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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, 

When separated from the Analysis of Alternatives Final Report, the 
two page Executive Summary may by handled as UNCLASSIFIED. 

When separated from the Analysis of Alternatives Final Report, the 
two page Executive Summary may by handled as UNCLASSIFIED. 
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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: 

• 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. 

• 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: 

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

• 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.  

When separated from the Analysis of Alternatives Final Report, the 
two page Executive Summary may by handled as UNCLASSIFIED. 

When separated from the Analysis of Alternatives Final Report, the 
two page Executive Summary may by handled as UNCLASSIFIED. 
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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: 

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

• All supporting infrastructure related to plutonium operations 
• 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: 

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

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

• 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. 
4. 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. 
6. Lawrence Livermore National Laboratory (LLNL) will continue to perform its current plutonium 

mission. 
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7. Pit product ion must be performed in the United States in government-ow ned faci lit ies and by 

approved management and operating (M&O) partners. No commercial vendor or foreign 
government alternatives were considered. 

2 Requirements 
2.1 Mission Requirements 
An enduring pit production capability is a basic requirement of the nuclear securit y enterprise. The 
capacity requirement to produce 80 ppy is based on several drivers, including pit lifetimes (as determined 
by plutonium aging characterist ics) and t he military requirements of the nuclear stockpile. The age of 

plutonium pits currently in the stockpile, the rate of surveillance work, and planned stockpile 
requirements all contribute t o the production capacit y requirement. The origins of this requirement are 
described in the classified Program Requirements Document (PRD) 

2.1.1 Threshold and Objective Requirements for Plutonium Missions 

The PRD contains threshold and objective requirements for Defense Programs and other plutonium 
mission requirements. Threshold requirements shown in Table 2-1 represent the minimum acceptable 
level to meet mission needs. Objective requirements t ypically represent a higher level of capabilit y or 
capacity than the threshold desired by the program (see Table 2- 2). In some cases, missions have 

objective requirements but no threshold level. In those cases, the requirement may or may not be 
sat isfied . The requirements for the follow ing plutonium missions can be found in the classified PRD. 

Program 

Requirement 

PRO-1 

PRO-2 

PRO-3 

PRO-4 

PRO-5 

PRO-6 

Table 2-1. Threshold requirements 

Requirement Description 

Threshold: NNSA will concurrently deliver remanufactured and reused WR pits to the stockpile according 

to the schedule in the P&PO and in sufficient quantities to meet NWC production requirements, not to 

include regassed pits [derived from PRO-1, PRO-2, and PRO-4 in the classified PRO]. 

Threshold: NNSA will provide the fol lowing capabilit ies in sufficient quantit ies to meet NWC pit production 

requirements: receiving, packaging, storage, disassembly, metal preparation, foundry, machining, 
inspection, assembly, and non-destruct ive test ing [derived from PRO-2 in the classif ied PRO]. 

Threshold: NNSA will provide t he capability to remanufacture and reuse multiple pit types to meet NWC 

production requi rements [derived from PRO-2 in the classif ied PRO]. 

Threshold: NNSA must maintain the ability to fabricate experimental devices to support subcrit ical 

experiments [derived from PRO-5 in t he classif ied PRO]. 

Threshold: NNSA must maintain the ability to conduct surveillance, to include shelf-l ife surveillance, on 

power supplies [derived from PRO-6 and PRO-7 in the classif ied PRO]. 

Threshold: The NNSA must maintain the abi lity to perform destructive tests on pits [derived from PRO-9 in 

the classified PRO]. 
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Program 

Requirement Requirement Description 

PRD-7 Threshold: NNSA's strategy must maintain the ability to perform production development activities 

concurrent w ith WR pit production [derived from PRD-10 in the classified PRO]. 

PRD-8 Threshold: In addit ion to meeting NWC production requ irements, NNSA must maintain the ability to 

provide a small number of pits annually for Lawrence Livermore National Laboratory analysis [derived 

from PRD-11 in the classified PRO]. 

PRD-9 Threshold: NNSA must maintain the ability to manufacture samples to fulfill Science Campaign activities 

requirements [derived from PRD-12 in the classifi ed PRO]. 

PRD-10 Threshold: NNSA must maintain the ability to process plutonium oxide in sufficient quantities to support 

the Office of Defense Nuclear Nonproliferation ARIES mission [derived from PRD-14 in the classif ied PRO]. 

PRD-11 Threshold: The NNSA must maintain the abi lity to fabricate fueled clads in sufficient quantit ies to support 

the DOE Office of Nuclear Energy NASA activit ies (derived from PRD-15 in the classifi ed PRO]. 

PRD-12 Threshold: NNSA must maintain the ability to generate sufficient quantit ies of americium-241 to support 

the DOE Office of Science missions [derived from PRD-16 in the classified PRO]. 

PRD-13 Threshold: NNSA shall comply with all applicable laws, regulations, DOE orders, codes, standards, and 

contractual provisions for the prime contract w ith DOE/NNSA (derived from PRD-19 in the classified PRO]. 

Key: 

ARIES = Advanced Recovery and Integrated Extraction System; NWC = Nuclear Weapons Council; P&PD = Production and 

Planning Directive; PRO = Program Requirements Document; WR = War Reserve 

Table 2-2. Objective requirements 

Objective Requirement Requirement Description 

1 Pit production [derived from PRD-1] 

2 DOE-Nuclear Energy Missions [derived from PRD-10] 

3 DOE Office of Science M issions (e.g., americium-241) [derived from PRD-11] 

4 DOE Office of Defense Nuclear Nonproliferation ARIES M issions [derived from 

PRD-12] 

Key: ARIES = Advanced Recovery and Integrated Extraction System; PRO = Program Requirements Document 

2.2 Functional and Process Level Requirements 
One of the first steps in the AoA is to determine t he requirements at t he functional and process-level level 
of detail to meet t he mission requirements provided in the PRD. For this AoA the functional and process
level requirements include: 
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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. 

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 

 

2.2.1 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 
simulation1 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.  

                                                           
1 Stochastic 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,2 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: 

• Every manufacturing process necessary to produce a pit3 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. 

• 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. 

• 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.  

• 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. 

2.2.1.2 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. 

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

• 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. 

• 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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• 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: 

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

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

• Varying input parameters, fixing random variables, and manually checking the output. 
• Performing extreme condition checks by evaluating model logic under extreme values of 

parameters, such as rapidly arriving parts, or zero inventories. 
• 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 equipment4, and the current LANL deterministic model for the Plutonium 
Sustainment planned 30 ppy (average) equipment set5.  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: 

• 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. 

• 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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• Review of the model during the Plutonium Advisory Team meeting held April 3-6, 2017 at HQ DOE. 

• Review of the equipment set for 80 ppy by LLNL and Rocky Flats Plant SM Es during the team's site 
visit to SRS. 

The AoA Team verified and validated the Pit Production Process model and determined that it was 

adequate for its intended purpose, namely estimating the amount of equipment needed to produce pits 

at 30 ppy, SO ppy, and 80 ppy capacities. The process was performed according to recognized practices 

in the Modeling and Simulation field. 

2.2.1.3 Results 

The AoA team used the model to develop equipment needs for three primary cases: 30 ppy and SO ppy 
(for split production cases, see Chapter 4 for a description of the alternatives) and 80 ppy, all on a single 
shift. As is standard practice for the use of stochastic discrete event simulations, the AoA team conducted 
thousands of iterations to obtain a distribution of results, w ith the results taken from the portion of each 
run deemed to be steady state. This means that the early part of the runs (the first t wo years of each run 
in this case) were thrown out to avoid deriving conclusions from perturbations in the system due to 

starting the modeled factory empty. In all, these simu lations provided over 7,000 data points for 
throughput capacity to generate the results for each case. 

The validated threshold requirement is 80 ppy, meaning this is the minimum level needed to meet mission 
requirements. The production capabil ity needs to have the capacity to produce 80 ppy every year, so the 
team developed an equipment set that is predicted to produce 80 ppy more than 90 percent of the t ime 
(93 to 97 percent confidence) as input to the faci lity space estimates. This level will be referred to as " high 
confidence" throughout the remainder of this report. The space estimates LANL used to develop the 

equipment lists for various pit production capacities, including 30 ppy and 80 ppy were based on a 
deterministic model (random events such as equipment breakdow ns, repair and process t imes, and part 
reject rates are represented based on average values). A deterministic model will produce the same 

answer every t ime, since no randomness is modeled. The use of average values as model input data 
means that the LANL model will estimate the equipment set to produce a given throughput on average. 
Production throughput would be expected to be below 80 ppy SO% of the years. Since the requirement 
is to produce a minimum of 80 pits annua lly, estimating using averages will systematica lly underestimate 
equipment and space needs. Table 2-4 shows the mode l results for each of the three cases. 

Table 2-4. Model results 
30 Pits Per Year SO Pits Per Year 80 Pits Per Year 

Confidence level % 96% 97% 93% 

Lowest throughput, units 8 20 30 

Average throughput, units 41 84 103 

Highest throughput, units 75 143 158 

Sample Size, years 7,500 7,500 7,500 
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Figures 2-4 through 2-6 show the probabilit y densit y funct ion (PDF) and cumulative distribution 

function (CDF) for al l three cases. This graph can be read by identifying the desired capacit y on the 

probabilit y densit y function and then determining the point at w hich the CDF curve crosses. For the 

distribution function for the 30-ppy case below, the model estimates at least 30 ppy can be produced 

95 percent of the t ime. 
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Figure 2-4. Probability density function and cumulative distribution function for 30 ppy 

Final Report for the Plutonium Pit Production Analysis of Alternatives I Page 14 

Unclassified Controlled Nuclear Information 

1:18-cv-01431-JMC     Date Filed 06/04/18    Entry Number 19-12     Page 25 of 54

christina.hamblen
Cross-Out

christina.hamblen
Cross-Out



Unclassified Controlled Nuclear Information 
Department of Energy/National Nuclear Security Administration/Defense Programs I October 2017 

0.03 

0.025 

0.02 

LL. 
0 0.015 
n. 

0.01 

0.005 

0 
.. ,,.,,, .,, ,hlh~ llll1llll11.1 l1 ,,, .. ,1 . 

20 25 30 35 40 45 50 55 60 65 70 75 80 85 9095100105110115120125130135140145 

Pits per Year 

- PDF - coF - 95% Confidence Level 

1 

0.9 

0.8 

0.7 

0.6 

0.5 
LL. 
0 u 

0.4 

0.3 

0.2 

0.1 

0 

Figure 2-5. Probability density function and cumulative distribution function for 50 ppy 
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Figure 2-6. Probability density function and cumulative distribution function for 80 ppy 

2.2.1.4 Equipment for Other Pit Types and Pit Re-Use Operations 

The PRD includes requirements for being able to remanufacture severa l pit t ypes and for delivery of re

use pits per the P&PD 2017-1. Using pit flow sheets developed for t he Modern Pit Facilit y project, t he 

AoA Team identified all equipment needed for the required pit t ypes and added at least one of each, if 

not already included in the modeled equipment set. 

Pit re-use activit ies w ere also examined. Though the exact requirements for the next planned pit re-use 

program have not been developed, the AoA Team consult ed experts to determine likely re-use scenarios 

in terms of equipment usage. The pit re-use flowsheet would be expected to include most of t he 

assembly and post-assembly processes (see Appendix I, pages 6-7). Given that the amount of 

equipment for those processes was determined at high confidence, t here will be slack capacit y in the 

system in most years. For example, 80 ppy at high confidence provides 103 ppy on average on one shift. 

The on ly equipment expected to be needed for pit re-use that was found to be rate limiting in the 80 

ppy case w as pump-dow n tables. Pump-dow n tables are small, portable devices that could easily be 

increased with little cost or space required. 
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The AoA Team determined that, for the few years that require simultaneous pit remanufacturing and pit 

re-use, the capacit y provided by the equipment set estimated for pit remanufacturing at high 

confidence wou ld likely be sufficient, especially since the AoA estimates do not include any second shift 

or weekend hours. If addit iona l pump-down tables were needed, they cou ld be insta lled with very little 

cost or space usage. 

Table 2-5 shows the number of pieces of equipment and workstations that will be needed to reach and 

sustain 30 ppy, 50 ppy, and 80 ppy with high confidence. For a detailed equipment and workstation list 
by funct ional location, please see Appendix H. 

Table 2-5. Number of pieces of equipment and workstations 

30 Pits Per Year 50 Pits Per Year 80 Pits Per Year 

90 111 133 

2.3 Space Requirements 

2.3.1 Space for Pit Manufacturing Equipment 

Manufacturing space w as estimated directly from the equipment set produced by the model. The size of 
each piece of equipment, including the size of the glovebox or hood enclosure, space for workers, and 
access for maintenance, was measured directly from engineering drawings of PF-4. A factor of 2, 
developed from drawings of processing and lab faci lit ies that use glovebox equipment (PF-4, M ixed Oxide 
Fuel Fabrication Facilit y [MFFF], Waste Solidificat ion Bui lding [WSB), Trit ium Extraction Facility [TEF], and 

RLUOB), w as then applied to the equipment footprint to account for space between glovebox lines, 
support equipment and racks (such as power supplies and controllers co-located with the 

equipment/ glove boxes), cabinets and supplies, access areas, stairs, support equipment, and ha llw ays. 
This factor of 2 is empirically derived from the ratio of the measured square feet of the processing area 

to the square feet of the equipment in the only faci lit ies similarly designed in the United States, listed 
above. 

The team then reviewed both the quantit y of each t ype of equipment and the space requirements with 
SM Es with experience in plutonium operations at PF-4, Rocky Flats, and LLNL. As a final check, the space 
estimates w ere compared to documented space plans for the Modern Pit Facility (MPF) and a LANL plan 
to get to 125 ppy in PF-4 plus addit iona l construction 6• 

Table 2-6 shows the space estimates for just the equipment listed in Table 2-5 and the total including 

required building working space for the 50 ppy and 80 ppy cases. Addit ional detail can be found in 
Appendix H. 

6 LANL Report LA-CP-05-0256L, TA-55 Pit Manufacturing Responsive Infrastructure and Capacity Study {2005) 
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Table 2-6. Equipment and building working space footprint for 30, 50, and 80 ppy (square feet)7 
30 Pits Per Year 50 Pits Per Year 80 Pits Per Year 

30 Pits Per Year 50 Pits Per Year 80 Pits Per Year with Building with Building with Building 

Equipment Only Equipment Only Equipment Only Working Space Working Space Working Space 

13,300 18,000 21,200 26,600 36,000 42,400 

In addition to space for the main processing areas, there are support functions that must have HC-2, SC-1 
space. For the support functions listed below, the space required was estimated at 68,000 square feet 
(ft2

) for 80 ppy (57,000 ft2 for 50 ppy) based on interviews w ith LANL and LLNL personnel, and previous 
experience at Rocky Flats. For the 30-ppy case, these support functions were not estimated separately, 
but assumed to be adequate based on the 54,600 square feet currently dedicated to these activities in 
PF-4. Table 2-7 shows the space estimates for the three cases including the below listed support functions 
that must be located within the HC-2 processing facility. 

• Aqueous recovery 

• Act inide chemist ry (processes 
requiring HC-2 only) 

• Material management 

• Hot calibration 

• Waste storage and staging 
(RCRA and non-RCRA) 

• Maintenance support 

• Vault space 

• Emergency equipment 

• Production development 

• Shipping and receiving 

• Limited office space (operations manager, 
material control and accountabi lit y, 
radiation control, material handlers, final 
product acceptance) 

• Decontamination rooms 

• Job control 

• Operations center 

• Radiation control areas 

• Material characterization (processes 
requiring HC-2 only) 

Table 2-7. Equipment, building working space, and HC-2 support function footprint for 30, 50, and 80 
ppy (square feet) 

Functional Area 30 Pits Per Year 50 Pits Per Year 80 Pits Per Year 

Process Equipment 13,300 18,000 21,200 

Building Working Space 13,300 18,000 21,200 

Support Funct ions within 54,6008 57,000 68,000 

Processing Facility 

7 Note that square footage numbers have been rounded throughout the report. This may cause the appearance that numbers 

do not quite add up. 
8 Support functions in PF-4 (currently at 54,000 square feet) were assumed to be adequate for 30 ppy. Note that in PF-4, these 

functions support al l the missions ongoing in the facil ity, not just pit production. 
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Where possible, bui lding services were assumed to be out side HC-2 space; however, some bui lding 
services, such as process venti lation and safety class uti lity systems, must be located wit hin the HC-2 area. 
The space required for these w as est imated by measuring t he areas containing building services in similar 
glovebox facilities (PF-4, TEF, M FFF). Based on these comparisons, the team est imated 19,600 ft2 for 
80 ppy (16,700 ft2 for SO ppy) for building services for the processing facil it y. For the 30-ppy case, there 
are 39,700 square feet in the PF-4 dedicated to building services. PF-4 is a legacy design, w ith some 
building services t hat could be located outside t he HC-2 area included. Additiona lly, t he PF-4 bui lding 

services support all the current missions being performed. Therefore, this value should not be used as a 
comparison w ith the est imates for t he SO ppy and 80 ppy cases. 

Table 2-8. Space requirements for 30, SO, and 80 ppy (square feet) 
Functional Area 30 Pits Per Year 50 Pits Per Year 80 Pits Per Year 

Process Equipment 13,300 18,000 21,200 

Building Working Space 13,300 18,000 21,200 

Support Functions wit hin 54,6009 57,000 68,000 

Processing Facility 

Building Services 39,700 16,700 19,600 

Total HC-2 Production Fad lity 137, 00010 110, 000 130,000 

Outside the main processing facil ity, t here are several additiona l SC-1 facil it ies that should be located 
within the Pl DADS. The team estimates that for 80 ppy, 67,S00 ft2 (46,800 ft2 for SO ppy) of primari ly non
HC-2 space is needed for the follow ing capabilit ies. For the 30-ppy case, these capabilities already exist 

at LANL. Table 2-9 summarizes the space requirements inside the securit y area. 

• Bonded stores w arehouse • Waste storage and staging 

• Personnel support - break rooms, conference (outside storage) 

rooms, restrooms, lockers, cafeteria • Vehicle access portal 

• Diesel generator (HC-2)11 • Building services - ut ilit ies 

• Security control building • Backup operat ions center 

• Personnel support offices near product ion 
building 

Table 2- 9. Space requirements for 30, 50, and 80 ppy (square feet) inside the security area 
Functional Area 30 Pits Per Year 50 Pits Per Year 80 Pit s Per Year 

Process equipment 13,300 18,000 21,200 

Building working space 13,300 18,000 21,200 

9 Support funct ions in PF-4 (currently at 54,000 square feet) were assumed to be adequate for 30 ppy. Note t hat in PF-4, these 

functions support al l the missions ongoing in the facility, not j ust pit production. 
10 Includes other m ission funct ions performed in PF-4 such as ARIES, plutonium-238 processing, and surveillance & certif icat ion. 
11 Generators are typically credited in the safety analysis, and are considered safety class. They must be protected in a HC-2 

facility, however are typically housed in a separat e facilit y due to t he fuel tank and flammabi lit y concerns. 
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Support functions within 54,600 57,000 68,000 
processing facility 

Building services 39,700 16,700 19,600 

Total HC-2 Production Facility 137,000 110,000 130,000 

Support facilities within the SC-1 All available at 46,800 67,500 

boundaries LANL 

Finally, supporting infrastructure for over 30 functions that can be located outside t he PIDADS w as also 
estimated. The team walked dow n LANL facilit ies and interviewed facility managers to determine 
required capabilities and capacit y for supporting infrastructure. These crit ical capabilit ies are list ed below 

and discussed in more detail in Appendix 8 : 

• Low level radioactive liquid waste • Water supply t ank and valve vault 

processing • Electrical transformers and pads 

• Transuranic solid waste processing • Cooling towers or equivalent 

• Standards and calibration • Grounds maintenance facilit y 

• PIDADS • Water treatment plant 

• Electrica l power • Low level so lid waste processing 

• Fire water loop • Material characterization (non-HC-2) 

• Securit y stations (response teams) • Security Cat 1 systems 

• Maintenance support facility • Graphite coating 

• Sewage treatment plant • Fire pump house (diesel and electric) 

• Transuranic liquid waste processing • Gas tank, liquefied gas st orage tanks, and gas 

• Actinide chemist ry (non-HC-2) st orage area 

• Cold machining and tooling • Receiving warehouse 

• Classified machining (bery llium, • High-efficiency part iculate air (HEPA) fi lter 

uranium, graphite, stainless steel) test faci lity 

The AoA team t horoughly investigated functional and process level requirements so that space needs for 
all required equipment and support functions, as well as infrastructure upgrades, could be included as 
appropriate in each alternative evaluated, as summarized in Table 2-10. Without careful consideration of 
all functional and process level requirements, cost and schedule for achieving mission needs could be 

underestimated . 

Table 2-10. Summary of space requirements for 30, 50, and 80 ppy (square f eet ) 
Functiona l Area 30 Pits Per Year SO Pits Per Year 80 Pits Per Year 

Process equipment 13,300 18,000 21,200 

Building working space 13,300 18,000 21,200 

Support functions wit hin 54,600 57,000 68,000 
processing facility 

Building services 39,700 16,700 19,600 
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Total HC-2 Production Facility 137,000 110,000 130, 000 

Support facilit ies w ithin the SC-1 All available at 46,800 67,500 

boundaries LANL 

Support infrastructure outside All Available at 95,000 122,700 
t he SC-1 boundary LANL 

3 Screening and Evaluation Criteria 
3.1 Overview 

After the functional and technica l requirements are developed, t he team developed screening and 
evaluation criteria. The screening criteria were used to ident ify and screen out alternatives t hat did not 

meet requirements to ensure remaining alternatives were able to meet threshold mission requirements 
as defined in the PRD. 

The evaluat ion criteria w ere used to determine which alt ernatives provide more cost-effect ive solutions. 

The set of evaluation crit eria usua lly includes cost, schedule, and r isk. Some evaluation criteria are 
traceable to object ive mission requirements in the PRD (addit iona l performance above threshold desired 

by the program). Other evaluation criteria may include performance metrics and other benefits. 

3.2 Screening Criteria 

The screening criteria are list ed in Table 3-1. Addit ional detai ls on the threshold requirements can be 

found in the classified PRD. 

Table 3-1. Screening criteria 
Screening Criteria Origin 

Supports threshold pit product ion throughput requ irements Maps to PRD-1-4 

Supports experiment al device t hroughput requirement s. Maps to PRD-5 

Supports all power supply throughput and surveillance act ivit ies Maps to PRD-6, 7, 8 

Supports all survei llance act ivit ies on pits Maps to PRD-9 

Provides production development concurrent wit h WR product ion Maps to PRD-10 

Supports annual LLNL pit analysis work Maps to PRD-11 

Supports threshold sample throughput for RDT&E Maps to PRD-12 

Key: 

LLNL = Lawrence Livermore National Laboratory; PRO = Program Requirements Document; 
RDT& E = Research, Development, Test, and Evaluation 
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3.3 Evaluation Criteria 

Evaluation criteria included cost, schedule, risk, and effect iveness metrics. Effectiveness metrics were 
derived from objective requirements as out lined in the PRD, and other characterist ics identified as 
possibly important in dist inguishing between the alternatives. The team quant itatively estimated 
measurable metrics and characteristics, where practical. Table 3-2 shows the eva luation criteria that were 
identified and evaluated. 

Table 3-2. Evaluat ion criteria 

Evaluation Criteria Origin 

Cost 

• Capit al (including renovation, removal of existing 

gloveboxes/equipment, construct ion of process facilities and support 
infrast ructure, and relocating processes current ly in PF-4, if DOE O413.3B 

applicable} 

• O&M (including waste disposal} 

• Total life cycle (including decontamination and decommissioning} 

Schedule 

• Time to complete capit al project (CD-4) - cold commissioning 

• Time to operat ional st artup (process qualification, startup} - hot 
commissioning (achieve fi rst WR pit} 

DOE O413.3B 
• Delay in achieving 30 ppy if impacted by the alternat ive 

(Plutonium Sustainment Program is outside the scope of the st udy, 

but some alternatives may disrupt t he current plan} 

• Time to achieve 80 ppy - sust ained production 

Risk 
• Regulatory, legal, or policy t hreats 

• Threats from natural disast ers 
DOE O413.3B 

• Threats affecting construction, qualif icat ion and development, and 
startup (ot her t han natural disasters} 

• Threats affecting operations (ot her than natural disast ers} 

Effectiveness Metrics 

Supports objective requirements for: 

• Pit production 

• DOE Office of Nuclear Energy missions Derived from PRD-1, -10, -11, and -12 

• DOE Office of Science (e.g., americium-241} 

• NA-20 ARIES missions 

Capacity for pit reuse operat ions simultaneous w ith pit remanufact uring Derived from PRD-1 

Ability t o accommodate surge capacity and capabi lities for pit 
Derived from PRD-1 

product ion 

Synergy of functions: Derived from PRD-1, -3 

• Plut onium science 

• Metal preparat ion 

• Product ion 

Ability t o accommodate future changes in m ission requirements -
Maps t o PRD-1 through -4 

provides fl exibility 

Usef ul lifetime Maps t o PRD-1 through -12 

Key: ARIES = Advanced Recovery and Integrated Extraction System; CO = critical decision; DOE O = Department of Energy Order; 

O&M = operating and management; PF = plutonium facility; ppy = pits per year; PRO = Program Requirements Document; 

ROT&E = Research, Development, Test, and Evaluation; WR = War Reserve 

Final Report for the Plutonium Pit Production Analysis of Alternatives I Page 22 

Unclassified Controlled Nuclear Information 

1:18-cv-01431-JMC     Date Filed 06/04/18    Entry Number 19-12     Page 33 of 54

christina.hamblen
Cross-Out

christina.hamblen
Cross-Out



Unclassified Controlled Nuclear Information 
Depart ment of Energy/National Nuclear Security Administrat ion/ Defense Programs I October 2017 

4 Development of Alternatives 
To develop an init ial set of alternatives, the AoA team researched a wide range of potential locations, 
existing facilit ies, and configurations for production and support functions in o rder to avoid prematurely 
excluding any option with potential to successfully meet the mission need. Based on the AoA tasking 

memo dated May 2, 2016, the evaluation team considered alternatives in the following categories: 

• Maintaining the status quo 

• Further refurbishment, repair, or upgrade of current faci lities and infrastructure 

• Building one or more new facilit ies 

• Potentially innovative or creative solutions not previously considered 

The team's initial efforts to develop a robust set of alternatives included combinations of w ays to split the 

mission, facil it y options, and possible sites. A diverse range of plausible preliminary alternatives for 
meeting the pit production mission need were developed using an iterative process that encompassed 
numerous alternatives and thorough research, as listed in Table 4-1. Almost 400 candidate alternatives 
were initially identified. An iterative process was used to narrow dow n the list to a manageable number 

of possibilities. 

Table 4-1. Universe of alternat ives 

Alternative Description Components Site 

Everything in PF-4 Mult iple facilit ies w ith fully independent lines LANL 
(80 ppy + R&D, experiments) 

• All on the same site SRS 

• Split over mult iple sit es 
Pant ex 

80 ppy in PF-4, R&D and experiments Large facility - all in one place 
elsewhere NNSS 

LLNL 

Smaller facilities - each contains part of t he 
Y-12/ORNL 30 ppy plus R&D and experiments in process - not a ful l line 

PF-4, 50 somew here else Sandia Nat ional Laboratories 

Refurbishment of existing faci lit ies 
KCNSC 

Only R&D, experiments, subcrits in Other DOE 
PF-4, 80 ppy somewhere else 

Combinat ions of new const ruct ion and 
• WIPP 

ref urbishment 
• Hanford/PNNL 

All somewhere else • Idaho 

• Brookhaven 
Greenf ield 

Key: LANL = Los Alamos National Laboratory; LLNL = Lawrence Livermore National Laboratory; NNSS = Nevada National 

Security Site; ORNL = Oak Ridge National Laboratory; Pantex = Pantex Plant; PF-4 = Plutonium Facility; PNNL = Pacific 

Northwest National Laboratory; R&D = research and development; SRS = Savannah River Site; WIPP = Waste Isolation 

Pilot Plant, Y-12 = Y-12 National Security Campus 
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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: 

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

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

• 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. 

  

1:18-cv-01431-JMC     Date Filed 06/04/18    Entry Number 19-12     Page 35 of 54

christina.hamblen
Cross-Out

christina.hamblen
Cross-Out



Unclassified Controlled Nuclear Information 
Depart ment of Energy/National Nuclear Security Administration/ Defe nse Programs I October 2017 

Ta ble 4-2. Site survey results for capital items 
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Capit al Items iqcid, .. .,.,.. = &e 
su,1~ ..,.,.,;..,. enphcte coe.tina ... ,.. - .... . ... .... ,.,._,, Wo:l< 
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ma.tlir'Mna fflee'~ 
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'°"'"" t re• tme-nt raed.!Wtj opoaly .... .., dwractehl rob 
.sbifMliflll -· shop 

Site Rl!presentJtive 

lANl BobPutram 

SRS IJe nnJfe rRlti' 

Panto L!JTy Sa<l<us - - - -
NNSS Jo~ Leemin - - -
llNL Marte Bronson 

V12IORNL ITom lnsalil<:o 

WIPP
1 

Kennett, Pic./lnf,astTeam ~ -

Hanford/ PNNL Kenneth Pichz- - - t' 

IN L Minv Beniamfn 

Brookhaven Todd Lapolnti! llnfiastTeam - - l 

KCNSC Gr?! Ens! rro -
SNl--Albuauerou Phil O,amberwn - - l -
Greenfi@ld 

l . EM s1J bmit1Ed ltt i t W IPP had no capabilitie, 1n • nv d tile 2.. H.a nf-..>?"d .1:.ti li ~ ?~tL a p,atk ity pe.r Sob - •ite hasw1p•brnty 
i dentified ;neas .. This chart refl ects our knOW'·ledge of WIPP. Pl,..,.m L Site h.ti lrnrti!d ca.1»blfity 

Key: Be= beryllium; BNL = Brookhaven National Laboratory; EM = Office of Environmental Management; LANL = Los Alamos 

National Laboratory; /NL= Idaho National Laboratory; KCNSC = Kansas City National Security Campus; LLNL = Lawrence 

Livermore National Laboratory; NNSS = Nevada National Security Site; ORNL = Oak Ridge National Laboratory; Pantex = Pantex 

Plant; PIDADS = Perimeter Intrusion Detection Assessment and Delay System; PNNL = Pacific Northwest National Laboratory; 

SNL = Sandia National Laboratories; SRS = Savannah River Site; TRU = t ransuranic; WIPP = Waste Isolation Pilot Plant, Y-12 = Y-
12 National Security Campus 
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Table 4-3. Site survey results for operating infrastructure 

Operating Infrastructure 
M1J:p:,~ 

s.a~u.r<I. Qu.allkd NM'-24, \\l<:- :oo,n 
Prod procc-drur<:s - ..nd OPQE.tC.-. Q,uallly Plall<y, CQIUl'k,d 

c.irdr<ll ;andU.w>lnii can1rol - m .. t~l ~,i:a.", ln 
,:r.t<:m ..,.-tan ~ 

p ""-= • uPJ)..,., "' t<.J 
lq~ J 

.site Re rl5entative 
1ANL Bob Plitn am 

Pante.x 6adcll5 

N NSS Joel Leeman 

Yl.2/0RNL l'l:>m lll:$=-300 
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s roo khaven Todd lapi>" 11t e/1Rfra::t Team 

GreenfleJd 

L EM submitted that WIPP had no 

ca pab•:rties In a rvy of the k!entlfled areas . 

Key: BNL = Brookhaven National Laboratory; EM = Office of Environmental Management; LANL = Los Alamos National 

Laboratory; /NL = Idaho National Laboratory; KCNSC = Kansas City National Security Campus; LLNL = Lawrence Livermore 

National Laboratory; NNSS = Nevada Na tional Security Site; ORNL = Oak Ridge National Laboratory; Pantex = Pantex Plant; 

PNNL = Pacific Northwest National Laboratory; SNL = Sandia National Laboratories; SRS = Savannah River Site; WIPP = Waste 

Isolation Pilot Plant, Y-12 = Y-12 National Security Campus 
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Table 4-4. Site survey results for plant core infrastructure 

Plant Core Infrastructure 
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Key: BNL = Brookhaven National Laboratory; EM = Office of Environmental Management; LANL = Los Alamos National 

Laboratory; /NL = Idaho National Laboratory; KCNSC = Kansas City National Security Campus; LLNL = Lawrence Livermore 

National Laboratory; NNSS = Nevada National Security Site; ORNL = Oak Ridge National Laboratory; Pantex = Pantex Plant; 

PNNL = Pacific Northwest National Laboratory; SNL = Sandia National Laboratories; SRS = Savannah River Site; WIPP = Waste 

Isola tion Pilot Plant, Y-12 = Y-12 National Security Campus 

At this stage, it w as possible to evaluate site favorability based on reported site capabilit ies : 

• LANL, Savannah River Site (SRS), Y-12/ Oak Ridge National Laboratory (ORNL), 12 and Idaho National 
Laboratory (INL) provide the most comprehensive set of capabilities. 

• Pantex, NNSS, LLNL, and Sandia National Laboratories (SNL) provide most capabi lit ies but there 
are key capabilities that would have to be established to be equitable with the more 

comprehensive sites. 

• Hanford, Waste Isolation Pilot Plant (WIPP), Brookhaven National Laboratory (BNL), KCNSC, SNL
Albuquerque are not w ell-suited based on both lack of required capabilit ies and the likelihood of 
establishing them within the operational framework of the site. 

12 Y-12 and ORNL are combined because if pit manufacturing were to be sent to Oak Ridge, capabilit ies at both faci lit ies could be 

used. 
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4.1.2 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. 
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Pantex 
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LLNL 

Y-12 

ORNL 
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Table 4-5. Summary of siting risk analysis 
Site Factors 

Relevant Site Nearby Cities Populat ion 
Area (square Information Within Distance Within 
miles)/acres S M iles Name Populat ion (miles) Direction SO M iles 

1.3 

Los Alamos, NM 12,000 (southern N 
36/23,000 White Rock, NM 5,800 edge) SE 378,000 

Santa Fe, NM 68,000 5 SE 
24 

Within site (measured Jackson, SC 1,700 7 NW 

310/200,000 from F-area, site of Augusta, GA 196,000 20 NW 790,000 

MFFF). Aiken, SC 30,000 18 N 

Predominantly farming, 
sparsely populated. Only 

28/18,000 
2 people within 2 miles, Panhandle, TX 2,500 10 NE 

316,000 
~360 within 5 miles), Amarillo, TX 190,000 10 SW 

some unpopulated hill 
country to NW. 

l ,360/870,000 
No people within 5 miles 

North Las Vegas 217,000 90 SE 42,000 
of OAF. 

Livermore, CA 81,000 
Pleasanton, CA 70,000 

Dubl in, CA 46,000 

Oak Ridge, TN 29,000 Slightly S 
1,200,000 

Knoxville, TN 180,000 of E 

SE 

6.9/4,400 
Nearest houses~ 4 mi. E 6 (center) NE 

and S. Most of circle of Oak Ridge, TN 29,000 22 (center) Slightly 
toward center of 

radius 5 miles within Knoxville, TN 180,000 11 (closest N of E 
1,200,000 

ORR (52/33,500) 
ORR. approach) ESE 
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Subjective 

Assessment of 

Predominant Wind Relative Risks Arising 

Direction (from) from Siting Issues 

S (daytime) -

i.e., toward 
Moderate 

Los Alamos; 
NW-SW (night) 

w 
Not toward cities Low 

listed at left 

S-SW, away from 
Low 

Amarillo 

SW Low 

W, WSW, SW, SSW 
Away from cities listed High 

at left 

About equally from 
High 

SW-SSW/NE-NNE 

About equally from 

SW-SSW/NE-NNE 
Moderate 
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Site Factors Subjective 

Relevant Site Nearby Cities Population Assessment of 

Area (square Information Within Distance Within Predominant W ind Relative Risks Arising 

Site mUes)/acres S Miles Name Populat ion (miles) Direction SO M iles Direction (from) from Sit ing Issues 

Very sparsely populated, 
Loving, NM 

WIPP 16/10,000 numerous oil and 
Carlsbad, NM 1,400 17 WSW 

113,000 
SE, passing N of 

Low 
No other city 26,000 24 WNW Carlsbad 

natural gas wells. 
w ithin 30 miles 

Within sit e (e.g., Rich land, WA 48,000 17 SE NW,WNW,W 
Hanford 586/375,000 measured from Area Kennewick, WA 74,000 30 SE 560,000 M ostly not directly Low 

200E or 200W). Pasco, WA 60,000 30 SE toward nearby cities 

Within site (depending 
Arco/Butte City, 

on where pit production 1,000 20 WNW 
INL 890/570,000 facility would be sited); 

ID 
12,000 40 SE 179,000 

SW, not toward 
Low 

very sparse just outside 
Blackfoot, ID 

57,000 so E 
nearby cities 

site boundary. 
Idaho Falls, ID 

Brookhaven 
Occupies 

Surrounds 
BNL 

Township, NY 
~530 mi2 

site 
Westerly High 

around site 

Grandview, MO 2 24,400 NNE 
KCNSC Belton City, MO 5 23,000 SSE High 

Kansas City, MO 20 460,000 N 

Mostly empty except to 
From E to SE, toward 

13.4/8,600 N in Albuquerque; 

SNL within Ki rkland 25,000 people w ithin 
Albuquerque, NM 7 546,000 NNW 

910,000 
Rio Grande Valley and 

Moderate 

AFB (80/51,000) 5 m iles; nearest houses 
South Valley, NM 8 41,000 w SW Albuquerque 

at~3 miles. 
metropolitan area. 

Key: BNL = Brookhaven National Laboratory; E = east; LANL = Los Alamos National Laboratory; /NL = Idaho National Laboratory; LLNL = Lawrence Livermore National Laboratory; 

N = north; NNSS = Nevada National Security Site; ORNL = Oak Ridge National Laboratory; Pantex = Pantex Plant; S = south; SC = Security Category; SRS = Savannah River Site; W = 

west; WIPP = Waste Isolation Pilot Plant, Y-12 = Y-12 National Security Campus 
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Based solely on the number of red or green cells in each row Table 4-5, the AoA team roughly ranked the 

sites based on sit ing risk: 

• Lower risk: SRS, Nevada, Hanford, INL, W IPP 

• Medium risk: LANL, ORNL, and SNL 

• Higher risk: LLNL, Y-12, BNL, and KCNSC 

Note that Y-12 shows a higher siting risk than does ORNL because the former is at the northeast corner of 
the Oak Ridge Reservation (ORR), a short distance from the city of Oak Ridge, whereas the latter is in the 
center of ORR, about 4 miles from the nearest residents. 

4.1.3 Policy Risk Assessment for Potential Sites 

The AoA team also considered policy, public and legislative risks w hen determining the most promising 
sites. This, of course, is highly subjective. In assessing w hether these risks are high, moderate, or low, the 
team considered w hether there was a history of public protest or legislative resistance at or near each 
site. Brookhaven is an example of a site that ultimately did not make the short list because of this factor. 

There was significant public and legislative resistance to the proposed Shoreham nuclear reactor, located 
not far from Brookhaven, and the reactor w as abandoned even though it was essentially complete, had 
many safety features, and had already cost severa l billion dollars. The policy risk was judged to be high 
or even very high for Brookhaven. Other relevant information, where pertinent, might include the 
presence of nearby national parks or other sensitive environmental receptors, or Native American 
reservations. The findings of the risk ana lysis are displayed in Table 4-6. 

Site 

LANL 

SRS 

Pantex 

NNSS 

LLNL 

Y-12 

Severity of 

Policy Risk 

Moderate 

Table 4-6. Subjective Policy risk analysis 

Comments/ Explanation 

The city of Los Alamos is only 1.3 miles to the north of PF-4, and there has been 

considerable controversy in the past about changes in mission. In addit ion, there are many 

American Indian reservations w ith in 50 miles of the site, and the Bandelier National Forest 

is nearby (a few years ago, a fire there almost encroached on Technical Area 55). On the 

other hand, many members of the local population would be expected to welcome new jobs 

and expenditures. On balance, the policy risk is moderate. 

There has been considerable controversy, including lawsuits, over the M ixed Fuel 

Moderate Fabrication Facility. However, many members of the local population would be expected to 

welcome new jobs and expenditures. On balance, t he policy risk is moderate. 

Low 

Low 

Pantex already handles pits, although it does not perform any manufacturing activit ies using 

plutonium. 

Remoteness and size of site are considerable plusses. However, the low severity of policy 

risk could be higher if, for example, there is any residual conflict arising from the Yucca 

Mountain controversy. 

There are large numbers of people nearby. The amount of plutonium at LLNL has 

intentionally been reduced, and t he local population is not likely to want to see t hat 

reversed. 

The northern boundary of Y-12 adjacent to the Pl DADS is very close to the city of Oak Ridge. 
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Site 

ORNL 

WIPP 

Hanford 

INL 

BNL 

KCNSC 

SNL 

Severity of 

Policy Risk 

Moderate 

Low 

Moderate 

Moderate 

Comments/ Explanation 

Risk is likely to be lower than that for Y-12 because ORNL is in the middle of the Oak Ridge 

Reservation, a considerable distance from the closest houses. However, should pit 

manufacturing be established in Oak Ridge, bot h Y-12 and ORNL would likely be used. It 

would be difficu lt to disentangle t he policy risk associated wit h the two sites. 

Extremely remote site, but use of it might requ ire eit her revis ion of the Land W ithdrawal Act 

or passing a new act . 

Much previous controversy (e.g., about tanks} and great local concern about potential 

contamination of t he Columbia River. 

Extreme remoteness and a large site should mit igate public concerns. However, INL is 

currently operating under a consent decree w ith t he State of Idaho dealing w ith radioactive 

waste onsite that may make it difficu lt to establ ish new activit ies that require bringing 

plutonium onsite. On balance, the policy risk is moderate. 

In a very populated area. There is a history of hostility to nuclear power - the nearby 

Shoreham Nuclear Power Plant was abandoned after it had been completed because of 

local opposit ion. Likely to be an outcry over the possibi lity of bringing Pu to t he site. 

The site is dedicated to non-nuclear components. It is also very small and close to large 

concentrations of populat ion. 

The amount of special nuclear material held at SNL has been considerably reduced and 

there would likely be concern if it were proposed to reverse t hat t rend. 

Key: BNL = Brookhaven National Laboratory; LANL = Los Alamos National Laboratory; LLNL = Lawrence Livermore National 

Laboratory; NNSS = Nevada National Security Site; Pantex = Pantex Plant; PF-4 = Plutonium Facility; SNL = Sandia National 

Laboratories; SRS = Savannah River Site; WIPP = Waste Isolation Pilot Plant 

Using a method similar to that already performed for the site infrastructure and the sit ing risk analysis, 
the AoA team developed a rough ranking of the sites based on policy, public and legislative risks as listed 
in Table 4-6: 

• Lower risk: Pantex, NNSS, WIPP, and INL 

• Medium risk: LANL, SRS, Y-12/ ORNL, and SNL 

• Higher risk: LLNL, Hanford, BNL, and KCNSC 

4.1.4 Siting Results for Alternatives Development 

The AoA team examined the candidate sites for potential to perform plutonium manufacturing from the 
perspectives of capital infrastructure items, core plant infrastructure, operating infrastructure, sit ing risk, 
and policy risk. The result s of these evaluations were combined using a number of different methods. 
Based on these results, the team concluded that the most promising sites are LANL, SRS, and INL. NNSS 
and Pantex fell in the second t ier. For more detai l on how the most promising sites were determined, see 
Appendix B. 

The team retained all five sites for development of alternatives: LANL, SRS, INL, NNSS, and Pantex. 
Through the thorough evaluation of the potential of these sites for hosting plutonium capabilit ies, the 
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AoA Team identified severa l exist ing radioact ive materials facilit ies that may be viable for housing pit 

product ion or other plutonium missions. These were used in t he development of t he alternatives. 

• PF-4, LANL 

• MFFF, SRS 

• W aste Solidification Building (WSB), SRS 

• K-Area Reactor, SRS 

• Fuel Processing Faci lity (FPF), INL 

4.2 Production Configuration Options 
4.2.1 Separable Functions 

In addit ion to developing a list of potential host sites for the reconst ituted pit production capability, the 
evaluation team also identified missions currently performed in PF-4 and portions of the pit production 

flowsheet that could possibly be moved to other locations. These separable functions are defined in 
Table 4-7. 

Table 4-7. Descript ion of separable functions 
Separable Function Description and scope 

Plutonium science and certif icat ion Includes product ion of subcrit ical articles and other test articles and research and 

development . 

Metal preparation Includes disassembly of ret urned pits, purifi cation of plutonium, disposit ion of any 

other mat erial in the pit, recovery of plutonium residues, purification of t he recovered 

plutonium, and processing of all waste produced. Includes flowsheet process steps up 

to and including electro-refining and size reduct ion and aqueous processing 

capabilities. 

Production Includes all activit ies on t he pit production flowsheet st arting at cast ing and ending at 

final assembly and inspection. "Split production" alt ernatives refer t o creating pit 

production lines in two separate faci lit ies or locations. 

Advanced Recovery and Int egration Includes plutonium material disposition activit ies to support Defense Nuclear 

Extract ion System (ARIES) Nonproliferation m issions. 

Plutonium-238 missions Includes plutonium-238 processing activit ies t o support weapons programs and DOE 

Office of Nuclear Energy missions. 

4.3 Initial Alternatives for Each of the Viable Sites 
The AoA team made the following assumptions during the development of the list of alternatives to be 
evaluated: 

• At a minimum, plutonium science and certification capabilities currently at LANL and LLNL would 
remain there. 

• CMRR project and Plutonium Sustainment Program activities are completed as planned. 

• Support infrastructure w ill be built or upgraded as required for each alternative. 
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The a lternatives can be categorized into four groups based on how the separable funct ions have been 
distributed. Table 4-8 describes the alternative categories. 

Table 4-8. Description of separable function categories 
Alternative Category Description and Scope 

Status quo PF-4 reta ins plutonium science and certification, metal preparation, and ~30 ppy production. Facility 

is as configured after the completion of the CMRR and Plutonium Sustainment programs. 

Split production PF-4 reta ins plutonium science and certification, metal preparation, and 30 ppy production. 

capacity Addit ional equipment is installed to reach 30 ppy at high confidence, if necessary. 

50-ppy capabi lity at high confidence is established in another facil ity. 

Excursions: Evaluate PF-4 capabi lity if some functions, such as plutonium -238 and ARIES, are moved 

out. 

Move production PF-4 reta ins plutonium science and certification. 

Metal preparation and 80 ppy production at high confidence are establ ished in another facility. 

Split fl owsheet Either: 

PF-4 retains plutonium science and certification and metal preparation. 

80-ppy capability at high confidence is established in another facility. 

Or: 

PF-4 retains plutonium science and certification. Metal preparation is cleared out of PF-4, and 

addit ional pit production equipment is instal led in PF-4 to establish an 80 ppy capability at high 

confidence. 

Metal preparation is established in another facility 

Key: ARIES = Advanced Recovery and Integrated Extraction System; CMRR = Chemistry and Metallurgy Research Replacement; 

PF-4 = Plutonium Facility; ppy = pits per year 

The fina l list of 40 a lternatives to be evaluated, shown in Table 4-9, was presented to the Steering 
Committee/Advisory Group and approved by the PSO in April 2017. Detailed descriptions of the 
a lternative s can be found in Appendix C. 
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Table 4–9.  Table of alternative configurations 
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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.13   

                                                           
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. 

(b)(3) UCNI
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Identifier 

0-1 

0-2 

0-3 

0-4 

0-5 

0-6 

0-7 

0-8 

0-9 

0 -10 

0 -11 

0 -12 

0 -13 

0 -14 

0 -15 

0 -16 

(b)(3) UCNI 

Table 5-2. Threats during operations 
Brief Description of Threat During Operations 

Pit manufacturing adversely affects other site or facility projects, or other site or facil ity projects adversely 

affect pit production. 

The facility is unable to hire, clear, tra in, and/or reta in sufficient skilled personnel to support ongoing 

plutonium operations 

Low level waste treatment capabilities deteriorate, become overwhelmed, or are unavai lable for an 

extended period, impacting mission. 

TRU waste treatment capabilit ies deteriorate, become overwhelmed, or are unavailable for an extended 

period, impacting mission. 

WIPP shuts down for an extended period of t ime (months or years) so that TRU-waste storage capability 

reaches its limit and pit production ceases. 

When W IPP comes back on line after a shutdown, additional regulatory and safety constraints mean that it 

accepts shipments at a rate insuff icient to process waste generated by an 80-ppy program. 

WIPP becomes fu ll and is no longer able to accept solid TRU waste, and no other repository is available. 

Analytica l chemistry or materials characterization capabil it ies deteriorate, become overwhelmed, or are 

unavailable for an extended period, impact ing mission. 

Any other support infrastructure capabi lities deteriorate, become overwhelmed, or are unavai lable for an 

extended period, impacting mission. 

Inabi lity to obtain spare/replacement parts for failed equipment increases potential shutdown durations, 

impacting mission. 

Supplier(s) of essential and unique equipment go out of business, refuse to take the j ob, or deliver poor 

quality. 

Aircraft impact damages the facility. 

A hazardous material release elsewhere onsite or at a nearby industrial facility or from a transportation 
accident affects operators and causes a facility shutdow n, possibly requ iring subsequent decontamination. 

Transportation capacity for shipping pits and plutonium feedstock is insufficient to meet demands from all 
DOE sites. 

A seismic event occurs during the operating lifetime. 

A tornado or other high-w ind event occurs during the operating lifetime. 
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Identifier Brief Description of Threat During Operations 

0 -17 An ext ernal flood occurs during the operat ing lifet ime. 

0 -18 An ext ernal fire occurs during the operat ing l ifetime. 

0 -19 Any ot her external event occurs during the operating lifetime. 

Key: ppy = pi ts per year; TRU = transuranic; WIPP = Waste Isolation Pilot Plant 

5.1.1 Risks that Discriminate Between Alternatives 

The fo llowing section provides information that the AoA team used to dist inguish alternatives with high 
risk. Two types of risks are considered: (1) those that discriminate between alternatives and for which 
the risk for at least one of the alternatives is high and (2) those that are high for every alternative. The 
AoA team identified two threats, C-10 and 0 -1, which discriminated between alternatives, as shown in 
Tables 5-3 and 5-4 below. A detailed description of the fu ll risk assessment can be found in Appendix E. 
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Threat C-10: Construction or repair and modifications impact ongoing site or facility operations, or ongoing site or facility operations impact 
construction or repair and modification. 

Table 5-3 shows the estimated risk levels for each alternative resu lt ing from the potential impact of construction or repair and modificat ions on 
ongoing site or facility operations. The explanation for the assigned risk levels can be found in Appendix E. 

Table 5-3. Risk levels associated with threat C-10, construction or repair and modifications impact ongoing site or facility operations 
Alt Name 

0 - Status Quo 

1- Split Production 

2-Move 

Production and 

Metal Prep. 

3 - Move 

Production 

4 - Move Metal 

Prep. 

Capabilities in PF-4 

Plutonium science and 

certification+ metal prep. and 

30 ppy 

Capabilities Outside PF-4 

None 

Plutonium science and Pro ctio 50 p y at LANL 

certification + metal prep. and Production 50 ppy at SRS 

Alternatives 

LANL0 

LANLl -A (new) 

SRSl -A (MFFF) SRSl-C (WSB) 
1---------------1:--------

30 PPY Production 50 ppy at INL 

Plutonium science and 

certification+ metal prep. and 

maximize production by 

moving out other functions 

Plutonium science and 

certification 

Plutonium science and 

certification + metal prep. 

Plutonium science and 

certif ication and 80 ppy 

Production various at new 

construction at LANL 

Metal prep. and 80 ppy at LANL 

Metal prep. and 80 ppy at SRS 

Metal prep. and 80 ppy at INL 

80 ppy at LANL 

8 pyatSRS 

80 ppy at INL 

Metal prep. at LANL 

Metal prep. at SRS 

etal pre . at I L 

Moderate Risk 

INLl-8 (new) 

LANL2(new) 

SRS2-A (MFFF) SRS2-C (WSB) 

INL2-A (FPF) INL2-B (new) 

LANL3 (new) 

SRS3-A (MFFF) SRS3-C (WSB) 

INL3-A (FPF) INL3-8 (new) 

Low Risk 

SRSl-0 (New) 

SRS2-D (new) 

SRS3-D (new) 
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Threat 0-1: Pit manufacturing adversely affects other site or facility projects, or other site or facility projects adversely affect pit production. 

The following table shows the estimated risk levels for each alternative result ing from the potential impact of pit manufacturing on ongoing site 
or facility. The explanation for the assigned risk levels can be found in Appendix E. 

Table 5-4. Risk levels associated with threat 0-1, pit manufacturing adversely affects other site or facility projects 
Alt Name 

0 - Status Quo 

1- Split Production 

2 -Move 

Production and 

Metal Prep. 

3 -Move 

Production 

4 - Move Metal 

Prep. 

Capabilities in PF-4 

Plutonium science and 

certification+ metal prep. and 

30 ppy 

Capabilities Outside PF-4 

None 

Plutonium science and Production SO ppy at LANL 

certification+ metal prep. and Production SO ppy at SRS ,__ _________ _ 
30 PPY Production SO ppy at INL 

Plutonium science and 

certification+ metal prep. and 

maximize production by 

moving out other functions 

Plutonium science and 

certification 

Plutonium science and 

certification + metal prep. 

Plutonium science and 

certif ication and 80 ppy 

Production various at new 

construction at LANL 

Metal prep. and 80 ppy at LANL 

et I pre . nd 8 py at S S 

Metal prep. and 80 ppy at INL 

80 ppy at LANL 

: ... 
: I • • 

- . . -. . ' 

Metal Prep. at SRS 

Metal Prep. at INL 

Moderate Risk 

Alternatives 

LANLO 

LANL 2 (new) 

SRS2-A (MFFF) SRS2-C (WSB) SRS2-D (new) 

INL2-A (FPF) INL2-B (new) 

LANL3 (new) 

SRS3-A (MFFF) SRS3-C (WSB) SRS3-D (new) 

INL3-A (FPF) INL3-B (new) 

l ow Risk 
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5.1.2 High Risks that Apply to All the Alternatives 

Risk C-4: Sufficient line item funds are not available (either in individual fiscal years or in total), resulting 
in a delay to completion of construction and startup. 

The construction and startup period will likely extend over at least t hree administrations. There is a high 
probability that there w ill be changes in funding leading t o crit ica l consequences. 

Risk C-8: More stringent interpretations of safety requirements during design and construction require 
facility structural or service system upgrades. 

There is a very high probability of significant consequences or a high probability of critical consequences, 
based on historic changes to safety requirements. These combinations of probability and consequence 
are both high risk. 

Risk C-9: Additional security provisions (e.g., clearances, escorts, fences, changes in the design basis threat) 
beyond those planned are imposed. 

There is a very high probabilit y of significant consequences or high probability of critical consequences, 
based on hist oric changes to security requirements. These combinations of probabilit y and consequence 
are both high risk. 

5.2 Evaluation of Status Quo Alternative 

The Status Quo alt ernat ive is defined for t he purposes of this AoA t o be PF-4 and RLUOB as configured 

after t he CMRR and Plutonium Sustainment programs have completed the installation of AC/MC 

capabilit ies and t he reconfiguration and insta llat ion of pit product ion equipment to achieve up to 30 

ppy. Using the pit production process discrete event simulation model developed to est imate the 

equipment needed to produce a given number of pits, t he AoA Team estimated the pit production 

capability provided by t he Status Quo alternative. 

The model was run for 219 years using t he current ly programmed equipment set on one shift for the 

Plutonium Sustainment 30 ppy program. Table 5.5 shows the resu lts of the model runs. The Status Quo 

alternative is not sufficient to meet mission requirements. 

Table 5-5. Results of model runs for Status Quo alternative 
Statistic Pits per year (ppy) 

Mean 28.8 

Standard Deviation 8.2 

High 52 

Low 7 

Confidence of achieving 30 ppy 41.6% 
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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 ft2 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 ft2 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:  

• Initial risk assessment  
• ROM cost and schedule estimates  
• Identified disadvantages such as prior contamination 

5.3.2.1 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: 

• Low level liquid waste processing 
• TRU liquid waste processing 
• TRU solid waste management 
• 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. 

• 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. 

• K-Area Reactor does not have credited secondary confinement, which adds to renovation costs.  
• Renovating K-Area Reactor for pit production involves rad construction inside a working HC-2, 

SC-1 facility.  This increases cost and schedule. 
• 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 ft2 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 ft2.  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: 

• an optimistic schedule for establishing a new capability starting in FY 2018 (3 years to CD-2, 3-year 
construction, and 2-year startup); 

• D&D of Area 400 (gloveboxes) estimated to take approximately 4 years; 
• outfitting estimated to take approximately 4 years (gloveboxes); and 
• 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 ft2 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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