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EXECUTIVE SUMMARY
High Bridge Associates, Inc. (High Bridge) performed an Independent Review of the “August 13, 2015
Final Report of the Plutonium Disposition Red Team.” High Bridge key findings and conclusions include:
1. The Red Team correctly concluded that:
• The MOX Program annual funding does not need to be $1B per year, a value inferred from the
Aerospace report.
• Adequate funding for MOX Program needs to be authorized.
• The Aerospace use of RY$ and constrained funding scenarios exaggerated costs for MOX.
• The approximate $1B value of MOX fuel sales should be included in the economic analysis.
• The NNSA and MFFF Project contractor organization is dysfunctional and needs to be corrected.
• The MOX Program needs to develop an updated scope, cost, and schedule baseline.
2. While the Red Team and High Bridge agreed on their evaluations of several key elements of the MOX
and the Dilute and Dispose Plutonium Options, High Bridge found many aspects of the Red Team
review approach and conclusions to be incomplete or ungrounded:
• In their own words, the Red Team characterized their review as cursory that only considered other
assessment report values and did not develop any of its own costs.
• It appeared to High Bridge that the Red Team was under a very aggressive deadline, did not have
adequate time to analyze the data in other reports, and was rushed to produce a deliverable.
• The Red Team only reviewed the High Bridge June 29, 2015 Phase 1 Executive Summary 5-page
report. It did not review the High Bridge August 21, 2015 Phase 2 Detailed 200-page report.
• High Bridge believes that the Red Team would have come to different conclusions had it been able
to review the High Bridge 200-page Phase 2 detailed report.
3. The Red Team did not recognize that the Aerospace analysis lacked independence:
• High Bridge discovered in its August 6 meeting with Aerospace and NNSA that the NNSA defined
limiting parameters for the Aerospace review approach regarding escalation rates, escalated real
year dollars (RY$), WIPP availability, constrained funding, and evaluation of technical basis.
• This produced outcomes that increased MOX cost and schedule durations and decreased Dilute and
Dispose cost and schedule durations.
4. The Red Team incorrectly concluded that the Dilute and Dispose approach is a viable option for
Plutonium Disposition under the PMDA:
• The Dilute and Dispose Option does not comply with Article III of the PMDA.
• The Spent Fuel Standard is not invoked by the PMDA or recognized by Russia.
5. The Red Team incorrectly concluded that renegotiating the PMDA to accept the Dilute and Dispose
Option will be a simple matter and identified no cost or schedule impacts:
• The Russian Federation has insisted on changing the isotopic makeup of plutonium for disposition.
• The Russian Federation is more concerned with the U.S. military than with terrorists or rogue states.
• The PMDA would have to be renegotiated first before Dilute and Dispose could be started.
• The previous amendment to the PMDA required 5 years to negotiate.
6. The Red Team incorrectly concluded that the Dilute and Dispose approach and placement at WIPP is
achievable without any capital cost, schedule, or risk impacts:
• WIPP design and licensing changes for Dilute and Dispose must be part of the program costs.
• Material cannot be accepted by WIPP until design and licensing changes have been accomplished.
• Recovery from the 2014 incidents at WIPP will take longer and cost more than currently described.
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•
•
•

The critical decision process requirements of DOE 413.3 apply to the Dilute and Disposal Option.
The Red Team did not consider the life extension costs for the WIPP.
The Red Team did not consider the risk of increasing WIPP repository capacity by over 50%.

7. The Red Team did not address the cost impact of the Dilute and Dispose Option on WIPP operations:
• Canceling the MOX Program requires disposal of at least 51MT of surplus plutonium in WIPP.
• Purchasing/loading 170,000 criticality control over-packs (CCO) each inside a 55-gallon drum.
• Transporting over 4,000 shipments (42 CCOs/shipment) from SRS to WIPP across six states.
• Emplacing over 35,000 M3 in the WIPP repository.
8. The Sterilization Option recommended by the Red Team is not viable for Plutonium Disposition:
• Safeguards and security impacts at WIPP would be astronomical.
• The Russian Federation would categorically reject this approach.
• The attractiveness level would remain at Level B-II.
• An NRC–approved container does not exist for this waste form.
• It is not permitted to store Special Nuclear Material intermingled with TRU waste packages.
9. The Red Team accepted the Risk and Monte Carlo contingency determination analysis of Aerospace:
• The Red Team did not perform any structured risk and contingency analysis.
• The Red Team did not provide adequate credit for the operating experience of French plants.
The Red Team did not recognize/understand the modest 35% throughput capacity factor for MOX
MFFF that provides significant operational flexibility to deal with feedstock and production issues.
• The Red Team did not have the opportunity to review the High Bridge August 21 Phase 2 detailed
report which included a structured risk and contingency Monte Carlo analysis.
10. The Red Team did not recognize the MOX Fuel economic contribution to the GNP through the
production of clean non-carbon emitting nuclear power electricity:
• The 34 MTs of surplus weapons plutonium will result in enough nuclear fuel to generate electricity
worth $35B.
• The value to the GNP of the electricity sales ($35B) from the MOX fuel is greater than the MOX
total life-cycle cost ($19.4B) in FY14 dollars.
• MOX represents a net increase in the GNP of the U.S. and creates >10,000 U.S. jobs.
• The Dilute and Dispose Option produces no GNP contribution and represents a net loss to the
taxpayers.
• Using the 34 MT of plutonium converted to nuclear fuel will eliminate enormous quantities of
NOx, SO 2 and greenhouse gas emissions.
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1

REPORT OVERVIEW

Background - High Bridge Associates, Inc. (High Bridge) is a planning and project management
company providing consulting and project staffing support services to the commercial nuclear power
generation, Department of Energy (DOE), petro-chemical, and industrial business sectors. High Bridge
experts are intimate with and understand the technical design and regulatory licensing requirements that
drive the parameters for program planning and project execution for complex nuclear and process
facilities. It has performed hundreds of third party reviews of cost estimates/schedules/risk contingency
assessments developed by others. High Bridge organized a Review Team (five dedicated experts and
three part time Peer Review experts) of industry professionals with an average of 40 years of relevant
commercial nuclear power and DOE program experience spanning power generation, plutonium
disposition, and complex first-of-a-kind (FOAK) facilities.
The MOX Services LLC Board of Governors (MOX Services) requested that High Bridge perform two
independent reviews, the first of which had two phases.
On June 10, 2015, the MOX Services LLC Board of Governors (MOX Services) requested High Bridge
to perform an Independent Review of the Aerospace April 13, 2015 LCCE Report TOR-2015-01848
Plutonium Disposition Study Options Independent Assessment. The purpose of the first High Bridge
review task was to provide an objective analysis of the approach/process used by Aerospace, and of the
results contained in its Assessment of the April 2014 Plutonium Working Group (PWG) Report of
Disposition Options for the MOX Option and Dilute and Dispose Option Life Cycle Cost Estimates
(LCCE). High Bridge delivered its Phase 1 Executive Summary report on June 29, 2015 and delivered
its Phase 2 Detailed Report on August 21, 2015. It should be noted that Option 4 Downblend is
synonymous with Dilute and Dispose Option.
MOX Services requested that High Bridge perform a second task to provide an independent Review of
the August 13, 2015 DOE Red Team Final Report of Plutonium Disposition Options. This September
21, 2015 document is the independent review of the Red Team report. The following High Bridge
Overview provides expanded information with some exhibit graphics that follows the format of the
Executive Summary. Key findings and conclusions include:
1. The Red Team correctly concluded that:
•
•
•
•
•
•

The MOX Program annual funding does not need to be $1B per year, a value inferred from the Aerospace
report.
Adequate funding for MOX Program needs to be authorized.
The Aerospace use of RY$ and constrained funding scenarios exaggerated costs for MOX.
The approximate $1B value of MOX fuel sales should be included in the economic analysis.
The NNSA and MFFF Project contractor organization is dysfunctional and needs to be corrected.
The MOX Program needs to develop an updated scope, cost, and schedule baseline.

As summarized above, various High Bridge and Red Team analyses and conclusions aligned closely
regarding some fundamental areas of disagreement with the Aerospace report.
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High Bridge concludes that the lack of DOE formal acceptance of the 2012 Re-Baseline proposal from
the MOX Services contractor and the significantly reduced annual funding picture since 2013 have been
the primary contributors to causing the dysfunctional Mixed Oxide Fuel Fabrication Facility (MFFF)
organization and management conditions that exist on the MFFF project.
The MFFF project has had an exemplary record of performance across safety, quality, and regulatory
compliance parameters. High Bridge concludes that developing an Integrated Project Team (IPT)
approach with a “sink or swim together” culture for the DOE and contractor is essential to achieve similar
results in day to day management activities. Limited project resources need to be rallied around mutual
progress goals where teamwork and open communications can flourish to mitigate problems before they
occur. High Bridge agrees and supports the Red Team recommendations regarding its various identified
Executive Considerations. High Bridge concludes that development of a realistic MFFF revised baseline
coupled with adopting an Integrated Project Team approach will go a long way to resolving deficiencies
and supporting success.
2. While the Red Team and High Bridge agreed on their evaluations of several key elements of

the MOX and the Dilute and Dispose Plutonium Options, High Bridge found many aspects of
the Red Team review approach and conclusions to be incomplete or ungrounded:
•
•
•
•

In their own words, the Red Team characterized their review as cursory that only considered other
assessment report values and did not develop any of its own costs.
It appeared to High Bridge that the Red Team was under a very aggressive deadline, did not have adequate
time to analyze the data in other reports, and was rushed to produce a deliverable.
The Red Team only reviewed the High Bridge June 29, 2015 Phase 1 Executive Summary 5-page report.
It did not review the High Bridge August 21, 2015 Phase 2 Detailed 200-page report.
High Bridge believes that the Red Team would have come to different conclusions had it been able to
review the High Bridge 200-page Phase 2 detailed report.

Throughout the Red Team report it is stated that their analysis was high-level, general, cursory, and
developed with no backup analyses (i.e., it used and extrapolated data from other reports). It stated in
the “How to Use this Report” section that the Red Team report should not serve as a basis to judge
absolute costs. The result is that most of the actual costs and risks of the Dilute and Dispose Option
were missed or assumed to be the responsibility of Environmental Management (EM). For example:
•
•
•
•

The Red Team did not address that the DOE/NNSA has to dispose of more than 51 MT of surplus
plutonium with the elimination of MOX.
The transportation costs for the Dilute and Dispose Option is more than 50 times larger than for
the MOX program and was not addressed.
The cost of the containers for packaging the plutonium in the Dilute and Disposal Option is
$374M was not addressed.
The increased cost of emplacing the waste at WIPP is about $1.7B for the 51 MT and was not
addressed.

The Red Team praised the Aerospace report for their “systems engineering” approach. High Bridge finds
this confusing when the Aerospace report includes the following disclaimer: “Aerospace did not assess
the scientific and technical aspects of the physics, chemistry, and metallurgy processes used in the
conversion of pit and non-pit plutonium to an oxide feedstock, the MOX fuel fabrication process, or the
downblend process.” High Bridge concludes that the Red Team praise for the Aerospace systems
High Bridge Associates
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engineering approach was unfounded in that it is not possible to have a systems engineering approach if
one does not assess the scientific and technical aspects of the subject matter.
High Bridge found it very puzzling that the Red Team accepted so many Aerospace analyses and
conclusions, given Aerospace is an Air Force support contractor with absolutely no nuclear construction
experience or expertise.
3. The Red Team did not recognize that the Aerospace analysis lacked independence:
•
•

High Bridge discovered in its August 6 meeting with Aerospace and NNSA that the NNSA defined
limiting parameters for the Aerospace review approach regarding escalation rates, escalated real year
dollars (RY$), WIPP availability, constrained funding, and evaluation of technical basis.
This produced outcomes that increased MOX cost and schedule durations and decreased Dilute and
Dispose cost and schedule durations.

This August 6th meeting was arranged by the office of Senator Lindsay Graham to provide the
opportunity for the MOX contractor and High Bridge to ask Aerospace questions regarding their April
13, 2015 Assessment Report of Plutonium Options. It was held for one hour at the Russell Senate Office
Building in a Senate Hearing Room that included attendance by three High Bridge personnel, seven
MOX Services personnel, three Aerospace personnel, three NNSA personnel, and approximately thirty
(30) Senate and House staff members. High Bridge followed a line of questioning designed for a onehour meeting to obtain some details and clarification regarding the Aerospace assumptions, analysis
approach, and outcome conclusions. In High Bridge’s opinion, Aerospace responses to High Bridge
questions regarding five key issues covering escalation rates, escalated RY$, WIPP availability,
constrained funding, and evaluation of technical basis affirmed that:
•
•
•

The NNSA had provided Aerospace with specific direction regarding fundamental parameters
governing the conduct of the Aerospace review;
The Aerospace report was not independent and it reflected NNSA specific direction; and
The Aerospace report analysis was influenced by the NNSA to exaggerate the MOX Option
estimated schedule duration and costs and to reduce the Dilute and Dispose Option estimated
costs.

4. The Red Team incorrectly concluded that the Dilute and Dispose approach is a viable option

for Plutonium Disposition under the PMDA:
•
•

The Dilute and Dispose Option does not comply with Article III of the PMDA.
The Spent Fuel Standard is not invoked by the PMDA or recognized by Russia.

The Red Team correctly concluded that both options are technically achievable. The Red Team
overemphasized the complexity of the MOX fuel fabrication facility and incorrectly equated risks and
uncertainty with complexity. Additionally, the issue of regulatory compliance and legality of the Dilute
and Dispose Option was ignored. The Red Team provided a superficial review of the regulatory issues
confronting the Dilute and Dispose Option by assuming that WIPP will accept this waste at no cost to
the Plutonium Disposition program. Even though they recognized that WIPP is not able to accept the
surplus plutonium under the current legal constraints, they assumed that that regulatory hurdle would be
crossed by others.
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5. The Red Team incorrectly concluded that renegotiating the PMDA to accept the Dilute and

Dispose Option will be a simple matter and identified no cost or schedule impacts:
•
•
•
•

The Russian Federation has insisted on changing the isotopic makeup of plutonium for disposition.
The Russian Federation is more concerned with the U.S. military than with terrorists or rogue states.
The PMDA would have to be renegotiated first before Dilute and Dispose could be started.
The previous amendment to the PMDA required 5 years to negotiate.

The MOX Program is a direct result of the PMDA between the Russian Federation and the U.S.
government. It is surprising that the Red Team, the Plutonium Working Group (PWG) and Aerospace
review all discounted the importance and the difficulty of amending the PMDA. Further, they all asserted
that the DOE could begin working on the Dilute and Dispose option almost immediately with little or
no delay caused by discussing this issue with the Russian Federation. All three of these groups seem to
view the PMDA as a minor issue that can be cleared up easily once DOE management decides to abandon
the MOX program in favor of the Dilute and Dispose option.
It should be noted that the PMDA is the result of nearly twenty years of continual discussions between
the USA and the Russian Federation. It began with a Presidential Directive in 1993 committing the
United States to “seek to eliminate, where possible, accumulations of stockpiles of highly enriched
uranium or plutonium.” In January 1994, the United States and Russia established working groups and
tasked their experts to develop options for plutonium disposition. Presidents Clinton and Yeltsin
committed both countries in 1998 to seek to enter into a bilateral plutonium disposition agreement. This
was accomplished in 2000, when the United States and Russia signed the bilateral PMDA that commits
each country to dispose of 34 MT of surplus weapon-grade plutonium roughly in parallel.
The Red Team, PWG, and Aerospace reports incorrectly assumed that they could cite irrelevant
precedence for other problems and assume that the PMDA did not represent a legal barrier to their
proposed action. This is unrealistic and enables those who make this assumption the freedom to ignore
costs and schedule delays that are certain to occur if they are pursued. The High Bridge report assumed
that the PMDA could be negotiated in parallel with the recovery of WIPP from the February 2014
incidents and that both could be completed in five years starting in 2014. Currently, no one is pursuing
these negotiations and so there is no real alternative to MOX that maintains the Russian Federation/USA
partnership for reducing weapons of mass destruction.
The MOX program, space exploration, and SALT II represent three areas of cooperation between the
US and Russia amidst many other deteriorating geo-political fronts. It appears to High Bridge that
maintaining the MOX program commitment needs to be a key element for any hopes of a partnership
framework with Russia.
6. The Red Team incorrectly concluded that the Dilute and Dispose approach and placement at

WIPP is achievable without any capital cost, schedule, or risk impacts:
•
•
•
•
•
•

WIPP design and licensing changes for Dilute and Dispose must be part of the program costs.
Material cannot be accepted by WIPP until design and licensing changes have been accomplished.
Recovery from the 2014 incidents at WIPP will take longer and cost more than currently described.
The critical decision process requirements of DOE 413.3 apply to the Dilute and Disposal Option.
The Red Team did not consider the life extension costs for the WIPP.
The Red Team did not consider the risk of increasing WIPP repository capacity by over 50%.
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The Red Team’s approach to assessing the impact of the Dilute and Dispose Option on WIPP is
confusing. They clearly realize that WIPP is intended to address the cleanup of the legacy wastes by the
EM organization within DOE. Their report includes a section entitled “WIPP as a National Asset” in
which they accurately describe the value proposition of the WIPP and identify the physical limits to the
waste volume allowed into the repository. Further, they also recognized that, with current disposal
container technology, the Dilute and Dispose Option will exceed the legal limit for WIPP waste volume.
In spite of the recognition that WIPP is essential for the EM mission and that the 34 MT of surplus
weapons plutonium will not fit within the current legal limit, the Red Team assigned no cost impact to
the Dilute and Dispose Option or to the Sterilization Option. They assumed that the Dilute and Disposal
Option could begin without addressing the redesign or licensing issues and that some other budget would
be available for the expansion and the risk associated with jeopardizing the entire EM program.
The Red Team understood that there is more surplus weapons plutonium to be dispositioned than the 34
MT subject to the PMDA. They referenced the Surplus Plutonium Supplemental Environmental Impact
Statement (SEIS) that discusses the disposal of 13.1 tons of plutonium and they spoke with the people
currently working on an additional 4.2 MT of surplus plutonium at Savannah River Site (SRS) that had
been deleted from the PMDA’s final language. It is clear that the Red Team was aware that DOE/NNSA
has over 51 MTs of plutonium to dispose of and yet they never addressed it.
High Bridge performed an in-depth analysis of WIPP parameters starting with the 1992 Land Withdrawal
Act (LWA) and including the latest EM forecasts of Transuranic (TRU) wastes forecasted to be
emplaced at WIPP. Exhibit 1.1 was developed to summarize High Bridge’s evaluation of the impact of
the 51 MT of plutonium if dispositioned with the Dilute and Dispose approach and if emplaced at WIPP.
As reflected on row 7 of Exhibit 1.1, the emplacement of 51MT of plutonium would increase required
WIPP capacity from the 1992 LWA stated value of approximately 175,600 cubic meters to
approximately 240,000 cubic meters, or an increase of 36%. It would increase the activity of the waste
being emplaced at WIPP from 539,000 to 2,875,000 1000-year curies representing an increase of 433%.
Given that the US and Russia agree in the future to disposition additional excess weapons plutonium, as
much as another 49 MT of plutonium would need to be emplaced at WIPP. As reflected in row 10 of
Exhibit 1.1, this would result in a required 56% increase in the current licensed capacity volume and
about an 843% increase in the 1000-year curies inventory.
These changes in the WIPP mission and the increased emplaced volumes cannot be accomplished by
executive fiat. The program needed to accomplish these changes requires a carefully managed capital
project to expand the licensing basis of WIPP. In addition, no excess plutonium waste can be shipped
to WIPP until this process is completed. The Red Team repeatedly asserted that there is precedence for
shipping this waste to WIPP based on the Rocky Flats experience but ignores the fact that the cleanup
of Rocky Flats is exactly what WIPP was designed and licensed to support. What they are proposing
with the Dilute and Dispose option and with the Sterilization option are not part of the WIPP design
mission. While it is true that miscellaneous impure weapons grade plutonium has been placed into WIPP
as part of the EM mission, it does not follow that disposing of surplus weapons pure pit plutonium in
WIPP is therefore acceptable. It is most likely not acceptable without stakeholder approval. Attempting
to send this material to WIPP without gaining stakeholder approval is ill-advised. It is not prudent to
abandon the mature MFFF project (that is substantially complete) to adopt the immature Dilute and
Dispose Program in the face of a tumultuous and potentially hostile National Environmental Policy Act
(NEPA) process.
High Bridge Associates
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Exhibit 1.1 – WIPP Capacity and Projected Loads

WIPP Facility Capacity and Projected Loads
TRU Waste and Plutonium Approximate Impacts
Capacity and
Projected Load Element

Cubic
Meters

Cubic
Meters/
55 Gal.
Drum

Number
of
55 Gal.
Drums

Plutonium
Metric
Tons

Curies *

1

Current Technical Basis of WIPP

175,600

0.208

844,231

0

539,000

2

2014 DOE EM TRU Waste Projection

156,000

0.208

750,000

0

0

3

2015 NNSA Excess Plutonium Projection
(51 MT)

35,400

0.208

170,192

51

2,300,000

4

Sub Total Projection

191,400

-

920,192

51

2,300,000

5

25% Freeboard for Future Identified
Waste Projection

47,850

0.208

230,048

575,000

6

New WIPP Capacity

239,250

1,150,240

2,875,000

7

Approximate % Increase in Capacity/Load

36%

36%

433%

8

Allowance for additional surplus weapons
plutonium (49 MT)

34,012

0.208

163,518

49

2,209,804

9

Capacity Basis for NEPA, New Mexico,
& CD-1 to CD-4 Amendments

273,262

-

1,313,758

100

5,084,804

10

Approximate % Increase in Capacity/Load

56%

-

56%

843%

* - These are 1000 year curies, i.e., curies remaining in 1000 years.

WIPP was designed as a pilot project to demonstrate the science and practical operational issues
associated with placing radioactive wastes in a salt dome. It was developed with a design life of 25years and used repurposed equipment where ever possible to reduce costs. It was constructed by 1990
meaning that the 25 year design life has already been exceeded. In order to extend its operations another
30 years, a great deal of equipment would need to be replaced. The Red Team, like the other groups
before them, assumed that WIPP is a well-operating repository with robust operation history. In fact,
the facility is at the end of its design life and has suffered its first major incident. Given the age of the
facility and design life, other failures are certain to become more common. This suggests that the
optimistic view of the WIPP operation continuing well into the middle of the 21st century is unwarranted.
The Red Team, Aerospace, and PWG have assumed that there are no costs associated with the Dilute
and Dispose Option for modifying WIPP. High Bridge rejects this assumption. If the Dilute and Dispose
High Bridge Associates
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Option is selected, then WIPP will need to be expanded and redefined. It would be incumbent upon the
Dilute and Dispose Option program to include the costs and management of the effort required to make
WIPP available. Exhibit 1.2 provides a breakdown of the approximate costs for the design elements
evaluated by High Bridge for expanding the capacity of WIPP. The approximate $1.9B estimated total
cost as shown in Exhibit 1.2 was ignored by the Red Team and Aerospace in their evaluations.
Exhibit 1.2 – Dilute and Dispose Option Impact on PMDA, WIPP, and SC Fines

Dilute and Dispose Option Impact on PMDA, WIPP, and SC Fines
Approximate Cost Estimate

PMDA, and WIPP Activities/Steps

Cost Estimate

Basis

PMDA Amendment Activities
1

PMDA Negotiations REV -2; MOX to Downblend/WIPP

$83,750,000

Average 40 FTE for duration and a Team of 10
National Lab SMEs

$360,000,000

Current published estimate is the Low Est. Worst
case estimate offered a public meeting by DOE of
5 years is the high (not included in the Total
Option 4 Impact below)

WIPP Activities

2

WIPP 2014 Incidents Resolution

3

Record of Decision (ROD)

$2,406,250

Staff and DOE manager's time to organize and
obtain necessary approvals for ROD - 5 FTEs

4

CD-0 Mission Definition

$11,811,250

DOE management team procuring the services of
a Contractor to develop the technical basis

5

CD-1 Conceptual Design

$28,875,000

DOE management team overseeing the services of
a Contractor that prepares the CDR

6

CD-2 Design

$61,875,000

DOE management team overseeing the services of
a Contractor that prepares the design packages

7

NEPA Process

$326,562,500

DOE management team overseeing the services of
a Contractor that prepares the design packages

8

NMED Oversight and Approval

$18,906,250

5 NMED officials and a 10 person consultant firm
1/2 time

9

Modify WIPP Land Withdrawal Act

$6,875,000

DOE Officials and staff briefings with staffers and
legislators

10

CD-3 Construction

11

CD-4 Testing and Commissioning

WIPP Total

12
13

DOE management team overseeing the services of
Contractors that prepare the procurement
packages and actual construction services

$37,109,375

DOE management team overseeing the services of
Contractors that conduct the startup testing and
the readiness reviews to begin operations with
surplus weapons Pu.

$778,795,625
$1,100,000,000

SC Penalties for missing 2018 start date for shipping Pu offsite
Total Option 4 Impact

High Bridge Associates

$284,375,000

9

$100M/yr starting in 2019

$1,962,545,625
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7. The Red Team did not address the cost impact of the Dilute and Dispose Option on WIPP

operations:
•
•
•
•

Canceling the MOX Program requires disposal of at least 51MT of surplus plutonium in WIPP.
Purchasing/loading 170,000 criticality control over-packs (CCO) each inside a 55-gallon drum.
Transporting over 4,000 shipments (42 CCOs/shipment) from SRS to WIPP across six states.
Emplacing over 35,000 M3 in the WIPP repository.

The Red Team report agreed with the Aerospace report that projected an increase in the cost of operations
at WIPP of $360M. There was no granularity provided for the value. The increase in the cost of disposal
operations at WIPP for the surplus weapons plutonium would be proportional to the number of extra
shipments that result from Dilute and Dispose Option operations. Using 300 Fissile Gram Equivalents
(FGE) per CCO, it would take more than 170,000 drums to process all of the plutonium. At 42 CCOs
per shipment (i.e., three TRUPACT-II over-packs per shipment), this converts to approximately 4,000
shipments. If SRS could ship 17 shipments per week, it would take about 4.6 years to emplace the entire
51 MT of plutonium at WIPP.
8. The Sterilization Option recommended by the Red Team is not viable for Plutonium

Disposition:
•
•
•
•
•

Safeguards and security impacts at WIPP would be astronomical.
The Russian Federation would categorically reject this approach.
The attractiveness level would remain at Level B-II.
An NRC–approved container does not exist for this waste form.
It is not permitted to store Special Nuclear Material intermingled with TRU waste packages.

The Red Team proposed a new approach called Sterilization for which the argument for removing
safeguards is more problematic. The Sterilization Option consists of merely rendering the pit unusable
for a weapon and then placing it in the repository. The Red Team did not provide any detail for this
option but several aspects were clear. It would not involve changing the chemical characteristics of the
plutonium, so it would remain at an attractiveness level of B, Category II. Assuming that the pit would
not be divided into smaller pieces and placed in separate waste containers, the amount of material per
drum would be far in excess of the current NRC-approved limit of 380 FGE per drum. There is no
licensed container for this material, so the addition of a waste container licensing effort would need to
be added to the costs. Such a licensing effort would be far from straightforward and would entail a great
deal of effort, cost, and time.
The safeguards required for this Sterilization waste form far exceed the security program currently in
place at WIPP. It appears that the Sterilization Option merely reconfigures the pit into a non-weapon
shape. That would not reduce the attractiveness level like the Dilute and Dispose option that converts
the metallic form into an oxide form. The dilute process reduces the attractiveness level to C category
IV. The key to removing safeguards from the material at Rocky Flats was to reduce the attractiveness
to level C category IV and then declare that the Stardust renders the material too difficult to divert and
place it into WIPP. However, the Sterilization process is a more problematic argument because the
material remains weapons grade, the quantity is attractive for diversion, and there are only simple
separation steps necessary to have material ready for forming into weapons parts.
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9. The Red Team accepted the Risk and Monte Carlo contingency determination analysis of

Aerospace:
•
•
•

The Red Team did not perform any structured risk and contingency analysis.
The Red Team did not provide adequate credit for the operating experience of French plants.
The Red Team did not recognize/understand the modest 35% throughput capacity factor for MOX MFFF
that provides significant operational flexibility to deal with feedstock and production issues.
The Red Team did not have the opportunity to review the High Bridge August 21 Phase 2 detailed report
which included a structured risk and contingency Monte Carlo analysis.

High Bridge reviewed the Aerospace risks identified in their Appendix 2 Risk Tables covering
probability of occurrence (POO) and minimum/maximum financial impact (FI) parameters for MOX
Option and Dilute and Dispose Option. High Bridge computed the contingencies from the Aerospace
Monte Carlo analyses in FY14$ using their POO and FI parameters to produce a common basis of
comparison with the independent High Bridge risk and contingency Monte Carlo analysis. Several of
the Low (Min) and High (Max) FI values from the risk items in the Aerospace report were used in the
High Bridge Monte Carlo analyses, along with about one-third of the POO defined by Aerospace. For
those risk items where either the Aerospace FI or POO values were not used by High Bridge, values
were assigned based on the experience and judgment of the High Bridge team members.
In FY14$, the High Bridge 85% confidence contingency value for the MOX Option was $3.2B and
Dilute and Dispose Option was $5.0B. These values compare to the Aerospace values of $7.8B and
$3.8B. The Red Team asserted that High Bridge did not consistently evaluate risk parameters for the
MOX Option and the Dilute and Dispose Option. High Bridge disagrees. The structured and detailed
risk analysis described above supports the High Bridge case. The Red Team also concluded that the
MOX MFFF facility was very complicated and that the Dilute and Dispose Option dilution technology
was a relatively simple and mature technology. High Bridge concludes that the Red Team did not have
adequate time to review the program parameters and dig into the requirements for the Dilute and Dispose
Option, and likely relied too heavily on the opinions of stakeholders at LANL, SRS, and NNSA that
were proponents of the Dilute and Dispose Option. High Bridge also concludes that the Red Team did
not have time to properly consider the MOX operating plant experience in France, the very conservative
MOX operating throughput capacity factor parameters, or the advanced completion status of the MFFF.
Additionally, the Red Team did not perform any review and adjustments to the Aerospace estimated cost
outcomes and accepted them as presented. High Bridge not only performed a structured Monte Carlo
risk assessment for determining contingency, but applied evaluated adjustments to the base cost
categories for each Option. Exhibit 1.3 provides a summary comparison of MOX vs. Dilute and Dispose
costs as evaluated by High Bridge. This reflects that the estimated costs for these options are comparable.
Exhibit 1.3 - Revised Cost Comparison Exhibit from High Bridge Phase 2 Report

Comparison of MOX and Dilute and Dispose Options
Life Cycle Costs (B-FY14$)
Element

MOX
High Bridge

Base Costs
Contingency/Risk
Changes

High Bridge Associates

Dilute and Dispose
Aerospace

High Bridge

Aerospace

$
$
$

15.1 $
3.2 $
1.1 $

16.7
7.8
2.7

$
$
$

13.0 $
5.0 $
1.9 $

7.4
3.8
1.9

Total $

19.4 $

27.2

$

19.9 $

13.1
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10. The Red Team did not recognize the MOX Fuel economic contribution to the GNP through

the production of clean non-carbon emitting nuclear power electricity:
•
•
•
•
•

The 34 MTs of surplus weapons plutonium will result in enough nuclear fuel to generate electricity worth
$35B.
The value to the GNP of the electricity sales ($35B) from the MOX fuel is greater than the MOX total
life-cycle cost ($19.4B) in FY14 dollars.
MOX represents a net increase in the GNP of the U.S. and creates >10,000 U.S. jobs.
The Dilute and Dispose Option produces no GNP contribution and represents a net loss to the taxpayers.
Using the 34 MT of plutonium converted to nuclear fuel will eliminate enormous quantities of NOx, SO 2
and greenhouse gas emissions.

The Red Team rectified the Aerospace Report omission that identified no net income credit for the MOX
Option. They estimated that $1B would result from MOX fuel sales. However, they rather narrowly
focused on the fuel sales and ignored the economic benefit to the GNP or Clean Energy Production. As
outlined above, an ancillary benefit of the MOX program is the production of clean, greenhouse gas free,
electrical energy using the MOX fuel in nuclear power reactors. Exhibit 1.4 provides an expanded set
of metrics regarding MOX value contributions and a comparison of the MOX Option versus the Dilute
and Dispose Options.
Note that the comparison in the Exhibit compares the 34 MT case. However, the Dilute and Dispose
Option forces the consideration of 51 MT because it eliminates the option to dispose the surplus
plutonium at MOX. If the entire quantity of surplus plutonium had been considered for each case, the
value proposition would be even more in favor of MOX. MOX revenue and societal benefits would
increase with additional sales at no increase in sunk costs. The Dilute and Dispose costs and adverse
impacts would continue to accrue.
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Exhibit 1.4 – Comparison of Plutonium Disposition Program Alternatives
Comparison of Plutonium Disposition Program Alternatives
Approximate Revenue, Cost Impact, and Value Contribution Metrics
MOX Fuel Sales, Clean Energy, and GNP Parameters
MOX Option vs. Dilute and Dispose Option
MOX Option
Program Element

#

Dilute and Dispose Option
Program Element

1

Metric Tonnes of Plutonium Pu 239

34

34

Metric Tonnes of Plutonium Pu 239

2

Pounds of Plutonium Pu 239

74,956

74,956

Pounds of Plutonium Pu 239

3

Compliance with US-Russia Plutonium
Management Disposition Agreement and
Isotopic Change Achieved

Yes

No

Compliance with US-Russia Plutonium
Management Disposition Agreement and
Isotopic Change Achieved

4

Approximate Product Output
Nuclear Fuel PWR Assembly
Approx. 8.5" x 8.5" x 13.5' Long
Each Containing Approx. 264 Zircalloy
Clad Fuel Rods

2,000

113,000

Approximate Waste Form Output
Plutonium Diluted/Mixed with
Stardust Inert Material in
6" Diameter x 2' Long Container
Packed Inside a 55 Gallon Drum

5

Approximate Net Revenue
to U.S. Treasury for MOX Fuel Sales

$1,000,000,000

$0

Approximate Net Revenue
to U.S. Treasury for MOX Fuel Sales

6

Approximate Number of Shipments
in Casks
with 2 Fuel Assemblies/Cask,
4 Casks/Truck, and 3 Trucks/Shipment

80

2,700

Approximate Number of Shipments
in TRUPACT-II Containers with
14 Drums/Container and
3 Containers/Truck

7

Approximate WIPP Storage
Capacity Volume Consumed

~0

23,600
Cu. Meters

Approximate WIPP Storage
Capacity Volume Consumed

8

Approximate Megawatt Hours
of Clean Electricity Produced

285
Million

0

Approximate Megawatt Hours
of Clean Electricity Produced

9

Approximate Value of
Clean Electricity Produced

$35 Billion

$0

Approximate Value of
Clean Electricity Produced

10

Approximate State/Local
Tax Revenues Generated

>$5 Billion

$0

Approximate State/Local
Tax Revenues Generated

11

Approximate Life Cycle Cost
of MOX Program

$19.4 Billion

$19.9 Billion

Approximate Life Cycle Cost
of Downblend Program

12

Approximate US Jobs
Created for 20 Years

>10,000

0

Approximate US Jobs
Created for 20 Years

13

Avoided Carbon Emissions

335 Million Tons

0

Avoided Carbon Emissions

14

Avoided NOx Gas Emissions

420,000 Tons

0

Avoided NOx Gas Emissions

15

Avoided SO2 Gas Emissions
675,000 Tons
0
Avoided SO2 Gas Emissions
NOTE: The values identified in this Exhibit are approximate based on the analysis
performed during the High Bridge Phase 2 Report Review.
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2 AREAS WHERE RED TEAM AND HIGH BRIDGE AGREE
The Aerospace Study of Plutonium Disposition Options was issued April 13, 2015 (~50 pages). The
Final Report of the Plutonium Disposition Red Team was issued August 13, 2015 (~40 pages). The High
Bridge Phase 2 Detail Report providing and Independent Review of the Aerospace April 13, 2015 Study
of Plutonium Disposition Options was issued August 21, 2015 (~200 pages). Various High Bridge and
Red Team analyses and conclusions addressing some fundamental areas of disagreement with the
Aerospace Report aligned closely or were in complete agreement. The below discussion summarizes
these areas of Red Team and High Bridge agreement.
Evaluated MOX program annual funding needed is less than the average of $1B per year identified
by the Secretary of Energy
The Red Team concluded that the MOX Option is viable at a $700M to $800M per year average funding
level 1. High Bridge concluded that the MOX approach is viable at a $650M per year funding level during
construction and commissioning, and at a $400M to $500M average funding level during operations.
The Red Team and High Bridge both concluded that Aerospace over-estimated the MOX construction
duration at approximately 25 years under the constrained funding level of $500M per year, with a
resulting over-estimated LCC outcome. The Red Team concluded that a 12 to 15 year duration (50% of
Aerospace) was required for MOX construction while High Bridge concluded that a 6 to 8 year duration
(25% of Aerospace) was required for MOX construction. The MOX Services 2012 Re-Baseline schedule
reflected a 5 to 6 year duration to complete construction at a funding level of approximately $625M per
year.
Aerospace escalated RY$ exaggerated costs for MOX with constrained funding scenarios
The Aerospace analysis focused on RY$ (escalated) dollars to support cash flow planning and budgeting
across out years. The Red Team and High Bridge agree that this Aerospace approach did not provide a
common denominator current year (un-escalated) dollars analysis as a decision making basis for
evaluating the estimated costs for the MOX Option and the Dilute and Dispose Option. The Aerospace
Report approach and emphasis on escalated RY$ values presented annual funding constraints that drove
schedule durations longer and escalation costs higher. This was inappropriate for an economic
evaluation. It created an “apples and oranges” situation that made a meaningful economic cost analysis
impossible. High Bridge concluded this RY$ methodology utilized by Aerospace to be technically
flawed and not in compliance with nuclear industry standards or with various DOE and GAO policy
directives for conducting economic evaluations.
Value of MOX fuel sales needs to be considered
The Aerospace report concluded that revenue from MOX fuel sales was not likely due to the lack of any
firm orders being established with potential utility customers. Aerospace included no evaluated credit in
their evaluation of the MOX LCC estimate. The Red Team and High Bridge disagreed with this
Aerospace evaluation of MOX fuel sales. Each identified a net MOX fuel sales of $1B that considered
in their evaluations.

1

The Red Team costs were reported in FY15$. The Red Team did not provide any discussion of escalation factors.
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Executive considerations regarding government/MOX contractor organization
The Red Team report outlined various Executive Considerations that needed to be addressed for the
successful execution of the MOX program. While these parameters were not part of the High Bridge
independent review scope to consider, the High Bridge team totally agrees with the Red Team
conclusions and recommendations. These considerations outlined by the Red Team included the need
to:
•
•
•
•
•
•
•

Re-establish project workforce confidence and morale with full planned funding;
Resolve the adversarial relationship between the NNSA Project Office and the MOX
Services contractor;
Resolve the dispute between the NNSA Project Office and the MOX Services contractor
regarding the true status of completion of the MFFF Project;
Facilitate a more balanced approach to NNSA staff oversight and adopt an advocacybased project culture that avoids antagonistic engagement and counter-productive
activities;
Develop a positive and success-oriented culture of trust, open communications, and
transparency between the NNSA Project Office and the MOX Services contractor;
Consider contractual enhancements that may enable a reduction of burdensome oversight
and indirect costs associated with the existing counter-productive relationship between
the NNSA and contractor.
Develop a detailed bottoms up revised performance baseline that reflects a realistic
estimate-to-complete (ETC) for cost and schedule for the MFFF Project.

The lack of DOE formal acceptance of the 2012 Re-Baseline proposal from the MOX Services contractor
and the significantly reduced annual funding picture since 2013 have been the primary contributors to
the dysfunctional MFFF organization and management conditions that exist on the MFFF project. The
Red Team recommendations outlined above are essential elements for a successful path forward plan.
The MFFF project has had an exemplary record of performance across safety, quality, and regulatory
compliance parameters. High Bridge concludes that developing an Integrated Project Team (IPT)
approach with a “sink or swim together” approach for the DOE and contractor is essential to achieve
similar results in day to day management activities. Limited project resources need to be rallied around
mutual progress goals where teamwork and open communications can flourish to mitigate problems
before they occur.
High Bridge has extensively researched the root causes for success and failure for large projects like
MFFF. It has examined lessons learned associated with over 100 major projects, developed a Top Ten
list of keys to success, and presented these lessons learned at many global forums. At the top of this list
is project execution with a truly Integrated Project Team of owner and contractor stakeholders. High
Bridge agrees and supports the Red Team recommendations regarding its various identified Executive
Considerations. High Bridge concludes that development of a realistic MFFF revised baseline coupled
with adopting an Integrated Project Team approach will go a long way to resolving deficiencies and
supporting success.
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3 CURSORY NATURE OF RED TEAM REPORT
General Nature of Red Team Report
Throughout the Red Team report it is stated that their analysis was high-level, general, cursory, and
developed with no backup analyses (used data from other reports). The Red Team wrote in the “How to
Use this Report” section that the Red Team report should not serve as a basis to judge absolute costs.
The Red Team consisted of 19 highly qualified individuals with a broad background in DOE nuclear
programs. They were given a charter to begin this review on June 25th and had a kickoff meeting on
June 26th. They conducted tours of facilities in New Mexico and South Carolina for approximately four
weeks gathering data and they issued their final report on August 10th slightly more than two weeks later
or slightly more than six weeks after they began. It is difficult to distill a large amount of data in a short
period of time, especially when all of the data is summary level and ratios of previous work.
The result is that most of the actual costs and risks of the Dilute and Dispose Option have been missed
or assumed to be the responsibility of EM. For instance, the fact that DOE/NNSA has to dispose of more
than 51 MT of surplus plutonium was never addressed. The transportation costs for the Dilute and
Dispose Option is more than 50 times larger than for the MOX program. The cost of the containers for
the packaging the plutonium in the Dilute and Disposal Option is $374M. The increased cost of
emplacing the waste at WIPP is about $1.7B for the 51 MT, and these costs have not been addressed. In
addition, there are operational cost increases for the Dilute and Dispose Option in the base costs for
converting the plutonium into oxides and packaging the plutonium oxides in the CCOs. High Bridge
estimates these cost increases to be approximately $0.5B, for a total programmatic increase of about
$2.2B. The High Bridge Phase 2 report included a Monte Carlo based contingency analysis of
approximately $5.0B. The selection of the Dilute and Dispose Option forces the consumption of
approximately 40% of that contingency without consideration of any other risk that may occur. This
reinforces the need for a complete bottom up cost analysis of the Dilute and Dispose Option before any
decision is made regarding its selection as a substitute for the MOX Option.
More egregious errors include the assumption that either the Dilute and Dispose Option or the
Sterilization Option meet the requirements of the PMDA or the Spent Fuel Standard when they do not.
Simply comparing the number of steps to recover weapons grade plutonium is an inadequate measure.
Citing EM precedence for accepting their waste forms for disposal at WIPP misses the point that none
of that is relevant to compliance with the PMDA.
The Red Team praised the Aerospace report for their “systems engineering” approach when the
Aerospace report includes the following disclaimer: “Aerospace did not assess the scientific and
technical aspects of the physics, chemistry, and metallurgy processes used in the conversion of pit and
non-pit plutonium to an oxide feedstock, the MOX fuel fabrication process, or the downblend process.”
It is not possible to have a “systems engineering approach” if one does not assess the scientific and
technical aspects of the subject matter. Without having an ability to assess the technical viability of the
alternatives, the results are difficult for the decision makers to make intelligent and realistic choices.
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Compliance with the Charter
The Red Team report included a copy of their charter. This document outlined ambitious goals for the
Red Team to assess the following:
•

Evaluating and reconciling previous cost estimates of plutonium disposition
options;
• Analyzing ways to modify the MOX Option, specifically the MOX Fuel
Fabrication Facility project, to reduce costs if feasible; and
• Examining how different risk assumptions can impact the total lifecycle cost
estimates.
In addition, the assessment should analyze the following:
•
•
•
•

Schedule to begin disposition and complete the 34 metric ton mission;
Technical viability;
Ability to meet international commitments; and
Regulatory and other issues.

High Bridge reviewed the Red Team report against these goals and concludes they did not achieve all of
the objectives.
Evaluating and reconciling previous cost estimates of plutonium disposition options - The Red Team
identified that Aerospace used escalated costs that tended to exaggerate the costs of the MFFF project.
Yet, they did no specific evaluations or attempt to reconcile the cost estimates. For instance, a discussion
with the MOX Services personnel identified that they had about a $1.5B to go costs and under their
current funding constraints were able to accomplish about $100M per year of construction scope. The
Red Team therefore assumed that the construction schedule was 15 years in duration. This simplistic
analysis is characterized as “relatively optimistic” whereas a rather uncritical acceptance of the
Aerospace cost for the Dilute and Dispose Options is characterized as “relatively conservative.” This
relatively conservative analysis assumed that the project could begin without PMDA approval, it
assumed that EM would pay for the expansion of WIPP necessary to accommodate this waste, it assumed
that the missing 17 MT of surplus plutonium does not exist, and it ignored the costs of CCOs, the cost
of transportation and the increase in cost of WIPP operations.
In short, the Red Team accepted the restricted analysis of Aerospace that was admittedly focused on
certain areas of the costs while being directed by DOE to ignore other costs and risks. This does not
represent an evaluation and reconciliation of previous cost estimates.
Analyzing ways to modify the MOX fuel approach, specifically the MOX Fuel Fabrication Facility
project, to reduce costs if feasible - The Red Team concluded that there are no silver bullets to help
reduce costs for the MFFF. However, they identified a key problem in their Executive Consideration
chapter as being the hostile working relationship between the DOE staff and the contractor’s staff. Many
of the assertions in the Red Team report were biased and likely provided by DOE project staff. An
example is the assertion that the contractor had 200 project controls personnel when in fact there are
about 70. This assertion was accepted and placed in the report without confirmation. The Red Team
did not recognize the Silver Bullet even when they accurately described it. The problem with the MFFF
project is the strained and antagonistic relationship of the DOE and MOX contractor project team driven
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primarily be reduced funding and the lack of a baseline. If DOE would address this issue, the risk and
cost of the remaining work would be minimized.
Examining how different risk assumptions can impact the total lifecycle cost estimates - The Red Team
did not understand the Risk Assessment and even confuse technical risks with project risks. The Red
Team accepted the Aerospace assertion that since the MOX process is more complex, it must be more
risky than the Dilute and Dispose Option. The MFFF project has already experienced all of the cost
increases caused by its complexity. Now, all that remains is to install the pieces that have been assembled
at the site. These are fairly small cost risk items. Meanwhile, the Red Team focused on the mixing of
the plutonium oxide with the material used to reduce its attractiveness and ignored the risks of acceptance
of the approach by the Russian Federation, and the cost, schedule and risks associated with getting
approval to place this material in WIPP in view of the fact that it will exceed the legal limits for waste
and destroy the EM mission. This focus on the dilute portion of the Dilute and Dispose Option while
ignoring the risks associated with the disposal part of the program is a serious flaw of the Red Team’s
review.
Schedule to begin disposition and complete the 34 metric ton mission - The Red Team has essentially
rubber stamped the schedule errors of the preceding review teams. The schedule of the MOX program
was developed assuming the continuation of the crippling funding restrictions even though the Red Team
recommended that the funding be increased if the decision is to go forward with the MOX strategy. The
Dilute and Dispose Option is assumed to be able to start without the need to address the PMDA or the
design and licensing issues that its selection will force on both WIPP and the EM program. The durations
and logic of the schedules were never discussed in detail.
Technical viability - The Red Team correctly concluded that both options are technically achievable
although they were intimidated by the complexity of the MOX fuel fabrication facility. However, the
issue of regulatory compliance and legality of the Dilute and Dispose Option were ignored. The Red
Team failed to identify legality and license ability as two of the largest technical viability issues.
Ability to meet international commitments - This is an area where the Red Team did not fully research
or understand the PMDA and the Russian Federation position. High Bridge and their peer reviewers
assert that neither the Dilute and Dispose nor the Sterilization options meet the current PMDA
requirements or the intent of the agreement. The Russian Federation would view both of these options
as “storage” not disposal. The Red Team uncritically accepted the premise that the Dilute and Dispose
Option meets the Spent Fuel Standard (SFS), as if that standard had any relevance to the PMDA. The
SFS is a U.S. standard applied to assess the Safeguards and Security requirements for certain categories
of waste forms. It has no meaning to the Russian Federation or applicability to our international
commitment to the PMDA.
Regulatory and other issues - The Red Team provided a superficial review of the regulatory issues
confronting the Dilute and Dispose Option by focusing solely on the dilute part of the Dilute and Dispose
Option. The Red Team assumed that WIPP will accept this waste at no cost to the Plutonium Disposition
program. Even though they recognized that WIPP is not able to accept the surplus plutonium under the
current legal constraints, they assumed that that regulatory hurdle would be crossed by others relatively
easily. Other issues associated with the EM mission and the status and condition of WIPP were not
addressed.
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In closing, the above discussion supports the High Bridge conclusion that the Red Team did not achieve
all of the objectives outlined in its charter.

4 THE RED TEAM DID NOT RECOGNIZE THAT THE AEROSPACE ANALYSIS
LACKED INDEPENDENCE
An August 6th meeting was arranged by the office of Senator Lindsay Graham to provide the opportunity
for the MOX contractor and High Bridge to ask Aerospace questions regarding their April 13, 2015
Assessment Report of Plutonium Options. It was held for one hour at the Russell Senate Office Building
in a Senate Hearing Room that included attendance by three High Bridge personnel, seven MOX
Services personnel, three Aerospace personnel, three NNSA personnel, and approximately thirty Senate
and House staff members. High Bridge followed a line of questioning designed for a one-hour meeting
to obtain some details and clarification regarding the Aerospace assumptions, analysis approach, and
outcome conclusions. In High Bridge’s opinion, Aerospace responses to High Bridge questions
regarding key issues affirmed that:
1. The NNSA had provided Aerospace with specific direction regarding fundamental parameters
governing the conduct of the Aerospace review;
2. The Aerospace report was not independent and it reflected NNSA specific direction; and
3. The Aerospace report analysis was influenced by the NNSA to exaggerate the MOX Option
estimated schedule duration and costs and to reduce Dilute and Dispose Option estimated costs.
The Red Team visited SRS during the week of July 20 and conducted interviews/fact finding with MOX
Services and NNSA Project personnel. The Red Team and High Bridge personnel had a one-hour
telephone call on July 22 to discuss questions that the Red Team had regarding the High Bridge June 29
Phase 1 initial 5-page Executive Summary and Overview assessment of the Aerospace report. The Red
Team only considered the High bridge 5-page June 29 Phase 1 initial report in its August 13 Red Team
Report. The Red Team did not have the opportunity to read or consider the August 4 High Bridge
expanded 18-page Executive Summary and Overview or the High Bridge August 21 Phase 2 Detailed
200-page Assessment Report as part of its August 13 Final Red Team Report.
High Bridge feels that the Red Team needs to be provided the insights gained during the High Bridge
meeting with Aerospace on August 6. High Bridge believes that these insights would have influenced
the Red Team analysis and outcomes presented in their August 10 Red Team Report.
The five areas where NNSA provided direction to Aerospace that influenced the Aerospace Report
conclusions, increased MOX Option LCC outcomes, and minimized Dilute and Dispose Option LCC
outcomes are summarized as follows:
1. High Bridge asked Aerospace why they used a 4% escalation rate for construction vs. lower (less
than 2%) industry guidance standards provided by sources such as the DOE GAO, Engineering
News-Record, US Army Corps of Engineers, or the Construction Industry Institute. Aerospace
responded that it was directed to use the 4% annual escalation rate for construction by their
NNSA customer. The NNSA defended this approach as conservative given the uncertainties
regarding construction material and labor. High Bridge commented that this escalation approach
merely resulted in exaggerated and high life cycle cost (LCC) MOX costs.
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2. High Bridge asked Aerospace why it used an escalated real year dollars (RY$) approach
throughout the report that provided confusing and non-common denominator $ values, while not
providing current year constant $ analysis as required by DOE and GSA guidelines. Aerospace
responded that it performed its initial analysis in constant present day $, but that it was directed
to develop its report in RY$ by their NNSA customer. The NNSA defended this approach by
saying it needed the LCC expressed in RY$ to perform budget and funding planning comparisons
of options being studied for out years. High Bridge commented that it understood these needs,
but that the purpose of the Aerospace Study was to provide an economic comparison of technical
alternatives and that it also needed to present its outcomes in current year constant dollars. High
Bridge commented that it considered the Aerospace NNSA approach flawed and skewed because
it did not present its outcomes in current year constant dollars.
3. High Bridge asked Aerospace why it developed its LCC for two constrained funding scenarios
($500M/year and $375M/year) for MOX without developing a LCC for full or optimum funding
($625M/year) consistent with the MOX contractor 2012 Re-Baseline proposal. Aerospace
responded that it was directed to use the two constrained funding scenarios and not develop a
full funding LCC scenario by their NNSA customer. The NNSA defended this approach by
saying it was looking for ways to reduce cash flow/funding, and that the constrained funding
scenarios were developed as a result. Additionally, NNSA considered the MOX Services 2012
Re-Baseline proposal as received, not approved, and not authorized. High Bridge commented
that the constrained funding scenarios created a very inefficient and ineffective execution
approach, which resulted in the LCC for the MOX Option being extremely higher in cost and
longer in schedule. High Bridge closed by commenting that it evaluated a full funding scenario
for MOX in constant FY14$ as the basis for its assessment of both Options.
4. High Bridge pointed out to Aerospace that on page 8 of the Aerospace report it states that
Aerospace did not assess the scientific and technical aspects of the physics, chemistry, and
metallurgy processes used in the conversion of pit and non-pit plutonium to an oxide feedstock,
the MOX fuel fabrication process, or the down blend process. Aerospace did not assess the
adequacy of the existing and proposed facilities to support the physics, chemistry, and metallurgy
processes required by the MOX Fuel and Downblend Options. High Bridge asked Aerospace
why they did not examine the science, physics, and chemistry of the options in determining risks
and impacts. Aerospace responded that their NNSA customer to focus on performing an
economic analysis of the Options. High Bridge responded that it did not see how Aerospace
could properly assess cost and schedule drivers without assessing and understanding the basis
technical requirements for complex programs represented by both Options.
5. High Bridge asked Aerospace why there was minimal discussion and no economic impact
analysis of the availability, capacity, and projected inventory for WIPP to support Dilute and
Dispose Option delivery of down blended shipments. Aerospace responded that their NNSA
customer directed them to assume that WIPP would be available, not a problem, and required
no cost/schedule considerations. High Bridge asked Aerospace if they had analyzed how many
Dilute and Dispose Option criticality control over-pack (CCO) containers would be needed to
accommodate 34 metric tons of plutonium with a 380 grams/CCO design. Aerospace responded
that they had not done this calculation. High Bridge indicated it had analyzed this and that over
113,000 CCO’s and 55 gallon drums would be required. This created a significant cost impact
that Aerospace did not address, and indicated that WIPP did not have the capacity to accept all
High Bridge Associates

20

9/21/2015

High Bridge Independent Review of Red Team Report

of the 34 metric tons. NNSA responded that they saw no real risk here, since they could simply
reduce the number of Dilute and Dispose Option CCOs/drums by increasing the design from 380
grams to 1,000 grams of plutonium per CCO. High Bridge responded that it felt that this approach
was treating the issue very superficially and did not understand the NRC and EPA requirements
involved.

5 PLUTONIUM MANAGEMENT AND DISPOSITION AGREEMENT (PMDA)
The MOX Program is a direct result of the Plutonium Management and Disposition Agreement between
the Russian Federation and the U.S. government. It is surprising therefore that the Red Team, the PWG,
and Aerospace all discounted the importance and the difficulty of amending the PMDA. Further, they
all incorrectly asserted that the DOE could begin working on the Dilute and Dispose Option almost
immediately before discussing this issue with the Russian Federation. All three of these groups seem to
view the PMDA as a minor issue that can be cleared up easily once DOE management decides to abandon
the MOX Program in favor of the Dilute and Dispose Option.
The PMDA is the result of nearly twenty years of continual discussions between the U.S. and the Russian
Federation. It began with a Presidential Directive in September 1993 committing the United States to
“seek to eliminate, where possible, accumulations of stockpiles of highly enriched uranium or
plutonium.” In January 1994, the United States and Russia established working groups and tasked their
experts to develop options for plutonium disposition. In a September 1998 summit, Presidents Clinton
and Yeltsin committed both countries to seek to enter into a bilateral plutonium disposition agreement.
This was accomplished in September 2000 when the United States and Russia signed the bilateral PMDA
that commits each country to dispose of 34 MT of surplus weapon-grade plutonium roughly in parallel.
Disposition methods allowed under the 2000 PMDA are enumerated in Article III of the agreement as:
a) irradiation of disposition plutonium as fuel in nuclear reactors;
b) immobilization of disposition plutonium into immobilized forms; or
c) any other methods that may be agreed by the Parties in writing.
The DOE originally proposed to use irradiation for the pure plutonium and immobilization for the small
fraction deemed to be too difficult to make into fuel. Immobilization was eventually dropped because
of cost which resulted in additional systems being added to the MFFF to address the feedstock purity
issues.
The Red Team acknowledged that such an agreement would be needed with this sentence in their
Executive Summary, “The review team… believes that the Dilute and Dispose Option meets the
requirements for permanent disposition, but recognizes that this assertion will ultimately be subject to
agreement with the Russians, and that the decision will be as much political as technical.” Thus, one of
the few major agreements in place with the Russian Federation is minimized and trivialized by reducing
it to a political decision.
In fact, the Russian Federation has always maintained that the goal of disposition is irreversibility. For
that to occur, they have long argued that the isotopic makeup of the plutonium needs to be altered.
Immobilization, as defined in the PMDA “means disposition plutonium that has been imbedded in a
glass or ceramic matrix and encapsulated with high-level radioactive waste in a can-in-canister system
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suitable for geologic disposal, or any other immobilization system agreed in writing by the Parties.”
Once again, the Dilute and Dispose Option does not meet this agreement unless it is negotiated and
agreed to by both Parties in writing before it is undertaken. Even so, the Russian Federation position on
immobilization is that “immobilization does not guarantee full irreversibility since mixing plutonium
with radioactive waste does not change its isotopic composition and does not exclude the possibility of
extracting weapons-grade plutonium from the mixture.” 2
While the Russians accepted the U.S. immobilizing 9 MT of oxides and impure metal that had never
been in a nuclear weapon (approximately 1/4 of the 34 MT surplus U.S. inventory) they were adamant
that the remaining 25 MT of U.S. weapons-grade plutonium from nuclear weapons pits needed to be
isotopically degraded by irradiating it in nuclear reactors. This distinction between MOX and
immobilization subsequently became moot when DOE eliminated immobilization as a disposition option
in 2002 when it was determined that proceeding with both MOX and immobilization was too expensive.
Notwithstanding, Russia has long argued that immobilization followed by subsequent placement in a
geologic repository (such as Yucca Mountain or WIPP) was a form of long-term storage because the
weapons-grade plutonium could subsequently be retrieved for weapons use by a nuclear weapons state
in the event of a breakout scenario.
During the negotiations leading up to the signing of the PMDA, the U.S. insisted Russia utilize light
water reactors for plutonium disposition because the U.S. was relying on existing and widely available
light water reactors in the U.S. for its plutonium disposition program. Fast reactors were not the preferred
approach for plutonium disposition for two reasons: (1) while weapon-grade plutonium fuel irradiated
in fast reactors is reduced to reactor-grade, its overall plutonium 240 to plutonium 239 ratio is much
closer to weapon-grade than reactor grade plutonium irradiated in light water reactors, and (2) fast
reactors also contain blanket assemblies, which if irradiated and reprocessed correctly, would result in
the separation of additional weapon-grade plutonium.
Russia argued against the use of light water reactors because this approach failed to extract the maximum
energy value from the plutonium but reluctantly agreed if the U.S. and its international partners
contributed the entire $2B cost of Russia’s disposition program. When it became clear that the required
funding could not be raised, Russia proposed to fund the majority of the cost of its disposition program
if they could use fast reactors that are more consistent with Russia’s national energy strategy.
The fast reactor approach offered several major advantages: (1) Russia would pay for the majority of the
capital and operational costs associated with implementation; (2) Russia was politically committed to
timely implementation of its energy strategy; (3) fast reactors could be configured to burn plutonium
more efficiently than other reactors; and (4) the fast reactors would be subject to an extensive monitoring
and inspection regime consistent with the 2000 Agreement.
The U.S. agreed with Russia’s use of fast reactors providing that: (1) Russia committed to never
reprocess spent fuel containing disposition (34 MT) plutonium; and (2) any reprocessing of other spent
fuel (non-34 MT) will never result in the separation of additional weapons-grade plutonium. Russia has
agreed to these stringent nonproliferation conditions as well as other stipulations including:

2

“Disposition of Excess Weapon Grade Plutonium: New Developments” by A. Diakov and V. Rybachenkov, Center for
Arms Control, Energy and Environmental Studies, 2014.
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•
•
•
•
•

The plutonium breeding blanket from the BN-600 fast reactor would be removed before that
reactor can be used for disposition;
The BN-800 fast reactor would be operated with a breeding ratio of less than one so the reactor
will burn more plutonium than it produces;
The uranium fuel irradiated in the BN-600 (vs. MOX fuel) could be reprocessed as long as it
does not result in the accumulation of new separated weapon-grade plutonium;
Russia has agreed to forego reprocessing the blanket assemblies from the BN-800 fast reactor;
and
Up to 30% of the assemblies irradiated in the BN-800 could be reprocessed for testing advanced
fuel cycle technology as long as it does not result in the separation of any plutonium.

In order to account for these changes and bring the PMDA up to date, the United States and Russia began
a series of detailed negotiations in 2007 which resulted in the two sides signing a Protocol in April 2010
amending the 2000 Plutonium Management and Disposition Agreement. According to the amended
PMDA, the United States would provide up to $400 million to support plutonium disposition in Russia,
subject to future appropriations, and Russia would fund the balance of its disposition program, estimated
to be more than $3 billion. NNSA and its Russian counterpart, Rosatom, would also jointly seek
international contributions for Russia’s program. This agreement went into effect in 2011 after the
Russian Duma approved the agreement.
The Red Team, Aerospace, and PWG suggested that these agreements be abrogated in favor of
negotiating the non-negotiable position that the Dilute and Dispose Option is equivalent to the Spent
Fuel Standard (SFS). First, the dilute and dispose option is not equivalent to the spent fuel standard and
second the spent fuel standard in not in the PDMA.
To understand why the Dilute and Disposal Option is not equivalent to the SFS, consider Figure 4 from
the Red Team Report reproduced here as Exhibit 5.1. It was supposed to demonstrate the acceptability
of the Dilute and Dispose Option as well as the sterilization strategy. The key to making this argument
was the similarity of the brown boxes on the right side of the figure. It was implied that since the names
on the boxes are similar, that there is an equivalence in the degree of safeguards. This is extremely
misleading because the name of the process step in no way represents the difficulty of the required effort.
For instance, the first box in all three options is labelled “Remove from Repository.” In the case of the
first to options, this consists of entering the repository drift with a forklift or suitable hand tools,
removing the Criticality Control Overpack and carrying it out of the repository by hand or fork lift. In
the case of MOX, the problem confronting someone wishing to recover the used MOX fuel assembly is
significantly different. First, the dose rates are many thousands of rads per hour. A lethal dose of
radiation is received in minutes and equipment employed needs to be radiation hardened and shielded to
protect the workers. The used MOX fuel assembly is stored in a double welded heavy walled pressure
vessel weighing several tons. The fuel assembly itself weighs about one thousand pounds and maybe
thermally hot as well. Clearly, there is several orders of magnitude difference in the first box on this
exhibit.
The next box is labeled Chemical Recovery/Separation in the case of the two non-reactor options and
Chemical Recovery in the case of MOX. In the case of the non-reactor options, the containers need only
be opened and the contents poured out into a suitable chemical reagent container. The Dilute and
Disposal option is packed in a material that makes the recovery difficult and time consuming but once
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Exhibit 5.1 – Figure 4 extracted from Red Team Report (and edited by High Bridge – dashed lower line)

Fails to meet disposition strategy
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completed, the weapons builder is rewarded with weapons grade plutonium. Two CCO containers
on average are all that is needed to have enough for a nuclear device so the amount of material
processed for each weapon is fairly modest. The dose rates and hazard associated with these steps
are compatible with a simple chemical fume hood and readily available chemicals.
In order for one to recover material from a used MOX fuel assembly, they would be confronted by a
completely different level of difficulty. First, the material is in 12 to 14 feet long tubes assembled
into bundles weighing about half a ton each. The dose rates near the fuel assembly are greater than
1000 r/hr so that simple material handling is extremely difficult and dangerous unless conducted in a
specialized facility. The person seeking to recover the plutonium needs to break open the tubes and
dump literally thousands of extremely radioactive ceramic pellets into a vat of nitric acid to begin the
chemical process. Some of the fission products are gases at room temperature leading to inhalation
doses far greater than the general area doses. Instead of removing slightly radioactive plutonium from
an inert matrix as part of a non-reactor approach, the MOX fuel assembly requires heavy lifting
equipment, specialized chemical processing equipment, and a shielded work area with remote tools
to affect the material handling steps. The result of this effort is that the weapons maker gets about 8
kilograms of reactor grade plutonium which is not particularly valuable for a weapon.
An additional complication is that it is not possible to tell whether the spent fuel assembly is a used
MOX assembly or a used uranium assembly by looking at it or by any other external measurement.
Since the repository would package the assemblies to achieve a certain heat loading in the overpack,
it is quite possible that the would-be weapons builder would need to process many assemblies to find
the necessary plutonium. A Dilute and Disposal drum would be marked on the outside, would weigh
less than other drums, and would have a CCO inside making the identification of the plutoniumbearing overpacks much simpler by comparison.
The next step in the process for the MOX option is to perform Isotopic Adjustment. This process
would be required to reduce the amount of Plutonium 240 relative to the amount of Plutonium 239.
This can only be done with an enrichment process line designed for plutonium. Since no one has ever
done this on a significant scale, the would-be weapons builder needs to design an enrichment system,
dissolve the plutonium in hydrofluoric acid to obtain a gaseous form of plutonium to either centrifuge
or diffuse the gas through a membrane in a cascade of devices until the desired purity is achieved.
This process is so difficult that it renders the diversion of used MOX fuel untenable. Then the product
has to be treated with another complex step to remove the fluorine and convert it to a metallic form
suitable for casting and machining. This represents several more process steps.
It is impossible to argue that the three options experience the same degree of difficulty in recovering
Pu239. The first two options provide minimal barriers to returning the material to the arsenal; MOX
makes this all but impossible. Even granting that security and physical barriers contribute to the
safeguarding of this material, the fact is that if the US government wanted to recover this material to
fast track weapons production, that there is very little that would prevent it. In conclusion, MOX
would render the material nearly useless for even government weapon making.
DOE successfully argued that the repository barrier represented a significant enough boundary to
remove safeguards from Rocky Flats materials bound for WIPP. However, this approach does not
satisfy the PMDA. Clearly, the standard for an international agreement between weapons states must
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be to make the material unattractive for the weapons state to recover. Material disposed by the Dilute
and Dispose Option would present an insignificant barrier to the U.S. government to weaponize the
plutonium. Sterilization would present even less of a barrier. MOX spent fuel would represent a
significant barrier to reusing the material for a weapon and that is the real standard that must be
applied to surplus plutonium disposition. It is for that reason that High Bridge has redrawn the line
indicating the “Fails to Meet Repository Strategy” above the MOX Option. None of the non-reactor
alternatives proposed by the PWG are acceptable for Plutonium Disposition.
The problem with the Red Team, Aerospace, and PWG reports is that they assumed that they could
cite irrelevant precedence for other problems and asserted that the PMDA did not represent a legal
barrier to their proposed action. This is unrealistic and enables those who make this assumption the
ability to ignore costs and schedule delays that are certain to occur if the Dilute and Dispose Option
is pursued. The High Bridge report assumed that the PMDA could be negotiated in parallel with the
recovery of WIPP from the February 2014 incidents and that both could be completed in five years
starting in 2014. However, no one is seriously pursuing these negotiations and so there is no real
alternative to MOX that maintains the Russian Federation/U.S. partnership in reducing weapons of
mass destruction

6 WASTE ISOLATION PILOT PLANT (WIPP)
The Red Team’s approach to the impact of the Dilute and Dispose Option on WIPP is confusing.
They clearly realized that WIPP is intended to address the cleanup of the legacy wastes by the EM
organization within DOE. Their report includes a section entitled “WIPP as a National Asset” in
which they accurately describe the value proposition of the WIPP and identify the physical limits to
the waste volume allowed into the repository. Further, they also recognized that, with current disposal
container technology, the Dilute and Dispose Option will exceed the legal limit for WIPP waste
volume. They included the following description. “Without substantial changes to container packing
efficiency and/or volume accounting techniques at WIPP, the disposal of just 13 MT of the 34 MT
U.S. obligation via the Dilute and Dispose approach discussed later in this document would reportedly
consume as much as 68% of the remaining unsubscribed capacity.”
This unclear way of describing that the 34 MT of plutonium cannot be placed into WIPP probably
came from repeating the findings of the Final Surplus Plutonium Supplemental Environmental Impact
Statement of how to dispose of 13.1 MT of surplus plutonium not included in the PMDA. They did
not calculate how much extra volume would be needed beyond the legal limit just to disposition this
material at WIPP. Instead, the Red Team offered the bromide of the need to increase “efficiency”
which was little more than an unsubstantiated distraction from the fact that this course of action is not
legal. 3
In spite of the recognition that WIPP is essential for the EM mission and that the 34 MT of surplus
weapons plutonium will not fit within the current legal limit, the Red Team assigned no cost impact
to the Dilute and Dispose Option or to their even more unrealistic Sterilized Option. They assumed
3

There is no NRC-licensed container approved for more than 380 Pu-239 Fissile Gram Equivalent to achieve this
“efficiency.” So, even though there are smaller containers that can hold more FGE of plutonium in use, they are not legal
for use at WIPP.
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that the Dilute and Disposal Option could begin without addressing the redesign or licensing issues
and that some other budget would be available for the expansion of WIPP and the risk associated with
jeopardizing the entire EM program.
Finally, the Red Team clearly understood that there is more surplus weapons plutonium to be
dispositioned than the 34 MT subject to the PMDA. They referenced the Surplus Plutonium
Supplemental Environmental Impact Statement that discusses the disposal of 13.1 tons of plutonium
and they spoke with the people currently working on an additional 4.2 MT of surplus plutonium at
SRS that had been deleted from the PMDA’s final language. It is clear that the Red Team was aware
that DOE/NNSA has over 51 MTs of plutonium to dispose of and yet they never address it. Moreover,
the SRS specialists told them that the average loading per CCO is 300 FGE not the more aggressive
350 FGE used by High Bridge in our August 21, 2015 report. Exhibit 6.1 below shows the impact
of these two facts.
With the data available to the Red Team they should have easily been able to develop the data in
Exhibit 6.1. It would have showed that the Dilute and Dispose Option exceeds the available
unsubscribed volume in WIPP by a factor of nearly two. This would have resulted in the failure of
not only the Plutonium Disposition program to meet its obligation but also the probably failure of the
EM cleanup program to meet its obligation. It should be noted that the 17.3 MT of surplus plutonium
would fit in WIPP if the MOX program was successfully completed. Therefore, it is the adoption of
the Dilute and Dispose Option that causes the capacity and mission problems at WIPP. It is difficult
to understand how the Red Team did not realize that they would not be allowed to begin this process
without solving the capacity and mission problems.
Exhibit 6.1 Dilute and Dispose Impact on WIPP
Dilute and Dispose Option Impact on WIPP

34 MT of Plutonium
Number of Drums
Volume in WIPP

1

Red Team Report
113,333
23,596

2

Units
m3

19,564

19,564

m

3

661

4,032

m

3

High Bridge Report1
145,714
30,337

Red Team Report
170,000
35,394

Available Volume in WIPP

19,564

19,564

m

Volume Deficit

10,773

15,830

m3

Available Volume in WIPP
Volume Deficit
51 MT of Plutonium
Number of Drums
Volume in WIPP

Notes:

High Bridge Report
97,143
20,225

2

Units
m3
3

(1) High Bridge used 350 FGE per drum from the Surplus Plutonium Supplemental EIS.
(2) The Red Team was told by SRS SMEs that 300 FGE was the average loading per drum.

The first step in defining the revised functional specification for WIPP would be to clarify the mission
of WIPP. It would not be prudent to set the new limit at exactly the current understanding of the
volume. Instead, the new target for the capacity should include not only the currently identified
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wastes but also an allowance for additional EM generated waste and for potential additional surplus
weapons plutonium that may be required. High Bridge generated such a table in report on the
Aerospace report. A revised version is shown as Exhibit 6.2, reflecting the 300 FGE average loading
per drum.
Exhibit 6.2 – WIPP Capacity and Projected Loads

WIPP Facility Capacity and Projected Loads
TRU Waste and Plutonium Approximate Impacts
Capacity and
Projected Load Element

Cubic
Meters

Cubic
Meters/
55 Gal.
Drum

Number
of
55 Gal.
Drums

Plutonium
Metric
Tons

Curies *

1

Current Technical Basis of WIPP

175,600

0.208

844,231

0

539,000

2

2014 DOE EM TRU Waste Projection

156,000

0.208

750,000

0

0

3

2015 NNSA Excess Plutonium Projection
(51 MT)

35,400

0.208

170,192

51

2,300,000

4

Sub Total Projection

191,400

-

920,192

51

2,300,000

5

25% Freeboard for Future Identified
Waste Projection

47,850

0.208

230,048

575,000

6

New WIPP Capacity

239,250

1,150,240

2,875,000

7

Approximate % Increase in Capacity/Load

36%

36%

433%

8

Allowance for additional surplus weapons
plutonium (49 MT)

34,012

0.208

163,518

49

2,209,804

9

Capacity Basis for NEPA, New Mexico,
& CD-1 to CD-4 Amendments

273,262

-

1,313,758

100

5,084,804

10

Approximate % Increase in Capacity/Load

56%

-

56%

843%

* - These are 1000 year curies, i.e., curies remaining in 1000 years.

Row 1 of Exhibit 6.2 lists the current WIPP design basis. The volume data come from the WIPP
Land Withdrawal Act limit and the curie value is from the FEIS and is the 1,000-year curie value
used for pathway analyses. Row 2 shows the current projections of the TRU inventory reports. Row
3 is the impact of adding the entire surplus weapons plutonium inventory into WIPP using currently
licensed containers. Row 4 is a subtotal of what is currently identified EM wastes and the Dilute and
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Dispose Option fully implemented. Row 5 is an additional allotment for EM Mission expansion.
Row 6 is a new proposed size of WIPP. Row 7 is the percentage increase over the current licensing
basis. In addition, it may be prudent to increase the allowance further to accommodate an additional
reduction in nuclear weapons arsenals. Row 8 shows an additional 49 MT of plutonium that may
someday be declared to be surplus and removed from the arsenal to get a round number of 100 MT.
(It represents about a 50% reduction in our current arsenal of nuclear weapons.) Row 9 shows one
possible new baseline for the revised WIPP baseline and design basis. Row 10 shows the maximum
credible expansion is 56% in volume and about an 800% increase in radioactive source term. These
represent significant changes in the licensing basis. This would mean that the 6.4 million cubic feet
in the LWA would need to be increased to 9.7 million cubic feet and a new NEPA dose assessment
analysis would be required.
These changes in the WIPP mission and the increased emplaced volumes cannot be accomplished by
executive fiat. The program needed to accomplish these changes requires a carefully managed capital
project to expand the licensing basis of WIPP. In addition, no excess plutonium waste can be shipped
to WIPP until this process is completed. The Red Team repeatedly asserted that there is precedence
for shipping this waste to WIPP based on the Rocky Flats experience but ignores the fact that the
cleanup of Rocky Flats is exactly what WIPP was designed and licensed to support. What they are
proposing with the Dilute and Dispose option and with the Sterilization option are not part of the
WIPP design mission. While it is true that miscellaneous impure weapons grade plutonium has been
placed into WIPP as part of the EM mission, it does not follow that disposing of surplus weapons
pure pit plutonium in WIPP is therefore acceptable. It is most likely not acceptable without
stakeholder approval. Attempting to send this material to WIPP without gaining stakeholder approval
is ill-advised. It is not prudent to abandon the mature MFFF project (that is substantially complete)
to adopt the immature Dilute and Dispose Program in the face of a tumultuous and potentially hostile
NEPA process.
Exhibit 6.3 is a notional schedule that shows the optimistic impact of the Dilute and Dispose Option.
It assumes that no work can begin until the Russian Federation and the U.S. negotiators have agreed
and have modified the language in the PMDA. This is assumed to take place in parallel with the
recovery of WIPP after the February 2014 incidents that have shut down waste handling operations
at the facility. Near the end of the negotiations, assuming that an agreement can be reached as quickly
as the previous amendment, the Secretary of Energy or designee can initiate a Record of Decision
describing what the new parameters of the licensing basis will be. This will be followed rather
expeditiously with the required critical decision process to put together the design, licensing and cost
data documentation necessary to support the Supplemental EIS preparation.
This will be followed by the NEPA process consisting of a two year preparation phase, a two year
review and public comment phase, and a year of resolving comments and gaining final approval. This
is an aggressive schedule considering the contentious nature of what is being proposed. Once it
becomes clear that the Supplemental FEIS will be approved, political forces need to be mobilized in
Washington DC to amend the existing WIPP Land Withdrawal Act. Optimistically, this has been
assumed to be a two-year effort. The schedule assumes that the construction activities in the KAMS
and at WIPP can be accomplished in two years in parallel with obtaining the political solution to
amending the Land Withdrawal Act. This is an aggressive schedule assumption since it would be
taken at risk since Congress may not approve the use of WIPP for this new purpose. Then, a year of
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production startup testing and commissioning would take place before fully compliant operations
could begin. That places the start of Dilute and Dispose operations in the 2029 timeframe nearly a
decade later than assumed by Aerospace and the Red Team. It also delays the end of the Dilute and
Disposal Option until 2059, nearly 30 years after WIPP operations were to have closed down.
Exhibit 6.3 – Approximate Schedule for Dilute and Dispose Option Impact on WIPP
Dilute and Dispose Option Impact on WIPP
Approximate Schedule for Activities Necessary to Emplace Surplus Weapons Plutonium
Calendar
Year

Activity and Milestone Descriptions

Year Into
Program

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Activity
Duration
Years

US-RF PMDA Reflecting Shift MOX to Downblend
1

PMDA Negotiations REV -2; MOX to Downblend/WIPP

5

WIPP Activities
2

WIPP 2014 Incidents Resolution

5

3

Record of Decision (ROD)

1

4

CD-0 Mission Definition

1

5

CD-1 Conceptual Design

2

6

CD-2 Design

2

7

NEPA Process

5

8

NMED Oversight and Approval

5

9

Modify WIPP Land Withdrawal Act

2

10

CD-3 Construction

2

11

CD-4 Testing and Commissioning

1

12

WIPP Available for Operations/Receiving/Placing Weapons Pu

13

SC Penalties for missing 2018 start date for shipping Pu offsite

11

WIPP was designed as a pilot project to demonstrate the science and the practical operational issues
associated with placing radioactive wastes in a salt dome. It was developed with a design life of 25years and using repurposed equipment where ever possible to reduce costs. It was constructed by
1990 meaning that the 25 years has expired. This suggests that, in order to extend its operations
another 30 years, a great deal of equipment would need to be replaced. It is unlikely that WIPP
operations would be unaffected by these issues. The Red Team, like the other groups before them,
assumed that WIPP is a well-operating repository with robust operation history and a secure future.
In fact, the facility is at the end of its design life, suffering from reliability issues, and has suffered its
first major incident. Given the age of the facility and design life, other failures are certain to become
more common which suggests that the optimistic view of WIPP operation well in the middle of the
21st century is unwarranted.
The Red Team, Aerospace, and PWG have assumed that there are no costs associated with the Dilute
and Dispose Option for modifying WIPP. High Bridge rejects this assumption. If the Dilute and
Dispose Option is selected, then WIPP needs to be expanded and redefined. So, it would be
incumbent upon the Dilute and Dispose Option program to include the costs and management of the
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effort required to make WIPP available. Exhibit 6.4 is a listing of the approximate costs for the
design elements in the schedule above.
Exhibit 6.4 – Dilute and Dispose Option Impact on PMDA, WIPP, and SC Fines
Dilute and Dispose Option Impact on PMDA, WIPP, and SC Fines
Approximate Cost Estimate

PMDA, and WIPP Activities/Steps

Cost Estimate

Basis

PMDA Amendment Activities
1

PMDA Negotiations REV -2; MOX to Downblend/WIPP

$83,750,000

Average 40 FTE for duration and a Team of 10
National Lab SMEs

$360,000,000

Current published estimate is the Low Est. Worst
case estimate offered a public meeting by DOE of
5 years is the high (not included in the Total
Option 4 Impact below)

WIPP Activities

2

WIPP 2014 Incidents Resolution

3

Record of Decision (ROD)

$2,406,250

Staff and DOE manager's time to organize and
obtain necessary approvals for ROD - 5 FTEs

4

CD-0 Mission Definition

$11,811,250

DOE management team procuring the services of
a Contractor to develop the technical basis

5

CD-1 Conceptual Design

$28,875,000

DOE management team overseeing the services of
a Contractor that prepares the CDR

6

CD-2 Design

$61,875,000

DOE management team overseeing the services of
a Contractor that prepares the design packages

7

NEPA Process

$326,562,500

DOE management team overseeing the services of
a Contractor that prepares the design packages

8

NMED Oversight and Approval

$18,906,250

5 NMED officials and a 10 person consultant firm
1/2 time

9

Modify WIPP Land Withdrawal Act

$6,875,000

DOE Officials and staff briefings with staffers and
legislators

10

CD-3 Construction

11

CD-4 Testing and Commissioning

WIPP Total

12
13

$284,375,000

DOE management team overseeing the services of
Contractors that prepare the procurement
packages and actual construction services

$37,109,375

DOE management team overseeing the services of
Contractors that conduct the startup testing and
the readiness reviews to begin operations with
surplus weapons Pu.

$778,795,625
$1,100,000,000

SC Penalties for missing 2018 start date for shipping Pu offsite
Total Option 4 Impact

$100M/yr starting in 2019

$1,962,545,625

Item 1 on Exhibit 6.4 is the estimated DOE cost to support the State Department in their negotiations
of the PMDA. It is an optimistic minimum cost. Item 2 is the estimated cost to recover WIPP after
the February 2014 incidents. These are ongoing and have been include for comparison only.
Currently, the cost of these activities is estimated to be $100M per year with a duration of between
two to five years. The latest estimate of the most likely date shows three years, but the value in the
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table assumes about 3.6 years. This value is included for comparison purposes only. It is not included
in the totals since it is being paid for by EM to recover from the incidents.
The other items on Exhibit 6.4 are considered to be aggressive and assume minimal controversy
associated with the process. The risks associated with these values have not been assessed but they
will have high probabilities and large impacts. Row 12 summarizes the approximate cost of the
program to relicense WIPP.
Row 13 lists the penalties for missing the 2018 deadline for removing plutonium from South Carolina.
The total cost of the impact of the Dilute and Dispose Option is approximately $2B that the Red Team
did not include in their estimate. They noted that the MOX Irradiation, Fabrication, and
Transportation (MIFT) budget for Dilute and Dispose was a subset of the MOX project, but when the
missing cost of WIPP modifications and South Carolina penalties are added in, it becomes clear that
the cost of the ex-MIFT scope is higher for the Dilute and Dispose Option than for MOX. This is
especially true when one considers the need for 170,000 CCOs at a projected cost of $374M and over
4,000 shipments from SRS to WIPP at an estimated cost of $1.5B. Both are far greater than for the
equivalent scope in the MOX Project. These costs are about 75% larger than the estimate for the 34
MT case using the less conservative waste loading of 350 FGE per drum. The Aerospace report lacks
the necessary granularity to identify if they have accurately captured the Transportation and waste
package consumable costs. The Red Team failed to note that these costs would be substantially higher
than for the MOX Option and essentially endorsed the Aerospace underestimate of these costs.
The Red Team has some basis to assume that the Dilute and Dispose Option does not impact the
Safeguards and Security requirements for WIPP. The form of the material considered for placement
in WIPP under this option has been accepted before. However, most of that material began its journey
to WIPP as Attractiveness Level D. So, the burden of responsibility for removing safeguards from
that material was substantially less. In addition, the plutonium disposed under the PMDA is supposed
to have International Atomic Energy Agency (IAEA) oversight and observation to provide assurance
that the U.S. was not removing the drums from the repository to reuse the material. IAEA does not
currently have oversight of WIPP operations. There would be some impact on WIPP operations,
Safeguards and costs resulting from adding this material to WIPP. The resources and methods
necessary for IAEA to be able to assure themselves that the material is not being removed from the
repository would need to be developed and operational issues are certain to result. .
The Red Team proposed a new approach called Sterilization for which the argument for removing
safeguards is more problematic. The Sterilization Option consists of merely rendering the pit
unusable for a weapon and then placing it in the repository. The Red Team did not provide any detail
for this option but several aspects were clear. It would not involve changing the chemical
characteristics of the plutonium, so it would remain at attractiveness level B, Category II. Assuming
that the pit would not be divided into smaller pieces and placed in separate waste containers, the
amount of material per drum would be far in excess of the current NRC-approved limit of 380 FGE
per drum. There was no discussion how this material would be secured inside the container to assure
subcriticality. There is no licensed container for this material, so the addition of a waste container
licensing effort would need to be added to the costs. Such a licensing effort would be far from
straightforward and would entail a great deal of effort, cost, and time.
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It is also unlikely that the Safeguards could be removed from such a package. Therefore, by
extension, WIPP would need to become a Safeguards and Security level facility. Exhibit 6.5 below
is the plutonium attractiveness table extracted from DOE Order 474.2. It appears that the Sterilization
Option merely reconfigures the pit into a non-weapon shape. That would not reduce the attractiveness
level like the Dilute and Dispose Option that converts the metallic form into an oxide form. That
process reduces the attractiveness level to C category IV. The key to the removing safeguards from
the material at Rocky Flats was to change the attractiveness level to C category IV and then declare
that the Stardust rendered the material too difficult to divert and place it into WIPP. However, the
Sterilization process is a more problematic argument because the material remains weapons grade,
the quantity is attractive for diversion, and there are only simple separation steps necessary to have
material ready for forming into weapons parts.
Exhibit 6.5 – Graded Safeguards Table for Plutonium from DOE Order 474.2
Graded Safeguards Table for Plutonium
Extracted from DOE Order 474.2

WEAPONS

Assembled weapons and test devices

Pu Category
(kg)

Relavent Examples of
Pu Disposition

Attractiveness
Level

I

II

III

IV

A

All

N/A

N/A

N/A

B

>2

>0.4<2

>0.2<0.4

<0.2

C

>6

>2<6

>0.4<2

<0.4

D

N/A

>16

>3<16

<3

E

N/A

N/A

N/A

Reportable
Quantities

PURE PRODUCTS

Pits, major components, button ingots,
recastable metal, directly convertible
materials

Pits in storage
Sterilization

HIGH-GRADE MATERIALS

Carbides, oxides, nitrites, solutions (>25 g/L)
etc.; fuel elements and assemblies; alloys and
mixtures; UF4 or UF6 (>50% enrichment)

Dilute and Dispose

LOW-GRADE MATERIALS

Solutions (1 to 25 g/L), process residues
requiring extensive reprocessing; Pu-238
(except waste); UF4 or UF6 (>20% <50%
enriched)

Rocky Flats
Materials

ALL OTHER MATERIALS

Highly iddadiated forms, solutions (<1g/L),
compounds; uranium containing <20% U-235
or <10% U-233 (any form, any quantity)

WIPP Design Basis

DOE Order 474.2 describes the process for Terminating Safeguards. The relevant sections are
presented below:
(3) When termination of safeguards for attractiveness level D or higher special nuclear
material (SNM) is requested, approval is received from the departmental element after
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consultation with the Office of Health, Safety and Security (HSS). For National
Nuclear Security Administration (NNSA) facilities, approval is received from the
Associate Administrator for Defense Nuclear Security after consultation with HSS.
(4) Require that when disposal of a Category II or greater quantity of SNM is being
considered, DOE line management for both the shipping and receiving facilities must
concur in a security analysis for theft or diversion of the material performed jointly by
the shipping and receiving site/facility operators.
High Bridge concludes that these officials would not approve the termination of Safeguards for
Sterilization components. Therefore, High Bridge does not believe that Sterilization is a credible
option for plutonium disposition. The Sterilization Option would force additional security barriers to
be constructed, additional guard force with enhanced capabilities to be employed, and operational
restrictions on WIPP operations to be instituted. These were hinted at in the Red Team report but
were not specifically addressed. It is not clear if non-safeguards waste packages could continue to be
placed into WIPP with the Sterilized waste packages due to the prohibition of mixing the waste forms.

7 COST, COMPLEXITY, AND RISK EVALUATION
The Red Team primary focus, as stated in the Executive Summary, “was a comparison of the MOX
approach to a Dilute and Disposal option” in three areas:
1. Annual Funding levels (during construction and operations),
2. Risks to successful completion
3. Opportunities for improvement
The Red Team report concluded the costs for the MOX Program were less than a billion dollars per
year over the life of the program and that the Aerospace report had overstated the costs and schedule
to complete the MFFF program (Both of these were in agreement with the High Bridge report). Costs
for the MOX Option were concluded to be in the $700M-$800M per year and for The Dilute and
Dispose Option were $400M per year. 4 Risks associated with the Dilute and Dispose Option were
deemed to be “far lower” than the MOX Option because the process is “far simpler”. The Red Team
did not provide an in-depth cost, schedule, or risk analysis and strangely the costs were reported in
FY15$. This was strange as none of the reported costs or risks contained within the documents in
review by the Red Team contained any analysis in FY15$ and no discussion of escalation factors
were disclosed. Opportunities for improvement included “Sterilization”, which was a new approach
introduced as a “means of reducing Program LCC” for the Dilute and Disposal option, without any
cost details. No meaningful opportunities for improvement of the MOX program was provided.
The report further states that each option can be executed “over roughly the same timeframe”. A
conclusion that lacks any granularity or technical basis other than “simple math” based on assumed
annual funding levels. The schedule of 15 years for construction was based on this “simple math”
calculation. Additionally, this timeframe stems from the Aerospace report constrained funding
scenarios that were imposed as part of the original direction provided for analysis. These durations
4

The Red Team costs were reported in FY15$. The Red Team did not provide any discussion of escalation factors.
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became more suspect when the Aerospace funding scenarios analyzed were reduced by 25% ($500M
to $375M) and the schedule durations increased 300%. The Red Team noted neither was realistic.
However, 15 years is not accurate with optimum funding levels
High Bridge understands that the time constraints placed on the Red Team for the development of the
Red Team report did not allow for the review of the High Bridge detailed Phase 2 report. As such,
the lack of the ability to review the High Bridge final output, coupled with the assumptions made and
criteria changed to accommodate the dilute and dispose option, contributed to the conclusions drawn
by the Red Team. One fundamental difference between the Red Team, Aerospace, and PWG reports
and the High Bridge Phase 2 report is the preference shown for the Dilute and Dispose Option within
each of the first three reports.
The High Bridge Phase 2 report concluded that the Dilute and Dispose Option as being described can
only be a viable alternative if the activities discussed in Sections 5 and 6 above are successfully
carried out. Based on this conclusion High Bridge performed a cost estimate and risk assessment for
the Dilute and Dispose Option. The results of the cost estimate and risk assessment are discussed in
considerable detail in the High Bridge Phase 2 report.
Costs
Table 4 (shown below as Exhibit 7.1) from the Red Team report was a duplicate of the summary
exhibit within the preliminary High Bridge Phase 1 Executive Summary. The Red Team indicated
the ETC values shown in the table were not reconcilable with the Aerospace reported values. High
Bridge agrees that the values shown in FY14$ made it difficult to reconcile the cost estimates from
the three sources (PWG, Aerospace and High Bridge). Although, admittedly, Exhibit 7.1 is difficult
to follow. For that reason, and as a result of additional analysis, High Bridge reformatted the exhibit
in our Phase 2 report and it is shown here as Exhibit 7.2.
Exhibit 7.1 – Cost Comparison from High Bridge Phase 1 Executive Summary

High Bridge Cost Comparison
Option 1 - MOX
($B FY14)

Cost Element

24.3
7.4
3.7
-3.7
20.6

Unescalated Base Cost (with Contingency)
Aerospace Evaluation of Risks/Contingency
High Bridge Evaluation of Risks/Contingency
Aerospace and High Bridge Differences
Evaluated Cost Reflecting Differences
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Exhibit 7.2– Revised Cost Comparison Exhibit from High Bridge Phase 2 Report

Comparison of MOX and Dilute and Dispose Options
Life Cycle Costs (B-FY14$)
Element

MOX
High Bridge

Base Costs
Contingency/Risk
Changes

Dilute and Dispose
Aerospace

High Bridge

Aerospace

$
$
$

15.1 $
3.2 $
1.1 $

16.7
7.8
2.7

$
$
$

13.0 $
5.0 $
1.9 $

7.4
3.8
1.9

Total $

19.4 $

27.2

$

19.9 $

13.1

In any case, the difficulties associated with analyzing the cost and risk data were primarily due to the
RY$ used by PWG and Aerospace with little granularity. Since the High Bridge Phase 2 report was
issued after the Red Team report, the Red Team could not review analysis and additional explanation
that support our conclusions. Therefore, it is not surprising the reconciliation problem was
encountered.
During a brief discussion between the Red Team and the High Bridge team before either had issued
their final Aerospace review reports, the Red Team expressed surprise that the High Bridge evaluated
contingency and base cost resulted in nearly equal the MOX Option and the Dilute and Dispose
Option LCC costs. High Bridge responded that these Phase 1 Base Cost evaluations were preliminary
and based on the collective nuclear experience/judgments of the Team that evaluated MOX,
Downblend, MIFT, PMDA and WIPP costs or revenue credits not addressed or understood by
Aerospace. High Bridge informed the Red Team that it would be analyzing and developing supporting
details/calculations during its Phase 2 detailed analyses. The Phase 2 report would provide a
crosswalk comparison and justification of the major adds and deletes between the Aerospace and
High Bridge analyses of Base Costs. However, the Red Team could not delay their report to the
Secretary to permit time for the consideration of this analysis.
High Bridge disagrees with the Red Team and Aerospace conclusions that the cost and schedule
impacts of negotiating a PMDA amendment with the Russian Federation and dealing with the NEPA
process to address the WIPP capacity issues could be ignored. High Bridge finds this outcome reflects
the cursory Red Team review approach driven by a short review time frame, and a lack of Red Team
knowledge/understanding of fundamental regulatory, scientific, and geo-political requirements
driven by the PMDA.
High Bridge evaluated what would be required to satisfy PMDA geo-political expectations and WIPP
licensing and statutory requirements, and developed a scope basis for these approaches. High Bridge
developed a schedule and constant FY14$ estimate for the following cost adds/deletes and revenue
credit that it evaluated in detail for key MOX Option and Dilute and Dispose Option elements
summarized below and itemized on Exhibits 7.3 and 7.4:
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•

MOX Option - SC penalties, MOX fuel sales revenue, and SRS security operations. These
resulted in a High Bridge evaluated decrease of approximately $1.4B.

•

Dilute and Dispose Option - SC penalties, PMDA cost impacts, WIPP
NEPA/licensing/design impacts, WIPP operations, and MIFT packaging/transportation.
These resulted in a High Bridge evaluated increase of approximately $4.8B.

Details of the Options 1 and 4 cost analyses can be found in Section 3 (15 pages) of the High Bridge
August 21 Phase 2 Report. Exhibits 7.3 and 7.4 below were extracted from the High Bridge Phase
2 Report and provide an explanation of differences between Aerospace and High Bridge Base Cost
estimates. High Bridge believes that these Phase 2 report data will provide the Red Team with
convincing back up that explains the High Bridge basis and approach for evaluating Base Costs for
Options 1 and 4.
Exhibit 7.3 – MOX Option - High Bridge Evaluation of Aerospace Report Costs
High Bridge Evaluated MOX Option Costs (M-FY14$) - ETC Unconstrained)
MFFF Construction
Base

1

$

Penalities
Revenue

Operations

4,342.0 $

MIFT and Other

6,255.4 $

Changes Since
PWG 2014

5,924.2 $

Penalities

2

Revenue3

1,136.0

2

Total
$ 17,657.6

$

400.0

3

$

400.0

$ (1,000.0) $ (1,000.0)
4

$

(800.0) $

Subtotal

$

4,342.0 $

5,455.4 $

5,924.2 $

Contingency

$

900.0 $

1,070.0 $

1,220.0 $

Total

$

5,242.0 $

6,525.4 $

Operations/Security

$

-

-

$

7,144.2 $

-

$

1,136.0 $
-

$

1,136.0 $

-

$

-

$

(800.0)

400.0 $ (1,000.0) $ 16,257.6
-

$

-

$ 3,190.0

400.0 $ (1,000.0) $ 19,447.6

Notes
1

Base Cost of $18.6B from PWG has $1.9B contingency in FY14$; High Bridge did not distribute.

2

Penalty payment to South Carolina for non-shipment of weapons grade Pu239 from SRS.

3

Sales of MOX fuel to electric utilities - based on the sale of approximately 2,000 PWR fuel assemblies.

4

Overestimate of SRS shared infrastructure, for example, MOX Services operational cost estimate of $50M/year vs
HBA estimate of $15M/year (saving of $800M on project).
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Exhibit 7.4 – Dilute and Dispose Option - High Bridge Evaluation of Aerospace Report Costs
High Bridge Evaluated the Dilute and Dispose Option Costs (M-FY14$ - ETC)
MFFF
Termination
Base

1

$

Penalities

WIPP Capital

1,492 $

"MIFT" and
Other

Operations

214 $

2,094 $

Changes Since
PWG 2014

4,444 $

2

PMDA & WIPP

Penalities

1,873
$

3

$

Operations - WIPP
MIFT-Trans/Pkg's
Subtotal
Contingency
Sub Total

4

5

$
$
$

1,492 $
430 $
1,922 $

1,640

$
1,077 $
$
1,077 $

3,734
512
4,246
Notes

$
$
$
$

1,150
5,594 $
4,101 $
9,695 $

1,873 $
$
1,873 $

Total
$

10,117

1,100 $

1,100

863
$

2

$

863

$

1,640

$
1,100 $
$
1,100 $

1,150
14,870
5,043
19,913

1

Base Cost of $8.2B from PWG has $0.8B contingency in FY14$; High Bridge did not distribute.

2

Penalty payment to South Carolina for non-shipment of weapons grade Pu239 from SRS.

3

High Bridge estimate for PMDA amendments and WIPP revised federal legistation, NEPA, NMED, and CD-0 to CD-4
activities.

4

High Bridge re-estimate for the resources required for 30 years of WIPP operations (PWG = $360M vs HBA =
$2,000M).

5

High Bridge estimate for additional transportation costs (80 for MOX vs 2300 for Downblend Shipments) and material
costs (Shipping Containers) for MIFT.

The starting point for the to-go cost estimate data, shown above, in both of the High Bridge tables
coincide with those given to Aerospace by the PWG. It is important to note once again that the High
Bridge to-go cost estimates include the following attributes:
•

An unconstrained funding scenario for the MOX Option. The unconstrained funding scenario
has a construction, startup and commissioning schedule of 7 years and an operation period of
15 years)

•

Additional costs necessary for the Dilute and Dispose Option viability and PMDA revisions.
The High Bridge estimated schedule to provide this option is 16 years for solving regulatory
and PMDA issues and 30 years of operation.

High Bridge as well as the Red Team indicated the difficulties with cost data reconciliation. Two
interesting and key facts were discovered during the High Bridge discussions with the Aerospace
management team. The first was the reasoning behind the Aerospace report and analysis development
in real year inflated and escalated dollars. Both the High Bridge report and the Red Team report
concluded this led to over estimation of LCC costs, schedule durations, and a distortion of MOX
Program completion. Secondly, the Aerospace report and analysis lacked the programmatic costs and
risks associated with the utilization of WIPP for the dilution and dispose option. In each of these two
instances the Aerospace team indicated clear direction was provided by the sponsoring officials.
Aerospace had been directed to develop the report using this unusual real year dollar comparative
analysis methodology and to not consider any needed changes to WIPP. They were to assume that
WIPP is fully functional requiring minimal upgrades, and the risks were negligible.
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The previous sections on WIPP include the increased quantities based on the termination of the
MFFF. Increasing the disposal quantities will impact total costs of Dilute and Dispose option. The
cost uncertainties associated with increasing the disposal quantities to 51MT will also impact the base
costs evaluated in the Aerospace report. Since the Aerospace report lacked granularity, High Bridge
has not shown any changes to the base cost or the impact in the WIPP operations and MIFT costs.
Cost uncertainties are contained in the risk costs and profiles provided and detailed in the High Bridge
Phase 2 Report.
High Bridge maintains that the life cycle costs (LCC) and the schedule duration of both the MOX
Program and the Dilution and Dispose Program (as analyzed in the Phase 2 report) although lengthy
and costly are similar. LCC for each program is in the range of $18B to $22B and the cash flow for
each of the options will require annual funding levels of $600M to $700M.
The Red Team asserted that High Bridge did not consistently evaluate risk parameters for MOX
Option and the Dilute and Dispose Option. High Bridge disagrees and feels its structured and detailed
risk analysis, as described below, supports its case. The Red Team also concluded that the MOX
MFFF facility was very complicated and that the Dilute and Dispose Option dilution technology was
a relatively simple and mature technology. High Bridge concludes that the Red Team did not have
adequate time to review the program parameters and dig into the requirements for Dilute and Dispose
Option, and likely relied too heavily on the opinions of stakeholders at Los Alamos National Lab
(LANL), SRS, and NNSA that were proponents of the Dilute and Dispose Option. High Bridge also
concludes that the Red Team did not have time to properly consider the MOX operating plant
experience in France, the very conservative MOX operating throughput capacity factor parameters,
or the advanced completion status of the MFFF facility.
The Red Team needs to be provided key insights covered in the High Bridge Phase 2 August 21 Detail
Report. These insights would have influenced the Red Team analysis and outcomes presented in their
August 10 Red Team Report. The following provides an overview of the complexities and risks that
drove the conclusions and insights contained in the High Bridge Phase 2 Report.
Complexity and Risks
The influence of risk and complexity within the two options are primarily based on program maturity
and the technically diverse nature of each option. The two options are clearly at opposite poles in
these two key areas. In contrast to the discussions in the Red Team report, the cost ranges for each
option recognizes the important differences in the base costs and the risks leading to the contingency
values for both options.
MOX Fuel Option - MOX is technological mature, the principle components (MFFF and MIFT) have
no serious technical risks, and MFFF complexity attributable to stringent NRC and NNSA regulatory
issues (attributable to considerable cost growth) have been solved.
MFFF has been designed with more than sufficient throughput margin to accommodate operational
problems that might arise from the failure of any Items Relied on for Safety (IROFS) or automation
problems.
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Dilute and Dispose Option – Dilute and Dispose Option for disposal of Transuranic (TRU) waste is
technological mature but the process does not meet the PMDA (see Section 4) and will exceed the
capacity of WIPP. Because the Dilute and Dispose Option as proposed by the Red Team does not
meet the PMDA, High Bridge developed an ETC and schedule of what would be involved to make
the option meet the PMDA. The risks and contingency from High Bridge’s estimated Dilute and
Dispose Option were evaluated. With a few exceptions, noted below, High Bridge used the same
discrete risk events as those used in the Aerospace report.
Risks associated with the Dilute and Dispose Option range from being technical in nature to those
associated with time delays in acquiring licensing, overcoming regulatory issues, obtaining PMDA
revision, transportation complexity (large number of shipments vs MOX) and ensuring there is
adequate storage available (that does not jeopardize the EM mission) at WIPP. (See Sections 4 and
5). High Bridge maintains that its risk profiles and associated contingencies as shown in exhibits of
this section included adequate bounding for the impacts created by increasing disposal quantities to
51MT. This reinforces the need for a complete bottom up cost analysis of the Dilute and Dispose
Option before any decision is made regarding its selection as a substitute for the MOX Option.
Detailed Risk Identification, Quantification, and Monte Carlo Contingency Analysis – During the
July 22 conference call between the Red Team and High Bridge, the Red Team expressed its difficulty
in understanding how High Bridge assessed the MOX Option risks/contingency as lower than the
Dilute and Dispose Option risks/contingency. High Bridge responded that these Phase 1 risk
evaluations were preliminary and based on the collective nuclear experience/judgments of the Team.
High Bridge informed the Red Team that it would be conducting a formal risk and contingency Monte
Carlo analysis during its Phase 2 detailed analysis and would provide a crosswalk comparison and
justification of differences between the Aerospace and High Bridge risk and contingency analyses.
High Bridge reviewed the Aerospace risks identified in their Appendix 2 Risk Tables covering
probability of occurrence (POO) and minimum/maximum financial impact (FI) parameters for MOX
Option and Dilute and Dispose Option. As the Aerospace financial $ data was presented in escalated
RY$, High Bridge de-escalated these RY$ to constant current year dollars. High Bridge computed
the contingencies from the Aerospace Monte Carlo analyses in FY14$ using their POO and FI
parameters to produce a common basis of comparison with the independent High Bridge risk and
contingency Monte Carlo analysis. Several of the Low (Min) and High (Max) FI values from the risk
items in the Aerospace report were used in the High Bridge Monte Carlo analyses, along with about
one-third of the POO defined by Aerospace. For those risk items where either the Aerospace FI or
POO values were not used by High Bridge, values were assigned based on the experience and
judgment of the High Bridge team members.
In FY14$, the High Bridge 85% confidence contingency value for MOX Option was $3.2B and Dilute
and Dispose Option was $5.0B. These values compare to the Aerospace values of $7.8B and $3.8B.
Details of the MOX Option and Dilute and Dispose Option risk analyses can be found in Section 5
(10 pages) and Appendix F (30 pages) of the High Bridge August 21 Phase 2 report. Exhibits 7.5
and 7.6 below were extracted from the High Bridge Phase 2 Report and provide an explanation of
differences between Aerospace and High Bridge. High Bridge believes that these Phase 2 report data
will provide the Red Team with convincing back up that justifies the High Bridge risk/contingency
analysis for the MOX and Dilute and Dispose Options.
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Exhibit 7.5 – Risk Register for MOX Option
High Bridge Risk Register for MOX Option (FY14 $'s)

Risk Item
Number

Probability
of
Occurrence
75%
$

Description of Discrete Risk

Low

High

1

Fuel Production Rate Lower Than Expected

477,900,000 $

2

Feedstock Production Rate Lower Than Expected

0%

3

MFFF Project Construction Cost Uncertainty / Growth

75%

$

4

MFFF Temporary Suspension of Operations

0%

$

5

MFFF Full Construction Re-Start Delay

50%

$

312,833,333 $

625,666,667

6

Feedstock Temporary Suspension of Operations

25%

$

106,200,000 $

318,600,000

7

SRS Overhead Cost Increases

50%

$

73,170,000 $

487,800,000

8

Facilities and Infrastructure Life-cycle/Sustainment (Recapitalization)

50%

$

75,000,000 $

300,000,000

9

LANL Overhead Cost Increases

50%

$

33,096,000 $

220,640,000

10

MFFF Hot Operations Delay after CD-4 Complete

50%

$

26,550,000 $

159,300,000

11

MFFF Integrated Functional Testing Delay Before CD-4

25%

$

52,138,889 $

156,416,667

12

Needs for Additional Storage

50%

$

74,800,000 $

164,500,000

13

LANL Feedstock Production Re-Start Delay

25%

$

106,200,000 $

318,600,000

14

Funding for Depleted Uranium

0%

$

15

Feedstock Production Consolidated at LANL (Remove HB-Line)

10%

$ (774,900,000) $

16

MOX Program estimate accuracy/uncertainty as a function of design
maturity for overall program

75%

$

$

-

$

75,080,000 $
-

-

1,194,750,000
187,700,000

$

-

$

74,800,000 $

(319,000,000)
187,000,000

Risk Item Number 2 was eliminated by High Bridge because it was considered a subset of Risk Item Number 1; i.e. the fuel production rate will
be lower if a significant reduction in feedstock occurs.
Risk Item Number 4 was eliminated by High Bridge because at an expected low operating capacity factor (<30%) makes it unlikely that a
temporary suspension of MFFF Project operations is significant enough to affect the overall operation schedule.
Risk Item Number 14 was eliminated by High Bridge because further investigations identified that the depleted Uranium is to be furnished to
the MOX Program at no cost. There will be minimal annual costs for conversion during operations. These have not been added to base cost.
Risk Item Number 16 was added by High Bridge because there is still an uncertainty in the MOX Program cost over and above what is currently
being forecast.

Aerospace Risk Register for MOX Option (FY14 $'s)
Risk Item
Number

Probability
of
Occurrence
75%
$

Description of Discrete Risk

1

Fuel Production Rate Lower Than Expected

2

Feedstock Production Rate Lower Than Expected

75%

$

3

MFFF Construction Cost Uncertainty / Growth

4

Low

High

799,434,896 $

3,586,388,527

475,124,327 $

1,999,431,781

75%

$ (161,368,308) $

2,271,023,532

MFFF Temporary Suspension of Operations

90%

$

125,423,175 $

1,003,147,972

5

MFFF Full Construction Re-Start Delay

50%

$

314,255,556 $

1,699,356,727

6

Feedstock Temporary Suspension of Operations

90%

$

67,105,812 $

538,868,226

7

SRS Overhead Cost Increases

75%

$

92,082,154 $

230,205,385

8

Facilities and Infrastructure Life-cycle/Sustainment (Recapitalization)

90%

$

54,640,578 $

218,562,311

9

LANL Overhead Cost Increases

25%

$

261,269,443 $

522,538,886

10

MFFF Hot Operations Delay after CD-4 Complete

50%

$

41,048,559 $

250,959,086

11

MFFF Integrated Functional Testing Delay Before CD-4

25%

$

17,238,356 $

429,106,836

12

Needs for Additional Storage

50%

$

24,551,778 $

115,723,997

13

LANL Feedstock Production Re-Start Delay

25%

$

55,996,010 $

171,373,411

14

Funding for Depleted Uranium

10%

$

7,834,684 $

23,504,052

15

Feedstock Production Consolidated at LANL (Remove HB-Line)

75%

$ (655,913,367) $

(270,017,246)
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Exhibit 7.6 – Risk Register for Dilute and Dispose Option
High Bridge Risk Register for Dilute and Dispose Option (FY14 $'s)
Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Probability
of
Occurrence

Description of Discrete Risk

Low

High

Feedstock Production Rate Lower Than Expected
SRS Downblend Facility Start Delay
Feedstock Temporary Suspension of Operations
Downblend Production Rate is Lower Than Expected
Downblend Facility Temporary Suspension of Operations
Downblend Construction Cost Estimate Uncertainty/Growth
LANL Overhead Cost Increase
MFFF Project Termination Cost Uncertainty
Downblend Repository Temporary Suspension of Operations
SRS Overhead Cost Increase
Feedstock Production Re-Start Delay at LANL

75%
75%
90%
25%
90%
90%
50%
50%
90%
50%
25%

$
$
$
$
$
$
$
$
$
$
$

447,800,000
168,333,333
223,900,000
139,666,667
60,522,222
62,500,000
183,000,000
(74,600,000)
154,285,714
27,000,000
111,950,000

$
$
$
$
$
$
$
$
$
$
$

1,343,400,000
673,333,333
671,700,000
698,333,333
149,642,857
250,000,000
457,500,000
746,000,000
462,857,143
135,000,000
335,850,000

Facilities and Infrastructure Life-cycle/Sustainment (Recapitalization)
Feedstock Milling and Blending Not Needed/Quality Control Reductions
Feedstock Production Consolidated at LANL (Remove HB-Line)
NEPA Revision to WIPP EIS process takes longer than expected
NMED Disputes Land Use Issues
Cost uncertainty for WIPP modifications for life extension

75%
25%
20%
50%
50%
50%

$
$
$
$
$
$

4,353,370
(62,673,563)
(653,374,020)
261,250,000
15,125,000
220,000,000

$
$
$
$
$
$

17,413,480
(17,417,963)
(270,017,246)
391,875,000
22,687,500
500,000,000

Exceed Downblend Repository TRU Allowable Storage Volume
Need for Additional Storage Space

Risk Item Number 12 was eliminated because the High Bridge analysis showed that WIPP capacity will be exceeded if Option 4 is selected. This
becomes a part of the High Bridge ETC for Option 4.
Risk Item Number 13 was eliminated by High Bridge because this becomes a part of the High Bridge estimate for licensing, constructing, and
operating the WIPP to accommodate the additional weapons grade Pu 239.
Risk Item Numbers 17, 18, and 19 were added by High Bridge as risks arising from High Bride’s estimate for licensing, constructing, and operating
the WIPP to accommodate the additional weapons grade Pu 239.

Aerospace Risk Register for Dilute and Dispose Option (FY14 $'s)
Item
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Probability
of
Occurrence

Description of Discrete Risk
Feedstock Production Rate Lower Than Expected
SRS Downblend Facility Start Delay
Feedstock Temporary Suspension of Operations
Downblend Production Rate is Lower Than Expected
Downblend Facility Temporary Suspension of Operations
Downblend Construction Cost Estimate Uncertainty/Growth
LANL Overhead Cost Increase
MFFF Project Termination Cost Uncertainty
Downblend Repository Temporary Suspension of Operations
SRS Overhead Cost Increase
Feedstock Production Re-Start Delay at LANL

Exceed Downblend Repository TRU Allowable Storage Volume
Need for Additional Storage Space

Facilities and Infrastructure Life-cycle/Sustainment (Recapitalization)
Feedstock Milling and Blending Not Needed/Quality Control Reductions
Feedstock Production Consolidated at LANL (Remove HB-Line)
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75%
25%
90%
25%
90%
75%
25%
25%
90%
75%
25%
25%
10%
75%
90%
90%

Low
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

464,627,467
345,243,049
58,552,348
93,230,907
35,082,812
73,660,491
261,269,443
(90,584,921)
7,467,710
14,817,818
13,631,475
55,996,010
28,930,025
4,353,370
(62,673,563)
(653,374,020)

High
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

1,955,432,968
1,867,252,767
468,107,752
601,121,735
280,662,497
294,641,965
522,538,886
724,679,365
59,506,475
37,044,545
64,732,383
171,373,411
231,440,204
17,413,480
(17,417,963)
(270,017,246)
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In summary the MOX option risks are better known and defined as the program is considerably more
mature and fulfills the requirements of the existing PMDA. The Dilute and Dispose Option would
require a thorough vetting and disclosure process as well as renegotiation of the PMDA. High Bridge
concurs with the Red Team report that each of the options will require a dedicated project
management team and consistent funding to complete either mission. More importantly as presented
in Section 4 of this report, the Dilute and Dispose Option does not satisfy the requirements and
expectations of the PMDA and is not a negotiable alternative for the U.S. or Russia to consider.

8 VALUE OF MOX FUEL TO GNP AND CLEAN ENERGY
Value of MOX Fuel to GNP
The Red Team rectified the Aerospace Report omission that identified no net income credit for the
MOX Option. The estimated that $1B would result from MOX fuel sales. However, they rather
narrowly focused on the fuel sales and ignored the economic benefit to the GNP or Clean Energy
Production. An ancillary benefit of the MOX program is the production of clean, green-house gas
free, electrical energy.
A nuclear reactor currently “burns” its nuclear fuel at a rate of 45,000 MW-Days/Metric Ton. The
34 MTs of surplus weapons plutonium will result in approximately 875 MT of fuel. This fuel would
generate 15,300 MW-Days of electricity. At an average retail price of electricity of $110 per MWHr, that amount of electricity is worth $35B. This would be done without consuming uranium from
the normal fuel cycle, so it would be accomplished with no new mining, milling, converting, or
enriching processes. In addition, it consumes depleted uranium that would otherwise be deposited in
a radioactive waste dump, would cost the DOE several hundred million dollars in disposal fees, and
would pose an environmental risk for years to come. The value to the gross national product of the
electricity sales ($35B) from the MOX fuel is greater than the MOX Option capital cost and the total
life-cycle cost ($19.4) in FY14 dollars. Therefore this investment by the DOE yields considerably
greater value than its cost. Unlike the Dilute and Dispose Option that produces no trickle-down
revenue or GNP contribution and represents a net loss to the taxpayers, MOX Option represents a net
improvement in the GNP wealth of the U.S. and creates >10,000 U.S. jobs driven by the availability
and consumption of clean electricity. Using the 34 MT of Plutonium converted to approximately 30
nuclear power reactor MOX Fuel core loads will eliminate approximately 335 million tons of carbon
emissions, 420,000 tons of NOx emissions, and 675,000 tons of SO 2 emissions.
Exhibit 8.1 provides a summary comparison of revenue, cost impact items, and value considerations
for key elements of the MOX Option and Dilute and Dispose Option.
Overall jobs creation for MOX Option Fuel is estimated at >5,000 job during construction and >2,000
jobs during operation. As identified on Exhibit 8.1 above, it is estimated that >10,000 jobs will result
from the consumption of clean electricity over 20 years.
GNP and Clean Energy
An ancillary benefit of the MOX program is the production of clean, greenhouse gas free, electrical
energy. A nuclear reactor currently “burns” its nuclear fuel at a rate of 45,000 MW-Days/Metric Ton.
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The 34 MTs of surplus weapons plutonium will result in approximately 875 MT of fuel. This fuel
would generate 15,300 MW-Days of electricity. At an average retail price of electricity of $110 per
MW-Hr, that amount of electricity is worth $35B. This would be done without consuming uranium
from the normal fuel cycle, so it would be accomplished with no new mining, milling, converting, or
enriching processes. In addition, it consumes depleted uranium that would otherwise be deposited in
a radioactive waste dump, would cost the DOE several hundred million dollars in disposal fees, and
would pose an environmental risk for years to come. The value to the gross national product of the
electricity sales ($35B) from the MOX fuel is greater than the MOX Option capital cost and the total
life-cycle cost ($19.4) in FY14 dollars. Therefore this investment by the DOE yields considerably
greater value than its cost. Unlike the Dilute and Dispose Option that produces no trickle-down
revenue or GNP contribution and represents a net loss to the taxpayers, MOX Option represents a net
improvement in the GNP wealth of the U.S. and creates >10,000 U.S. jobs driven by the availability
and consumption of clean electricity. Using the 34 MT of Plutonium converted to approximately 30
nuclear power reactor MOX Fuel core loads will eliminate approximately 335 million tons of carbon
emissions, 420,000 tons of NOx emissions, and 675,000 tons of SO 2 emissions.
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Exhibit 8.1 – Comparison of Plutonium Disposition Program Alternatives
Comparison of Plutonium Disposition Program Alternatives
Approximate Revenue, Cost Impact, and Value Contribution Metrics
MOX Fuel Sales, Clean Energy, and GNP Parameters
MOX Option vs. Dilute and Dispose Option
MOX Option
Program Element

#
1

Dilute and Dispose Option
Program Element

Metric Tonnes of Plutonium Pu 239

34

34

2

Pounds of Plutonium Pu 239

74,956

74,956

Pounds of Plutonium Pu 239

3

Compliance with US-Russia Plutonium
Management Disposition Agreement and
Isotopic Change Achieved

No

Compliance with US-Russia Plutonium
Management Disposition Agreement and
Isotopic Change Achieved

4

Approximate Product Output
Nuclear Fuel PWR Assembly
Approx. 8.5" x 8.5" x 13.5' Long
Each Containing Approx. 264 Zircalloy
Clad Fuel Rods

2,000

113,000

Approximate Waste Form Output
Plutonium Diluted/Mixed with
Stardust Inert Material in
6" Diameter x 2' Long Container
Packed Inside a 55 Gallon Drum

5

Approximate Net Revenue
to U.S. Treasury for MOX Fuel Sales

$1,000,000,000

$0

Approximate Net Revenue
to U.S. Treasury for MOX Fuel Sales

6

Approximate Number of Shipments
in Casks
with 2 Fuel Assemblies/Cask,
4 Casks/Truck, and 3 Trucks/Shipment

80

2,700

Approximate Number of Shipments
in TRUPACT-II Containers with
14 Drums/Container and
3 Containers/Truck

7

Approximate WIPP Storage
Capacity Volume Consumed

~0

23,600
Cu. Meters

Approximate WIPP Storage
Capacity Volume Consumed

8

Approximate Megawatt Hours
of Clean Electricity Produced

285
Million

0

Approximate Megawatt Hours
of Clean Electricity Produced

9

Approximate Value of
Clean Electricity Produced

$35 Billion

$0

Approximate Value of
Clean Electricity Produced

10

Approximate State/Local
Tax Revenues Generated

>$5 Billion

$0

Approximate State/Local
Tax Revenues Generated

11

Approximate Life Cycle Cost
of MOX Program

$19.4 Billion

$19.9 Billion

Approximate Life Cycle Cost
of Downblend Program

12

Approximate US Jobs
Created for 20 Years

>10,000

0

Approximate US Jobs
Created for 20 Years

13

Avoided Carbon Emissions

335 Million Tons

0

Avoided Carbon Emissions

14

Avoided NOx Gas Emissions

420,000 Tons

0

Avoided NOx Gas Emissions

15

Avoided SO2 Gas Emissions
675,000 Tons
0
Avoided SO2 Gas Emissions
NOTE: The values identified in this Exhibit are approximate based on the analysis
performed during the High Bridge Phase 2 Report Review.

Yes

Metric Tonnes of Plutonium Pu 239

It is noteworthy that this contribution to the U.S. is realized without the production of greenhouse
gases. The enrichment of uranium is an energy intensive process and much of the electricity
consumed in this process comes from coal fired power plants. 5 The remainder of the front end of the
fuel cycle uses a modest amount of electricity and is of the same order as the MFFF. However, the
substitution of Plutonium 239 for Uranium 235 in the fuel is a huge energy reduction and therefore a
net improvement in the U.S.’s goal to reduce greenhouse gas emissions.
5

This is an academic point at present because most of the uranium fuel used in U.S. today comes from the downblending
of weapons grade uranium into low enriched uranium for fuel supplies. This is only a temporary perturbation of the
market place and this point will be valid in the future when the MOX plant comes on line.
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The use of nuclear power in the generation of electricity contributes significantly to greenhouse gas
reductions. Using the 34 MT of Plutonium converted to approximately 30 nuclear power reactor core
loads will eliminate approximately 335 million tons of carbon emissions, and prevents 420,000 tons
of NO x and 675,000 tons of SO 2 emissions.
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APPENDIX A
Point By Point Comparison: Red Team
Assertions and High Bridge Responses
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High Bridge Summary of Plutonium Disposition
Red Team Report
September 2015

High Bridge Associates Observation
The Red Team, Aerospace, and DOE Management are incorrectly assuming that the MOX Program can be changed
without any major political and cost ramifications. The MOX Program is the culmination of nearly 20 years of negotiation
and careful preparation to execute an international arms control agreement between the U.S.A. and Russian Federation.
The goals of this program are set in the Plutonium Management and Dispostion Agreement (PMDA), which states:
Disposition shall be by one or more of the following methods:
a) irradiation of disposition plutonium as fuel in nuclear reactors;
b) immobilization of disposition plutonium into immobilized forms; or
c) any other methods that may be agreed by the Parties in writing.

1

Clearly the proposed Dilute and Dispose option does satisfy any of the goals of the PMDA. The assumption that it does
has led the Red Team to discuss may issues in their review that tries to justify the Dilute and Disposal as a viable means
of disposing of weapons plutonium under the PMDA.
For Dilute and Dispose Option to go forward, DOE must request that the State Department begin negotiations with the
Russian Federation to include this disposal technique as a new approach. This must happen BEFORE any actions take
place to execute this Option or DOE runs the risk of destroying the PMDA and any vestige of the momenteum for
removing weapons plutonium from the world.
The National Academy of Sciences report from 1994 is not the guiding document. The PMDA agreement signed in 2000
and later amended in 2011 is the controlling document. The Dilute and Dispose option does not accomplish the Russian
Federation goal of changing the isotopic makeup of the plutonium and it is not immobilization (which referred to
vitrification with other high level wastes.) So, the option does not comply and puts the United States in the position of
violating an arms agreement signed by the current Administration.

2

3

4

5
6

By their own admission the Red Team review was cursory and does not take into account the totality of the activities that
must take place for the Dilute and Dispose Option to be executed. It mentions the need for fundamental changes to the
licensing basis and the legal foundation for the WIPP repository yet assumes that it is not connected to the selection of
the Dilute and Dispose Option. This is a serious flaw in their review.

The Red Team review assumes that the Dilute and Dispose Option program can begin without obtaining approval for
disposing of this waste in WIPP. WIPP was intended as a test program to validate the use of salt domes as geological
formations for disposing of nuclear material. It was supposed to store the legacy wastes from the cleanup of the
Weapons Complex. Attempting to store additional material that represents very large increases in volume and curie
content
dueforth
consideration
is irresponsible.
The
Red without
Team puts
the argument
that EM work more efficiently in order to accommodate their proposal to bury
NNSA's weapons grade plutonium at WIPP. Given that the Red Team review was cursory and that EM has been storing
waste at WIPP for nearly 20 years begs the question -- How could WIPP possibly be more efficient? There are no real
recommendations as to how to achieve this but a range of unworkable suggestions were mentioned.
The Red Team has proposed the Sterilization Option be considered seriously by DOE. This idea is hardly better than
storing the pits at Pantex or some other secured site.
The Red Team does not mention that NNSA has 51 tons of surplus plutonium to dispose of and all of the problems with
34 MTs will be exaserbated. With MOX as currently planned and agreed to in the PMDA, there is no need for any
modificaitons to WIPP.
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7

The Red Team does correctly identify a fundamental problem in the MOX Program related to the MFFF. The relationship
between the DOE/NNSA and MOX Services is dysfunctional and needs significant changes in order for the MOX Program
to be successfully completed without continued cost and schedule increases.

8

The Red Team review of cost is muddled and did not meet the charge they described and noted in the introduction. They
did not provide any detailed cost evaluation or reconciliation of the previous cost estimates and attempted to discredit
the MOX Services 2012 BCP that the Red Team did not review. Any discussions regarding schedule were cursory and
based on simple math calculations of cash flow dollars per year.
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High Bridge Response to Plutonium Disposition
Red Team Report
September 2015

Red Team Assertion

1

2

3

4

5

6

7

High Bridge Associates Response

The MOX disposition pathway is a realization of the spent fuel
standard (SFS) as envisaged in the 1994 National Academy of Sciences
(NAS) review that recognized the value of physical, chemical, and
radiological barriers to future use of the material in nuclear weapons
whether by state or non-state actors. Pg. ix

The inference of this statement is the belief that the Spent Fuel Standard is
the goal of the MOX program. The goal of the program contained in the
PMDA is to change the isotopic composition of the weapons plutonium to
render it unattractive to a weapon designer. This goal is why MOX was
chosen over all others. The National Academy of Sciences is not a
signatory of the Plutonium Management and Disposition Agreement.

Nonproliferation policy has been increasingly focused on potential
threats from non-state actors, which increases the sense of urgency
for timely disposition and potentially offers greater flexibility in the
final form of the material to prevent future use... Pg. ix

This is an irrelevant point. The U.S.A. nonproliferation policy is based on
the PMDA. This is an agreement with the Russian Federation, a weapons
state, who has lately been acting very aggressively on the international
stage. It is myopic to believe that Russia is not a significant threat or that
ignoring an agreement with them is a good idea.

A disposition alternative not available in the nineties has been
successfully demonstrated in support of the closure of Rocky Flats
and other projects—downblending or dilution of PuO2 with
adulterating material and disposal in the Waste Isolation Pilot Plant
(WIPP). pg. ix

This statement misses the point that the MOX Disposition Program
implements an agreement with the Russian Federation (RF). The RF has
always insisted on fundamentally altering the isotopic make-up of the
weapons grade plutonium. The Dilute and Dispose Option does not
achieve this and in spite of the success at RFP, this option does not meet
the fundamental goal of the U.S. and RF. It requires a revision to the
PMDA or unilateral abandonment of the PMDA.

The Scoping Comment Summary from the Draft Surplus Plutonium
Disposition Supplemental Environmental Impact Statement (SEIS)
noted: "DOE believes that the alternatives, including the WIPP
Alternative, analyzed in this Surplus Plutonium Disposition SEIS
provide protection from theft, diversion, or future reuse in nuclear
weapons akin to that afforded by the Spent Fuel Standard.” The
review team concurs with this assessment and believes that the
Dilute and Dispose approach meets the requirements for permanent
disposition, but recognizes that this assertion will ultimately be
subject to agreement with the Russians, and that the decision will be
as much political as technical. Pg. ix

What the DOE choses to do with the material not covered by the PMDA is
at DOE's option. The Surplus Plutonium Disposition Final SEIS addresses
13.1 MT of Plutonium that is not covered by the PMDA. Regardless of the
assertion in the quotation, the plutonium disposed of in this manner does
not meet the SFS and even if it did meet the SFS, the PMDA does not cite
the SFS as a goal and the Russians do not agree that the SFS is adequate for
the disposition of surplus weapons Pu.

The cost of the MOX approach has increased dramatically compared
to early estimates. Pg. ix

MOX is now an amalgamation of several programs and includes the costs
and savings associated with a Total Operating Costs (TOC) of these once
separate programs.
The Red Team did not provide an in-depth cost, schedule, or risk analysis
The Red Team’s analysis focused on annual funding levels (during
both construction and operations), risks to successful completion, and and strangely the costs were reported in fiscal year 2015 (FY15 dollars).
opportunities for improvements over time that could accelerate the
This was strange as none of the reported costs or risks contained within
program and save money. Pg. ix
the documents in review by the Red Team contained any analysis in FY 15
dollars and no discussion of escalation factors were disclosed.
Opportunities for improvement included “Sterilization”, which was a new
approach introduced as a “means of reducing Program LCC” for the Dilute
and Disposal option, without any cost or technical details.

...the Red Team describes a relatively optimistic view of the MOX
approach [adjusted somewhat to account for a dispute in the present
status of the MOX Fuel Fabrication Facility (MFFF) project], and
compares it to a relatively conservative version of the Dilute and
Dispose alternative. Pg. x

In their cursory investigation of disposal options the Red Team incorrectly
assesses that the cost of the MFFF project, which is in construction, will
increase by a factor of three and will take twice as long as the contractor
claims. At the same time they incorrectly ignore or discount most of the
costs of the Dilute and Disposal option.

… (all in FY15 dollars). Several references of FY15$ in the report. Pg. x

The Red Team chose to report costs in fiscal year 2015 (FY15 dollars). None
of the reported costs or risks contained within the documents in review by
the Red Team contained any analysis in FY 15 dollars. The Red Team
provided no discussion of how or why escalation was applied to FY14$ for
their report.

8
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The Red Team concluded that if the MOX pathway is to be successful,
then annual funding for the whole program (MFFF plus other
activities that produce feed material and support fuel licensing and
reactor availability) would have to increase from the current ~$400M
per year to ~$700M-$800M per year over the next 2-3 years, and
then remain at $700M-$800M per year until all 34 MT are
dispositioned (all in FY15 dollars). Pg. x

This confirms that the Red Team believe the cost of the MOX program will
be less than a billion dollars a year as implied by inferenced in the
Aerospace report, but these values are significantly higher than expected
by the MOX Services rebaseline, revealing a bias in favor of the Dilute and
Dispose Option.

At [the ~$700M-$800M per year] funding level, operations would
only commence after as much as 15 more years of construction and
~3 years of commissioning. Pg. x

At the funding level projected by the contractor's rebaselining proposal in
2012, the cost of MFFF to construct is less than $650 m/yr. and will take 7 8 years including commissioning. The Red Team's numbers are derived
from a simple calculation described later in the report and a lack of
familiarity with nuclear commissioning. Later in their report, the Red Team
uses a conflicting value of 10 years to complete MOX construction
including commissioning.

The Dilute and Dispose Option could be executed at approximately
the current $400M annual program funding level over roughly the
same timeframe as the MOX approach. Faster progress could be
made if, during the 2-3 year period while MFFF construction and
associated unneeded program elements are discontinued and
demobilized, an appropriate, modest increase in funding over current
levels could be used to support the initiation of oxide production and
small-scale dilution operations, as well as the relatively small capital
efforts needed to expand into full-scale production. Pg. x

This ignores the reality that no work could begin on the Dilute and Dispose
Option until the Russian Federation agrees to the change in direction.
Shutting down the MOX program would cost millions and would
immediately abrogate the PMDA. Also, this statement assumes that DOE
can place this material into WIPP without modification and that EM will
"hide" the real costs in their budget. These assumptions are
unsubstantiated and unrealistic. The cost of modifying WIPP to accept this
material must take place before waste is shipped there and the cost for the
design changes and the licensing efforts will be borne by the Dilute and
Dispose Option. These will increase the annual costs to an average similar
to the MOX program of ~$600M/Yr.

The Red Team also noted that the Dilute and Dispose option would
have headroom within an annual program operating cost of about
$400M (FY15 dollars) available for process optimization, which could
increase annual throughput and decrease life cycle costs (LCCs) by
reducing the overall program duration. Pg. x

See above item.

13

Several optimization variations to the Dilute and Dispose approach
are discussed in the body of this document. Pg. x

These "optimization variations" represent changes to the design and
licensing criteria of WIPP or introduce a costly variant that will adversely
impact WIPP operations and stakeholder support.

14

Aerospace correctly concluded that even the best case scenario for
the remaining MOX approach would be more expensive and riskier
than the worst case scenario for the Dilute and Dispose approach,
assuming that the latter approach is sufficient for compliance with
the PMDA and is efficiently enabled in cooperation with the State of
New Mexico. Pg. xi

Neither Aerospace nor the Red Team included the risks and costs impacts
to WIPP if the Dilute and Dispose Option is selected. Aerospace was
directed not to consider it, but the Red Team seems to have chosen to
ignore it. Even though the Red Team correctly pointed out that this option
would have major impacts on WIPP, but assumed that they could be
addressed without schedule or cost impacts. They also assumed that they
would be allowed to start shipping this waste to WIPP without first
negotiating an amendment to the PMDA or addressing all of the issues
related to WIPP first. Both of these assumptions are incorrect.

For this reason it is imperative that WIPP be used as efficiently as
possible, and the Red Team encourages DOE to work with the State of
New Mexico to implement efficiency improvements regardless of the
Pu disposition path forward. The Red Team offers for consideration
two techniques for disposal efficiency related to Pu disposition which
may obviate any perceived need to amend the WIPP Land
Withdrawal Act of 1992 (LWA) specifically to support this program.
However, given the tremendous value of a TRU waste repository to
both DOE and the State of New Mexico, it may eventually become
desirable to explore expansion of WIPP’s capacity beyond the current
LWA limit regardless of Pu Disposition Program needs. Pg. x

The State of New Mexico does not regulate WIPP with regard to nuclear
wastes. They are the agency for the RCRA wastes license and can use that
to shut down the facility. However, WIPP was designed for a 25-year life
which it has exceeded. It is currently shut down as a result of two incidents
in 2014 and has no restart date. The "efficiency improvements" the Red
Team has suggested are revisions to the criteria of the WIPP that would
have a deleterious impact on operations. These suggestions appear to
arise the cursory nature of the Red Team review rather than a well-thought
approach.

9
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The MOX approach would satisfy the SFS in the PMDA, but would not
achieve agreed timeframes for the disposition of excess plutonium.
Pg. xi

Once again, the SFS is not the goal of the PMDA. The goal is to change the
isotopic makeup of the plutonium to render it unusable for a weapon. The
second part of this is disingenuous. The Dilute and Dispose Option is even
slower than the MOX approach because of the impact on WIPP that the
Red Team ignored.

Aerospace over-estimated the MFFF construction duration under
funding-constrained circumstances, and hence the LCC of the MOX
approach in those scenarios. Pg. xi
Aerospace correctly concluded that even the best case scenario for
the remaining MOX approach would be more expensive and riskier
than the worst case scenario for the Dilute and Dispose approach,
assuming that the latter approach is sufficient for compliance with
the PMDA and is efficiently enabled in cooperation with the State of
New Mexico. Pg. xi

This statement is correct. However, the Red Team appears to have been
unaware that Aerospace was directed to make most of the assumptions
that led to this incorrect assessment.
The Red Team assumed that the Dilute process of the Dilute and Dispose
Option encompassed the entire program. They have ignored negotiating
with the Russian Federation and redesigning and relicensing WIPP to
support this extended program. Also, they assume that the State of New
Mexico will welcome this new waste form -- an assumption that has no
basis at this time.

There are no obvious silver bullets to reduce the LCC of the MOX
approach. Pg. xi

This is an odd conclusion in view of the fact that the Red Team successfully
identified the core of the problem: the dysfunctionalrelationship between
the NNSA Program office and the MFFF contractor. Solving this problem is
the "silver bullet."

As soon as the new MOX facilities go hot, DOE is committed to longterm surveillance and maintenance costs and has adopted a complex
new decontamination and decommissioning liability, regardless of
whether the Pu Disposition Program is ever completed using the MOX
approach. Pg. xi

It is not clear what this statement could possibly mean. The MFFF will only
"go hot" if it is making fuel. The other "facilities" are needed for all
options. So, this statement seems to suggest that there is a chance that
the MFFF would get contaminated but would not be able to sell the fuel.
This is a highly unlikely scenario.

The Dilute and Dispose approach is viable at about $400M per year
(FY15 dollars), over a similar duration as the MOX approach. Pg. xi

This ignores the cost of WIPP, transportation and WIPP operations.

Unlike the MOX approach, the Dilute and Dispose approach offers
opportunities for introduction of efficiencies which could reduce life
cycle duration and cost, many of which could be implemented after
the program is underway. Pg. xi

If MFFF is in operation, there is no reason why it could not be used as an
acceptable disposal method for all of the surplus plutonium which would
significantly reduce the loading at WIPP, thus saving the cost of expanding
WIPP. Most of the "efficiencies" proposed by the Red Team are
subterfuges to permit less secure disposal or to revise criteria that
underpin the entire WIPP operation.

DOE should consider a “sterilization” approach to excess Pu
disposition in parallel with startup of a Dilute and Dispose strategy as
a means of reducing Program LCC. Pg. xi

This is perhaps the worst conclusion of the Red Team review. The
Sterilization approach does not offer attributes that satisfy any aspect of a
Pu disposal program option.

Contrary to conclusions in the High Bridge report, risks associated
with the Dilute and Dispose Option are far lower than the MOX
approach, since both the technology and the disposition process
associated with Dilute and Dispose are far simpler. Pg. xi

The Red Team admits later that they did not review the High Bridge report,
only the summary of the report. They can only pretend that this (MOX is
riskier than Dilute and Dispose) is a valid point if they ignore the costs and
schedule impacts of WIPP caused by the Dilute and Dispose Option.

The Dilute and Dispose approach would utilize existing facilities, and
consequently creates essentially no incremental post-program
liability. Pg. xi

This statement is unsupported. The shear magnitude of the additional
activities and increased size to accommodate the throughput will increase
cleanup, decommissioning and security for the SRS. Costs are
indeterminate at this time but should be included in Dispose and Dilute
option.
This superficial treatment of these important issues the cursory nature of
the Red Team review. The Red Team assumes that they can negotiate
their way out of these international agreements and legal constraints
quickly and without cost. This assumption is simply wrong.

Perceived fundamental barriers to the Dilute and Dispose approach,
namely WIPP capacity limits and PMDA compliance, are not viewed
as insurmountable by the Red Team, but should be retired as early in
the planning phase for this option as possible. The combination of
evolving international circumstances and the fact that the U.S. has
already accommodated a Russian national interest in a previous
PMDA modification causes the Red Team to believe that the federal
government has a reasonable position with which to enter PMDA
negotiations. Pg. xi
Regardless of the DOE chosen path forward, it is vitally important to
make a decision as soon as possible and secure consistent funding to
prevent further degradation of the Pu Disposition Program. Pg. xi

High Bridge Associates

This recommendation regarding decisiveness and adequate funding is
correct unless it is intended to rush into a new half-developed program
with no critical review and which has no hope of success, i.e., Dilute and
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Specifically, the Secretary requested that the Red Team:
1. Evaluate and reconcile previous cost estimates;...
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Evaluations and reconciliation of previous cost estimate were cursory,
general in nature, and not explained in any detail. The schedule was not
assessed with any rigor and was the one attribute the Red Team left off the
"Attribute Comparison Summary" Table on page 35.

...The Secretary specified use of the same comparison criteria that
were used by the Plutonium Disposition Working Group (PWG) in
their previous assessment of options:
• Schedule to begin and complete disposition... Pg. 1
This Red Team report does not provide a bottoms-up estimate of any
Pu disposition option. It should therefore not serve as a basis to judge
absolute costs. Pg. 2
Clearly, any path forward selected by DOE will require the
development of a new bottoms-up baseline cost and schedule
estimate at both an integrated program level and for any major
capital components, as well as contractual action to align a new
acquisition strategy and incentive structure with the chosen path
forward. Both DOE and the contractors have acknowledged this. Pg. 2

This is clearly correct. Yet, since this entire matter is allegedly a budgetary
issue, the lack of any credibility on cost invalidates the conclusions of the
report.
This is a good idea and should be done before any decision is made. The
PWG, Aerospace, and the Red Team have narrowly focused on the feed
preparation and the mixing process without due consideration of the
external programmatic issues. The Red Team did not have time; the others
were directed by NNSA/DOE into assumptions that biased the results. The
MOX contractor tried unsuccessfully to get an incentivized contract but
was told by DOE that it violated the FAR.

The current lack of sustained funding for the MFFF project illustrated
in Table 1, which shows planned (based on the MOX Services 2012
BCP) versus actual funding, has created an environment of intense
uncertainty, ultimately manifesting itself through project
inefficiencies and strained relationships between DOE and the
contractor. This uncertainty has in-turn led to a lack of workforce
confidence in program stability, resulting in low levels of staff
retention (exacerbated by loss of the most qualified workers), and
low morale in the remaining workforce. A high turnover rate was
noted by the Red Team, and the project is reportedly viewed
regionally as a training ground for nearby nuclear and other major
construction projects with better outlooks. Pg. 4

This passage summarizes the problem but neglects to mention the
Sequester Budget battle that triggered the need for budget cutting without
thought of the impact. DOE has lost focus and broken faith with the
contractor, and it must be corrected for there to be a success.

Should the MOX option be chosen for continuation, it is vital to create
and sustain an adequate and stable funding profile. Indeed,
consistent support will be vital for any path forward.
Pg. 4

This summary sentence is true but does not go far enough. Other vital
steps include developing an integrated program approach with all aspects
of the program under the same leadership and performing a bottom up
rebaseline of the MOX Project with everyone involved in the process.
Everyone involved needs to believe in the Program and the budgeted
costs.
THIS is the Silver Bullet that the Red Team claims that they could not find.
There is nothing wrong with the project or the technology, the problem
appears to be a decision made by the management at DOE to destroy this
investment of billions of dollars and 20-years of effort.

The Red Team saw an opportunity to realize meaningful cost savings
through improved governance of the Pu Disposition Program. While
the Federal Program Manager’s Senior Technical Advisor is clearly
engaged and knowledgeable, overall Federal Ownership of the Pu
Disposition Program should reside with a senior career executive who
has the overall responsibility and authority for the Pu Disposition
This silver bullet is the way to reliably solve the surplus plutonium
Program, including integration across the various sites and across the problem... for all 51 MT.
various Programs and organization at DOE-Headquarters. This
executive should have the authority to convene, coordinate (using a
systems integration approach), and hold accountable all parties
associated with the Pu Disposition Program (regardless of
organization), including the major capital projects, and should
establish joint ownership and governance expectations for both
Federal and Contractor leadership. Indeed, multiple contractors
involved in the current MOX approach expressed a desire for
immediate reformulation of a centrally coordinated, integrating
steering committee involving all executing parties. If a decision is
made to pursue the Dilute and Dispose Option, this need for multisite, multi-program coordination at the DOEHQ level will remain
acute. Pg. 5
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34

At the local level, the Red Team observed an antagonistic relationship True. This must be part of the solution. New people with the proper
between the local NNSA Federal Project Director’s office and the
attitude and commitment to the success of the project must be brought in
MOX Services organization. As previously discussed, some of this
to replace the combatants.
would be a natural outcome of difficult, downward spiraling
circumstances, but the Red Team noted that some of it may be arising
from a genuine dispute regarding the degree of completion of the
MFFF project (a perception likely to be exacerbated by the difficult
work environment). It is difficult to judge how much work is actually
accomplished when funding is only slightly more than the annual
hotel load (level-of effort fixed costs), since construction logic and
productivity are so negatively affected by drastic funding reductions.
Pg. 5
The Red Team asserts that a true ETC cannot be developed and
authenticated until it can be based on a sound schedule that in
turn is based on firm funding level commitments at a reasonable and
sustained level through project completion.
Pg. 6

Agree. As such, the Dispose and Dilute option costs are less determinate.
It has benefitted from a preliminary scoping effort only and there is no
believable schedule or baseline cost estimate that encompasses the
totality of the project. It is significantly less mature than the MOX program
and yet the Red Team did not address this deficiency of the Dilute and
Dispose Option.

Simultaneously, the contractor staff will need to demonstrate a
stronger culture of performance under which commitments big and
small are routinely delivered on time, transparently, and in
accordance with expectations. Pg. 6

This is an unfair charge. Large projects are collaborative exercises that
require a unified management team, clear lines of authority and a
collective commitment to the success of the project. DOE has not
addressed the 2012 BCP other than to commission a string of review
bodies to criticize it. The Contractor has been working under increasing
pressure to perform without optimum funding or support. Technically,
they are working outside of the scope because the changes reflected in the
2012 BCP are not approved although they are now included in the project.
Moreover, the budget is less than the budget before the scope changes
and yet the contractor continues to try to complete the project. The
problems with the MOX project go both ways and to only identify the
contractor's issues indicates a bias that is inappropriate for an independent
review body.

Without substantial changes to container packing efficiency and/or
volume accounting techniques at WIPP, the disposal of just 13 MT of
the 34 MT U.S. obligation via the Dilute and Dispose approach
discussed later in this document would reportedly consume as much
as 68% of the remaining unsubscribed capacity. It is imperative that
WIPP be used as efficiently as possible. The Department should
ensure that waste placed in WIPP be as densely packed as practical to
minimize volumetric use as well as shipping. Pg. 7

This is a specious argument. The maximum FGE content of waste packages
stored in WIPP are determined by the concentration limit approved by the
NRC. Currently, the maximum FGE is in a Criticality Control Overpack at
380 FGE per 55-gallon drum. As a practical limit, the Red Team found that
SRS averages about 300 FGE per container. There is no way to be more
"efficient" than this legal limit.

35

36

Packing more waste into each overpack simply runs the risk of a massive
QA shutdown of the entire program for violating the licensed amount of
waste per container. Getting a new container design that can
accommodate more waste requires a NRC licensing process before any
waste can be processed.
Counting only the waste volume and not the external container volume
brings operational problems associated with verification.
Merely citing "efficiency" improvements with no hint of what they might
be is not a real solution.

37

Recognizing that not all waste is in forms that are amenable to dense
packing, DOE should also work with the State of New Mexico to
account for the true waste volume placed at WIPP as accurately as
possible (i.e., using actual waste volume, as opposed to container
volume). Pg. 7

High Bridge Associates

This is a proposal to violate the WIPP Land Withdrawal Act by simply
recalculating the volume of waste rather than the volume of the container.
However, this is an operational issue since the contents of the drum are
hidden and cannot be verified in the field without opening the containers.
This would impose an enormous burden on the already overtaxed WIPP
staff.
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However, given the tremendous value of a TRU waste repository, it
may eventually become desirable to explore expansion of WIPP’s
capacity beyond the current LWA limit regardless of how much
volume is utilized by the Pu Disposition Program. Pg. 7

Here the Red Team ignores the cost and the schedule impact of this
"tremendous value." Since the Pu Disposition Program would be
responsible for the overloading WIPP, it should bear the cost for expanding
it. The Red Team has danced around the problem citing "efficiencies" that
cannot apply and negotiations with New Mexico who has no jurisdiction
(over the waste volume).

While it is appropriate to seek out incremental programmatic funding
to support specific facility improvements that might be needed to
support a particular mission, it does not make sense to piecemeal the
funding of base operations at a nuclear facility. A more viable model
is to recognize the stewardship role played by EM on behalf of the
broader DOE missions and adequately fund the base operating cost of
H-Canyon in the EM budget.
Pg. 7

It is disingenuous to propose hiding the costs of H-Canyon upgrades in the
EM budget, that has no role in facility "stewardship" other than to arrange
for the deactivation and demolition of extraneous infrastructure.
(Something EM has been trying to do to H-Canyon for years.) DOE-EM's
Mission Statement is:

The Red Team reviewed each of the estimates performed since the
2012 contractor BCP to evaluate estimate approach, assumptions,
risks and conclusions…. ….There was not uniform access to detailed
basis of estimate information for all components of the Pu Disposition
Program. Pg. 9
Additionally, the Red Team noted that many of the cost-estimating
best practices recommended by the U.S. Government Accountability
Office were not consistently followed in essentially all of these
estimates. Pg. 9

The Secretary requested an evaluation and reconciliation of previous cost
estimates. None was provided. Instead, the Red Team provided a cursory
review.

The Aerospace report used the cost estimates produced by the PWG
for Option One (MOX) and Option Four (Downblend) and applied the
results of an assessment of programmatic risks and
resultant cost impacts to establish a total program LCC estimate with
an 85% confidence level for each of the two options, without
crediting any MOX progress since the 2012 BCP. Pg. 9

"The mission of the Office of Environmental Management (EM) is to
complete the safe cleanup of the environmental legacy brought about
from five decades of nuclear weapons development and governmentsponsored nuclear energy research."

Red Team acknowledged they did not review the 2012 contractor BCP and
the only other full scope estimate performed was the USCOE bottom up
estimate which was utilized by the PWG in their review. The other
estimates were actually assessments of other estimates so it is not
surprising that they did not follow cost estimating best practices... they
were not cost estimates.
The Aerospace assessment also was narrowly focused by the limiting
parameters set by their sponsoring organization that included: Providing
the analysis in real year escalated dollars using escalation rates far in
excess of accepted standard rates that significantly skewed the results;
and the disregard for any WIPP costs. The Red Team did not identify these
deficiencies even though they had unlimited access to the Aerospace team
to answer questions.

43

The High Bridge report challenged the assumptions of the Aerospace
report. Using the PWG costs as a starting point, they applied their
own risk assumptions to determine a different set of LCC estimates.
Pg. 9

44

The PWG LCC estimates for these remaining two options are shown in These are in real year dollars, which is not shown, and the costs for the
Table 2. (These are depicted as $25.12B of the MOX option, and
Dilute and Dispose are not accurate. The PWG report indicated the
$8.78B for the Dilute and Dispose option) Pg. 10
Downblend option (same as The Red Team Dilute and Dispose option) as
$10.3B RY$

High Bridge Associates
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The Aerospace assessment was conducted in early 2015 and included
a review of the previous PWG options evaluation report, tours at SRS
and LANL, and discussions with relevant DOE, NNSA, MOX Services,
and Savannah River Nuclear Solutions personnel. Aerospace
organized and executed their evaluation in accordance with sound
systems engineering principles, analyzed the previous cost and
schedule estimates for both options, and performed independent risk
assessments for each option with a focus on broad programmatic
issues.
Pg. 11
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This is a misrepresentation of the Aerospace report. Aerospace's report
admitted as much when they said:
"Aerospace did not assess the scientific and technical aspects of the
physics, chemistry, and metallurgy processes used in the conversion of pit
and non-pit plutonium to an oxide feedstock, the MOX fuel fabrication
process, or the downblend process. Aerospace did not assess the adequacy
of the existing and proposed facilities to support the physics, chemistry,
and metallurgy processes required by the MOX Fuel and Downblend
Options. Aerospace did not conduct an independent grass-roots,
parametric, or analogy based cost estimate on the individual project
elements in the time available for this study. The updated cost estimate
has not been reconciled with other estimates at the time of this report. "
If the Red Team missed the fact that Aerospace did not start with the
Plutonium Disposition requirements and evaluate the processes used to
obtain outputs, it is difficult to understand how they concluded that
Aerospace used "sound systems engineering principles." This could have
misled the Red Team into believing that there was more rigor to the
analysis than there was.

Of specific benefit was the “S” curve LCC comparison provided in
Figure 10 of the Aerospace report. This figure provided an efficient
comparative summary of the base and risk-adjusted LCCs of the two
options without imposing additional capital funding constraints. The
clear and compelling conclusion illustrated in this figure is that the
Dilute and Dispose option will result in lower LCCs than the MOX
facility option under all credible scenarios—a conclusion with which
the Red Team agrees. Pg. 12

The Red Team conclusions are inaccurate. Figure 10 uses the real year
basis of the Aerospace report, which the Red Team criticized several times
in the report because it skewed the true cost basis. The second reason the
Red Team's conclusion is inaccurate is because the data presented in
Figure 10 does not include the base costs associated with WIPP
modifications and licensing as described throughout this point by point
rebuttal. Finally, the band of the costs shown in the Figure 10 in the "S"
curves are too narrow for an immature and conceptual program such as
the Dilute and Dispose Option.
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...the Red Team concludes that the MOX approach to Pu disposition
could be completed within a reasonable timeframe for less than $1B
per year. Pg. 13

Since the reason given by the Secretary for abandoning the MOX Program
was that it would cost more than a $1B a year, the Red Team has
determined that assertion is unfounded. However, they did not reach that
conclusion.

48

However, the most fundamental Aerospace conclusion, illustrated in
their “S curve” figure, remains intact: The worst case scenario for the
Dilute and Dispose Option is significantly less expensive and comes
with lower technical and operational risk than the best case scenario
for the MOX approach. Pg. 13

This reveals a superficial review of the data and no formal risk assessment.
The Red Team report states that WIPP would need significant relicensing
to accommodate the Dilute and Dispose Option wastes, but assumes that
these efforts would be both cost-free and rapid. The report ignores two
additional key facts: 1) the State Department would need to begin a new
round of negotiations with the Russian Federation and 2) Dilute and
Dispose involves a far larger logistics commitment for consumables and
transportation. None of these facts are captured in the Red Team Review.

In their report, published June 29, 2015, High Bridge concluded that
Aerospace’s identification and analysis of risk issues and contingency
impacts identified for the MOX and Dilute and Dispose Options was
flawed. Specifically, they stated the MOX risk elements and resulting
impacts appear to be overstated and inconsistent, while Dilute and
Disposal risk elements are “clearly understated.” Pg. 14

The Red Team did not read the High Bridge Final Report that would have
explained most of the problems they had with the Preliminary Report.
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The Red Team was also concerned with the application of a project
risk profile to the Dilute and Dispose Option commensurate with the
application of DOE Order 413.3B for a major new nuclear facility
acquisition. the Dilute and Dispose Option primarily involves the use
of existing facilities, some of which have been used in conversion or
dilution before, including the disposition of plutonium at WIPP. The
Red Team believes it is inappropriate to equate the Dilute and
Dispose Option to a complicated greenfield project that is at CD-0,
and then reflect that kind of a risk profile in a calculation of LCCs.
However, the High Bridge report did correctly identify that the
shutdown costs of MFFF need to be part of the Dilute and Dispose
Option’s cost profile. Pg. 15

The National Resources Council reviewed DOE's historically poor
performance for undertaking new projects and in their 1999 report to
Congress they recommended that the Department adopt programs that
ultimately resulted in DOE Order 413.3 for capital acquisition projects. The
Red Team's assertion that this painful lesson can be ignored for this
instance is irresponsible. This is a major undertaking requiring the
modification of major DOE assets and the procurement of high tech
nuclear systems and components. It also requires a massive relicensing
effort for a nuclear waste repository. It is unconscionable to believe that
this can be done using operating funds not designated for this purpose.
The MOX program cannot legally use funds to build something not needed
for the MOX program.

High Bridge strongly emphasized the challenge of going from CD-0 to
CD-4 on the Dilute and Dispose Option in just three years, even
though the capital scope amounts to the relatively simple installation
of two gloveboxes in an existing facility. While the Red Team agrees
that three years would be an aggressive schedule, High Bridge’s
criticism failed to acknowledge an existing, capable glovebox which
could be operational in a matter of months. Once International
Atomic Energy Agency (IAEA) inspection is integrated into this single
box operation, DOE could begin taking credit for progress toward
disposition of the agreed 34 MT. In the meantime, DOE could use the
existing glovebox to reduce the risk of fines and penalties from the
State of South Carolina for failing to make any progress at all toward
Pu disposition. Pg. 15

Currently, the IAEA is not permitted to oversee operations in the KAMS, so
moving the classified work aside to permit this is problematic. Also, the
existing glovebox is completely occupied with its current mission, which
the Red Team casually dismisses as unimportant in favor of the Dilute and
Dispose Option. This is at best a cursory summary of this complex issue.
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Given the importance of getting WIPP re-opened to the greater DOE
nuclear enterprise and the previously discussed history of PMDA
modifications negotiated to date, the Red Team believes that it is
reasonable to assume that resumption of operations at WIPP and its
designation as the repository for all 34 MT, as well as a successful
negotiated adjustment to the PMDA, could be achieved within a
reasonable time frame. Pg. 15

Currently, the COO is projecting first calendar quarter of 2017 for WIPP to
restart. Even if they achieve this date, they are certain to start up at
considerably less than the 17 shipments per week that they are designed
for. The three years during which WIPP received no waste will have
resulted in a critical backup at all of the generator sites, and many of them
are under civil penalties imposed by the Courts for failure. It is unlikely
that this waste stream will be accepted in a "reasonable time frame."
Moreover, it is likely that this waste stream is not even part of the mission
of WIPP and is therefore excluded from being accepted without a new
design and relicensing effort.
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With 19,000 cubic meters of unsubscribed capacity, SRS could ship at
this rate for a long time if necessary, once WIPP is reopened and until
either existing volume-based capacity limits are increased, or one of
the variants to Dilute and Dispose obviates the need for early
expansion of the volume limitation. Pg. 15

It is disingenuous to propose shipping this waste to WIPP using the EM
surplus capacity as if EM might not need it. First, it is not clear that it is
even legal to ship this waste to WIPP. (Spent fuel associated with weapons
production is not permitted. It is not clear why the Red Team assumes that
ANY TRU waste the Secretary wants to get rid of can be sent to WIPP.)
Especially since doing this eliminates the MOX option and forces all future
DOE Secretaries to deal with the problems that this causes.

Another issue is the fact that the High Bridge report incorrectly took
MIFT-related risks out of the MOX Program estimate. Even though
there might be slight variances in those costs depending on the
option chosen, many MIFT costs apply to both Pu disposition options
and such risks should be treated consistently. If anything, the MIFT
risks are lower in the Dilute and Dispose case due to relaxed
specifications on the quality of plutonium oxide, and elimination of
the fuel qualification program. Pg. 15

High Bridge evaluated the MIFT (MOX Irradiation, Feedstock , and
Transportation) costs and found them to be similar or significantly higher
for Dilute and Dispose than for MOX. This evaluation appears in the final
High Bridge Phase 2 report that the Red Team did not review. The MI costs
for the MOX option are replaced by the WIPP costs for the Dilute and
Dispose Option; the F costs are about the same for both options albeit the
Dilute and Dispose Option takes longer to achieve; and the T costs are
vastly higher for the Dilute and Dispose Option consisting of 2300 -2700
shipments compared to 80.
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In any event, the High Bridge analysis fails to recognize that the
majority of scope related to the Dilute and Dispose alternative is a
subset of the MOX approach to Pu disposition. Under any credible
scenario, therefore, Dilute and Dispose cannot be as costly or as
complex as the MOX approach. Pg. 15

The Red Team's opinion shows a narrow focus on the Dilution portion of
the new Pu Disposition Program. They have ignored the massive impact
on WIPP and the EM program. MOX has already experienced many of the
problems of complexity. They are now at the stage of finalizing
construction and startup testing. The Dilute and Dispose Option's total
program is not even described in detail and is in fact based on several flaws
in logic. One, that NNSA will be able to push EM aside and take over all the
remaining space in WIPP, is the most seriously flawed Red Team logic.

The Waste Solidification Building (WSB): A separate capital project to
design/build a facility to treat and dispose of liquid wastes from the
cancelled Pit Disassembly and Conversion Facility (PDCF) and MOX
facilities. WSB construction is essentially complete, and the facility is
in standby awaiting operation. Since the PDCF has been cancelled at
SRS, this facility has excess capacity, and absent pursuit of the MOX
approach, may never be used. Pg. 17

This is an example of the fiscal waste and irresponsibility of the Dilute and
Dispose Option. The MOX program represents a great deal of investment
to achieve strategic needs of the country and nearly 20-years of effort by
three different Administrations. Canceling it now to pursue a new
direction that is almost certain to fail would be ill-advised.

First, the conservative approach to meeting NRC requirements has
resulted in an extremely robust facility (manifest, in part, in high
capital construction costs exceeding European benchmarks), and very
tight controls. MOX Services reported 8,000 active items relied on for
safety (IROFS) and 7,000 passive IROFS within the MFFF, all with
attendant quality assurance (QA) and/or monitoring and reporting
requirements. To the extent that these (especially the active ones)
are analogous to Technical Safety Requirements within a DOE nuclear
facility, each of these IROFS (especially the active ones) potentially
represents a threat to continuous operation. Pg. 19

In the first place, it was the NNSA requirements that forced the robust
design of the MFFF; not the NRC. The NRC requires seismic and missile
resistant designs, but the NNSA required the ability to resist a focused
military-style assault with shaped charges and vertical envelopment.

The second risk is excessive automation. The Red Team notes that
excessive automation, inability to perform corrective maintenance on
failed systems within gloveboxes, and inadequate buffer storage
between process steps were causes of disappointing throughput rates
at the Sellafield MOX Plant (SMP) in the United Kingdom (designed
for a fuel output of 120 MT/yr., but only achieved 5 MT/yr.). It
appears that the MFFF design has addressed lessons learned from the
SMP and incorporated maintenance capability and buffer storage to
mitigate these risks. However, automated systems integration
challenges in the facility add schedule risk to commissioning and
startup, and could pose an ongoing risk to future operations and
maintenance. Pg. 19

The glovebox operations are no more automated than the ones in France
that were copied for this application. The automation consists of means of
avoiding worker contact with Plutonium products. The throughput
analyses assume a 35% operability and so large scale buffer space is not
required. The inclusion of the failed Sellafield MOX facility is an attempt to
sully the design basis of MFFF that has nothing to do with the Sellafield
design. Then to admit that MFFF does not have the same problems reveals
a profound bias in the Red Team against MOX.

The irradiation of MOX fuel prepared with weapon-grade plutonium
in LWRs constitutes the U.S. commitment under the PMDA, although
the project is behind the agreed-upon schedule. Thus, even though
the technical approach is consistent with provisions of the PMDA, the
agreement may nevertheless need to be renegotiated to
accommodate new schedules and throughput rates, particularly if the
deviation grows. Pg. 20

The Red Team notes that only the MOX approach meets the PMDA but
totally underestimates its value. Missing the 2018 start date in the PMDA
was unavoidable since this Administration decided not to live up to its
obligations under the Agreement. Still, 2018 is a soft target goal of the
PMDA and if the program were making good progress towards completion
it would not be as significant as abandoning the program and redirecting
into the Dilute and Dispose Option.

The Items Relied on For Safety (IROFS) list is a simple procurement tool to
avoid inadvertent reductions to quality in the future. Moreover, the
Quality of French fuel is in no way inferior to US fuel, so the inference of
this argument is baseless.

Moreover, the likely delay in meeting the commitment with the Dilute and
Dispose Option will most certainly be longer.
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If DOE chooses to continue with the MOX approach, it is important
that the MOX Program leadership establish sufficient priority and
funding to address long-lead elements associated with the actual use
of the MOX fuel in licensed nuclear reactors. Pg. 20

High Bridge Associates

High Bridge totally agree with this.
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In a review of the MOX services hotel load scope and staffing levels
for FY 2014, the ratio of non-manual to manual labor was found to be
slightly higher than 1:1. This non-manual staffing level seemed
excessive given the levels during previous fiscal years prior to the
partial suspension of the project. When reviewed with the MOX
Services team, the contractor stated that the non-manual level of
effort portion of the hotel load has not been optimized, and in fact,
resources were maintained at a higher level to retain talent in
anticipation of ramping the project back to a full funding level. Pg. 21

MOX Services is committed to the successful completion of the MFFF
project. Therefore, they have retained valuable staff during the current
budget shortfall to minimize remobilization costs. Reducing the overhead
staffing to match the construction effort would require narrowing the skills
to focus on the work being performed, therefore losing the resources the
project needs to succeed.

The Red Team was surprised, for example, that MOX Services
currently carries a project controls staff in excess of 200 people. Pg.
21

The actual number is around 71. This is an example of incorrect
statements arising from the cursory nature of the Red Team review. It
would have been a simple matter to verify, but the Red Team did not
follow through.

The maximum possible value associated with MOX fuel is the value of
the displaced uranium fuel, or 36 assemblies every reload. Current
prices for uranium and enrichment, the key components in nuclear
fuel cost, are near historic low levels. The cost of a uranium fuel
assembly in today’s dollars is approximately $1M, or $36M per
reload. Over the life of the Pu Disposition Program, that would result
in approximately $1.8B of potential revenue. From a utility
perspective, the risks to MOX fuel use are large and will potentially
require a substantial price discount, perhaps to the point of being
“free” in the beginning, to incentivize the utility to make
modifications to their reactor and go through NRC license
amendments, to use fuel that is less optimum than their current fuel.
To the extent that such incentives become necessary, they subtract
from the total potential revenue of $1.8B. However, the net value
should be subtracted from the LCCs of the MOX approach when
comparing point estimates of LCCs to other alternatives (which, as
previously discussed, can be misleading). The Red Team believes it is
unrealistic to assume a net value of more than $1B for the 34 MT of
surplus plutonium. Pg. 21

Nuclear utilities do not buy uranium at the current spot price. They have
long-term contracts for the fuel set many years ago. Since fuel costs are
such a small part of nuclear electrical generation costs,utilities prefer the
certainty of supply over potential cost savings in the spot market. In spite
of the Red Team's belief, the best estimate for the value of the fuel from all
34 MTs of Pu is approximately $3B. The net contribution to the U.S.
Treasury would be about $1B.

The Red Team noted that some utilities operate in regulated power
markets where public utility commissions decide on what qualifies to
go into the electricity rate base. In those utilities, fuel costs are
usually passed directly to customers and it may be unlikely that a
regulated utility would bear the risk of MOX fuel, even if it is free. This
puts at risk the assumption of seven available reactors to support the
movement of material through the MFFF facility fast enough to
support the facility’s designed throughput rate. However, the Red
Team believes it may be possible to accomplish the irradiation
mission with fewer than seven reactors, as some reactors are capable
of 100% MOX loadings (e.g., Combustion Engineering Reactor
designs, AP-1000), and/or by irradiating some MOX assemblies for
one cycle only, increasing the number of new MOX assemblies loaded
above 36 per cycle. Pg. 22

This is an example of the chaos in the Red Team Report. The beginning of
the paragraph begins to assert that since some reactor operators may be
prevented from gaining any economic benefit from MOX, there is no need
for MOX. However, the Red Team concludes the paragraph saying
essentially, that it will probably work.

High Bridge Associates

This seems to be a logical approach at the present and it seems unfair to
criticize MOX Services for this approach.

The fuel surcharge in a regulated market is mostly for fossil fueled plants
and does not impact nuclear plants. Their fuel cost are such a minor part
of the costs of operations, that it seldom comes up. MOX fuel cost savings
would essentially pay for the refueling outage, which while attractive,
would not have a major impact on the overall cost of operations. So, the
regulators would not bother with it but the plant operators would be
extremely interested.
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Furthermore, utilities will demand that MOX fuel meet strict QA
requirements and delivery guarantees, the same as fresh fuel. It is the
Red Team’s understanding that no vendor has ever failed to supply
fuel and thus caused a delay in reactor startup. To address the risk of
potential delay in the supply of in-spec MOX fuel, NNSA has created a
large backup supply of low enriched uranium fuel, consisting of 170
MT of uranium at 4.95% enrichment. This provides substantial risk
mitigation to fuel supply interruption, and thus facilitates the
eventual development of a sufficient customer base. In summary, the
Red Team believes the risk that an insufficient number of reactors will
be available for the MOX fuel has been overstated. It was always
unrealistic to expect utilities to effectively “sign up” so far in advance,
and with sufficient incentives, the Red Team is convinced that there
would be an adequate number of buyers and reactors available. Until
the MFFF is delivering licensed fuel to an operating reactor, DOE
would be proceeding with the MOX approach at risk since that will be
a necessary condition to secure final agreements for a full suite of
reactors. Pg. 22

The beginning of the paragraph seems to imply that no utility would
commit to the fuel because it is difficult to gain assurance that the fuel
would be delivered. It should be noted that the French plants that are
operating now using the same technology have NEVER missed a shipment.
There is no reason to assert that the MFFF would operate any less reliably.

As discussed in Section 2.1.2, the decision to perform a qualitative
safety assessment during design development is considered to have
provided a short-term cost and schedule benefit during early design
efforts, but appears to have generated a capital and expense burden
through over designation of the safety features (the IROFS).
Quantitative risk assessment may have led to at least 1,500 fewer
such designations. The MOX Services project team has already
identified a small potential savings of $11M capital at this late date in
construction, and $0.7M in annual operating expenses, related to a
reasonable reduction in the number of IROFS. The risk reduction
value described in Section 2.1.2 related to the avoidance of
operational upsets may be far higher. Pg. 23

The Red Team appears to be obsessed with the "complexity" of the MFFF
and points to a need to consolidate the IROFS database. This is curious.

The laboratory defined in the scope of the MFFF serves to provide
physical and chemical analyses of samples from both the AP and MOX
Process areas of the facility, with specifications established by
production and compliance requirements. It was reported that
laboratory unit operations may be sized with some redundancy to
support operations during peak load times, and/or as a safeguard
against equipment failures. Although significant progress has been
made in the procurement of equipment, installation and procedure
development is at a low level of completion. In addition, there is
some risk that equipment will become outdated as the MFFF is
completed, requiring additional investment. Opportunities for better
integration were discussed to take advantage of other laboratories
(notably, existing SRS analytical laboratories) by subcontracting a
range of scope for these operations. This carries the opportunity of
modest construction and operational cost savings (in the range of
millions to tens of millions of dollars), with associated variable
degrees of risk reduction. The viability of these options may be more
likely when combined with a reduction in IROFS. Pg. 23

High Bridge Associates

The second half of the paragraph changes direction and admits that the
lack of subscribers for the MOX fuel has more to do with DOE's failure to
support the project than it does with any other cause.
As soon as the MFFF begins making fuel, the subscribers will appear
because of a clear economic advantage for them.

The IROFS list is a simple listing of all of the components that need to be
purchased using special specifications and extra Quality to assure
conformance with the design requirements. It is not clear why anyone in
the nuclear industry thinks that consolidating the listing will improve
performance.

Another contradictory point raised during the Red Team cursory review.
The Red Team just concluded that tight chemistry control is essential for
proper fuel performance. Yet, here they seem to be arguing for a decrease
in thoroughness and even substituting an expensive expedient of shipping
plutonium products around the country to other national and/or private
laboratories to "save" money and reduce IROFS. Even in the case of using
available SRS laboratories, it ignores the need to make these laboratories
plutonium compatible and to upgrade the performance standards to meet
fuel production needs. Then, there is the cost and complexity of shipping
plutonium from one secured area to another and back again.
So while it appears to be making a significant point, the implications of this
paragraph are not helpful.
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For purposes of considering alternatives that have not already been
It is not clear who made the unattributed quote but this is the crux of the
screened out as impractical, the Red Team articulated a guiding
failure of the Red Team report. They either did not know of the Russian
principle to use as a framework for examining alternative approaches: Federation insistence on the isotopic conversion of the weapons grade
material to reactor grade, or they chose to ignore it. There is absolutely no
“Develop an alternative disposition pathway that can be executed at chance that the Russian Federation will accept the Dilute and Dispose
an affordable cost, with an acceptable schedule and risk profile, using Option without completely gutting the non-proliferation aspects of the
an approach that has a reasonable probability of achieving Russian
PMDA that the US side negotiated into the agreement.
concurrence on a revised PMDA.” Pg. 24

In this option all diluted plutonium oxide materials would be sent to
WIPP for disposition. As previously discussed, WIPP has already
received and disposed of such materials in the past. Thus, the receipt
of similarly diluted materials is not expected to pose technical
problems; but there are regulatory issues that would need to be
addressed to allow the disposition of all 34 MT of plutonium... Pg. 28

This is a very significant and unsubstantiated assumption that the Red
Team, the PWG and Aerospace have all made. Given the current PMDA
policy it is simply wrong. So far, WIPP has only accepted wastes from the
cleanup of the weapons complex by EM. While admittedly, some of the
waste forms, from Rocky Flats especially, were weapons grade materials,
they were not finished weapons components removed from the active
arsenal. They were incidental products left over from the chaotic
shutdown of the weapons facilities.
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As two Op Eds by former NM governor Bill Richards have asserted, the
disposal of this material at WIPP is highly charged politically and is
problematic in the extreme.
Once again, the Red Team has understated the size of the problem by
stating that this is a 34 MT problem when, in fact, it is a 51 MT problem.

Figure 4 - Remaining Practical Approaches to Pu Disposition Pg. 25

This figure attempts to show the potentially successful options for
plutonium disposition. The most instructive part of the figure is the righthand side that identifies the Recovery Process to Weaponize Based on
Processing Option for all of the alternatives. It then shows boxes
describing the process steps. However, there is no equivalence between
the boxes with similar names. For instances, the first box for all three
options shows "Remove from the Repository". For the two options that
the Red Team supports, this would involve a straight forward process of
entering the repository, using the drum handling equipment and removing
the drums from the repository. If desired, the CCO could be removed from
the drum and hand carried out of the repository.
For MOX, this would involve the moving of a multi-ton container from a
repository in a dose rate of several thousand rads/hour. Opening the fuel
canister requires elaborate cutting tools and heavy equipment. To do this
safely requires shielded working area (hot cell) and specialized remote
cutting tools and equipment.
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The second box is labelled "Chemical Recovery/Separation" in the case of
the Red Team preferred options and "Chemical Separation in the case of
MOX. That is because the non-reactor options are not particularly
radioactive and can simply be recovered in their nearly original form by
simple physical and chemical processes. Used MOX fuel, on the other
hand, requires a chemical separation facility located in a hot cell or canyon
that simply does not exist. There is no way that existing systems could be
clandestinely converted without raising the alarm.
MOX has a third box entitled Isotopic "Adjustment." This means

High Bridge Associates
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MOX has a third box entitled Isotopic "Adjustment." This means
enrichment of the reactor grade plutonium residues to weapons grade
quality. This has never been done and there are no examples of
technology that could do this. To suggest that this is a simple
"Adjustment" is disingenuous. Separate Work Units to separate U-235
from U-238 is the largest single cost of the uranium fuel cycle. To separate
Pu-239 from Pu-240 would be an even more impractical solution.

It is for this reason that an honestly drawn line for Failing to Meet
Disposition Strategy would be above the MOX option eliminating all others.
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The plutonium oxide would be diluted with an adulterant mixture
that serves to reduce the attractiveness level of the plutonium oxide
by yielding a mixture that: 1) has a reduced plutonium concentration;
and 2) requires extensive processing to achieve a purified material. As
such, the diluted plutonium oxide material would meet a Safeguards
and Security Attractiveness Level D, and safeguards could be
terminated on the material so that it could be disposed at the WIPP.
Pg. 26

WIPP is designed for Attractiveness Level E; not D. The Pit is
Attractiveness Level B. The Pit converted to Pu Oxide powder is
Attractiveness Level C regardless of concentration. The difficulty of
recovering the oxide from the Adulterant might make it an Attractiveness
Level D depending on the whim of the authorities in the Complex required
to sign off on the reclassification. This is almost an irrelevant point since
the PMDA requires either irradiation in a reactor or immobilization in
vitrified HLW.
The third bullet is as close to addressing the major flaw with the nonreactor options that the Red Team supports. It is simply not legal or
credible to proceed with the Dilute and Dispose Option until and unless the
regulatory and stakeholder (read legal challenges) issues are overcome.
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To assess this option, the Red Team toured the SRS K-Area facility, the
LANL PF-4 facility, and WIPP, and held multiple discussions with
facility and Program personnel. Based on these inputs, and the fact
that this approach for dispositioning excess plutonium oxide materials
has already been used at several DOE sites in the past (the Rocky Flats
Environmental Technology Site, the Hanford Site, and SRS), the Red
Team judges that:
• The dilution of plutonium oxide with an inert adulterant is a low
complexity technology;
• There are no real technical challenges to the successful
implementation of this option, given the systems already in place to
produce oxide for MFFF; and
• The primary risks with this approach would be regulatory and
stakeholder issues. Pg. 26

The anticipated throughput of this glovebox is 400-500 kg of
plutonium per year. To increase the throughput up to about 1,500
kilograms of plutonium per year, this option includes the
installation of two additional gloveboxes into KAMS at an unofficial
estimated cost of up to $240 million. That installation not only
includes the two gloveboxes but also non-destructive assay
equipment and changes to the KAMS documented safety analysis to
allow for increased throughput, as well as support systems such as
ventilation systems, fire suppression systems, staging rooms,
electrical upgrades, and installation of several instrument and
monitoring systems. The Red Team believes that the $240M estimate
is conservative when compared to the much less expensive
installation cost of the very similar, existing glovebox. Pg.27

The Red Team nor any of the other reviewers has indicated any rigor in this
number. This is a stretch to state this is conservative for the scope
identified without a rigorous analysis of scope, schedule and
implementation. These "minor" plant modifications are well known
throughout the nuclear industry to be highly suspect without full vetting.
Indicative of immature group think without benefit of knowledge of
operation parameters of the existing facility coupled with difficulty factors
associated with these type of operating plant modifications.

72
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It is also fair to point out that the low end of the estimate of performance
would suggest that three gloveboxes could only be relied upon
conservatively to process 1,200 kg per year. In order to guarantee 1,500
kg per year per the PMDA, it would be necessary to purchase THREE new
gloveboxes and to find room for them in the tight confines of KAMS.
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To increase the throughput up to about 1,500 kilograms of plutonium
per year, this option includes the installation of two additional
gloveboxes into KAMS at an unofficial estimated cost of up to $240
million. That installation not only includes the two gloveboxes but
also non-destructive assay equipment and changes to the KAMS
documented safety analysis to allow for increased throughput, as well
as support systems such as ventilation systems, fire suppression
systems, staging rooms, electrical upgrades, and installation of
several instrument and monitoring systems. The Red Team believes
that the $240M estimate is conservative when compared to the much
less expensive installation cost of the very similar, existing glovebox.
Pg. 28

As noted above, the cost could easily be $360M assuming that the extra
gloveboxes can even be made to fit in KAMS. Regardless of the cost, the
Red Team apparently assumes that a retrofit project that costs $240M to
$360M does represent a Capital Acquisition and therefore does not need
to follow the Critical Decision Process.

The diluted plutonium oxide material would be packaged in product
cans, removed from the glovebox in bag-out sleeves, and packaged
into a slip-lid can. That can-bag-can configuration would be loaded
into a Criticality Control Overpack (CCO) that will be used to ship
material to WIPP in a TRUPACT II. The average plutonium loading of
the CCO is anticipated to be about 300 grams. Pg. 28

300 grams per CCO results in 113,333 CCOs at a cost of $261M requiring
2700 shipments at approximately $675 M and disposal costs at WIPP in
excess of $4 B. Assuming it even gets approval, of course.

In this option all diluted plutonium oxide materials would be sent to
WIPP for disposition. As previously discussed, WIPP has already
received and disposed of such materials in the past. Thus, the receipt
of similarly diluted materials is not expected to pose technical
problems; but there are regulatory issues that would need to be
addressed to allow the disposition of all 34 MT of plutonium (see
Section 3.1.1.4). To accommodate the number of CCO packages
anticipated for this option, at least one additional panel would need
to be mined at a cost of about $8-10 million/panel, but it is not clear
that this would be an NNSA cost. Pg. 28

Here is the crux of the Red Team argument. At 300 FGE per drum, it will
require 4000 m3 more space than the law authorizing waste emplacement
in WIPP permits. The Red Team apparently believes that some other
budget will pay for this and that this program will not be impacted by the
delays certain to arise in obtaining the required approvals to go forward.

Perhaps the greatest technical risk during full-scale operations will be
the standard challenge of managing tightly controlled material
movement logistics within a high security nuclear facility. Ultimately,
the rate of oxide production at LANL is expected to control the
maximum rate of diluted plutonium drums sent to WIPP each year.
Pg. 28

This is a significant cost as well since there are so many shipments.

Regardless, there is a stark contrast in the required technology for the
MOX approach versus the Dilute and Dispose approach. Each involves
the usual supporting technology required for safe and secure
plutonium operations such as a complex facility ventilation system,
airlocks, nuclear material control and accountability, etc., but the
technology comparison is between the highly automated process
equipment in a newly constructed, highly controlled MFFF on the
cutting edge of integrated manufacturing technology, versus the
simple mixing and measuring technology of the Dilute and Dispose
approach. Pg. 29

This ignores the cost of security, the cost of transportation, and the impact
on WIPP.

High Bridge Associates

This is unlikely scenario. It is unlikely that DOE will allocate that amount of
money for a capital acquisition without following a rigorous process.
Operational budgets do not contain amounts of undesignated funds large
enough for this purpose and diverting the MOX Program budgets would be
illegal.

The Dilute and Dispose Option requires a thorough cost estimate if it is to
be pursued.

This also assumes that EM does not need the existing unsubscribed space
for their mission.

A point ignored by the Red Team because they apparently believe that
someone else will pick up the costs for shipping to WIPP.

The assertions in this argument reinforce the mistaken belief that the costs
and risks of what the Dilute and Dispose Option does to WIPP are not part
of the Dilute and Dispose Option. The assumption is also made that there
are no significant consequences from violating the PMDA on the cost,
schedule and risks of this program.
The Red Team focused on the narrow comparison of mixing oxide powders
together and throwing them away vs making a fuel assemble that makes
power; a specious argument.
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While the NAS report adopted a SFS as discussed at the beginning of
this report, and the irradiation component of the PMDA requires
spent MOX fuel to no longer be weapon-grade (i.e., the Pu-240 to Pu239 ratio should be greater than 10%), it was also clear in the NAS
report that similar chemical, physical, and radiological barriers to
proliferation should be acceptable as well. Consistent with this, the
Russians agreed in the original PMDA to allow the U.S. to use
immobilization for a portion of the inventory, which involves no
isotopic dilution but achieves all three of the barriers discussed by
NAS. As pointed out in the PWG report, the Dilute and Dispose Option
would implement two of these three barriers (chemical and physical).
Pg. 29

This reflects the U.S. viewpoint that the most important aspect of the Pu
Disposition program is to prevent non-weapons State organizations from
gaining access to the surplus weapons Plutonium. This has never been the
Russian Federation's concern. They are concerned with the U.S. cheating
and putting the plutonium back into the arsenal. Therefore, it is merely
the Red Team's opinion that, since the Dilute and Dispose Option is good
enough for our concerns, it would be acceptable to the Russian Federation.
In fact, the Russian Federation only accepted immobilization for a minor
subset of the plutonium. The major disposition has to be isotopic
destruction of the plutonium. The Dilute and Dispose Option is more likely
to be the cause of a further erosion in the arms reduction cooperation
between these two cold war enemies.

This statement is naïve and again seems to arise from the cursory nature of
Much has been, and will continue to be, said about the risk of
the Red Team review.
unacceptability of this option from the standpoint of meeting the
letter and intent of the PMDA. However, as discussed in Executive
Considerations, the Red Team believes that based on the history of
modifications negotiated to date under the framework of the PMDA it
is reasonable to conclude that a new modification could be
successfully negotiated on the basis of a Dilute and Dispose approach,
provided a strong U.S. commitment is maintained with regard to
timely disposition. Pg. 29

So, the Red Team believes that current Russian political regimewill not try
to gain unfair advantage over the U.S. during any negotiations to change
the PMDA.

The Red Team conclusion is supported by the following
considerations: ...
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• The U.S. has previously accommodated Russian national interests in
an amendment to the PMDA. Pg. 29

Yes, international circumstances have changed… for the worse. Russia has
invaded two countries, and is currently flying nuclear bombers off our
borders while sailing nuclear warships off our coast.

The Red Team conclusion is supported by the following
considerations: ...
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• International circumstances have changed, such that it now appears
appropriate to credit engineering and institutional measures, such as There is no reason to assume that the Russians Federation will now accept
physical security, disposal site characteristics, and safeguards, as
something that is “sufficiently equivalent” when it could benefit them to
essentially equivalent to the barriers provided by SFS. Indeed, the
deny the U.S.'s request.
Surplus Pu Disposition SEIS Scoping Comment Summary stated that
Dilute and Dispose is “akin” to the SFS, which implies that the U.S. has
already made a “sufficiently equivalent” determination. Pg. 29
The Red Team conclusion is supported by the following
considerations: ...
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• Regardless of any path forward, PMDA negotiations must be
renewed with the Russians. In the case of the MOX approach, it is
already too late to achieve the agreed timeline for disposition of the
34 MT. Based on interviews conducted by the Red Team, the Russians
may consider the agreement abrogated on this basis alone, but will
nevertheless proceed with Pu disposition as part of their overall
nuclear energy strategy (although they may hold weapons grade
material aside and use recycled reactor grade MOX). Regardless, the
proliferation risk of Russian held material has changed substantially
since the PMDA was first negotiated, as previously discussed. This
leaves room for negotiation, assuming that overall relations allow
cooperative exchange. Pg. 29
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If we are making substantial progress toward meeting the goal, there is
little need for a renegotiation. If on the other hand, we are changing the
fundamentals of the agreement as in the case of Dilute and Dispose, there
is little reason to expect this to go smoothly or quickly.
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The Red Team conclusion is supported by the following
considerations: ...
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This material was not part of the PMDA and so DOE was free to do
whatever it considered prudent. This is an irrelevant point.

• The U.S. has already successfully disposed of non-MOXable
weapons grade Pu at WIPP via a Dilute and Dispose approach,
although none of this material can count toward the 34 MT
commitment since it was not independently verified by the IAEA. DOE
has determined that the blending technique utilized for this material
achieves the reduction of attractiveness required to eliminate
safeguards as discussed in DOE Order 474.2. Thus, the U.S. will have a
reasonable position to enter into negotiations of the PMDA. Pg. 29

During the first three years of this assumed WIPP recovery period,
DOE would need to spend a significant fraction of the expected
available annual funding (as much as 75%, assuming annual budgets
remain at current levels) on MFFF cessation anyway, and could spend
the rest on development of a detailed baseline program plan and
funding-capped pursuit of the relatively small capital investments at
LANL and SRS needed to support an optimized version of the Dilute
and Dispose Option. As the relatively small capital projects are
completed, DOE could ramp up oxide production capacity and
produce a feedstock backlog to ensure that LANL does not become an
unacceptable production limiter. The primary impact due to delayed
start, therefore, would be escalation of present-day dollars, but the
Red Team asserts that an accurate baseline plan for Dilution and
Disposal would involve a relatively long ramp up period anyway,
which would prevent WIPP restart from appearing as the critical path.
Pg. 30

This seems to imply that the budget for the MOX Program could be
seamlessly realigned to support the non-MOX Program. This seems
unlikely. Rather, a new budget would need to be developed using all of
the Critical Decision processes that the Red Team chose to ignore.

Second, the WIPP LWA restricts the total TRU waste volume to
176,000 cubic meters, and to date, 91,000 cubic meters have already
been emplaced. Of the remaining 85,000 cubic meters, only about
19,000 cubic meters are considered “unsubscribed”, and as
previously discussed, the Red Team believes this number may be overestimated (depending of course, on value judgements related to
disposal priority). The base Dilute and Dispose Option would require
a considerably larger volume allowance, perhaps as much as 34,000
cubic meters. Unless some of the subscribed capacity is re-directed
toward support of the Pu Disposition Program, an increase in the
volume allowance would require action by the U.S. Congress. But the
Red Team posits that the eventual expansion of WIPP capacity will be
necessary anyway from the emerging recognition of other TRU waste
sources that are not included in the current DOE-EM baseline,
irrespective of the needs of the Plutonium Disposition Program,
although any such expansion would be subject to cooperation and
regulation from the State of New Mexico regardless of the source of
waste. Pg. 30

This seems to imply that the State of New Mexico is the licensing agency
for WIPP. It is not. It cannot increase the regulatory limit or improve the
packaging efficiency of EM waste handling contractor. Moreover, DOE is in
possession of 51 MTs of plutonium and is likely to generate more not less.
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In any event, well over half of the entire duration of a Dilute and
Dispose operation could be completed before facility expansion
would be needed. This leaves adequate time to address the national
imperative for additional capacity at WIPP (subject to concurrence
from the State of New Mexico) without it becoming a critical path
item on the Dilute and Dispose schedule, and there are opportunities
for mitigating the residual risk discussed below in Section 3.1.2.
Similar to the WIPP restart risk, the Red Team does not consider
WIPP expansion to be a catastrophic risk to the base Dilute and
Dispose approach, even ignoring the potential enhancements
(discussed below) which may obviate the need for any legislative or
regulatory action to expand WIPP specifically to support a Dilute and
Dispose approach. The Red Team notes that long-term WIPP
operation and available capacity is also a requirement for the MOX
Fuel approach since the WSB would generate TRU Waste as a
consequence of MFFF Operations. Pg. 30

This assumes that someone else will pay to expand WIPP. It would
require a new NEPA process in addition to a new RCRA process. It also sets
the program onto a dead-end course. If WIPP cannot be expanded, there
is no disposal path for the existing EM mission or for future TRU from the
Defense mission. The cost in terms of delay, and security exposure
extends off into the indefinite future.

A third regulatory risk relates to the Resource Conservation and
Recovery Act (RCRA) Permit for hazardous wastes from the New
Mexico Environment Department under which WIPP operates. Based
on discussions with personnel at WIPP during the July 13, 2015 visit,
large-scale support of the Pu Disposition Program would require one
or more Class III permit modifications, which are subject to public
involvement. Although such revisions to the permit have been made
in the past rather routinely, the recent incidents at WIPP may
stimulate heightened public interest, and non-governmental
organizations may mobilize in an attempt to prevent the large-scale
disposal of excess weapon-grade plutonium at WIPP. Ultimately, any
such permit modifications would be subject to State of New Mexico
approval and regulation. Pg. 31

New Mexico is only responsible for the RCRA permit for WIPP which would
also need to be modified, but the capacity issue was the result of a
negotiation at the congressional level of the federal government… not New
Mexico.

The updating of National Environmental Policy Act (NEPA) present a
similar opportunity for public input. The current NEPA action
governing the plutonium oxide documentation to support this
alternative will dilution effort at SRS is an Interim Action which allows
for a limited amount of material to be diluted and sent to the WIPP.
The Surplus Plutonium Disposition SEIS allows for a larger amount of
plutonium oxide to be diluted and shipped to WIPP, but the Record of
Decision for that NEPA action has not been issued. To cover the full
scope of diluting 34 MT plutonium oxide and shipping it to the WIPP
for disposition would require additional NEPA review. Pg. 31

This Supplemental EIS is specifically NOT for the Pu covered by the PMDA.
Therefore, another EIS would be required. Once again, it is assumed that
this licensing process is a zero-cost formality and that it results in no net
change to operations or to physical systems at WIPP. These are wholly
unsubstantiated opinions at this point and should be scheduled and priced
against the Dilute and Dispose Option.

Increasing the plutonium amount per container would have a direct
impact on LCCs of the Dilute and Dispose Option because of the
reduction in processing time, and the reduction in drums, shipments,
and other logistics associated with the campaign. This opportunity
would incur increases in cost from enhanced security requirements
consistent with the approach in the PWG report variant to the Dilute
and Dispose Option Downblending approach, as depicted as path D1
on Figure 4. One possible benefit of this approach is the volume
reduction needed for the final disposal in WIPP. It may be possible to
increase loading to a level that negates the need LWA changes to
accept the waste from 34 MT of surplus plutonium. Pg. 31/32

True, however this comes at the cost of going through a NRC design,
licensing and demonstration testing program which the Red Team chose to
ignore. The schedule delay for this "savings" is certain to be substantial
because the NRC, if not the Red Team, is certain to be concerned with
assuring that densely packaged plutonium remained subcritical throughout
all time periods of concern.
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The Red Team was surprised to learn that the WIPP RCRA permit
requires that the volume considered utilized at WIPP is based on the
volume of the external container rather than the volume of the TRU
waste within. Thus, it is estimated that 30-50% of the 176,000 cubic
meters at WIPP may eventually be consumed by empty space within
outer containers. In the limited time available for this study, the Red
Team identified no basis for this accounting method in worker or
environmental protection or regulatory compliance. Likewise, the
total volume restriction that appears in both the RCRA permit and the
LWA is not rooted in WIPP’s performance assessment. As discussed in
our Executive Considerations, the treatment of WIPP as a valuable
national asset requires addressing these limitations in cooperation
with the State of New Mexico. In combination with enhanced Pu
loading discussed in Section 3.1.2.1, proper waste volume accounting
may obviate the need for any changes to the LWA. Pg. 32

To change the licensing basis for WIPP that has stood in place for its entire
active life as a waste repository is an enormous risk that the Red Team
seems to underestimate. This change even if successful would not change
the status of the waste already emplaced. This is likely to be a difficult and
expensive proposition. Once again, it would need to be added to the cost
of the Dilute and Dispose Option.

Determining the optimum number of glovebox lines to be added to
KAMS may result in more than the two currently envisioned in the
base Dilute and Dispose approach in order to reduce project duration
and LCC. However, the utility of such an investment requires an
understanding of limiting conditions, which is likely to be oxide
production at LANL, where limited capital investment may have a
greater benefit. If the addition of more than two gloveboxes at KAMS
makes sense, the Red Team notes that such an addition of scope
should be made early in the design phase to take advantage of
economies of scale. Installation of new gloveboxes may be difficult
once the supporting infrastructure is installed, and especially after the
existing gloveboxes become contaminated. Pg. 33

This is an inconsistency in the Red Team report. In their Executive
Summary, they down played the problems with the Dilute and Dispose
Option, making it sound extremely simple to execute. Here, they identify
some of the engineering and potential construction difficulties required.
And in spite of their assurances that this is not a CD-0 situation, they are
certain to run into the standard DOE problem of starting a project before
they have determined what is to be accomplished and what problems
need to be overcome.

the Dilute and Dispose approach was intended to meet the
established requirements for shipping and disposal. Although far
more efficient than the MOX approach, these requirements result in
limitations that cause considerable expense, lengthen the time for
program execution, and require frequent transportation of nuclear
material. Option C from Figure 4 illustrates a potentially simpler
option. Under this option, two major changes occur relative to the
“base” Dilute and Dispose Option. First, instead of transporting pits to
LANL for disassembly and the plutonium to either SRS or LANL for
processing, the pits would be processed at Pantex to “sterilize” them
to the extent necessary to achieve disposition. Second, instead of
transportation to a geologic repository, the sterilized pits would
remain at Pantex under monitored storage (Variant C1 in Figure 4).
Variant C2 would have the sterilized pits transported to WIPP for
permanent disposal, thus achieving equivalency to the Dilute and
Dispose alternative. Pg. 33

This is almost a perfect example of Admiral Rickover's letter regarding
"paper reactors." This idea is almost totally unworkable. First, "sterilizing"
a pit does nothing to its Attractiveness Level; it remains Attractiveness
Level B. So, leaving it at Pantex is a continuation of the current situation
albeit at the cost of rendering the pit no longer a pit. This is a meaningless
point of a new weapon is to be constructed. It would almost certainly be
recast and finished for the new purpose.

However, there are also significant challenges to this approach:
• The sterilization approach, although viewed by the Red Team as
essentially equivalent to Dilute and Dispose (under variant C2), may
not be viewed by the Russian Federation as sufficiently compliant
with the PMDA;
• Under Variant C1, Pantex storage capacity may be insufficient to
support this approach absent a capital investment;
• Under Variant C2, the acceptability of this material form as a waste
that can be transported and disposed at WIPP is not clear. At a
minimum, it may require exemptions to obtain safeguards
termination, and there may be challenges related to compliance with
WIPP waste acceptance criteria. Pg. 34

Well, at least the Red Team acknowledges some of the challenges with the
Dilute and Dispose Option, although the assumption that these problems
could be solved for free remains.

Second, if these pits are shipped to WIPP it is only after a massive security
upgrade to WIPP that will adversely impact all future EM shipments and
may make them unacceptable because of the prohibition of storing normal
wastes with SNM wastes.

It is clear that this option would eliminate any pretense of meeting the
PMDA allowing the Russians to do whatever they chose to do with their
pits.... including returning them to their arsenal.
I cannot speak to the storage at Pantex, but it is clear that this would
destroy WIPP. There is no way a package containing sterilized pits could
be stored in the same repository as normal TRU waste from the Weapons
Complex cleanup.
A significant increase in security would be required.

High Bridge Associates

A-21

9/21/2015

High Bridge Independent Review of Red Team Report

94

The Red Team has concluded that the nature of the risks associated
with the two options puts the MOX approach at greater risk of cost
growth throughout its life cycle. Since the technology for Dilute and
Dispose is so much simpler, and the overall disposition process so
much less complex, the most significant risks associated with this
approach could be retired early, as issues associated with WIPP
restart and potential expansion and the PMDA are strategized and
addressed during a protracted planning phase, while small-scale Pu
dilution proceeds using the existing glovebox, NNSA is installing two
additional gloveboxes, and the MOX approach is being discontinued.
Pg. 34

This continues the obsession with one portion of the Dilute and Dispose
Option with the assumption that the costs and risks associated with
requalifying WIPP for this waste are borne by some other program. MOX
has already experienced its growth and most of its project risk elements
are behind it.

Table 5 Attribute Comparison Summary

It is interesting to note the superficial nature of the comparison. The MOX
Option has more categories with positive attributes than the Dilute and
Dispose Option, so the Red Team added multiple arrows to try to indicate
that the Dilute and Dispose Option has some intrinsic advantage. In fact,
the Technical Viability rating of Dilute and Dispose over MOX is irrational
because the MOX process has made hundreds of fuel assemblies and
literally hundreds of thousands of pellets for decades. There is no reason
to believe that there is any difference.

The Dilute and Dispose Option is essentially undefined because it does not
comply with the PMDA, cannot be made to comply with the intent of the
PMDA and will significantly destroy the stakeholder support for WIPP.
Moreover, it ignores the operational impact on WIPP which must now
remain open until 2050 or 2060 well beyond its design life.

The Cost Effectiveness ranking is meaningless because the Red Team
refused to address the cost and risk elements facing the Dilute and Dispose
Option, namely the PMDA negotiations and the regulatory and legal issues
at WIPP that are certain to rise if that option is pursued.
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This table was intended to depict the charge given for the Red Team
Review comparison, yet it does not depict all the attributes in the charge.
The first charge was the "Schedule to begin and complete disposition".
This would most likely have provided another red down arrow for the
Dilute and Dispose Option. The AS report optimistically predicted a start
relatively similar to MOX. However, once the funding constraints are
removed MOX completes considerably before the D&D, even without any
WIPP program needs.
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There are no obvious “silver bullets” for LCC reduction, but if DOE
decides to proceed with the MOX approach, the replacement of
impure feedstocks and the introduction of new technology for Ga
removal could enable the elimination of the AP operations and the
associated waste management, and substantially reduce the
analytical load. This may be an opportunity worthy of additional
investigation in light of the potentially significant reduction in
operating costs. Pg. 36

The Red Team identified the silver bullet in their Executive Considerations.
Eliminate the poisonous relationship between the DOE/NNSA
management and the project team. Dedicate adequate funding to support
an efficient construction project and support the program by developing
an integrated management team approach that guarantees success.

The Red Team agrees with the overall Aerospace conclusion that the
worst case Dilute and Dispose Option will never be as expensive as
even the best case MOX-based approach, but disagrees with the
assertion that the MOX approach becomes essentially unviable with
the imposition of a capital cap of $500M/yr. or less. Pg. 36

This the Red Team has destroyed the DOE's stated reason for abandoning
their own project. The costs are not a billion dollars a year and the
program is technically viable.

While the Red Team recognizes that planning for the Dilute and
Dispose approach has just begun, and that MOX suffers from a high
degree of familiarity when it comes to characterizing risk, High Bridge
nonetheless overstated the capital and operational risks of the Dilute
and Dispose Option by equating it to a complicated nuclear
construction project at pre-CD-0. The Dilute and Dispose Option
utilizes far simpler technology relative to the MOX option and can be
performed in modifications to existing facilities that require relatively
small capital investments. Pg. 36

The Red Team assumes that EM will pay for the disposal of NNSA in their
repository. This is unlikely.

High Bridge Associates

It is curious why the Red Team would ignore their own findings.

While the technical expertise necessary is less for the Dilute and Dispose
Option, its regulatory and programmatic risks are huge and unknown. The
Critical Decision Process was put into place specifically to avoid the
problems posed by the Dilute and Dispose Option.
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Furthermore, the Red Team finds that the program risks related to
the Dilute and Dispose approach, typically characterized as delayed
restart, and/or insufficient space and permission for disposal at WIPP,
as well as inconsistency with the PMDA, are not insurmountable given
historical precedence (i.e., they are not technical risks associated with
the dilution process itself). The Red Team believes that these issues
can be solved within a timeframe that need not be on the critical path
for the Dilute and Dispose approach. On the contrary, with 19,000
cubic meters of unsubscribed space, there is adequate time to solve
the space issue through a combination of means which may not even
have to include modification of the LWA, and with perhaps five front
end years of MOX demobilization, capital improvements at LANL and
SRS, and ramp up of feedstock production, there is sufficient time to
engage the Russians and establish IAEA verification. Pg. 36

With the data in the Red Team's possession it should have been clear that
the Dilute and Dispose Option would exceed the LWA volume limit by
4,000 cubic meters and would completely eliminate the use of the
repository for any continuing EM efforts.
They incorrectly assumed that they would be allowed to begin waste
disposal activities without approvals from regulatory agencies or a revision
to the PMDA.
The optimistically assume that all will go well with the Dilute and Dispose
Option and that all will go wrong with the MOX Option. This is the sort of
thinking that the Critical Decision process was put in place to avoid, yet
they are insisting that it is not required.

In short, DOE could accomplish a MOX approach to Pu disposition for This downplays the risks of the conceptual approach while exaggerating
about $700M-$800M/yr. that involves a high level of technical
the Risks of a proven process that the government has invested billions of
complexity and risk, but would eventually meet the agreed SFS
dollars and nearly 20 years of effort to get this far.
provisions of the PMDA. Or, DOE could sustain current program
funding levels and implement the relatively simple Dilute and Dispose
approach with reasonable confidence that the political and regulatory
risks could be successfully managed. The Red Team believes that the
Dilute and Dispose approach has as many opportunities for base
improvement as it does true capital and operational risks, but that
this option has been tarnished by a perception of catastrophic risks
which the Red Team believes can be successfully mitigated in
cooperation with the State of New Mexico. Pg. 37

Near-zero compliance is a lesser degree to be sure.
It should be noted that some of these benefits can be attained using
the Dilute and Dispose Option as well, albeit to a lesser degree. Pg. 37
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