatheeestimates
were provided in the form of briefing charts and spreadsheets, which when discussed with the authors
were determined to be sufficiently complete for theppaes of this studyrhere 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 systes and operational processes for WEBese items and others were carried forward in
the study and addressed later as riSkecific cost elements that were preliminary at the time d2@hd
PWG estimate were knowry the NNSAand were identified to thieam Theinformation provided
addressed all but a small fraction of the cost items for the program.

With respect to the fully integrated pragn estimate, individual prograglement cost estimates were
appropriately integrated into the program estimistigitiple estimates were integrated and correctly
phased in time, and all major cost elements for each option were captured.

1 GAO Cost Estimang and Assessment Guide Twelve Steps of a #@ghlity Cost Estimating Process



While some of the program element estimates incorporate@@itéPWG estimatencludedcostrisk
reported at the 85percentile onfidence level, thintegrated program estimate as a whole is
underestimatedCost contingency wadentified primarily at lower program elemeiféevels, but
interdependencies and impacts on other program elements weanasigtered in the cosisk analis.
Additionally, the remainingvork scopeassociated with the project and program continueg toore

fully definedsincethe time of th&2014 PWGestimate and several program elements have been updated
Therefore, the completenesithe work scope idwified for each project/program elemeatains

uncertain Sufficient detail howeverjs available in the 2014 PWG estimate for use as a point of
departure in assessing changes since the original és@amdor performing a sensitivity analysis to
assesprogram risk.



5. Assessment of Changes since Publication of the 2014 Report

Assessment of Assessment of Assessment of Apply RY Updated
2014 PWG Changes From Additional Cost- -> $ Fixed Estimate
Estimate + 2014 PWG + Risk w/ Sensitivity Cost Cap Cost to Go
Estimate Analysis (FY14 Forward)

Figure5. Step 2 offour-step approach, assessment of changes #014 PWGestimate

Next, changes that have occurred to the program since the tiomoiethe 2014 PWG estimate in 2013
were assessednownupdat es to individual pver® agaounted feThee me nt s 6
time required for decisiomaking program rebaseliningandramp up forfull MFFF constructiorwere
assessetb be ndess than two yearsvith authorization to proceed assumed at the start of FY. 2016
resulted in either eamp upto the MFFF construction or starting the Downblend project no edrher t

the start of FY2018The teanmassessed separately that theiestrrestart for MIFT was the start of FY17.
The overall duration of construction, capital improvements and tpesdimes for either optionave

held constant from the 2014 PWG estimate, which resulted in essentially extending the entire program
schedut to the right by three years for MIFdr both options, antbur years for MFFF and WSB+start

in theMOX Fuel Option Costs associated with maintaining workforce, technical readiness and
continuingMFFF construction at 2014 levetkiring these delaysere includedEscalation costs in out
years associated with the delaysre also included.

Figureé6 illustratesthe schedulshifts for both thelOX Fuel andDownblend Optios. Table2 andTable
3 capturethe cost changes for the MOX Fuel Option and Ddemdb Option, respectively. Updated
program element estimates for MHf@lated functions included-BanyonLifecycle Cost Estimatehe
LANL Steady State Feedstock Production Program, and upgrades to the shippiecearidg facilities
at PF4. Changes due to program delays were by far the largest contributing costdedtog
approximately 4.3B RY$ to MOX Fuel and 1.5B RY$ te Bownblend Option cosb-go.
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Authorization to initiate new Baseline approved, full

project baselir:ﬁ ilonstruction begins
|
. I | ]

Option 1. MOX Fuel 2014 2016 2018
l Construction | Operations |
MFFF F— I |
2014 2018 2032 2047

WSB
| WSB Layup Period N Restart | Operations |
WSB 2 - T - 1
2014 2024 2028 2032 2047
LANL Steady State Operations

| N (Ramp up) (Full Ops) |

MIFT | 4 T | |

2014 2017 2020 2022 2035

H-Canyon Ops
(Non-Pit Plutonium)

Option 4 Downblend K-Area Infrastructure

Improvements &Glove Box

| Install Downblend and Transport to Repository |
Downblend & [ I |
Disposal 2018 2021 2049
| (Ramleu’\;l)IS Stleady State Operationsﬂ:UII 06s) | I:>Known Delays
MIFT |I V] | | | Adjusted Timeline
2014 2017 2020 2022 2035
H-Canyon Ops
(Non-Pit Plutonium)
Figure6. Progranmtimelines with changes gie the 2014 PW@stimate
Table2. Updates to 2014 PWG Estimate for MOX Fuel Option
2014 PWG Estimate (Cost to Go FY14 Forward) 25.1 B RY$
STEP 1: Incorporate Identified Changes Since Original 2013 Estimate 1.23 BRY$

* H-Canyon Cost Updates
+ H-Canyon Lifecycle Cost Analysis Preliminary Update, SRS, 1/25/15
*  LANL Steady State Feedstock Program Cost Updates
+ Steady State Planning Summary Document, LA-CP-13-00980, 8/1/13
*  MIFT Lifecycle Costs for U.S. Plutonium Disposition, File name "MIFT Cost MOX
Option.pdf," 11/2013
*  Summary Document August 1 Deliverable, File name "2- Slides for Sep Briefing NNSA
HQ.pdf," Slide &6, 9/13
. LANL Steady State Feedstock Program Independent Review, p.88, 9/17/13
. SSFP Oxide Production LCCE, File name "SSFP FY WBS Cost Estimate 08_21_2013
- Rev F.pdf," August 21, 2013
+  PF-4 Shipping and Receiving Facility Upgrade

STEP 2: Include Escalation Due to Program Delays 2.56 BRY$

«  4%lyear for construction, 2%/year for MIFT and Operations

STEP 3: Include Projected Annual Program Costs During Delay, in RY$ 1.78 B RY$
¢« MFFF 4 years, MIFT: 3 years, WSB Layup: 4 years, PM & Integration: 4 years

Changes from PWG 2014 Estimate (Cost to Go FY14 Forward) 30.7 B RY$
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Table3. Updatesd 2014 PWG Estimate for Downblend Option

2014 PWG Estimate (Cost to Go FY14 Forward) 10.3 B RY$
STEP 1: Incorporate Identified Changes Since Criginal 2013 Estimate 1.23 B RY$
+ H-Canyon Cost Updates
+  H-Canyon Lifecycle Cost Analysis Preliminary Update, SRS, 1/25/15
¢+ LANL Steady State Feedstock Program Cost Updates
+  Steady State Planning Summary Document, LA-CP-13-00980, 8/1/13
+  MIFT Lifecycle Costs for U.S. Plutonium Disposition, File name "MIFT Cost MOX
Option.pdf," 11/2013
+«  Summary Document August 1 Deliverable, File name "2- Slides for Sep Briefing
NNSA HQ.pdf," Slide 56, 9/13
. LANL Steady State Feedstock Program Independent Review, p.88, 9/17/13
. SSFP Oxide Production LCCE, File name "SSFP FY WBS Cost Estimate
08_21_2013- Rev F.pdf," August 21, 2013
«  PF-4 Shipping and Receiving Facility Upgrade
STEP 2: Updated Capital Cost Estimate for New Glove Boxes 0.090 B RY$
STEP 3: Include Escalation Due to Program Delays 0.744 BRY$
*  4%lyear for capital, 2%/year for MIFT and Operations
STEP 4: Include Projected Annual Program Costs During Delay, in RY$ 0.803 BRY$
«  MIFT: 3 years, PM & Integration: 3 years
Changes Since PWG 2014 Estimate (Cost to Go FY14 Forward) 13.2 B RY$
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6. Identification and Quantification of Risks through Sensitivity Analysis

Assessment of
2014 PWG
Estimate

+

Assessment of
Changes From
2014 PWG
Estimate

+

Assessment of
Additional Cost-
Risk w/ Sensitivity
Analysis

Apply RY
$ Fixed
Cost Cap

Updated
Estimate
Cost to Go
(FY14 Forward)

Figure7. Step 3 offour-step approach, assessment of additionatidsistwith sensitivity analysis

6.1 Risk Identification and Quantification Process

Technical and programmatic risks fach option were identifieduantified and converted to cosisk
usingthe RojectRisk EvaluationProcess (PREP) methodology developgdrhe Aerospace Corporation
to independetity assess program risks on complex space progfREP is used to assess the -cisht of
aspace missionand facilitiesat various points in their development lifecycéadto identify and assess
the total cost impastssociated with technical andbgrammatic 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.réghiced
technicalinputs include concept and/or detailed design information, canokppegation, system

complexity descriptions, andaterials and equipment listBypical programmatic inputs include work

breakdown structure, cost profiles, and an integrated mastetuelei s k s

ar e

Amonet. i

evaluatingtheir costto specific program elements and applying an appropriate range of labor and/or

hardware costs.

Technical and programmatic risks associated with interdependencies of the program détethents
MOX Fuel and Downblend optiongere identifiedandcommon risks were grouped together
Likelihoods were designated basedtbalevel of maturity of the program element to which the risk
applied information orhistorical program performancand technical infomation from thedocuments

supplied at the site visits

The risk consguence was developed as a thpeat range estimate, which included a lower bound
minimum value, most likely (or average) valaad an upper bound maxiim value Valueswere
selectedhs a fraction of the total cost associated with the program elements impacted by Treerisk
values werdased on expert assessment of operational, and programmatic factoes plasined
productiondurationsand rates vs. realized productidurationsand rates, planned funding vs. realized
budgetsandthe range of uncertainty in facility availability estimatéschnical factors, such as
construction and operationemplexity, thedegree ofuncertainty in the number and cost materials
degree ofincertainty in the remaining work scope to complete the program elememtsalso used in

determining the range of consequesce

The range of consequenaesre considered within the constraints of the construction and operations
durations assumed in t2014 PWG estimat€onsequencesereestimated in terms of the additional
time durationneeded to complete the activityhe time impacts were then converted to dollars by
assessing the resources neededd¢overthe additional time needednd completette activity within the
original duration of the activityThese estimates wedeterminedisingthe annual per year costs
associated with theffected program elemenfiiom the 2014 PWG estimate.
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6.2 Cost Contingency Confidence Level

Estimating uncertainty ia function of, but not limited to, the quality of the project scope definition, the
current project lifecycle status, and the degree to which the project team uses new or unique
technologiesGovernment agency cost estimating guidance was revieweddntordetermine the

appropriate confidence level for reporting eoshtingency and total cett-go on DOE program®OE

order 413.3b Appendix C states that risks for all capital asset projects should be analyzed using a range of
70-90% confidence levelpon baselining at C2, but if the project undergoes a baseline change, risks

should be reanalyzed at a higher confidence 3ével

GAO cost estimating guidantepoints to 7880% confidence on cost contingency as typical, but does
not prescribe a fixetkvel, and leaves it to the discretion of the agency and the nature of the program
being estimatedAir Force andDOD/OSD cost estimating guidance is sinfifawith many DOD
programs using 65% confidence level as a guideline in reporting cost contin&®A¢ 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 ordeeteain consistent with the original 2014 PWG
estimate, cost contingency is reported at the 85% confidence ueletsotherwisenoted.

6.3 Summary of Top Risk Drivers for the MOX Fuel Option

The riskassessmemrocesdor theMOX Fuel Optionresulted inl4 risksand one opportunitylisted in
Appendix B Figure8 summarizeshe relative ranking of each of the risks, in terms of their mean value,
which is defined as the produzftthe risk likelihood and avage costmpact from the threpoint range
estimateAll risks and opportunitiesvere probabilistically combined through a Moftarlo process to
provideatotal risk-based cost contingenay dollars. At 85% confidencégtal cost contingency is
$11.1BRY$. The 204 PWG estimate includes 2.5B R¥#$costcontingencyfor the MOX FuelOption,
sothe addition of the risk factors increases th&t-tmgo estimate of Option 1 [£8.6B.

2DOE G 413.221 U.S. DEPARTMENT OF ENERGY Cost Estimating Guide Draft-242011

3 Independent Cost Review (ICR) and Independent Cost Estimate (ICE) Standard OperatidgrEsgSOP) Revision 1,
Department of Energy

4GAO 13510T, 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 aQiiglity Cost Estimatingrocess

6 Operating and Support CeBstimating Guide, Office of the Secretary of Defense Cost Assessment and Program Evaluation,
March 2014 (OSD CAPE)

7U. S. Air Force Cost Risk and Uncertainty Analysis Handbook, 2009

8 NASA Program Requirements (NPR 7120.5E).
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The followingeightrisks are responsible fo6% of the total mean cost risk assed for Option 1

1. Fuel Production Rate Lower Than Expecté:MOX Fuel production goals are not met during
MFFF steady state operation§HEN additionakesources will be required to maintain the
planned fuel production schedulkikelihood: Highly Likdy (75%). There are a number of
events that could result in this risk being realidgifferent fuel types will be required by
different commercial utilities, and uncertainty exists in the associated requirements and
production work scope to accommodatditiple fuel typesl|t is not cleato what extenthis has
been factored into theyaut, equipment, workforce sizgaining and operations for MFEF
Another concern is the potential for continuddnges to the safety basisptierpolicy and
regulatoy requirementsyhich may, over time jmpactstaffing levelsuseautomation, and
facility certification Uncertainty exists in the complexity aagtentof automated production
support systems and the associatecertaintyin staffingto operate and miain these systems
There is also a dependencytber WSB operations to supposteady statéuel production rates,
and difficulties in WSB could impact production godtsoduction target rates have not been
previously demonstrated domesticallincertanty 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 ogtear operations for MFFF may impact the ability to maintain
production rates anadequately staff the facilityn 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 Lowkhan ExpectediF steady statéeedstoclproduction goalsare
not me during steady state operatignBHEN additionakesources will be required to maintain
the planned feedstock production scheduikelihood: Highly Likely (75%) There are a number
of events that could result in this risk being realizédmpetition from other programs for
physical space and shared infrastructure it PRayaffect material storage, staging, material
processing and material transportation throughout the fadilityre is alsauncertainty in the
operational availability for the P& facility, and actual availability rates forecasts going
forward Changes to the safety basis, policy, and regulatory requirements may impact staffing
levels and operational procesddsacertainty exists in the planning to transition to steady state
production, which is a severfilld increase from the current target production rates in the
feedstock production pilot progratdncertainty also exists in the ability to validate steady state
production processes and throughput rates through the feedstock pilot pidgcamainty in the
funding of outyear operations may impact the ability to adequately staff and maintain steady
state production goals.

3. MFFF Construction Cost Estimate Uncemtgiand Cost GrowtHf 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 remaingndesign work to go results in uncertainty in the remaining
construction work scopt® complete the projedt)ncertainty exists in the number, unit cost, and
availability of specialized materials and hardwdree level of complexity in construction
activities associated with the remaining@@% of the work is greater than the work
accomplished to dat&inish work onplumbing systemmand equipment installation has to be
done within fine tolerances and requires specialized trades skills, mhichequireadditional
time, workforce, and result in the need fomerk. Uncertainty exists in the work scope for the
integration of automated systems, control systems, and softWarkforce attrition may occur
for both general and specialized construction s#lilis to competition in the labor market.
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MFFF Temporary Suspension of Operatiditsa determination is made to suspend operations at
MFFF, THENadditional resources will be required due taelay in completion of MOX fuel
production Likelihood: Near @rtainty (90%) The potential for adverse consequenassociated
with operationson hazardous materiaffrives a strong culture of safetyound nuclear
operationsOperations may be temporarily suspended for a variety of reasotige safety
oversightprocess continually evaluates the effectiveness of process and safety cantsgsthe
spectrum of operational activities in MFFFhe use of automation in the facilities adds a layer of
safety at the expense of added complexity of the hardware upedfanming the operations

This, combined with the length of duration of the production operations at steady statmagtes
result in at least one temporary suspension of operatimisg the production period.

MFFF Full Construction Restart Delay the decision isiot made by start of FY16 other
complications delay rstart of full MFFF construction THENadditional resources will be

required due to a delay in the firgear of restart executionLikelihood: Likely (50%)

Uncertainty exists in theeplanning and rehiring rampp schedule until the program is
reauthorizedThe 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 regioA further delay could see a further diminished resource pool.

Feedstockremporary Suspension of OperatiornB:a determination is made to suspend
operations in facilities supporting feedstock production (PANTEX, LANLSSRN the

Portsmouth Facility), THEMdditional resources will be required due taelay in completion of

the feedstock production prograkrkelihood: Near Certainty (90%leedstock production
operationsnay be temporarily suspended for a variety of regsas the safety oversight process
continually evaluates the effectiveness of process and safety controls across the spectrum of
operational activities iall facilities required for feedstock production, transportation, and storage
prior to conversion té1OX 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.

SRS Overhead Cost Increassoverhead costof MOX FuelProductionat SRS are higher

than anticipated, THEN additionaésourceswill be required Likelihood: Highly Likely (75%).
Uncertainty in the ouyear costs to maintain shared services and infrastructure at SRS may result
in increased costs tdFFF and WSB operations.

Facilities and Infrastructure Lifecycle Sustainment (Recapitalizatidh¥tart of operations is
delayed, THEN facilities, such as WSBAKea, and Portsmouth, may require additional
resources to maintain their readinesslay-up statusto replace aging or obsoletequipment,
andto complete necessary preparations for startuigelihood: Near Certainty (90%)
Uncertainty in WSB staitip costs and the year of startup are the primary drigethis risk,
howeverrecapitalizaibn will be required at Portsmouth and possibhAkea as delays to the start
of operations continuén addition,thereis someconcern regarding equipment obsolescence at
MFFF andin the MIFT programf MFFF construction delays continue andréhesneedfor
recapitalization prior to completion of construction and facility startup.
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6.4 Summary of Top Risk Drivers for the Downblend Option

The risk and identification procg$or theDownblend Optionresulted inl4 risks and two opportunities
listed inAppendix B Figure9 summarizeshe relative ranking of each of the risks, in terms of their mean
values. These items were probabtisally combined through a Mori€arlo process to provide total risk
exposure in dollarg\t 85% confidencegost contingency i$3.6BRY $. The followingeightrisks are
responsible for 8% of the total mean cost risk assessed for Option 4

1. Feedstock Prodition Rate Lower Than ExpectetF feedstock production goals are not met
during steady state operatianBHEN additional resources will be required to maintain the
planned feedstock production schedui&elihood: Highly Likely (75%) There are a numbei
events that could result in this risk being realizéompetition from other programs for physical
space and shared infrastructure infPfay affect material storage, staging, material processing
and material transportation throughout the facilligere is alsancertainty in the operational
availability for the P4 facility, and actual availability rates to forecasts going forw@hénges
to the safety basis, policy, and regulatory requirements may impact staffing levels and operational
processedJncertainty exists in the planning to transition to steady state production, which is a
severalfold increase from the current target production rates in the feedstock production pilot
program.Uncertainty also exists in the ability to validate steadyegiadduction processes and
throughput rates through the feedstock pilot progtdntertainty in the funding of oytear
operations may impact the ability to adequately staff and maintain steady state production goals.

2. SRS Downblend Facility Start Delalfg program decision is not made by staft/¥16 or
discussions on changes to BIDA extend beyond 2018, THENMdItional resources will be
required due to the delakikelihood: Unlikely (25%).Uncertainty exists in the f)glanning and
rehiring rampup sctedule until reauthorization of the program. Further, uncertainty exists in
PMDA discussiordepth and timeline required to adopt the Downblend Option.

3. Feedstock Temporary Suspension of OperatidRs determination is made to suspend
operations in facilies supporting feedstock production (PANTEX, LANL, SRNL, and the
Portsmouth Facility)THEN additional resources will be requiretlieto a delayin the
completion of the feedstock production prograikelihood: Near Certainty (90%}eedstock
productionoperations 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 feedgpoc#tuction,
transportation, and storage prior to conversion to MOX filgk, 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 prticiu period.

4. Downblend Production Rate isowerthanExpectediF the downblend production goadse not
metduring steady state operationBHEN additional resourcewill be requiredto complete the
downblend productionn schedulelikelihood: Unlikely (25%). Changes to the safety basis,
policy, or regulatory requirements, over time, may impact staffing levels, automation
requirements, and facility certificatiobncertainty in the availability date for tloésposition
repository for the downbnded matgal may impact théblend production rate, however;Atea
may be available for temporary storage of the downblended matémzrtainty in oulyear
operations funding may impact ability to adequately staff and maintain production rates.
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5. Downblend Faitity Temporary Suspension of Operation§: a determination is made to
suspend operations at Downblend facility, THa&d\litional resources will be required duedo
delay in completion ahe downblend production programikelinood: Near Certainty (90%)
Downblend material production operations may be temporarily suspended for a variety of
reasons, as the safety oversight proocess the downblend production line, and thé\kea
facility continually evaluates the effectiveness of process and safetplsoAside 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 Estite Uncertainty and Cost Growlk the complexity of the
glove boxes and other infrastructure to supportBDesvnblend Optiorin K-area increase, THEN
additional capital resources and staffing may be required to support design, installation,
maintenance and production operatiohselihood:Highly Likely (75%). Immaturity in the

design and associated costs of downbiepion equipment and infrastructure irAfeamay
result incost growth

7. LANL Overhead Cost Increasd- overhead costs for feedstock production at LANL are higher
than anticipaéd, THEN additional funding will be needédkelihood: Unlikely (25%)
Uncertainty in the ouyear utilization for PH space may result in increased c¢&sility price
per square footfpor programs using the facility.

8. MFFF Project Termination Costncertainty IF MFFF contract termination and program close
out costs exceed funds allocatedhe 2014 PWG Estimate, THEdditional resources may be
required Likelihood: Unlikely (25%) Legal challenges and economic and political impacts may
result in déays in terminating the MOXuelprogram, as well as uncertainty in subcontract
penalties, damage payments, and payments forl&atyitems.
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Figure9. Costrisk sensitivity drivers, option 4: downblend
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6.5 Opportunities

Earlier inthe MOX Fuel progranplutonium oxide feedstock production was thought to be on the critical
path, lagging behind MFFF constructidm order to regairschedule, three differeféedstock production
processewere planned (shown Figure2). With thecurrent delays to MFFF constructideedstock
productionis no longema critical pathitem, which creates aapportunity to consolidaténe steady state
feedstock productiomto a single oxide productidime at LANL after the completing the dissolution and
oxidationof nonpit plutorium in storage in Karea at SRSThis opportunity for cost savings was

included in the PREP analysis for batie MOX Fuel Option(Figure8) andthe Downblend Option
(Figure9).

A second opportunitgxists for the Downblen@ption to save costs associated withmilling, blending

and assay of the fdstock batch lots producetl2ANL . Since the feedstodk the Downblend Optiois

no longer destined for MOX fuel fabrication, the level of quality control rigor and documentation on each
batch lot can be significantly relax€this opportunity for cost savings was included in the analysis for

the Downblend Ofion.

6.6 Cost Risk

Risks are probabilistically combined through a Me@Gtelo process to provide total risk exposure to the
program in dollarsEach risk is considered to be independent from the otRer®ach risk, the first draw
in the MonteCarlo processs 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 thepthireeange
estimate described above for the given.rigke results are summed acraflgisks and then binned by
likelihood. 10,000 draws are made on each nisthe MonteCarlo procesgo produce the cumulative

costr i sk di st r i b uctu  rovitbe$oumeisthensummerrith thehanges identified in
original 2014 PWG eshate, accounting for contingency already included in the original estimate.

The results of the cosisk sensitivity analysis are shownhkigure10for MOX Fuel and Downblend
Options The numbers in thiBgure 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 thisTreedigure

shows costo-go for cost confidence levels associated with (1) updates due to slange 2014 PWG
Estimate (in the ~10%-tile), (2) 70%tile confidence cost contingencgnd (3) 85%ile confidence cost
contingency85% confidence cost contingency results in 36% cost contingency for MOX Fuel and 27%
for Downblend on the total lifecl& costto-go, including operationg he initial 2014 PWG estimate
carried 10% cost contingency on MOX Fuel Programtomparinghe MOX Fuel and Downblend
Options FigurelOillustratesthelarge difference betves the options any costrisk confidence level
Thereis no costrisk confidence level in the assessment where MOX Fuel program lifecyclapsis
less than the Downblend Option.
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Figure10. Comparison of total lifecycleostto-go before application of cost caps to MFFF construction.
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7. Assessment of Cost Caps on Cost Profile

Assessment of Assessment of Assessment of Apply RY Updated
2014 PWG Changes From Additional Cost- -> $ Fixed | __ Estimate
Estimate + 2014 PWG + Risk w/ Sensitivity CostCap | — Cost to Go
Estimate Analysis (FY14 Forward)

Figurel1l. Step 4 offour-step approach, appRY $ fixed cost cap

The previous sectiodescribed the development of tloal costto-go at theB5% confidence level for
Option 1 and Option,dased on the 2014 PWG estimiateeline with adjustments for the delays that
have been realized to datearafteryear cosprofiles were constructed for the followiggst capped
scenarios:

1. Option 1 cost profilavith a500M RY$/ year cost ap during MFFFeonstructionFigure12)

2. Option 1 cost profile with 875V RY$/ yearcost cap during MFFF constructi@Rigure13).
375M RY$ representthe minimum cost cap twomplete the MFFF constructiogiven
assumptions on cost confidence level, and escalation factors.

3. Option 4 cost profiléFigure15). Option 4 constration 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 constructithre obst profiles An 85th percentile confidence
estimate was useazh costto-go. It should be noted that small changes in the cost confidence level can
have large impacts on the total lifecycle etsgo for programs that have very long lifecycles and are
subject to cost capFhese programs experience an amplification of tfecef 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 theostprofile for MIFT and MFFF operations is scaled fratre 2014 PWG estimate and
was not replanned to match an ideal profilee WSB layup period was extended for the MOX Fuel
Option to maintain consistency wittelays to théViIFFF operations stafProgram management and
integration costs were also extended arid% penalty was applied sxcount for additional labor for en
going replanning.

In all cases, th#IFT costswerenot constrained to aost capandthefeedstock production duratiomas
assumed to be the same asdimthe 2014 PWG estimat€l9 Years)For the MOX Fuel Option, MFFF
operations weraot constrained to a cost cagndthe MOX Fuel production duration was assumed to be
same as used in the 2014 PWG estiniiber ears). For the Downblend Option, the ddohand

production duration was also assumed to be the same as used in the 2014 PWG 2Styeats) A 4%
escalation on constctiontapital and 2% escalation on program labor and operatieaseapplied

The effects of funding caps oretiMOX programare significantExamining the cost profiles for Option 1
shows the $500M RY / year cost cap during MFFF construction increases the tetalgmtd 4758

RY$, and extends the task completion datEY2059. Figure12) A reduction in the MFFF construction
cost cap from $500MBa to $375M/yea increaseshe totd costto-go t0110.8B RY$ and extending the
completion date t&Y2115. Figurel3)
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Figurel4illustrates that MFFF construction cannot be completed under a 350M RY$ / year cost cap
using the 88 percentile costvith 4% and 2% escalation on construction/capital and labor, respectively
In the figure, the Yaxis represents the accumulation of value ifF¥14$ associated with annual
expenditures of 500, 425, 375, 350 and 300 M RY$ /. yeacan be seen, approximately 9400M FY14$
is required to complete MFFF construction at 85% confidence. Ayeaaldollars are added each year,
inflation begins to redwcthe $FY14 value of each following year. Below about 375M RY$ / year,
inflation overwhelms the value of money in the-gaars, making it impossible to achieve the needed
value in FY14$.
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__________ = — = == S T
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Figure14. Option 1:MFFF construction cst-to-go FY14$compared to a series of const®¥$/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 toegst Figure15)
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Figure15. Costprofile, option 4: downblend
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