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EXECUTIVE SUMMARY

The National Nuclear Security Agency (NNSA) requires a sustained production capacity of no fewer than
80 pits per year (ppy) by 2030. Since 1989, when the Rocky Flats Plant was closed, the nation has had little
capability to manufacture new plutonium pits that can go into the stockpile, called War Reserve (WR) pits.
A limited capability of 10 WR ppy was exercised at Los Alamos National Laboratory (LANL) in the early
2000s, but no WR pits have been produced since 2012. At this time, NNSA is developing and installing
capability at LANL in Plutonium Facility (PF)-4 to produce 30 ppy by 2026. The Analysis of Alternatives
(AoA) for meeting pit production requirements, completed in September 2017, assessed alternatives to
close this identified mission gap in the NNSA’s pit production capability. The AoA is a post Critical Decision
(CD)-0, pre-CD-1 activity to identify a preferred alternative for conceptual design in preparation for the
Deputy Secretary of Energy to make a program decision at CD-1.

The AoA analysis resulted in the identification of two preferred alternatives, with a recommendation
to conduct engineering analyses and pre-conceptual design activities on both alternatives in support of
conceptual design for CD-1. The refurbishment and repurposing of the Mixed-Oxide Fuel Fabrication
Facility at Savannah River Site has the most favorable cost and schedule for achieving a sustained 80 WR
ppy production rate, but introduces the qualitative risk of reconfiguring a partially completed facility for
a new mission in a new location. The other recommended alternative, new construction of an 80 WR ppy
facility at LANL, has the lowest qualitative siting risk, but less favorable cost and schedule, and introduces
risk associated with new construction of hazard category (HC)-2 facility space that includes regulatory
milestones historically difficult to navigate in early design (e.g., NQA-1 and NEPA). The identification of
two preferred alternatives for more detailed engineering analysis and conceptual design has precedence
within the department to be addressed outside of the AoA process.

The 80 WR ppy requirement was validated prior to the start of the AoA by the Nuclear Weapons Council
based on pit aging and directed military requirements. The pit production requirement is an annual “at
least” production rate derived from the delivery schedule for certified, life extended nuclear weapons to
the Department of Defense (DOD). Consequently, a sustained production rate of 80 ppy must be achieved
with high confidence. In the context of the AoA analysis, high confidence was defined as a greater than
90% probability of achieving the required throughput (9 out of every 10 production years, the facility is
expected to produce at least 80 WR pits). This constraint differs significantly from the Plutonium
Sustainment Program’s 30 WR ppy annual production goal. The 30 WR ppy capability is an “on average”
requirement, defined as a 50% confidence in the production throughput.

The AoA Team evaluated functional and process requirements for achieving the 80 WR ppy mission
requirement. These requirements informed the development of equipment and processing space
estimates, which were key components of the analytical conclusions and the cost estimate ranges
produced by the AoA. In order to adequately develop the equipment and space estimates, the AoA team
developed a stochastic discrete event simulation of the pit production process to project pit
manufacturing throughput for a given equipment set. The final equipment set was developed by adjusting
equipment as needed to remove production- and logistics-based bottlenecks to ensure an 80 WR ppy
throughput at high confidence. Following verification and validation of the model and the resultant
equipment set by the AoA team production experts, subject matter experts estimated space needs based
on analysis of analogous projects. Space needs were developed for both HC-2 and non-HC-2 functions,
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using a best value approach by moving support functions to non-HC-2 space whenever possible. Two key
outcomes resulted from the equipment and space analysis:

e First, the equipment set for 80 WR ppy does not fit in the modular layout envisioned at CD-0 for
the initial modular building strategy proposal.

e Second, the difference between a 50 WR ppy equipment set and an 80 WR ppy equipment set is
within the range of error and, therefore, did not have an appreciable effect on the determination
of the preferred alternatives. 50 ppy capability was evaluated in the context of splitting
production capacity by continuing to rely on PF-4 for 30 ppy and producing 50 in another facility.

The AoA Team assessed a range of options that included both building new and refurbishing existing
facilities to achieve the required annual production rate while not interfering with the mission objectives
for the Plutonium Sustainment program and other required plutonium missions. The AoA Team
determined that the original modular building strategy as proposed at CD-0 is not a viable option for the
80 WR ppy production requirement. Three aspects of this strategy prevent it from meeting mission
requirements:

e PF-4is only capable of an estimated 30 ppy (on average) after planned upgrades.

e Renovation of existing processing areas within PF-4 makes the 30 WR ppy sustainment capability
unachievable by 2026 and presents schedule risks to other current missions not present in other
options.

e An 80 WR ppy equipment set (at high confidence), requires over three times more HC-2
processing space than provided by two 5,000 square foot modules.

Although the modular building strategy envisioned at CD-0 utilizing PF-4 does not meet the functional and
process requirements for an 80 WR ppy production, after a new 80 WR ppy capability is established, PF-4
can return to the research and development mission for which it was built.

A key finding of this AoA was the high schedule risk for all alternatives. There are two types of schedule
risk, risk associated with the complexity of the schedule (complexity) and risk associated with the ability
to execute the schedule as envisioned (executability). Complexity risk is related to the difficulty associated
with design and procurement of processing equipment and the design and construction of a HC-2 facility.
Complexity risk is reflected in the schedule analysis, and compounds with a phased approach to design
and construction. Executability risk is related to resources, efficiency, and personnel. Executability risk is
reflected in the cost estimating section. Although the complexity analysis indicated a 2030 schedule is
achievable under ideal circumstances, the associated cost analysis demonstrated that executability risk
would delay achievement of 80 WR ppy to 2033 at the earliest for any alternative.

Based on the AoA analyses, the Program Secretarial Officer has directed further refining each of the two
preferred alternatives by executing an engineering analysis prior to conceptual design. The results of the
engineering effort, coupled with the AoA analysis, will be used to inform a decision memorandum from
the Program Secretarial Officer and enable pursuit of a full conceptual design package on a single
preferred alternative.
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1 Introduction
1.1  Purpose

The purpose of the Plutonium Pit Production Analysis of Alternatives (AoA) is to identify and assess
alternatives across the Nuclear Security Enterprise that can deliver the infrastructure to meet NNSA’s pit
production requirements. Specifically, NNSA requires a sustained production capacity of 80 pits per year
(ppy) by 2030, which is currently not available. The AoA does this by: 1) identifying a broad set of
alternatives to provide the necessary infrastructure to support the production of 80 ppy in support of
enduring stockpile stewardship work, without compromising the ability to conduct all other required
plutonium missions; 2) analyzing the life-cycle cost, schedule, benefits, and risks associated with each
alternative; and 3) presenting the evaluation results to the Program Secretarial Officer (PSO) (designated
as the Deputy Administrator for Defense Programs) to support the anticipated Critical Decision (CD)-1
selected alternative.

1.2 Scope

The planned expansion of pit production capability is classified as a major system acquisition project under
DOE Order 413.3B Change 3. The results of this AoA support development of CD-1 documentation during
Fiscal Year (FY) 2018. A Steering Committee/Advisory Group chaired by the Office of Defense Programs
(NA-10) Deputy Administrator, who serves as the PSO for this acquisition, provided oversight for the AoA.

The Mission Need Statement (MNS) and PRD prepared in support of the CD-0 approval were updated to
reflect the results of requirements validation and were approved in June 2017. These documents provide
the foundation for the requirements and assumptions used and confirmed during the AoA process.

The scope of the AoA addresses the mission gap and program requirements, as outlined in the signed
MNS and PRD. In particular, this analysis examines the key capabilities and capacities for NNSA plutonium
missions, including:

e Ability to remanufacture 80 WR pits per year
e Ability to sustain the full suite of pit manufacturing capabilities, including pit reuse
e Required capabilities to manufacture all pit types identified in the PRD

e (Capabilities for ongoing Defense Programs plutonium work identified in the PRD, including
assessment and certification, surveillance, production development, environmental testing, pit
development activities, and plutonium-238 production activities

e All supporting infrastructure related to plutonium operations

e Existing non-Defense Programs missions, such as plutonium-238 production for space programs
and Advanced Recovery and Integrated Extraction System (ARIES) [disassembly of pits and
oxidation of plutonium for Defense Nuclear Nonproliferation (NA-20) programs]

The following changes to the pit production mission are outside the scope of this AoA because they change
the program requirements, rely on unproven technology, or are pre-decisional to federal funding
decisions:

e Changes to the current program requirements, including the type and number of pits per year
required
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e Alternate methods for producing pits that would change the required equipment or facility size,
such as wrought versus cast manufacturing processes

e Changes to the scope, schedule, and/or funding of other plutonium programs, including ARIES,
Plutonium Sustainment Program, and plutonium-238 operations

e Funding constraints that could eliminate costlier alternatives

1.3 Project Background

Maintaining capabilities in plutonium operations is a cornerstone of NNSA’s stockpile stewardship
mission. As NNSA carries out this mission, the ability to maintain plutonium capabilities and increasing
production capacity will be increasingly vital to sustaining the nuclear weapons stockpile. Furthermore,
the nuclear security enterprise needs facilities to meet mission requirements and support current and
future national security requirements related to the Nation’s nuclear deterrent.

NNSA is committed to continuity in plutonium operations and is optimizing existing facilities to meet this
commitment and plans to support production of up to 30 ppy at LANL. As described in the MNS,
production capacity beyond 30 ppy will require additional Hazard Category (HC) 2, Security Category
(SC) 1 processing area to support long-term increased capacity of plutonium operations.

Acquisition for the planned pit production mission achieved CD-0 on November 25, 2015. To ensure
compliance with departmental project management best practices and policies, DOE Order 413.3B
Change 3, and recent National Defense Authorization Act language, a rigorous AoA was conducted to
examine viable options to meet the approved mission need. The AoA evaluated options for providing the
required infrastructure to support the production of 80 ppy without compromising the ability to conduct
all other required and enduring plutonium missions described in the PRD.

1.4 Major Assumptions

During initial AoA framework development, the AoA team developed the following set of major
assumptions, which are consistent with the PRD:

1. Chemistry and Metallurgical Research Replacement (CMRR) and Plutonium Sustainment
programs will be executed as planned, including the change to the Radiological
Laboratory/Utility/Office Building (RLUOB) material-at-risk (MAR) limits. The resultant
capabilities were assumed to be sufficient analytical chemistry (AC) and materials characterization
(MC) capabilities to support plutonium mission activities at LANL and the capacity to manufacture
approximately 30 ppy in PF-4.

2. The baseline program will be a W87-like pit. The equipment and space needs to work on or
produce small quantities of all the seminal pit types, as defined in the PRD, were included.

3. Pit reuse activities can be supported by the same capabilities as pit remanufacturing.

Non-nuclear pit parts will be manufactured new. Production of these parts can continue at their
current location [e.g., Kansas City National Security Campus (KCNSC) and LANL].

5. Future pits will continue to be cast, not wrought, and use current processes and technology.

Lawrence Livermore National Laboratory (LLNL) will continue to perform its current plutonium
mission.
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Confirmation of the characteristics of the P&PD requirement of 80 ppy (all estimates are modelled
at high confidence or at greater than 90% probability of achieving the desired production rate in
any given year);

Estimation of the specific items of processing equipment to produce 30, 50 and 80 ppy;

Estimation of building working space to accommodate space between glovebox lines, cabinets
and supplies, access areas, stairs, support equipment, and hallways.

Definition of the support functions and building services that ensure proper operations,
maintenance, and production support that must be co-located in HC-2, SC-1 space;

Identification of supporting infrastructure needed to produce 80 ppy not necessarily co-located
in HC-2, SC-1 space.

Derivation of the required footprint of HC-2, SC-1 to support the processing equipment and
support functions

Derivation of the required footprint outside the HC-2, SC-1 space for supporting infrastructure.

The result is a comprehensive estimate of equipment and space, including functions inside and
outside the main processing facility, and facilities inside and outside the security boundaries. Table 2-
3 shows the framework for the space estimates.

221

Table 3-3. Space estimate framework

Process equipment

Building work space

Support functions within the processing facility

Building services

Support functions within SC-1 boundaries, but outside the processing facility

Supporting infrastructure outside the SC-1 boundary

Equipment

The AoA Team started with a generic unclassified pit production flowsheet provided by LANL, later
updated by LANL and LLNL for the W87-like pit, to develop a classified stochastic discrete event
simulation? to represent the pit production processing steps. The model includes the equipment required
to disassemble an incoming pit, purify the plutonium recovered from the pit, cast and machine the hemi-
shells, assemble the parts into a finished pit, and perform required inspections to verify the final products
compliance with design requirement. Figure 2—-1 shows the overall process flowsheet for each of the
functional process areas.

1Stochastic discrete event simulation is the industry standard for modeling the capacity of manufacturing lines because it includes
the effects of random events such as equipment breakdown and variable process and repair times on total throughput. In NNSA,
LA-CP-05-0256, TA-55 Pit Manufacturing Responsive Infrastructure and Capacity Study, LANL, 2005 is one example of its use.
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2.2.1.1 Discrete Event Simulation Model Description

The discrete event model used to determine equipment needs was developed in Innoslate,? a browser-
based process modeling software platform available on NNSA’s classified computer network. The model
simulates the pit manufacturing process, with multiple parts manufactured simultaneously and multiple
processes running in parallel. Each process module has logical structure similar to the example shown in
Figure 2-3.

Figure 2-3. Pit production model example of process module logic

The model represents each piece of equipment and each step in the process. Input data, such as process
times and equipment repair times, are represented by triangular distributions (low, high, most likely)
based on LANL pit production data, input from LANL operators, and input from Rocky Flats Plant SMEs.
When a part enters a process module, such as casting or machining, for example, the model draws a
random number to determine if the equipment required to perform the process is in working order. If
the equipment is determined to be out of order, a random number is drawn to determine which failure
mode has occurred, and another random number is drawn from the appropriate equipment repair
distribution for that failure mode to determine how long the equipment will be out of service. During
repair time, the equipment is “seized” to prevent any other process from using it. After the appropriate
wait time for the repair, the equipment is made available to process parts.

When the equipment is up and running, the model double checks to see if the part that needs to be
processed is available. This step prevents the processing step from seizing the equipment before the part
is ready to be processed and is necessary in cases where multiple steps use the same equipment. When
the part is available, it passes into the processing activity, and a random number is drawn from the
appropriate distribution to determine how long the process will take in that instance. The equipment is
seized so that no other process can use it during that time.

2 Innoslate is a model-based systems engineering (MBSE) software tool selected for its real-time simulation capability, as well as
the ability to model the parallel processes involved in pit production simultaneously. The AoA team used Innoslate v3.9 to create
the pit production process model. More details can be found at https://help.innoslate.com.
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After the processing activity is complete, if there is an inspection at that point, the model draws a random
number to determine whether the part is good or rejected. Rejected parts are sent back to the
appropriate processing step if rework is possible, or they are reduced to raw material if rework is not
possible. Good parts are passed on to the next processing step.

The Classified Appendix contains the process diagrams, a more complete description of the model
functionality, the model data, and the classified results. In summary:

e Every manufacturing process necessary to produce a pit? is represented in the model based on
the pit manufacturing flowsheet provided by LANL and later updated by LANL, LLNL, and Rocky
Flats Plant SMEs to include specific processes required for the W87.

e Every piece of equipment has unique probabilities of failure for multiple failure modes derived
from SME and current operator input, historical data from equipment use at LANL, and the pit
production model developed by LANL.

e Manufactured parts can be rejected at any point in the production process where quality
assurance and inspection is usually performed. Reject rates are based on historical data from the
LANL production of the W88 from 2007 to 2012, as well as input from SMEs and operators.

e Planned equipment maintenance is assumed to be performed on the second shift and is,

therefore, not explicitly modeled. Unplanned maintenance is assumed to occur during working
and off-shift hours.

2212 Verification and Validation of the AoA Plutonium Pit Production Process Model

The intended purpose of the model is to produce an estimate of equipment required to produce the
W87-like pit at a given pit capacity (30, 50, or 80 ppy) more than 90% of the time (over 90% confidence)
as input to an estimate of space needed for this function. The W87-like pit is both the program
requirement and likely the most stressing type of pit, based on equipment usage. The space estimate is
intended to be used in comparing costs of multiple alternatives for providing the capability. The model
verification and validation effort was performed by the AoA Team and focused on ensuring that the
model’s representation of the problem and the model’s logic and mathematical and causal relationships
are reasonable for the intended purpose of the model.

The basic activities in the verification and validation process below were accomplished by the AoA Team.
A brief description of these activities is provided here. See Appendix J for a more detailed explanation of
the model verification and validation process and results.

e Validate Conceptual Model — confirming that the capabilities indicated in the conceptual model
embody all the capabilities necessary to meet the requirements.

o Verify Design — determining that the simulation’s design is faithful to the conceptual model, and
contains all the elements necessary to provide all needed capabilities without adding unneeded
capabilities.

e Verify Implementation — determining that the code is correct and is implemented correctly on the
hardware.

3 These include disassembly, metal preparation, foundry, machining, sub-assembly, assembly, and post-assembly.
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e Validate Results — determining the extent to which the simulation addresses the requirements of
the intended use.

Validation of conceptual model and verification of model design

The conceptual model for the AoA includes the pit production flowsheet provided to the AoA Team by
LANL in August 2016. The Innoslate process model representation of that flowsheet developed by the
Team contains the simulation design.

The conceptual model was validated and the pit production process model design was verified through a
series of reviews by SMEs.

Verify Implementation

The AoA Team performed standard simulation code verification techniques, including:

e Running each module separately before integrating the modules together, tracing each pit part
through the processes to ensure proper model logic.

e Making extensive use of Innoslate’s animation and operational graphics capabilities to monitor
the values of various performance parameters.

e Varying input parameters, fixing random variables, and manually checking the output.

e Performing extreme condition checks by evaluating model logic under extreme values of
parameters, such as rapidly arriving parts, or zero inventories.

e Performing degenerate tests, such as testing whether queues continue to grow when parts
arrive faster than they can be serviced, and forcing parts into multiple processes simultaneously
to test the logic for equipment that is used by multiple processes or cannot be freed until the
next piece of equipment is available.

Validate Results

Since there is no operational production quantity pit production capability available, and data from
Rocky Flats Plant production could not be found, comparison to other models and face validity were the
validation methods used by the AoA Team.

The AoA model results were compared to LANL discrete event simulation results from the early 2000s for
a case with one of each type of equipment?, and the current LANL deterministic model for the Plutonium
Sustainment planned 30 ppy (average) equipment set®. Additionally, the AoA Team’s space estimates
were compared to space estimates derived from the LANL discrete event simulation and to the Modern
Pit Facility estimates for 125 ppy (average).

The results of the model were reviewed for face validity by current and former pit production experts,
current pit production process operators, plutonium process experts, and manufacturing experts from Y-
12, as follows:

e Review of the model results for each process module by LANL, LLNL, and Rocky Flats Plant subject
matter experts (SMEs) for during AoA Team site visit to LANL Feb 27-Mar 3, 2017.

e Review of the model results and the input data by LANL pit production operators and area
managers during AoA Team site visit to LANL Feb 27-Mar 3, 2017.

4 LA-CP-05-0256, TA-55 Pit Manufacturing Responsive Infrastructure and Capacity Study, LANL, 2005.
5 LA-CP-12-00299, The Plutonium Sustainment and Manufacturing Capabilities Study, LANL, 2012.
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4.1  Siting Analysis in Support of Alternative Development

As listed in Table 4-1, a large selection of sites, DOE-wide, was initially identified as potentially able to
host some or all of the pit production mission. In order to determine which of these sites were promising,
the AoA team conducted an evaluation that included a survey of each of the sites to determine the
existence of required supporting infrastructure, as well as an assessment of site-related risks. The team
performed basic capability and risk research on a large selection of sites to avoid overlooking a possible
optimal alternative.

A “greenfield” site (an undeveloped tract of land) was included for completeness, but it did not define a
specific location. By definition, a greenfield site would not have any of the supporting infrastructure
needed to support a new pit production capability, so an infrastructure investigation could not be
performed. However, its lack of infrastructure was taken into account when comparing the potential
sites. Without a specific location, it was not possible to assess various risk elements (e.g., nearby
populations) for the greenfield site.

4.1.1 Support Infrastructure Capability Analysis

Prior to conducting a more detailed infrastructure analysis, the AoA team sought to better understand
the distribution of existing capabilities relevant to pit production across the potential host sites. This
effort began with the development of questionnaires to be sent to each site to determine which key
capabilities the site had and which ones it lacked. The team derived these capabilities from the functional
and process-level requirements developed for plutonium missions support infrastructure, as discussed in
Chapter 2 and documented in Appendix B. The AoA team then contacted representatives at each site,
who provided high-level assessments of each of the capabilities of interest with the knowledge that their
site was being assessed as a potential pit production location. Each questionnaire was organized based
on the following categories:

e (Capital items such as waste treatment and disposal; Perimeter Intrusion Detection, Assessment,
and Delay System (PIDADS)/access control; analytical chemistry

e Operating infrastructure such as the availability of manufacturing and quality assurance
processes, qualified operators and technicians, and safeguards and accountability systems

e Plant core infrastructure such as the availability of SC-1 facility support and adequate power
For further details, see Appendix B.

Tables 4-2 through 4-4 list the results of the site surveys. Green boxes show where site representatives
indicated the site had the capability. An evaluation of the capacity for these functions was reserved for
the most promising sites, performed during AoA Team site visits, and included in the cost estimating
approach to ensure equal treatment of scope across alternatives.
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412

Siting Risk Analysis

The team also performed a risk assessment to aid in the identification of the most promising sites for the
pit production capability. The following factors were considered in evaluating the risk associated with
siting the pit manufacturing capability (or parts thereof) at each of the candidate sites:

Site area: Larger sites are considered lower risk due to reduced safety basis considerations for the
population at or near the site boundary. For purposes of this analysis, a small site, with relatively
high risk, was considered to have an area of less than 10 square miles. A large site, with a relatively
low risk, was considered to have an area exceeding 100 square miles. Any site with an area in the
range of 10 to 100 square miles was characterized by the term “moderate,” i.e., it makes a
moderate contribution to site risk.

Relevant site information within 5 miles: Relevant information was collected, including
population within that radius, distance to the nearest resident, nature of the countryside (e.g.,
farming, forested, unpopulated, industrial), and any environmental factor deemed relevant (e.g.,
a major river flows through or there is a lake or other sensitive environmental area). On the basis
of these considerations, a judgement was made as to whether the factors within 5 miles yield a
low, moderate, or high contribution to siting risk.

Nearby centers of population: A few representative cities or towns were chosen and their
population, distance from the site, and direction from the site were tabulated. An assessment
was made as to whether these are low, moderate, or high contributors to siting risk.

Population within 50 miles: The population within 50 miles was estimated in accordance with
DOE Order 458.1, Radiation Protection of the Public and the Environment. The potential
contribution to overall site risk was considered low if the 50-mile population is less than 500,000,
high if it is more than 2,000,000, and moderate if it is in between.

Predominant wind direction: Wind roses for each site were obtained. If the predominant wind
direction blows toward nearby residents and/or major centers of population, it tends to increase
the overall site risk. If it blows away from populated areas, it is regarded as a relatively low
contributor to site risk.

Table 4-5 includes the results of the siting risk analysis. For more details on the siting risk analysis, see
Appendix D.

Final Report for the Plutonium Pit Production Analysis of Alternatives| Page 28

lassifiedC Hed-Nuel : .


christina.hamblen
Cross-Out

christina.hamblen
Cross-Out


1:18-cv-01431-JMC  Date Filed 06/04/18 Entry Number 19-12  Page 40 of 54



christina.hamblen
Cross-Out

christina.hamblen
Cross-Out


1:18-cv-01431-JMC  Date Filed 06/04/18 Entry Number 19-12 Page 41 of 54



christina.hamblen
Cross-Out

christina.hamblen
Cross-Out


1:18-cv-01431-JMC  Date Filed 06/04/18 Entry Number 19-12  Page 42 of 54



christina.hamblen
Cross-Out

christina.hamblen
Cross-Out


1:18-cv-01431-JMC  Date Filed 06/04/18 Entry Number 19-12 Page 43 of 54



christina.hamblen
Cross-Out

christina.hamblen
Cross-Out


1:18-cv-01431-JMC  Date Filed 06/04/18 Entry Number 19-12  Page 44 of 54



christina.hamblen
Cross-Out

christina.hamblen
Cross-Out


1:18-cv-01431-JMC  Date Filed 06/04/18 Entry Number 19-12  Page 45 of 54



christina.hamblen
Cross-Out

christina.hamblen
Cross-Out


1:18-cv-01431-JMC  Date Filed 06/04/18 Entry Number 19-12

Unelassified-Conptrelled-Nucleartnformatien

Page 46 of 54

Department of Energy/National Nuclear Security Administration/Defense Programs | October 2017

Table 4-9. Table of alternative configurations

_ e e S

Status Quo at PF-4

Split Production Capacity
PF-d4 As-1s (30 ppy), plus New
Construction (Modules)

Split Production Capacity
Move Pu-238,

Pitproduction in PF-4 plus New
Construction (Modules)

Split Production Capacity
Move Aries,

Pit production in PF-4 plus New
Construction (Modules)

Split Production Capacity

Move Pu-238 and Aries,
Pitproductionin PF-4 plus New
Construction (Modules)

Split Production Capacity
30 ppy PF-4
50 ppy MFFF

Split Production Capacity
30 ppy PF-4
50 ppy K-Area Reactor

Split Production Capacity
30 ppy PF-4
50 ppy WSsB

Split Production Capacity
30 ppy PF-4
50 ppy New Construction

Split Production Capacity
30 ppy PF-4
50 ppy FPF

Split Production Capacity
30 ppy PF-4
50 ppy New Construction

Split Production Capacity
30 ppy PF-4
50 ppy New Construction

Move Pit Production
80 ppy production in new construction
PF-4 - existing mission w/o production

Move Pit Production
80 ppy production MFFF
PF-4 - existing mission w/o production

Move Pit Production
20 ppy production K-Area Reactor
PF-d - existing mission wjo production

Move Pit Production
80 ppy production WSB
PF-4 - existing mission w/o production

Move Pit Production
80 ppy production New Construction
PF-4 - existing mission w/o production

_ e

Split Flowsheet
80 ppy minus Metal Prep in new
construction
PF-4 retains Metal Prep

Split Flowsheet

SO ppy minus Metal Prep in MFFF
PF-4 retains Metal Prep

Split Flowsheet
80 ppy minus Metal Prep in K-Area Reactor
PF-4 retains Metal Prep

Split Flowsheet
80 ppy minus Metal Prep in W5B
PF-4 retains Metal Prep

Split Flowsheet

80 ppy minus Metal Prep in New
Construction

PF-4 retains Metal Prep

Move Pit Production
80 ppy production FPF
PF-4 - existing missionw/o production

Move Pit Production
80 ppy production New Construction
PF-4 - existing missionw/o production

LANL/INL

Split Flowsheet
80 ppy minus Metal Prep in FPF
PF-4 retains Metal Prep

Split Flowsheet

80 ppy minus Metal Prep in new
construction

PF-4 retains Metal Prep

Move Pit Production
80 ppy production New Construction
PF-4 - existing mission w/o production

MNL/Pantex or NNSS
et

Split Flowsheet
SD ppy minus Metal Prep in new
construction
PF-4 retains Metal Prep

Split Flowsheet
Metal Prep in new construction
80 ppy production in PF-4

Split Flowsheet
Metal Prep in MFFF
80 ppy production in PF-4

Split Flowsheet
Metzl Prep in K-Area Reactor
80 ppy production in PF-4

Split Flowsheet
Metzl Prep in WSB
80 ppy production in PF-4

Split Flowsheet
Metal Prep in New Construction
80 ppy productionin PF-4

Split Flowsheet
Metal Prep in FPF
80 ppy production in PF-4

Split Flowsheet
Metal Prep in New Construction
80 ppy production in PF-4

Split Flowsheet
Metal Prep in New Construction
20 ppy production in PF-4
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5 Initial Evaluation and Identification of Alternatives Not Retained for Full
Evaluation

The AoA process includes provisions for narrowing down the number of alternatives before performing
detailed evaluation of cost, schedule, and performance. Alternatives that did not meet requirements or
were shown to have obvious undesirable cost, schedule, or risk and no identifiable benefit were not
retained for the most detailed analyses. This phased approach allowed the AoA team to focus its efforts
on the most promising alternatives while reducing the cost and schedule for the AoA. This chapter
describes the initial evaluation and the rationale for eliminating some alternatives.

5.1 Initial Risk Assessment for Alternatives

The AoA risk assessment was performed in accordance with DOE G 413.3-7A, Risk Management Guide.
The following risks were assessed for each of the alternatives. Site specific risks developed and addressed
in the alternatives development activity were pulled into the alternatives risk assessment where
appropriate. The results of the initial risk assessment, along with initial rough order of magnitude (ROM)
cost and schedule estimates, were used in recommending that some alternatives be eliminated from
further consideration.

The AoA team first developed two lists of threats. The first list is applicable to the period of construction
up to the point at which the facility begins routine production of 80 ppy. These threats are listed in
Table 5-1. For the purposes of estimating the probability that a certain threat will actually occur during
this period, the team assumed that the duration of construction and startup will be approximately 10
years. The second list, included in Table 5-2, is applicable to the operating lifetime of the facility, assumed
to be 50 years.?

(b)(3) UCNI

13 per verbal communication from the Deputy TA-55 Facility Operations Director that the PF4 facility was originally designed with
the intended lifetime of 50 years. It seems reasonable to make the same assumption for an 80-ppy manufacturing facility.
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5.3  Elimination of Alternatives
5.3.1 Screening of Alternatives

The alternatives were first checked against the screening criteria shown Table 3-1. Those alternatives
that were shown to be not able to meet these criteria were eliminated.

5.3.1.1  Alternatives in Waste Solidification Building Were Eliminated from Further Consideration

WSB has approximately 13,000 ft? of processing space available. A 50-ppy production capability (for
alternatives proposing to split production capacity between WSB and PF-4) is estimated to need about
110,000 ft? of process space. An 80-ppy capability is estimated to need about 130,000 ft2. WSB does not
have enough available space for 50- or 80-ppy production missions. Alternatives proposing to house pit
production in WSB were eliminated from further consideration. However, WSB does have enough space
to house metal preparation as a stand-alone capability (if existing equipment is removed to make room
for the new equipment).

5.3.2 Alternatives Eliminated Based on Initial Analyses

Based on initial evaluation, the AoA team recommended the elimination of several alternatives based on
the following considerations:

e |Initial risk assessment

e ROM cost and schedule estimates

e Identified disadvantages such as prior contamination

5.3.21 Alternatives at Pantex and NNSS Were Recommended for Elimination from Further
Consideration

The investigation of support infrastructure available at Pantex and NNSS showed that the following
capabilities do not exist at these sites:

e Low level liquid waste processing
e TRU liquid waste processing
e TRU solid waste management

e HC-3 or rad lab analytical chemistry and materials characterization facility (HC-2 AC/MC is
assumed to be installed in the processing facility in all cases)

The capital cost to provide these necessary functions is roughly estimated based on historical cost per
square foot at an additional $380 million for NNSS and $650 million for Pantex. Additionally, other
capabilities that were identified by the site as being available may need additional capacity. A detailed
investigation of the available support infrastructure at these two sites was not conducted based on the
high cost of facilities that are known to be unavailable.

Cost to perform the pit production mission at Pantex and NNSS is much higher than at the three other
promising sites. The AoA Team assessed that the benefits of using these sites, such as remoteness of
NNSS and proximity to the source pit material at Pantex, are not sufficient to overcome the much higher
costs, and therefore recommended their elimination from further consideration.
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5.3.2.2 Alternatives in K-Area Reactor Were Recommended for Elimination from Further
Consideration

Alternatives involving moving some or all of pit production to K-Area Reactor at SRS were eliminated due
to higher cost and risk.

e There is a very high probability that ongoing operations in K-Area Reactor will be affected by
construction and that construction will be affected by ongoing operations at the significant or
critical level.

e K-Area Reactor does not have credited secondary confinement, which adds to renovation costs.

e Renovating K-Area Reactor for pit production involves rad construction inside a working HC-2,
SC-1 facility. This increases cost and schedule.

e There will likely be higher cost and higher risk to workers due to construction in a facility built in
the early 1950s with prior contamination.

Since there are significantly higher risks and costs and no notable benefit for using K-Area Reactor over
the other existing facilities identified, the AoA Team recommended these alternatives be eliminated.

5.3.2.3  Alternatives Involving Splitting the Pit Production Process by Moving Metal Preparation
Out of PF-4 to Create Space for Pit Production were Recommended for Elimination from
Further Consideration

Moving metal preparation out of PF-4 frees up about 13,000 ft? that could be repurposed for pit
production. However, this option does not, by itself, provide enough space to fit the 80-ppy mission in
PF-4, estimated to be an additional 36,000 ft>. Additionally, this option comes with cost and schedule
issues that make it undesirable.

The metal preparation function is necessary to support the 30-ppy capability by 2026 and, therefore,
cannot be gapped. A new capability would need to be at full-rate production before space in PF-4
becomes available for repurposing. Based on LANL estimates for demolition and decontamination of
gloveboxes within PF-4, the earliest that production activities could begin in the metal preparation spaces
is FY 2035 under this alternative. This assumes:

e an optimistic schedule for establishing a new capability starting in FY 2018 (3 years to CD-2, 3-year
construction, and 2-year startup);
e D&D of Area 400 (gloveboxes) estimated to take approximately 4 years;
e outfitting estimated to take approximately 4 years (gloveboxes); and
e startup estimated to take 2 years.
In addition to the cost of repurposing the space within PF-4, the cost to build or refurbish approximately
13,000 ft? for the metal preparation processing area somewhere else must be accounted for. Depending

on where the metal preparation function was to be located, this option may also add transportation cost
and risk for transporting purified plutonium to the pit production facility.

These alternatives were also assessed to be high risk due to a very high probability that ongoing operations
in PF-4, such as the 30 ppy capability, will be affected at the significant or critical level by the D&D and
construction within the facility for this alternative.
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