SCIENCES

faimcy | venemne. THE NATIONAL ACADEMIES PRESS
This PDF Is available at http://nap.edu/25593 SHARE | o \V D

Review of the Department of Energy's Plans for Disposal of
Surplus Plutonium in the Waste Isolation Pilot Plant (2020)

DETAILS

224 pages | 8.5 x 11 | PAPERBACK
ISBN 978-0-309-49858-6 | DOI 10.17226/25593

CONTRIBUTORS

Committee on Disposal of Surplus Plutonium at the Waste Isolation Pilot Plant;
Nuclear and Radiation Studies Board; Division on Earth and Life Studies;
National Academies of Sciences, Engineering, and Medicine

68**(67( &,7$7,21

National Academies of Sciences, Engineering, and Medicine 2020. Review of the
Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste
Isolation Pilot Plant. Washington, DC: The National Academies Press.
https://doi.org/10.17226/25593.

Visit the National Academies Press at NAP.edu  and login or register to get:

- $FFHVV WR IUHH 3') GRZQORDGYV RI WKRXVDQGV RI VFL
— 10% off the price of print titles
+ (PDLO RU VRFLDO PHGLD QRWL,{FDWLRQV RI QHZ WLWOHYV R \RX

— Special offers and discounts

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National Academies Press.
(Request Permission) Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy of Sciences.

Copyright © National Academy of Sciences. All rights reserved.


http://cart.nap.edu/cart/cart.cgi?list=fs&action=buy%20it&record_id=25593&isbn=978-0-309-49858-6&quantity=1
http://nap.edu/25593
http://www.nap.edu/related.php?record_id=25593
http://www.nap.edu/reprint_permission.html
http://nap.edu
http://api.addthis.com/oexchange/0.8/forward/facebook/offer?pco=tbxnj-1.0&url=http://www.nap.edu/25593&pubid=napdigops
http://www.nap.edu/share.php?type=twitter&record_id=25593&title=Review+of+the+Department+of+Energy%27s+Plans+for+Disposal+of+Surplus+Plutonium+in+the+Waste+Isolation+Pilot+Plant
http://api.addthis.com/oexchange/0.8/forward/linkedin/offer?pco=tbxnj-1.0&url=http://www.nap.edu/25593&pubid=napdigops
mailto:?subject=null&body=http://nap.edu/25593

Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Review of the Departiment of Energy'’s
Plans for Disposal of Surplus Plutonium
in the Waste Isolation Pilot Plant

Committeeon Disposal of Surplus Plutonium at the Waste Isolation Pilot Plant
Nuclearand Radiaton StudiesBoard

Division on EarthandLife Studies

A Consensus Study Report of
The National Academies of

SCIENCES * ENGINEERING * MEDICINE

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25593

Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

THE NATIONAL ACADEMIES PRESS 500 Fifth Street, NW Washington, DC 20001

This activity was supported by contracts between the National Academy of Scientes Begartment

of Energys National Nuclear Security Administration, BEEEFP0000026/DEDT0013548. Any opinions,
findings, conclusions, or recommendations expressed in this publication do not necessarily reflect the
views of any organization or agency that provided support for thegbro

International Standard Book NumbEB: 9780-309-498586
International Standard Book Numb®d: 0309-498589
Digital Object Identifier: https://doi.org/10.17226/25593

Additional copies of this publication are available from the National Academies Press, 500 Fifth Street,
NW, Keck 360, Washington, DC 20001; (800) 6242 or (202) 338313; http://www.nap.edu.

Copyright 2020 by the National Academy of Sciences. All rights reserved.
Printed in the United States of America
Suggestectitation: National Academies of Sciences,Engineering,and Medicine.2020. Review of the

Department of Energy’s Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant
Washingon,DC: TheNationalAcademiesPress https://doi.org/10.172286593

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25593

Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

The National Academies of
SCIENCES * ENGINEERING - MEDICINE

The National Academy of Sciences was established in 1863 by an Act of Congress, signed by
President Lincoln, as a private, nongovernmental institution to advise the nation on issues
related to science and technology. Members are elected by their peers for outstanding
contributions to research. Dr. Marcia McNutt is president.

The National Academy of Engineering was established in 1964 under the charter of the
National Academy of Sciences to bring the practices of engineering to advising the nation.
Members are elected by their peers for extraordinary contributions to engineering. Dr. John L.
Anderson is president.

The National Academy of Med icine (formerly the Institute of Medicine) was established in 1970
under the charter of the National Academy of Sciences to advise the nation on medical and
health issues. Members are elected by their peers for distinguished contributions to medicine
and health. Dr. Victor J. Dzau is president.

The three Academies work together as the National Academies of Sciences, Engineering, and
Medicine to provide independent, objective analysis and advice to the nation and conduct other
activities to solve complex pr oblems and inform public policy decisions. The National Academies
also encourage education and research, recognize outstanding contributions to knowledge, and
increase public understanding in matters of science, engineering, and medicine.

Learn more about the National Academies of Sciences, Engineering, and Medicine at
www.nationalacademies.org

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25593

Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

The National Academies of
SCIENCES * ENGINEERING - MEDICINE

Consensus Study Reports published by the National Academies of Sciences, Engineering, and
Medicine document the evidence -based consensuson the study’s statement of task by an
authoring committee of experts. Reports typically include findings, conclusions, and
recommendations based on information gathered by the committee and the committee’s
deliberations. Each report has been subjected to a rigorous and independent peer -review
process and it represents the position of the National Academies on the statement of task.

Proceedings published by the National Academies of Sciences, Engineering, and
Medicine chronicle the presentations and discussions at a work shop, symposium, or
other event convened by the National Academies. The statements and opinions contained in
proceedings are those of the participants and are not endorsed by other participants, the
planning committee, or the National Academies.

For information about other products and activities of the National Academies, please
visit www.nationalacademies.org/about/whatwedo.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25593

Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

COMMITTEE ON DISPOSAL OF SURPLUS PLUTONIUM
AT THE WASTE ISOLATION PILOT PLANT

ROBERT C. DYNESNAS) (Chair), University of California, San Diego, La Jolla

LISA M. BENDIXEN, ICF, Arlington, Virginia

MICHAEL S. BRONZINI, George Mason Universitifneritus), Mount Juliet, Tennessee

GEORGE E. DIALS, Pajarito Scientific CorporatidRetired), Santa Fe, New Mexito

LEONARD W. GRAY, Lawrence Livermore National LaboratoRe(ired), Brentwood, Californfa

MICHAEL R. GREENBERG, Rutgers University, New Brunswick, New Jersey

DAVID W. JOHNSON, JR(NAE), Journal of the American Ceramic SocidRefired), Bell
Laboratories Retired), Bedmister, New Jersey

ANNIE B. KERSTING, Lawrence Livermore National Laboratory, Livermore, California

M. DAVID MALONEY, Jacobs Engineering Groufferitus), Denver, Colorado

S. ANDREW ORRELL, Idaho National Laboratory, Idaho Falls, Idaho

WILLIAM C. OSTENDORFF, U.SNaval Academy, Annapolis, Maryland

TAMMY C. OTTMER, Colorado State Patrol, Golden

CECIL V. PARKS, Oak Ridge National Laboratory, Oak Ridge, Tennessee

MATTHEW K. SILVA, Environmental Evaluation Groufrétired), Albuquerque, New &kico

Staff

JENNIFER HEIMBERG, Senior Program Officer

RICHARD “DICK” ROWBERG, Senior Advisor

TONI GREENLEAF, Administrative and Financial Associate (through September 1, 2019)
DARLENE GROS, Senior Program Assistant

MELISSA FRANKS, Senior Program Assistant

LAURA D. LLANOS, Financial Associate (beginning September 1, 2019)

REBECCA MORGAN, Research Center Staff

'Resigned from the committee on September 20, 2018.
°Resigned from the committee on June 24, 2019.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25593

Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

NUCLEAR AND RADIATION STUDIES BOARD

GEORGEAPOSTOLAKIS (Chair), Massachusetisstituteof Technology Emeritus),
Los Angeles California

JAMESA. BRINK (ViceChair), Masschusett§&eneraHospital,Boston

STEVENM. BECKER,Old Dominion University,Norfolk, Virginia

AMY BERRINGTONDE GONZALEZ, NationalCanceinstitute,Bethesdalaryland

DAV D J. BRENNER,Columbia University, New York

MARGARET S.Y.CHU, M.S. Chu+ Associaes,LLC, New York, New York

TISSA H.ILLANGASEKARE, ColoradoSclool of Mines,Golden

CAROL M. JANTZEN, SavannalRiver NationalLaboratey, Aiken, Souh Camlina

NANCY JONICHOLAS, Los AlamosNationalLaboratoy, Los Alamos,New Mexico

HENRY D. ROYAL, WashingtonUniversity Schoolof Medicine,St. Louis, Missouri

DANIEL O. STRAM, Universityof SoutherrCalifornia,Los Angeles

WILLIAM H. TOBEY, HarvardUniversity,Cambridge, Massa&husetts

SERGEYV. YUDINTSEV, Russiamcademy of SciencesiMoscow

Staff

CHARLESD. FERGUSONDirector

JENNIFERHEIMBERG, SeniorProgamOfficer

OURANIA KOSTI, SeniorProgranOfficer

TONI GREENLEAF, Administrativeand FinancialAssociae (throughSeptember 1, 2019)
LAURA D. LLANOS, Administrativeand FinancialAssociae (beginning September 1, 2019)
DARLENE GROS,SeniorProgramAssistant

MELISSA FRANKS, Senior Program Assistant

Vi

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25593

Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Preface

When | was initially contacted by the National AcadenaieSciences, Engineering, and Medicine
to chair this study, based on the Statemeriiask | believed the problem we were asked to study was
straightorward: Review the Department of Energyl3OE’s) plans to dilute and dispose of surplus
plutonium material in the Waste Isolation Pilot PIaMPP). To me, this sounded like a systems
problem—one that required scaling up of existing processes—nbut technically not very complex.

In that narrow scope, | was correct. The dilute and dispose plan is not technically complex. The true
challenges lay in the many mostly nontechnical threads that are connected to the technical plan. As noted
previously—yes the plan is technically feasibleo, it does not meet the requirements of th&.U
Russian Plutonium Management and Disposition Agreement (PMDA) (as | understood it at the onset), an
agreement that is further described within the main text of the report. But between these black and white
answers are many shades of gray. | felt we were asked not only for the yes or no ansalewfobut
deliver the best advice we could going forward. The committee’s advice evolved afteeftd
consideration of the multiple and highly interconnected and complex threads conneddtlso D
National Nuclear Security Administration’s (DENINSA's) dilute and dispose plan.

Many of the challenges connected to this disposition pathway atechaical but nevertheless
important to understand in order to appreciate the committee’s final analysis and advice. This requires
background information and explanation. The answers were straightforward, the advice not so. Complex
issues are associated with PMDA noncompliamgech requires a basic understanding of the agreement.
Capacity at WIPP is not a simple volumetric or maessity calculation and the method in which DOE
calculatedt changed over the course of the study which also requires detailed explanation. As an
alternative to the Mixed Oxide Fuel Fabrication Facility (commonly referred to as the “MOX plant”), the
dilute and dispose plan, which encompasses four DOE sites and spans over 30 years, was and is under
development and evolving. It is important to stress that the program was and is evolving in real time.
Other DOE programs that emerged during this study, including the new focus on pit production, which
affects three othe four sites within the dilute and dispose pkso needed to be considered. Finally,
even the full quantity of surplus plutonium considered for dilution and disposal at WIPP requires an
understanding of past decisions on surplus plutonium disposition and the impacts of potential future ones.
It was not simple arithmetic, as | had initially assumed. To those readers familiar with these issues, the
committee’s resultant advice is concentrated in Chapters 4 and 5 of this report. To readers who seek
backgound information, they are encouraged to read Chapters 2 and 3, which provide background on
some of the complexities discussed above and details oANDEHA's dilute and dispose plans.

Finally, it is worth noting the political context at the start of and throughout this study. In November
2017, the MOX plant was under construction, and incorporation of the surplus plutonium into MOX fuel
for irradiation in commercial nuclear power plants was the U.S. program of record for disposition. The
MOX option was cancelled in the midst of the committee’s study in May 2018 and many documents
related to the dilute and dispose plan were not available to the comiitieéed us to the decision to
release an Interim Report in December 2018 to provide initial timely guidance to Congress, who
requested this study, on the nascent plan. Much of the committee’s advice in the Interim Report is echoed
and strengthened in this final report after examining more evidence and exploring more deeply the many
complex threads.

This report is the final product of an extremely dedicated diligent and collegial committee and
Academies staff. | am enormously grateful to the outstanding assistance and remarkable professionalism
of the National Academies staff in preparing the remaecially Laura Llanos and Toni Greenleaf,
financial associates; Darlene Gros, senior program assistant, for logistical planning for all of the
committee’s meetings and project administrgteomd Richard Rowberg, senior advisor, for his guidance
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and his padicipation in the classified meetings and tour. Jenny Heimberg, study djn@aomy right
and left arms in working through the subsequent complexities of this study. She dealt with the committee,
staffers on the M, and agency representatives in a Wzt | could only admire. She got things done.

| am especially thankful for the opportunity to lead this distinguished committee. | thank the
members of the committee for their dedication, willingness to teach and to learn, and for their time and
energy. The collegiality of this grouglthough holding a diversity of opinions, was an enormous delight
as the study evolved.

Robert C. DynesChair
Committeeon Disposal of Surplus Plutonium at the Waste Isolation Pilot Plant
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Summary

The United States has declared more than 60 metric tons (1 MT is 1,000 kilograms) of weapons
grade plutonium as surplus (i.e., plutonium that has no programmatic use and does not fall into one of the
categories of national security reserves). No single document describes disposition plans for the entirety
of the U.S. surplus plutonium inventohRather disposition decisions depend on the form of the
plutonium whichcanlead b different disposition pathways. Since the h880s, disposition plans for
the U.S. surplus plutonium inventory have evolved. FigutepBesents surplus plutonium amounts and
varieties of surplus plutonium material and describes current disposition plansfahirtgetric tonsare
associated with the Plutonium Management and Disposition Agreement (PMDA, discussed later in this
Summary) and hee recently been proposed by the Department of Erefdgtional Nuclear Security
Administration (DOENNSA) for dilution and disposal in the Waste Isolation Pilot Plant (WIPP, also
discussed later in this Summary). However, additional amounts are associated with DOE’s dilution and
disposal plans, some of which are managed by DOE'’s Office of Environmental Management (DOE
EM).2 Therefore, this report reviews and assesses the viability of DOE’s plans to process up to 48.2 MT
of surplus plutonium-the amount that is under consideration or slated for disp@satiluted surplus
plutonium transuranic (DSPRU) waste inWIPP3

Non-Pit
ZPPR| Used Metal & Pits, Metal & Oxide
Fuel Fuel Oxide

AMT| 7MT 6MT 34 MT

ST ddiM o 4dma

FIGURE S-1 The U.S. arplusplutoniuminventory consists of a variety of forms and amounts of plutonium.
Plutonium within used fuel or reserved for use in research fuels (ZBR?& Power Physics Reacfpaccount for

11 MT (grayboxes). Other forms of plutonium including scraps and residues to&fnigT have been emplaced
astransurart (TRU) waste in WIPP (yellow box). DOEM has issued a record of decision for dispositioning 6
MT, consisting of 5.1 MT plus an additional 0.9 MT for future plutonium wastes, opitanetal and plutonium

oxide as DSPTRU waste in WIPP (red bojeft sidg. The remainder, 42.2 MT consisting of plutonium pits, metals,
and oxides, is under consideration by DRNSA for dispositioning as DSPRU waste in WIPP (igtbox right

sidg. SOURCE: Modifiedrom DOE, 2015a,i§. S-7.

Disposition refers to the treatment of plutonium material to render it unusable for weapons, while disposal refers
to the emplacement of waste in a geologic repository without the intention of retrieval.

°DOE-EM uses the term “downblend” while DGENSA uses the term “dilute” to dersbe the process for
mixing surplus plutonium with an adulterant to ensure that plutonium “is not recoverable without extensive
reprocessing”$RNS, 2016, p. 8). The committee uses “dilute” throughout this report.

STransuranic waste is defined in Section 2 of the Waste Isolation Pilot Plant Land Withdra@iavAgt Pub.
L. No. 102579, 106 Stat. 4774796 (1992) (as amended in 1996 by Pub. L. No.Z2@¥ https://www.congress.
gov/104/crpt/hrpt540/CRRTI04hrpt540ptl.pdf accessed March 29, 2020).
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In 2000, 34 MTof the surplusvereto be dispositioned through incorporation of oxidized plutonium
into nuclear fuel rodsifixed oxide, oMOX fuel) for irradiation in commercial nuclear reacor
Additional surplus plutonium would be immobilized with high level waste (DOE, 2000both cases,
high levels of radiation made recovery of the source plutonium diffithé.U.S. government later
decided to pursue only the MOX approach (DOE, 2002).

In parallel to these actions, the United States and Russia each committed via the PMDA to
disposition at least 34 MT of surplus plutonium. In 2000, Russia agreed to incorporate all 34 MT into
MOX fuel to be irradiated in nuclear power reactors @/kiile United States agreed to the ¢hathway
approach. In 2010, the PMDA was renegotiated so that the United States and Russia would both
disposition at least 34 MT of surplus plutonium as irradiated MOX fuel (DOS, 2000, 2010).

In the early 2000s, the.B. government moved forward with plans to build a MOX fuel fabrication
facility (MOX plant) in South Carolina at the Savannah River Site (SRS). The MOX project involved
activities at DOE sites across the United States (i.e., the Pantex Plant in TethaslavglAlamos
National LaboratoryLANL ] in New Mexico) but South Carolina would see the largest increases in the
amount of plutonium that it would accept to execute the MOX plan. A &@R2al law outlined
scheduls for the MOX plant operation with pafties to be paid to the State of South Cardfimat met®

By the mid2010s, the construction of the MOX plant was behind schedule and the costs for its
completion had greatly increased. DOBISA began exploring, through a set of studies, other opfions
dispositioning the 34 MT of surplus plutonium (DOE, 2014; Mason, 2015; Parsons, 2017). Those studies
found that a dilute and dispose approach—diluting the oxidized plutonium matéhiain inert
adulterant to a level that would meet PMDA requirements while meetinga$te acceptance criteria for
disposal as TRU waste at WHPRvas the most viable and least expensive option.

WIPP is the nation’s only operational deep geologic repository for nuclear waste. It is licensed to
receive only defensERU waste and has a capacity established by law of 6ZSEbic meterém?).®
WIPP is a salt bed repository (see Figw®) SPanels each the size of several football fields are mined out
of the salt bed more thar0BO0 feet underground, afidcRU waste issmplaced in rooms within the panels.
After WIPP is full, the repository will close access to the underground panels and allow the salt to encase
the TRU waste (defined as pasgtsure operations). Safety and performance analyses of WIPP for
operations and for poestosure have shown that, if undisturbed, the probability of releases from the
underground to the environment are extremely low.

WIPP is located in the southeast corner of New Mexico, in the Permian Bhasirrea was
recently identifiedas haing the largest gas and oil reserves in the United Statesi(rth et al.2018).
Surrounding WIPP are an increasingly dense number of drill $#&¥?’s posiclosure safety analysis
takes into account human intrusion scenarios (e.g., drilling) anditadithat the estimated releases are
within regulatory maximums. Based on the independent review of these analyses, the Environmental
Protection Agency (EPA, which regulates WIPP) has continued to certify WIPP since its operations
began in 1999.

The vast mjority of defense TRU wastes emplaced in WIPP are contaminated products that result
from working with plutonium and other actinide elements including clothing, tools, rags, residues, debris,
and soil. As othe end of September 2019, a total of 180,22&e&veontainers of various sizes and types
have been emplaced in WIPtRe majority, about 70 percent, areddllon drumgsee Table 8). Three

“4For cefinition, see https://www.nrc.gov/waste/hitgvelwaste.html (accessed March 8, 2020).

5The MOX plant was expected to produce 1 MT of MOX fuel by December 31, 2009, and 34 MT by January 1,
2019. If not achieved, DOE would pay the State of South Carolina penalties not to exceed $100,000,000 per year
until either the MOX objective is reached or DOE removes at least 1 MT of defense plutonium or plutonium
materials from the state per yeBop Stump National Defense Authorization Act for Fiscal Year 2B08, L. No.
107314, § 3182, 116 Stat. 2458tps://www.govinfo.gov/content/pkg/PLAWO7publ314/html/PLAW
107publ314.htmaccessed March 29, 2020)

SWaste Isolation Pilot Plant Land Withdrawal ALWA), Pub. L. No. 102579, 106 Stat. 4772796 (1992) (as
amended in 1996 by Pub. L. No. 1@841, https://www.congress.gov/104/crpt/hrpt540/CREI hrpt540pt1.pdf
accessed March 29, 2020).
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Summary

types of 55gallon drums are relevant to this report (see Fige@® $he direcioaded 55gallon drum, the
pipe overpaclkontaine(POC), and theriticality control containdcriticality control overpack
(CCC/CCO). PebOE'’s plans, DSHRU waste will be placed into a CC®hich is positioned inside of
a CCoO.

ey ATIERAS TR
PRAHIBITED || ILOGED. INMECESSABLE
HOOM § | SIS

! @ MRTTESIT
| & s
I STE SHAFT

© UNRESTRETEN ALCESS
T
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FIGURE S-2 Schematic of the Waste Isolation Pilot Plant (WIPP) showing the aboveground or surface facilities (at
the top of the image) and the 10 underground panels. The underground panels are 2,150 feet below the surface. See
Chapter 2 and Figure2for more detds. SOURCE: Modified from Shrader, 2018. Image provided by the

Department of Energy

FIGURE S-3 Graphical illustration of 5%allon drums thaére the most common type of authorized container for
TRU waste emplaced in WIPP. (A) Dirdoaded containergB) pipe overpack containers with a-itZh-diameter
pipe(shown in yellow); (C) criticality control overpack with a criticality control contaimith 6-inch-diameter
stainless steel pipslfown in red). The CCC/CCO will be used for the BIFRJ waste.
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In fiscal year (FY) 2016, MOX plant construction continued to run over buasigktimelinesand
no commercial nuclear power plant had yet formally agreed to accept the fuel. That same year, Congress
appropriated $5 million for DOBRINSA to begin to develop a conceptual plan to dilute and dispose
surplus weapongrade plutonium. This plan, if fitiaed, would provide an alternative to the MOX
option. In FY2017, Congress appropriated additidnalds to DOENNSA's planning effort ($15
million) while also directing it to contract with the National Academies of Sciences, Engineering, and
Medicine to independently review and assess the viabilit efrly dilute and dispose plans. Central to
the plan’s concept is disposal of diluted surplus plutonium material as TRU waste in WIPP (see-Figure S
4).The National Academies weasked to also exploreghmpact of DOENNSA's plans on WIPP
operations and the disposal of other TRU waste streams. Another important component of the tasking was
to review how well the dilute and dispose plan met the PMDA (DOS, 2010).

An independent review of DOENSA's plan todilute and dispose of 34 MT of surplus plutonium
estimates that the effort will take 31 years and &b8lion to complete (irthenyear dollaré), beginning
with conceptual design in 2018 and ending with emplacement of the full amount afRl$Raste m
WIPP in 2049 (DOE, 2018b). First emplacements of DD8&® waste in WIPP derived from nquit and
pit plutonium material are F2023 and FY2028,respectively?

COMMITTEE’'S ASSESSMENT

The committee issued an Interim Report in late 2018 summarizingtigs findings, conclusions,
and recommendations and highlighting remaining issues to be addressed in this final report. A
determination of the viability of DOBRINSA's plans was not made due to lack of sufficient information.
The Interim Report highlightecbncerns over the lack of concurrence wlith PMDA requirements,
statutory and physical capacities at WIPP, and the need for sustained support for the length of the planned
effort (over 30 years). Having received additional information, the committes#tsdtaose concerns and
addresses its remaining tasks—review of transportation and-anmeostlosure safety of WIPP.

Pantex LANL

OST transport A OST transport
A. Surplus Pit & M Disassembly 8 g
Management | jll and Processing
(oxidize)
1 WIPP
osT | TRUwaste
B2. Non-pit JERERS | B transport E. Geologic
Oxide = C.Dilute [N Characterization .=lu=g. Repository
Production I Andacagng [ Disposal

FIGURE S-4 Simplified process diagram for DAENSA'’s dilute and dispose plan. Four locations are shown: (A)
Pantexwhere surplus plutonium pits, a total of 26.2 metric tons (MT), are stored; (B1) LANL (Los Alamos National
Laboratory), where the pits are disassembled and the plutonium is oxidized; (C) and (D) SRS (Savannah River Site),
where the oxidized plutonium is diluted with an inert adulterant, characterized, and packaged for transport; and (E)
WIPP, where the DSPRU waste is emplaced. A total of 7.8 MT surplus pdrplutonium is oxidized either at

LANL or SRS (B2). Methods of transportation between the sieindicated (Office of Secure Transpditn

[OST] shown with orange arrows, and TRU waste transport shown with a light blue arrow). SOUBdfiedV

from SRNS, 2018f,i§. 2.Image provided byhe Department of Energy

"The estimate excludes $20 million in sunk costs. All cost estimates were developed in FY 2017 dollars and
converted to thegear dollars using escalation rates found in DOE, 2018b.

8The remaining 8.2 MT, from a total of 42.2 MT, is not included in the current schedule; see Figare 3
Chapter 3.
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Summary

The committee determined that DDENSA's earlystage plans to dilute and dispose at least 34 MT
of surplus plutonium provide a technically viable disposition alternative to the MOX plan, provided that
implementation challenges and system vulnerabilities that currently exist within the plan are resolved.
The rationale for this conclusion is that the individual process steps of theNDISE dilute and dispose
plan have nearly all been demonstrated by a variety of different DOE programs. For example, the plan
utilizes the existing MOX plans farocess surplus plutonium into plutonium oxide. Equipment and
resources will be shared with DE&BM’s current efforts to dilute and dispose of 6 MT of surplus
plutonium (see Figure-$). The plan uses existing and weéitablished transportation programstsas
the Office of Secure Transpationand TRU waste transport for moving the material or waste between
sites. Finally, DOE references previous emplacements of similar wastes (diluted and undiluted plutonium)
in WIPP?

However, all of the steps described in the dilute and dispose plan have not been sequentially
demonstrated frorstart to end, posing a risk becaesen wellestablished capabilities run into
unforeseen problems when integrated. Additionally, the process steps have been demonstrated at
prototypelevels, not at the scale that DDENSA’s plans propose. For example, D@&B's efforts to
process up to 6 MT are less mature than previously understood. Only a very small amount of material
(0.052 MT, as of the end of September 2019) has been peddes®OEEM, and that material has not
yet been transported from SRS to WIPP. Furthermore,-BME plans indicate a completion date of
2046—meaning that DOEM’s and DOENNSA's dilute and dispose activities will concurrently operate
for nearly the full duration of DOBRINSA's dilute and dispose program.

Also, DOENNSA's plan to disposition the surplus plutonium via dilute and dispose is neither
recognized nor approved by the existing PMDA. This assessment has not changed since the committee
issued its Interim Report. Furtmore international monitoring and verification of the dispositioned
surplus plutonium is a requirement of the PMDA but its adherence by DOE'’s plans is unclear. Although
nearly all of the processing steps for the dilute and disposel@aaseen previously demonstrated by
other DOE programs, as noted above, the details of monitoring and verification of the diluted and
emplaced waste have not been defined for the BOIEOr the DOENNSA dilute and dispose plans.

RECOMMENDATION 5 -1: Plans for thelnternational Atomic Energy Agency (IAEA) or

other monitoring and inspection protocols have not yet been established for the disposition of
the material identified in the Plutonium Management and Disposition Agreement (i.e., 34
metric tons d surplus plutonium) as diluted surplus plutonium transuranic (DSRTRU) waste
in the Waste Isolation Pilot Plant. Prior to emplacement of the DSHRU waste by the
Department of Energys (DOE's) Office of Environmental Management or DOE’sNational
Nuclear Security Administration (DOE -NNSA), DOE-NNSA and higherlevel DOE officials
should clarify their intent with respect to whether there will be IAEA monitoring and
inspections for this material (and preferably before DSPTRU waste is disposed of).

WIPP’s diposal capacity limits are defined by several different laws, agreements, and permits. As
noted above, the LWA limits TRU waste disposal capacity to no greater than 175 66dafense-
related TRU waste, a limit tht overseen by EPAVIPP’s Hazardous ¥éte Permit, overseen by the
State of New Mexico through its Environment Department (NMED) under the Resource Conservation
and Recovery Act (RCRA), may also limit waste volumes through the size limitation of the underground
waste panels. Until recently gltapacity limits for LWA and RCRA (Hazardous Waste Permit) were
measured by the gross internal volume of the outermost disposal containers and were equivalent.

°The committee was initially told that 4.8 MT of plutonium had been downblended/diluted and disposed of at
WIPP but was later told that the majority was natsste form analogous to the DSRU wastecurrently proposed
by DOE. Using the Waste Data System/WIPP Waste Information System, the committee identified 61 kg of diluted
plutonium within a total of 666 POCs that have been emplaced in WIPP.
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Shortly after the release of the Interim Report, NMED approved a WIPP permit modification that
distinguishes between reporting against the LWA capacity limits and the RCRAvd waste
(TMW) capacity limits and allows for a recalculation of the volumes of emplaced and future wastes.
The committee was asked to review additional TRU waste streams and to ass@sslDB8&ste’s
potential impact on them as well as the impact on LWA capacity limits. To reassess these impacts against
the new volume of recor®oR) calculations, the committee updated the volumes of specific waste
streams noted in its Interim Reporte@terThanClassC-like wastes, tank wastes, and TRU waste
generated by pit production. Recent D@fported volumes for emplaced and future TRU wastes were
used DOE-CBFO, 2018a2019a see Table -2). The results shown in Figure5shighlight two main
issues:

x Under the V& recalculation, the LWA volume of the DSHRU waste generated by processing
48.2 MT of surplus plutonium is reduced from 33,740,056 M, which is approximately 1
percent of the LWA capacityet the physical volume is substantial (approximately the physical
space of two panelsynd

X When additional TRU wastes volumes are taken into account, the LWA capacity will still be
challenged—primarily due tainitial estimates with potentially large uncertaintieS 8U waste
from pit production.

150%
1a0% | V//DSP-TRU?
Y — GTec-like

130% 7 Tank Waste
120% |

: Pit Waste DSP-TRU*
s R £ BTCC-like
Land Withdrawal Act Tank Waste
Statute Limit
(Max = 175,564 m?) 90% - : Pit Waste
80% |- Projected
Future
70% | TRU Waste
60% Projected

Future
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LGURVER G
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Before VoR After VoR
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TRU waste
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FIGURE S-5 DOE-reported emplaced and future transuranic wastes estimates@B&8, 2018a, 2019and
additional wastes, identified by the committee. Additional wastes areTIRER GreateiThanClassC-like
(GTCClike) TRU wastes,ank wastes, and TRU waste generated from pit production. The graphs illustrate the
impact of the wlume of ecord (V&) recalculation, in particular the large reduction in BI$®J waste volumes.
Both graphs also show that the Land Withdrawal Act statutory limit is likely to be exceede@RRBERlumes

have been subtracted from TRU waste estimates. See Fable 3
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Summary

RECOMMENDATION 3 -1 (modified from Interim Report RECOMMENDATION 1):
Capacity atthe Waste Isolation Pilot Plant (WIPP) should be treated as a Wable and limited
resource bythe Department of Energy(DOE). DOE is able to prioritize national security
mission waste streams for WIPP (i.e., pit production transuranic [TRUaste).Because
emplacement in WIPP is critical to bothDOE’s Office of Environmental Managements
(DOE-EM's) and DOE’s National Nuclear Security Administration’s (DOE-NNSA's) dilute
and dispose plans, the DOENNSA Administrator, in consultation with the DOE-EM Assistant
Secretary, should prioritize and reserve Land/Nithdrawal Act capacity in WIPP for the full
amount of diluted surplus plutonium TRU waste (2,057 cubic meters). Otherwise, the DOE
NNSA and the DOEEM programs are at risk of not being able to disposition the full amount
of 48.2metric tons of surplus plutonium via dilute and dispose.

Acknowledging these updates from the Interim Report, the final riegmarses on program
execution challenges and discusses two types of findings, conclusions, and recommendations: One set
focuses on programmatimplementtion challengesnd another on system vulnerabilities.

IMPLEMENTATION CHALLENGES

DOE-NNSA's dilute and dispose option is likely to face implementation challgisgesChapter 4)
during its inception and lifetime of more thdoree decades including space and resource competition
with pit production activities at LANL and SRS, and TRU waste emplacement in WIPP. Implementation
challenges that are not addressed could lead to extended timelines and increased costs. None of the
implementation challenges identified threaten the technical viability of the plan and many of these
challenges could be addressed through improved project plans (as they mature and with independent
review) and sufficient, steady funding from Congress. Howeseeeh straightforward approaches may not
be adequate for some challendges example, the ability to hire and qualify sufficient staftta
resilience of the nuclear facilities.

A major implementation challenge is the scaling up of current individual operations to a future
processing system that can safely and securely generate, transport, and dispose oTfRe B&fte
within the desired schedule. Other challenges are maintenance of the infrastructure and expanded trained
workforce that will be reqeed for at least 30 years.

Security of the surplus plutonium and DSRU waste was a major concern of the committee and
can be summarized by the fact that BIBRU waste is not characteristically like the vast majority of
previous TRU waste streams, and the standard operating procedures developed for traditional TRU waste
may not be sufficient for DSPRU. The committee determined that the diluted plutonium does not meet
the spent fuel standard and the dilute and dispose option has fewer barriers ty thaovre MOX
option, including the loss of a radiation barrier. Fumiang once emplaced and without monitoring in
placel? DSRTRU waste could be retrieved and reprocessed by the United States (in fact, retrieval of
emplaced waste pestosure is AVIPP recertification requirement). With sufficient mining expertise
(which is becoming more common) and resources:state otthird-state actors coulektrieve emplaced
DSPTRU waste during the postosure period with its absence left undete¢ladcy, 2019) Other
concerns include the increased number of transports of pits, plutonium oxide, alfd(RDSfastesas
well as security concerns over DFRU waste and WIPP operating procedures (includmmveround
storage and inventory control of classified waste streams of significant qUNBPENNSA will need

WIPP does not currently have plans for underground sensors to monitarglaeed waste after closure (i.e.,
after the underground is sealed and the facility is decommissioned).

IWIPP has emplaced classified TRU waste in the past but of limited quantities (see April 1¢o2@rhitee
discussionDOE [NNSA and EM]Follow-up toAddress Unanswered Questions from Day One,
https://vimeo.com/showcase/6028445/video/33802986dessed May 20, 2020
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to ensure that a security program is in effect and is appropriate to DOE’s assessment of the attractiveness
of the diluted plutonium materialand is periodicallyeassessed and updated.

Details ofsecurity assessments or updates were not available to the committee for two reasons: the
full committee did not hold clearances for access to classified information and, more importantly, the
security and risk assessments were not yet compista.resul the committee developed the follagi
recommendation:

RECOMMENDATION 5 -4 (updated Interim Report RECOMMENDATION 4) : In addition

to and separate from the independent review organization representing the State of New
Mexico described in Recommendation8, periodic reviews for Congress and the Department
of Energy (DOE) by a team of independent technical experts should be required until

classified aspects of DOE National Nuclear Security Administration’s and DOE's Office of
Environmental Management's diute and dispose plans, including the safety and security

plans, are completed and implementedBecause DOE’s plans and decisions are expected to
mature and evolve, these independent reviews would provide a mechanism to review classified
aspects of the prgrams and would improve public trust in those decisions.

SYSTEM VULNERABILITIES

Several system vulnerabilities exist within the current fdae Chapter 5)f not addressed, they
could have serious consequences for the program and its mission to dispose of at leastBd &g
much as 48.2 MF—of surplus plutonium in an efficient, safe, and secure manner. System vulnerabilities
include

X WIPP as the single point of failure for the disposal of &R waste;

x the changing nature of WIPP with the full amount of B$RJ emplacement and shifting public
opinion;and

x plans that span multiple DOE sites, offices, functions, and priorities without cleasuttiogs
leadership support.

An inability of WIPP to accept and emplace TRU wastes is a single pdaituwé for the dilute
and dispose programs as well as for other DOE TRU waste programs. Future accidents resulting in
lengthy shutdowns, such as those that occurred in 2014, pose a risk to access for the dilute and dispose
programs but so do agreementsl @riorities of other programs (Idaho National Laboratory shipments or
pit production) or other state legal requirements. The risks associated with conflicting priorities of other
programs were not captured in DOEISA’s Risk and Opportunity Analysis Report (SRNS, 2018c
Additionally, two significant changes in WIPP’s operations will be needed to allow for the emplacement
of the DSPTRU waste streams: expansion of underground configuration and an extension of the lifetime
of WIPP. These changes have net lgeen reviewed or approved by NMED and EPA.

When WIPP was being constructed and undergoing licensing in the 1990s, a social contract was
established between DOE and the citizens of New Mexico in which WIPP’s mission and the types of
wastes that were teekemplaced were outlined. A change in that understanding needs to be recognized
even if the proposed DSFRU waste inventory is expected to meet the WilRBte acceptance criteria
(WAC) and EPA regulations. Senator Pete Domenici, who was a central figsuredessfully bringing
WIPP to New Mexico, wrote in a letter to Secretary of Energy Abraham:

| want to ensure that high level or weapons material wastes can never be simply diluted in
order to comply with criteria for WIPP disposal In fact, dilution ofweapons materials,
simply in order to facilitate disposal, raises serious questions about our adherence to the
same international controls on weapetated materials that we expect other nations to
follow. (Domenici, 2002)
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By virtually any measure (seable S1), the proposal to dilute up to 48.2 MT of surplus plutonium
and dispose of the DSFRU waste in WIPP represents substantial changes to the physical, radiological,
and chemical composition of emplaced wastes and the “social contract” for WIRie &tdte of New
Mexico. No previous waste stream has affected the technical measures of WIPP performance at the same
levels. While the initial analyses indicate ttiad WIPP repository will maintain regulatory compliance
with the increased amount of plutonium in its inventory, the potential for such substantive changes raises
technical, social, and political questions that translate to additional system vulnerabilities if not addressed.
These differences must be recognized in their entirety to have paransand complete assessment of
the DSPTRU waste’s impact on WIPP and its associated operations (including transportation).

To improve transparency and understanding of DOE’s future plans for dispositioning of surplus
plutonium as DSHRU in WIPP, the sammittee recommends the following:

RECOMMENDATION 5 -7: The Environmental Protection Agency, the Department of
Energy, and the State of New Mexico should engage in developing a mutually agregibn
strategy for vetting the effects of the dilute and dispose inventory, in its entirety (and as added
to the rest ofthe projected and emplaced inventory), on the Waste Isolation Pilot PlanThis
vetting could be through a special demonstration of compliance and certification, or other
means all agree to, but should occur before committing the substantial resources thll be
needed to implement an integrated (48.&hetric tons of surplus plutonium) dilute and dispose
program.

To further improve transparency and public trust in DOE decisions, the committee recommends
reinstatement of the Environmental Evaluation Gr{pG).

RECOMMENDATION 5 -3 (updated Interim Report RECOMMENDATION 3): If the
Department of Energys (DOE's) National Nuclear Security Administration’s dilute and
dispose plan moves forward, DOE should reinstate the Environmental Evaluation Group
(EEG), representing the concerns of thetate of New Mexico, throughout the lifetime of
processing up to 48.2netric tons of surplus plutonium material. The independence of the EEG
should be supported through mechanisms similar to those established in its origirfalinding.
Members of the technical review organization should be technically qualified to address the
health and safety issues and a subset should have access authorizations that will allow
thorough review of classified aspects of the plans and thdaimplementation.

To address concerns related to plans spanning multiple DOE sites, offices, functions, and priorities
without crosscutting leadership support, the committee recommends the following:

RECOMMENDATION 5 -5: The Department of Energy should implement new
comprehensive programmatic environmental impact statement (PEIS) to consider fully the
environmental impacts of the total diluted surplus plutonium transuranic waste inventory (up
to an additional 48.2metric tons) targeted for dilution at the Savamah River Site and disposal
at the Waste Isolation Pilot Plant (WIPP). Given the scale and character of the diluted surplus
plutonium inventory, the effect it has on redefining the character of WIPP, the involvement of
several facilities at several sitesotprepare the plutonium for dilution, a schedule of decades
requiring sustained support, and the environmental and programmatic significance of the
changes therein, a PEIS for the whole of surplus plutonium that considers all affected sites as a
system isappropriate to address the intent and direction of the National Environmental Policy
Act and would better support the need for public acceptance and stakeholder engagement by
affording all the opportunity to contemplate the full picture.
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TABLE S-1 Characteristics and Relevant Amounts and Volumes for CeHtautlled (CH) TRU and Diluted
Surplus Plutonium (DSP) TRU Wastes Compared to Wastes in Ott@alsH Drum Containers

Composition

Physical volume
(outer container)

LWA volume
(inner container)

Current total number of
waste streams

Total number of
emplaced containers

Total amount of
plutonium-239

Percentage of
plutonium-239 in total
inventory at closure
(10,000 years)’

Average amount of
plutonium-239 per container/
fissile gram equivalent

(FGE) limit?
Material attractiveness
level”

Classification

aTechnical Baseline Description, SRNS, 2018b.

®PNumber of waste streams derived fridDS/WWIS as of September 30, 205@m https://wipp.energy.gov/\WDSRA
accessed May 20, 2020

SR-KAC-PuOx, SRKAC-PuOx1, SRKAC-SPD (DOECBFO, 2019b; Dunagan et al., 2019

YEmplaced 55allon, direct loaded containers or POCs throughe®eiper 30, 201%ee Table 4.

€Assumes nominal 309 per container.

‘Dunagan et al., 2019.

9Pa WIPP WAC, table 1, DOEBFO, 2018¢c

hSee Box & for a description of attractiveness levels.

iSee System Requirements, DOBISA, 2018.

IA small number of emplaced containers are known to be classified (Sahd, 2019); no further details are available.

10

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25593

Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant
Summary

To address concerns of shifting public opinion of DRIESA’s plans and its handling of plutonium
stockpiles and surplus inventory, the contegtrecommends the following

RECOMMENDATION 5 -6: The Department of Energys (DOE’s) National Nuclear Security
Administration, DOE's Office of Environmental Management, and DOE highetlevel officials
should take additional actions beyond those defined by the National Environmental Policy Act
toward transparency and stakeholder engagement on the whole of the potential scope of
surplus plutonium under consideration (48.2metric tons) for disposal at the Waste Isolation
Pilot Plant. Such actions include commting and publicizing the outcome of relevant safety
analyses and cost estimates.
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1

Introduction

This report is the product of a congressional redueshe National Academies of Sciences,
Engineering, and Medicine for an evaluation of the general viability of the Department of'Energy
National Nuclear Security Administration’s (DENINSA’s) conceptual plans to disposition surplus
plutonium material athe Waste Isolation Pilot Plant (WIPP). Dispositioning 34 metric tons (MT) of
surplus plutonium is part of the Plutonium Management and Disposition Agre@?hbi), an
agreement betwedhe United States arttle Russian Federation. DENINSA’s conceptuaplans call for
diluting the surplus plutonium material with a classified adulterant, declaring the diluted material as
transuranic (TRU) waste, and emplacing the waste in WIPP. Specifically, the National Academies were
asked to review DOBRINSA's plans to Bip, receive, and emplace surplus plutonium in WIPP and to
assess DOBINSA’s understanding of the impacts of these plans on WIPP and-diR| waste
streams. Ultimately, the National Academies were asked to evaluate the general viability of these
conceptal plans. See Box-1 for the full Satement offask.

BOX 1-1 Statement of Task for This Study

The National Academies will evaluate the general viability of the Department of Energy’s (DOE’s)
conceptual plans for disposing of surplus plutonium in the Waste Isolation Pilot Plant (WIPP) to support
U.S. commitments under the Plutonium Management and Disposition Agreement, identify gaps, and
recommend actions that could be taken by DOE and others to address those gaps. This evaluation will
specifically address the following issues:

1. DOE'’s plans to ship, receive, and emplace surplus plutonium in WIPP.
2. DOE's understanding of the impacts of these plans on the following:
a. Transportation safety, security, and regulatory compliance.
b. Current and future WIPP operations, including the need to construct additional waste
disposal panels? and/or operate WIPP beyond its currently planned closure date.
c. Disposal of other potential waste streams in WIPP, for example, other plutonium wastes,
Greater-Than-Class-C—like wastes, and tank wastes.
d. WIPP pre- and post-closure safety and performance.
e. Compliance with WIPP waste acceptance criteria; Environmental Protection Agency
disposal regulations; and the Land Withdrawal Act, National Environmental Policy Act, and
Resource Conservation and Recovery Act requirements.

The National Academies may examine policy options but should not make policy recommendations
that require nontechnical value judgments.

aWIPP’s waste disposal area consists of multiple waste disposal panels. Currently, WIPP contains a total of eight
panels; each panel contains seven disposal rooms. See Chapter 2, Figure 2-3.

The mandate appears in the Energy and Water Development Appropriations Bill (U.S. Congress, House, 2016,
p. 114).
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In 2018, DOE Secretary Perry announced the cancellation of the mixed oxide (MOX) fuel
fabrication facility (Perry, 2018). As an alternative to disposition of surplus plutonium material through
irradiated MOX fuel (as was agreed to under the PMDA; DOS, 2010);EA is preparing to use
the dilute and dispose approach to disposition 34 MT, and conceivably up to 48.2 MT. The development
of the plan was motivated by the need to identify a less costly alternative to the disposition of surplus
plutonium materibethrough its incorporation into MOX fuel and later irradiation in commercial nuclear
reactors (i.e., the MOX approach). The Defense Nuclear Nonproliferation office withirNN3#&
developed and is managing the dilute and dispose conceptual plan.

The commitee released an Interim Report in November 2018 in order to meet congressionally
mandated timelines; it is reproduced in full as Appendix H of this report (NASEM, 2018). The Interim
Report provided a high level review of the proposed dilute and disposesgr discussion of the then
current understanding of WIPP capacity, and requirements of the PMDA. At the time of its release,
several key planning documents and information such as National Environmental Policy Act strategies
and decisions, WIPP critiggt and performance assessments, plans for international monitoring and
verification, and programmatic information contained within DIIESA’s Life-Cycle Cost Estimate
(LCCE) were not publicly available for the committee’s review. The committee has sgadead this
information and additional briefings (see Appendix B).

This final report fully addresses tBmtement offask 6ee Box 1t). Consequently, some text and
content from thénterim Reportare includedHowever, several topics that were not cedein the
Interim Reportwill be described in greater detail than other topics in this final reppetifically, these
topics are the viability of DOBINSA’s conceptual plans on transportation safety, security, and
regulatory compliance (Task 2.a), amd-and postlosure safety and performance of WIPP (Task 2.d).
The advice provided in the Interim Report is revisited and updated in this final report, with any changes
noted. Advice in the final report supersedes any conflicting advice in the Interim Report.

The National Academies appointed a committee of 14 technical experts to carry out this evaluation;
their biographies are provided in Appendix A. A subset of the committee and Academies staff with
appropriate clearances were briefed on the classi§igelcts of the dilute and dispose plan; the subset of
the committee did not produce a classified report. The committee held 18 meetings to gather information
for this evaluation and prepare the Interim Report andittakreport; agendas for the commitee
informationgathering meetings are provided in Appendix B.

1.1 INTERPRETATION OF THE STATEMENT OF TASK

The dilute and dispose program is a new program proposed byNNJA. Funding to allow DOE
NNSA to develop a poonceptual plan for dilute and dispose was allocated in @085 Congress,
House, 2016, p. 115DOENNSA has followed several guidance documents including the Government
Accountability Office’s (GAQ'’s) Cost Estimation and Assessment Guide (GAO, 2009) and the DOE
Directive for Program anBroject Management for the Acquisition of Capital Assets (DOE Order
413.3B DOE, 2010). The LCCE for the dilute and dispose plan was developed following GAQO’s guide;
planning documents from the LCCE were provided to the committee in late 20lB.dependent
review of the LCCE reports a cost estimate of $4llion (in thenyear dollarsDOE, 2018B) for the
disposition of 34 MT of surplus plutonium at WIPP (SRNS, 2D1Bae amount is less than half the cost
of the LCCEfor the MOX approach, aiving DOE to cancel the MOX facility construction and move
forward with dilute and dispose (Perry, 2018).

°The full set of LCCE documents were not provided to the committee; the committee received only LCCE
documents that were relevant to the committee’s tasking.

3The estimate exclude2@ millionin sunk costs. All cost estimates were developefisical year2017 dollars
and converted to theyeardollars using esdation rates found in DOE, 2018b.
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To date, DOENNSA's dilute and dispose activities at the Savannah River Site (SRS) (i.e., dilution;
see Chapter 2) have completed the Critical Decision OQ)CED-1, and CB3A process steps within the
DOE 413.3B framework. The GD milestone indicates that the mission need has been approved hy DOE
demonstrating thafit] here is a need that cannot be met through other than material means2@OE,
p. A-1). DOE's approval of CEL in late 2019 indicated that “the selected alternative and approach is the
optimum solution” (DOE, 2010, p.-4); approval ofCD-3A, phase 1, which allows DOE to begin
required construction activities at SRS’s K Aremipto CD-2 approval, was granted in migebruary
2020¢

The level of maturity of DOBNNSA's plans is an important factor in the committee’s ability to
assess viability. It has been a challenge to address the tasking at a detailed level because the plans are not
yet fully developed. As the program evolves, the plans for dilute and dispose are expected to mature as
additional details become better defined and incorporated into the pl&nftiegefore, in addition to
evaluating the plans as they currently exist, the committee has identified areas or concepts that are either
not included or insufficiently developed in the DOIBRISA plans. Advice on how to incorporate these
ideas into future development is provided.

After the release of its Interim Report, several technical documents and reports, such as the LCCE
summary report (SRN2018b), the WIPP posiosure criticality report (Saylor and Scaglione, 2018),
and a draft performance assessment (Zeitler et al., 2018), were made available to the cbmhdittee.
committee determined that comprehensive independent technical review of the same reports was outside
of this committee’Statement offask (and the time and budget allowed for the project). Nevertheless,
reasonable doubt or concern over stated assumptions or assessments within the reports may be noted by
the committeeFinally, the committee recognizes that the authority and responsibility for the
determination of preand postlosure safety rests with the Environmental Protection Agency (ER&),
State of New Mexico, DOFor others, and that this report is advisory only.

The committee approachéd tasking recognizing that the MOX approach is not an option for
surplus plutonium material disposition and that continued storage as matesalne@ilinder
consideration (but might be under an environmental impact assessmentadiamalternative).
Instead, ifocused on currently planned approaches for dilution followed by disposal in WIPP, while
noting that at some point in the future theited States may develop other geologic repositories for
nuclear waste, which might be used for disposal of material of this type.

1.2 REPORT ROADMAP

This report is organized into five chapters. Each chapter was written to be read by ttsatif so
reacers who are interested in particular topics can focus their attention on an individual chapter. Chapters
2 and 3 provide background information and details of DOE’s dilute and dispose plans. Readers familiar
with those topics might choose to read Chapters 4 and 5, in which the committee provides the majority of
its assessments via findings, conclusions, and recommendations. Content in Chapters 4 aizhbkefer
to details and diagrams found earlier in the report.

x Chapter 1 (this chapter) provides infation aboutand the committee’s interpretation tife
tasking for this study.

4CD-2/3 will follow CD-3A approval

5As noted in the Surplus Plutonium Disposition Technical Baseline Description (SRNS, 2018d, p. 8): “This
Guide recognizes that the ‘technical baseline tends to evolve as requirements become better defined.”

6Zeitler et al. (2018, p. 13) make clear in their report that it is not a substitute for evaluating complihace: “T
analysis is not in support of a planned change request (PCR) or planned change notice (PCN) to be submitted by the
DOE to the EPA, and was not performed as a compliance calculation. Instead, the planned use of the analysis is as
input into a National BEvironmental Policy Act (NEPA) analysis.”
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x Chapter 2 provides background on topics that will be referenced throughout theimepating
a summary of the I$. surplus plutonium inventory; history and background gulegions and
management of WIPP and TRU wastiscussion of the PMDA between the United States and
the Russian Federatipand a description of risk assessment.

X Chapter 3 describes DARNSA's dilute and dispose plan by location (Pantex, Los Alamos
National Laboratory, SR&nd WIPP) and activities including transportation between the sites.
Plans for scaling up operations and risks that have been identifialb@m@iscussed.

x Chapter 4 desdses and assesses the viability of DRESA’s plans. Implementation challenges
are identified and advice is provided to address the challenges, referencing the background in
Chapter2 and the plan description in Chapger

x Chapter 5 identifies system vulailities within the current plan and provides suggestions and
advice on how to address these risks, which could threaten the successful, full completion of the
program as planned. In its analysis, the committee refers to background in Qramehe @n
description in Chaptes.

The report has several appendixes taaitain additional background and details including
Appendix A: Committee and Staff Biographies; Appendix B: Meetings; Appendix C: How Salt
Repositories Work; Appendix D: Legal and Regoig Requirements for Transportatickppendix E:
States' Active Partnershifrole in Safe Transportation; Appendix F: HiBisk Itemswithin the Risk and
Opportunity Analysis Report; and Appendix G: Acronyamsl AbbreviationsThe Interim Report is
recreagd in its entirety in Appendix H.

The committee distinguishes between findings, conclusamsrecommendations using the
following criteria:

x Findings: Summary statements about the evidence with which no reasonable person could argue
without rejecting tk evidence—no judgment is involved.

x ConclusionsJudgments based on one or more findings or analysis of the evideacer
contain the word “should.”

X Recommendations:r&posed actions based on one or more conclustossally contain the
word “should” and indicate an actor and an action.
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Background

This chapter provides background information on the following topiceview of the surplus

plutonium inventory in the United States and the volumes that are relevant to the dilute and dispose
plan; the Plutonium Management and Disposition Agreement (PMDA) between the United State
and the Russian Eeration and its current statuthe Waste Isolation Pilot Plant (WIPP) and how

it operates and recent changes to the actiogrof waste container volumesnd risk assessment.

This background is needed to understand the dilute and dispose plans as well as the committee’s
analysis of them. Readers who are familiar with these topics may choose to skip this background
chapter.

2.1 SURPLUS PLUTONIUM IN THE UNITED STATES

Plutonium is a fissile chemical element with an atomic number of 94 used in nuclear weapons and in
mixed oxide (MOX) fuel in a nuclear reactor; its unique characteristics and properties are described in
Box 2-1.! The United States has declared more than 60 metric tord (¥liveaponsiseable plutonium
material as surplus, meanindas no programmatiuse and does not fall into one of the categories of
national security reserves (DOE, 2015a,41) SThe plutonium material within the surplus inventory is in
many forms ranging from plutonium pits and oxides to plutonium witlérDepartment of Energy
(DOE)-managed used fuedde Figure ).

BOX 2-1 Plutonium: Its History, Uses, Chemistry, and Environmental Behavior

Plutonium is one of the most complex metals known. It is part of the actinide series, element 94 in
the periodic table, and has five common isotopes with mass numbers ranging from 238 to 242, all
radioactive. All plutonium isotopes have different half-lives—the time it takes for half of the atoms to
decay. For example, plutonium-239 has a half-life of ~24,110 years; plutonium-241 of ~14.4 years.
Plutonium is very dense, highly reactive in air, toxic, and will persist in the environment for a long time.

Plutonium-238 was first synthesized in small quantities in the laboratory in 1940 by bombarding
uranium with deuterons (Seaborg et al., 1946). Although it has been detected in nature in minute
guantities within uranium ores (Seaborg and Perlman, 1948), the overwhelming majority of the world’s
current inventory of plutonium has been produced in large quantities in nuclear reactors (i.e.,
production reactors). The 2014 global plutonium inventory, including both civilian and declared military
stocks, has been estimated at 2,627 metric tons (Institute for Science and International Security,
2015). Plutonium-239, which was synthesized just a few years after the discovery of plutonium-238, is
a fissile isotope that can sustain a nuclear chain reaction and, as a result, it is one of the most
important plutonium isotopes. It was produced and used primarily for nuclear weapons and to a much
lesser extent as fuel for nuclear power.

continued

Although plutonium is used in MOX fuel for userinclear power plants in a few countries, there are no nuclear
power plants in the United States that use plutonium fuel.
20One metric ton is 1,000 kilograms or 1.102 U.Sstdrl).S. ton is equal to 2,000 pounds (Ibs).
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BOX 2-1 Continued

Weapons-grade plutonium, defined as containing less than 7 percent plutonium-240, used in
nuclear weapons primarily consists of plutonium-239. Weapons-grade plutonium metal is machined
and placed in the core or “pit” of the device. A significant portion of the U.S. declared surplus
plutonium inventory is in the form of pits; other forms include spent reactor fuel from-plutonium
production reactors, scraps and residues from pit production, and plutonium metals and oxide stocks
not made into pits. Finding a way to disposition surplus plutonium is significantly more challenging
than for surplus highly enriched uranium (HEU; another material used to make nuclear weapons). A
National Academies report noted that “HEU can be ‘blended down’ isotopically (using abundant
uranium-238) to an enrichment level unusable for weapons, but no such isotopic denaturing is
practical for plutonium” (NRC, 2000, p. 8). See Figure 2-1 in the main text for amounts of these
materials and further description.

Even a small amount of plutonium can be lethal. Plutonium decays by producing alpha particles,
and although alpha particles have a low penetration depth and do not pose much of an external threat,
alpha emitters are extremely hazardous if they get inside the body through inhalation or ingestion.
Plutonium microparticles can enter the bloodstream through the lung and remain in the body for
decades. In terms of plutonium toxicity, the lethal dose-50 (LDso) of plutonium-239 (citrate form)
determined for rats is 1.6 mg/kg. Humans are about 6 times more sensitive to plutonium than rats, so
a person with an average body weight has about a 50 percent chance of dying if she or he ingests
only 20 mg of plutonium-239. To protect drinking water in the United States, the maximum
contaminant level is set 0.15 picocuries (1012 Ci) per liter for total alpha radioactivity (EPA, 2000). For
comparison, a gram of plutonium-239 emits about 0.062 Ci.

In addition to its high toxicity and long persistence in the environment, plutonium has been shown
to migrate in groundwater at low concentrations under various geochemical conditions (Kersting et al.,
1999; Santschi et al., 2002; Novikov et al., 2006). The geochemical behavior and fate of plutonium in
the environment are complex, making predictions of its mobility under various geochemical conditions
difficult. Plutonium can dissolve as an aqueous ion, adsorb (attach) to an immobile surface, or adsorb
to small mobile particulates or colloids in water; at higher concentrations, it can precipitate out of
solution forming its own colloid, plutonium oxide (PuOz). The ultimate behavior of plutonium in the
environment depends not only on its initial chemical form but also the geochemistry of the surrounding
geologic environment (Kersting, 2013).

Any disposition pathway for the U.S. inventory of surplus plutonium must consider plutonium’s
long half-life, fissile characteristics, toxicity, and potential ability to migrate in solids (i.e., underground
emplacement). Significant attention must be given during handling and storage of the increased
volumes of plutonium both to prevent criticality and to ensure long-term isolation from the biosphere.

Additional reading on the geochemical behavior of plutonium includes the following:

Clark, D. L. 2000. The chemical complexities of plutonium. Los Alamos Science No. 26.
https://fas.org/sgp/othergov/doe/lanl/pubs/00818038.pdf (accessed May 20, 2020).

Clark, D. L., S. S. Hecker, G. D. Jarvinen, and M. P. Neu. 2011. Plutonium. In The Chemistry of the Actinide
and Transactinide Elements, 4th ed., L. R. Mores, N. M. Edelstein, J. Fuger, and J. J. Katz, eds.
Dordrecht, The Netherlands: Springer, Vol. 2, p. 856.

EPA Facts About Plutonium, https://semspub.epa.gov/work/HQ/176324.pdf (accessed May 20, 2020).

Nair, A. B., and S. Jacob. 2016. A simple practice guide for dose conversion between animals and human.
Journal of Basic Clinical Pharmacology 7(2):27-31. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4804402 (accessed May 20, 2020).

Reed, D. T., J. Lucchini, S. Aase, and A. Kropf. 2006. Reduction of plutonium(VI) in brine under subsurface
conditions. Radiochimica Acta 94:591-597. DOI: 10.1524/ract.2006.94.9.591.
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FIGURE 2-1 The U.S. Surplus Plutonium Inventory consists of a variety of forms and amounts of plutonium. A
total of 62.4 MT of surplus plutonium is shown above (note that this value exceeds the official declared surplus
amount by 0.9 MT, described below). Plutoniwithin used fuel or previously reserved but no longer needed for
use in research reactor fuels (ZPPR, Zero Power Physics Reactor) accounts for 11 MT (gray). Other forms of
plutonium including scraps and residues totaling 3.2 MT have been emplaced asmiar{SiRU) waste in the
Waste Isolation Pilot Plant (WIPP, yellow). The Department of Endd@H) has issued a record of decision for
dispositioning 6 MT, consisting of 5.1 MT plus an additional 0.9 MT for future plutonium wastes (the additional
amount eferenced above)f nonpit metal and plutonium oxide as diluted surplus plutonium TRU ¢(DBB)

waste in WIPP (red); this amount is being managed by’®O#ice of Environmental Management (DCEM).

The remainder, 42.2 MT consisting of plutonium pitstatss and oxidess under consideration by DGENational
Nuclear Security Administration for dispositioning as BERU waste in WIPP (34 MT + 7.1 MT + 1.1 MT, red).
Up to 48.2 MT of surplus plutonium (red) is under consideration or slated for emplaceMémP as DSA RU
waste. SOURCE: Modified from DOE, 2015a, fig7S

2.1.1 Surplus Plutonium Inventory and Its Current Status

The committee developed Figurel 2which has been modified from DOE’s original diagram (DOE,
2015afig. S-7), to clearly identify the various disposition plans and the amounts of surplus plutonium
associated with each. Thirfgur metric tons of the total agssociated with U.S. commitments under the
PMDA (discussed later in this chapter) and hiagen proposed by DOGENSA for dilution and disposal.
This amount was the main focus of that&ment offask Eee Box 1t) and was the initial focus of the
committee. However, additional amounts of surplus plutonium, beyond the amount identified in the
PMDA, are associated with ¥ dilution and disposal plans and were also within the committee’s
tasking éee Box 11, Task 2.c). The committee determined that up to 48.2 MT of surplus plutonium
either is under consideration or is already slated foedard of decision [ROD] has &e issued for)
emplacement as diluted surplus plutonium transuranic {DF8P) waste in WIPP.

The United States has officially declared a total of 61.5 MT of weagi@uke plutonium as surplus.

In 2016, DOE'sROD for 6.0 MT of surplus nopit plutonium matgal to be dilutedor downblended)

and disposed of at WIPP consisting of 5.1 MT of material already declared surplus and an additional 0.9
MT of possible future surplus plutonium material included in the analysis bint that official

declaration (DOE, 2016aee also Box 2; below.® For purposes of this report, which is focused on the

3As used by different offices within DOE, the terms “downblend” and “dilute” are synonymous and describe the
process for mixing surplus plutonium with an adulterant to ensure that plutonium “is not recoverable without
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proposed amount of surplus plutonium material considered for WIPP, the committee chose to include the
0.9 MT in the inventory total. Therefore, in the committee’s amatiere is up to 62.4 MT of U.S.
surplus plutonium material for which disposition paths are or need to be identified through National
Environmental Policy Act (NEPA) analysis and RODs

Of the 62.4 MT total, 11 MT is not currently under consideratiorigposal at WIPPsge Figure
2-1, grayboxes). The 11 MT consists of 7 MT in D@&anaged used (i.e., irradiated) ftietis in a
proliferationresistant form with no further action yet identified and 4 MT without a disposition pathway
(originally resered for but no longer needed by the Zero Power Physics Redatother 3.2 MThas
already been disposed of in WIPP as transuranic fyRbiste éee Figure 2, yellow box)®

The remaining 48.2 MT consists of 6 MT (managed by B@Efice of Environmental
ManagementlDOE-EM]) and 42.2 MT (managed by DGENational Nuclear Security Administration
[DOE-NNSA]). A ROD for the 6 MTto dilute and dispose as DIRU in WIPRP—was issued in 2016
(DOE, 2016asee Box 22). The 42.2 MT is made up of 34 MT (previously associated with the MOX
plan), 7.1 MT of pit plutonium, and 1.1 MT to be disposed of at either WIPP or processed at the Defense
Waste Processing Facility at the Savannah River SR§(for evential disposal in a high level waste
repository)’” The 48.2 MT of surplus plutonium plus the 3.2 MT already emplaced in WIPP totals 51.4
MT, which represents the total amount of surplus plutonium that could eventually be emplaced in WIPP.

A special inventoryeport, developed by Los Alamos National Laboratory (LANL) for an initial
performance assessmeR#( also referred to as an impact assessment) by Sandia National Laboratories
uses 42.2 MT for the possible emplacement of 8B waste by DOENNSA. Thisspecial inventory
report did not include the 6 MT of DGEM surplus norpit plutonium material (LANL, 20175.

extensive reprocessing.” DOE notes in its Surplus Plutonium Disposititen${dan that “[t]he term dilution is the
international nomenclature for using an adulterant to provide proliferation resistance and is in no way intended to
avoid any applicable regulatory requirements” (SRNS, 2016, p. 8). The committee has chosen to use the terms
“dilute” or “dilution” throughout this report, even when referring to DBM'’s plans and activities.

“Disposition refers to the consignment of radioactive waste for some specified (interim or final) destination;
disposal refers to the emplacemeftvaste in an appropriate facility without the intention of retrieval.

STransuranic (TRU) waste is defined in multiple government documents with slight differences in the definitions.
In this report, we use the definition from the WIPP Land Withdrawal¥aste Isolation Pilot Plant Land
Withdrawal Act, Pub. L. No. 10879, 106 Stat. 4774796 (1992) [as amended in 1996 by Pub. L. No. 2@#)):
The term “transuranic waste” means waste containing more than 100 nanocuries efdtfihg-transuranic
isotopes per gram of waste, with héilfes greater than 20 years, exceptfor

a) high-level radioactive waste;

b) waste that the Secretary has determined, with the concurrence of the Administrator, does not need the degree

of isolation required by the disposal végtions; or
c) waste that the Nuclear Regulatory Commission has approved for disposal orbgcase-basis in
accordance with part 61 of title 10, Code of Federal Regulations.

5This material originated from multiple sites and was placed in@ipgpackcontainers (POCSs) prior to
disposal. A POC is similar to a criticality control overpack (see Chapter 4).

"Further explanation of the DOE disposition pathway for the 1.1 MT is as follows (DOE, 201&); ‘Ans2008
and 2009, DOE completed interim actideterminations and concluded that 0.6 metric tons (0.66 tons) of surplus
non-pit plutonium could be disposed of throughQdnyon/HBLine and DWPF (DOE, 2008a, 2009); in 2011, DOE
amended this determination to add WIPP as a disposal alternative for &tkdlog8ams (187 pounds) of these 0.6
metric tons (0.66 tons) (DOE, 2011a). Also in 2011, DOE decided to@Gankion/HBLine to prepare another 0.5
metric tons (0.55 tons) of surplus plutonium for disposal at WIPP (DOE, 2011b); DOE amended this daarminat
in 2013 to also allow preparation in theAtea Complex (DOE, 2013c). Thus, DOE has determined that a total of
1.1 metric tons (1.2 tons) of surplus plutonium could be dispositioned thro@gnibn/HBLine and the KArea
Complex to DWPF and WIPP.”

8The PA models the impact on performance of the WIPP repository by the National Nuclear Security
Administration’s (NNSA'’s) proposal to dispose of ~42.2 metric tons (MT) of surplus plutonium (Pu) in the WIPP”
(LANL, 2017, p. 5).
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The committee heard that, as of 2009, approximately 4.8 MT of plutonium masetibkeen
emplaced at WIPP but it was difficult to determine how much of this total was part of the declared surplus
or the exact amount that had been products ofdast not identical—dilute and dispose processeBhe
analysis in Figure-2 uses the 3.BAT value as the amount of surplus plutonium TRU waste already
emplaced in WIPP. There is more plutonium disposed of in WIPP as TRU waste but it is not part of the
declared surplus plutonium nor is it in the same waste form as diluted surplus plutonium, being the more
conventional waste lightly contaminated with transuranic elements including plutonium contamination
from defense activities.

Beginning in the midt990s, DOE issued a series of environmental impact statements (EISs) and
RODs to shape and modify the disposition strategy f8r $lrplus plutonium (see Box2)- There is no
single document or ROD that defines the United States’ plans to disposition the entirety of its surplus
plutonium material inventory. Rathehe disposition pathways depend on the form of the plutonium
material leading to a variety of decisie and different disposition pathwageme of which have
changed over the years.

In 2000, DOE issued a ROD selecting two options for dispositioning of 34 MT of surplus plutonium
material:the irradiation of MOX° fuel using commercial nuclear reactors and the immobilization of the
material in combination with high level waste. In 2002, the George W. Bush administration canceled the
immobilization program citing budget constraints and made the decision to support only one approach for
plutonium disposition, the fabrication and subsequent irradiation of MOX fuel. In 2007, the United States
began construction of a facility to manufacture MOX fuel, the Mixed Oxide Fuel Fabrication Facility
(“MOX plant”), at the SRS in South Carolina.

In parallel with the decisions being made for the 34 MT of surplus plutonium material, in 2016
DOE-NNSA issued a ROD for the disposition of up to 6 MT of pdrplutonium material within the
U.S. surplus inventory. The ROD states that the surplupitgratonium material “will be prepared and
packaged to meet the WIPP waste acceptance criteria for cbatatied TRU waste and other applicable
regulatory requirements” and would be disposed of “at the Waste Isolation Pilot Plant (WIPP) near
Carlsbad, New Mexico, a geologic repository for disposal of transuranic (TRU) waste generated by
atomic energy defense activities” (DOE, 2016a, p. 19588).

Meanwhile, construction of the MOX plant encountered substantial schedule delays and cost
overruns.The Obama administration proposed to stop construction of this facility and instead use a
“dilute and dispose process” to disposition 34 MT of surplus plutonium (Goodson, 2018) using the
process described in the ROD for the 6 MT of surpluspibphutonium material. Congress provided $15
million to DOE-NNSA in fiscal yearFY) 2017 to continue planning and developing a conceptual design
for the dilute and dispose process; it also mandated this National Academies of Sciences, Engineering,
and Medicine evalation (U.S. Congress, 2016, p. 114). In May 2018, the Trump administration
submitted a report to Congress detailing the-Ofele Cost Estimatef the dilute and dispose approach,
showing total costs of less than half of those estimated for the MOX option. In October 2018, DOE
NNSA canceled the MOX program (see BaR)2 The Notice of Intent, which would begin the NEPA
process for the disposition of 34 MT through dilution and disposal, has not yet been issued. However,
there are indications that a NEPA decision on the 7.1 MT of surplus pit plutonium, processed as DSP
TRU waste for disposal in WIPP, may be issued (BEBEEO, 2019a, p. 391, new waste streant SR
KAC-PuOx1).

Information collected during discussions during the open session of the committee’s April 2019 meeting. See
video from the meeting at https://vimeo.com/showcase/6028445/video/338026631 (accessed March 30, 2020).
1MOX fuel contains plutonium and slightly enriched uranium, both in ofdda (DOS, 2000).
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BOX 2-2 Timeline of Actions and Decisions for Disposal of Surplus Plutonium

Below is a timeline for major actions and decisions relevant to the dilution and disposal of surplus plutonium.
Items in italic are events relevant to the surplus plutonium disposition program but are not environmental impact
statements or records of decision.

President Clinton issues policy on Nonproliferation and Export Control, which states that the United
States will: “Seek to eliminate where possible the accumulation of stockpiles of highly-enriched
uranium or plutonium . . . [and] Initiate a comprehensive review of long-term options for plutonium
disposition, taking into account technical, nonproliferation, environmental, budgetary and economic
considerations. Russia and other nations with relevant interests and experience will be invited to
participate in this study” (White House, 1993).

DOE declares excess plutonium and identifies plutonium waste throughout the DOE complex: 38.2 MT
weapons-grade plutonium is identified as excess and 3.4 MT of plutonium waste (DOE, 1996a).

Storage and Disposition Final Programmatic EIS, FPEIS  -0229, 1996 (DOE, 1996b)
Considered 37 alternatives for the disposition of up to 50 metric tons of plutonium that has been or in
the future may be declared surplus to national security needs.?

Record of Decision (ROD), FPEIS -0229 (DOE, 1997)

Decision to implement immobilization and MOX for disposal of surplus plutonium. Decision to use Safe
Secure Transport (now called the Office of Secure Transportation, OST) to transport all plutonium-
bearing materials between sites including unirradiated MOX fuel.?

Surplus Plutonium Disposition, SPD EIS  -0283 (DOE, 1999a)
Focus on disposition of surplus plutonium.
Tiered from FPEIS-0229.

ROD SPD EIS-0283 (DOE, 2000, p. 3029, emphasis added)

“[T]o provide for the safe and secure disposition of up to 50 metric tons of surplus plutonium ... the
Department has decided to use a hybrid approach ... [using] immobilization ... and ... MOX fuel. The
Department has selected the Savannah River Site in South Carolina as the location for all three
disposition facilities.”

The United States and the Russian Federation sign the PMDA (DOS, 2000). (See text for more
details.)

Amended ROD SPD EIS -0283 (DOE, 2002)
Cancellation of the immobilization program due to budget constraints leaving 17 MT of surplus
plutonium that was previously to have been immobilized without a disposition pathway.

Bob Stump National Defense Authorization Act for Fiscal Year 2003 (Pub. L. No. 107-314, 116
Stat. 2458), Section 3182, outlined the following schedule for the MOX fuel fabrication facility to be
constructed at SRS in South Carolina:

The MOX plant would produce 1 MT of MOX fuel by December 31, 2009; and the full amount of 34 MT
by January 1, 2019. If the objectives were not achieved, DOE would pay the State of South Carolina

$1,000,000 per day not to exceed $100,000,000 per year until either the MOX objective is reached or
DOE removes at least 1 MT of defense plutonium or plutonium materials from the state per year.©

Amended ROD SPD EIS -0283 (DOE, 2003, p. 20134)
“The program will dispose of 34 MT of surplus plutonium, including approximately 6.5 MT of the 17 MT
of surplus plutonium originally intended for immobilization” and stored at SRS.9

DOE Secretary Bodman declares an additional 9 MT of plutonium as surplus.

The United States and the Russian Federation sign the PMDA as amended by the 2010 Protocol
(DOS, 2010). (See text for more details.)

continued
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BOX 2-2 Continued

2014 Disposition of Surplus Plutonium Working Group report (by DOE) (DOE, 2014)
Reviewed options for plutonium disposal as the costs of the MOX plant were increased significantly.
Dilute and dispose was selected as the most viable option.

2015 AeroSpace and Red Team Reports, independent review and support of 2014 Working Group’s
recommendations (Hart et al., 2015; Mason, 2015).

2015 Supplemental EIS -0283-S2¢ (DOE, 2015a)
Final supplemental SPD EIS considered disposal options for surplus non-pit plutonium.

2016 ROD SPD EIS-0283 (DOE, 20164, p. 19591)
Decision to disposition of 6 MT surplus non-pit plutonium through dilute and dispose at WIPP:

“Blending for disposal at WIPP is a proven process that is ongoing at SRS for disposition of plutonium
material....”

2017 NDAA for FY2018 f and Consolidated Appropriations Act, 2018 ¢
Waivers allow for the Secretary of Energy to cease construction of the MOX facility if an alternative to
dispositioning surplus plutonium at the cost of less than half the cost of the MOX option can be
identified.

2018 May 10, 2018, Secretary Perry notifies Congress (Perry,  2018)
Perry submits dilute and dispose cost estimate report to Congress indicating the that life-cycle cost
estimate for the dilute and dispose program is less than half that of the MOX option (an independent
life-cycle cost estimate for the dilute and dispose program for dispositioning 34 MT of surplus plutonium
material was shown to be $19.9 billion compared to $49.4 billion for the remaining cost to implement
the MOX option). Secretary Perry cancels construction of the MOX plant.

2018 October 10, 2018, DOE -NNSA cancels MOX
Letter issued to CB&l AREVA MOX Services, LLC, cancels the MOX program.

The Notice of Intent initiating NEPA actions for the dilute and dispose plan for 34 MT of surplus plutonium
material has not yet been issued.

a“Discarding Plutonium to WIPP” was rejected in this analysis due to lack of capacity at WIPP (see DOE, 1996b, fig. S.3-2).
bTransportation of all plutonium-bearing materials under this program, including the transportation of prepared MOX fuel
to reactors, will be accomplished using DOE’s Transportation Safeguards Division’s “Safe Secure Transports” (SSTs),
which affords these materials the same level of transportation safety, security, and safeguards as is used for nuclear
weapons” (DOE, 1997, p. 3029).

¢See https://www.govinfo.gov/content/pkg/PLAW-107publ314/html/PLAW-107publ314.htm (accessed May 20, 2020).
9This entry corrected from Interim Report, Box 3-1.

¢DOE has issued two supplements to SPD EIS-0283: SPD EIS-0283-S1 identified a set of six reactors that would use
MOX fuel, SPD EIS-0283-S2 (DOE, 2015a) assessed disposal options for surplus non-pit plutonium and added two
more reactors that could potentially use MOX fuel.

National Defense Authorization Act for Fiscal Year 2018, Pub. L. No. 115-91, 131 Stat. 1283 (2017).

9Consolidated Appropriations Act, 2018. Pub. L. No. 115-141, 132 Stat. 348 (2018) (https://www.congress.gov/115/
plaws/publ141/PLAW-115publ141.pdf, accessed May 20, 2020).

2.2 PLUTONIUM MANAGEMENT AND DISPOSITION AGREEMENT

The MOX fuel option for surplus plutonium disposition was consistent withddr8mitments
under the PMDA, which was signed by the United States and the Russian Federation in 2000 and
amended in 2010. The 2010 agreement commits both countries to the dispositioessftharh 34 MT of
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weaponggradé? plutonium by its incorporation into MOX reactor fuel followed by irradiation in nuclear
reactorsThe United States and the Russian Federation are required under the agreement to begin surplus
plutonium disposition by 2018, with implementation to be verified by the International Atomic Energy
Agency (DOS, 2000, 2010).

The PMDA Additional Protocol 2010 updated the text in Article 1l of the 2000 Agreement,
outlining the means that are to be used by the United States and the Russian Federation for dispositioning
34 MT of surplus plutoniun?

Disposition shall be by irradiation of disposition plutonium as fuel in nuclear reactors; or any other
methods that may be agreed by the Parties in writing. (DOS, 2010, p. 2)

Article XlII of the original PMDA specifies how the agreement can be amended and was unaltered in the
2010 Additional Protocol:

This Agreement may only be amended by written agreement of the Parties, except that the Annex on
Key Program Elements may be updated as specified in paragraph 5 of that(B@®&x2000, p. 11)

To the committee’s knowledge, the United States has not notified the Russian Federation in writing
about its plans to pursue the dilute and dispose process in place of MOX. However, the Russian
Federation government is aware of DOE’s desire to use dilute and dispose to disposition 34 MT of
surplus plutonium. Russian Federation President Vladimir Putin raised concerns in an April 2016 meeting
with journalists about the United States’ use of the dilute and dispose process for dispositioning surplus
plutonium under the PMDA:

[Black in the early 2000s, the Americans and we agreed on destroying wgaadaglutonium. ...

Each side had 34 tonnes. We signed this agreement and settled on the procedures for the material's
destruction, agreed that this would be done on an industrial basis, which required the construction of
special facilities. Russia fulfilled its obligations in this regard and built these facilities, but our
American partners did not.

Moreover, only recently, they announced that they plan to dispose of their accumulated highly
enriched nuclear fuel by using a method other than what we agreed on when we signed the
corresponding agreement, but by diluting and storing it in certain containers. This means that they
preserve what is known as the breatikpotential, in other words it can be retrieved, reprocessed and
converted into weaporgrade plutonium again. This is not what we agreed on. Now we will have to
think about what to do about this and how to respond to this.... [O]ur partners shouldamaders

that ... serious issues, especially with regard to nuclear arms, are [where] one should be able to meet
one's obligationgIPFM, 2016)

President Putin subsequently suspended Russian implementation of the PMDA in Octobdu2@a6 “
Washingtohs unfiendly actions toward Russ$iéRadioFreeEurope Radiderty, 2016).

The Department of Stateleases an annual report providing assessments of the adherence of the
United States and other nations to arms control,proliferation, and disarmament agreerner
commitment obligations. The 2019 compliance statement with regard to the PMDA follows:

The United States has not undertaken any activities during or prior to the reporting period that are
inconsistent with its obligations under the Plutonium Managerand Disposition Agreement
(PMDA). This includes U.S. activities during the reporting period to terminate the project to

"Defined in the PMDA as “plutonium with an isotopic ratio of plutoni2a® to plutoniuni239 of no more than
0.10” (DOS, 2000, p. 2).

12The PMDA as amended in 2010 recognized the removal of immobilization as an option for dispositien by th
United States.
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construct a mixeaxide (MOX) fuel fabrication facility that would have been used to dispose of
plutonium under the agreement byrtimg it into fuel for irradiation in commercial nuclear reactors
and to develop plans for a less expensive alternative disposition through dilution and burial of the
plutonium. Russia’s assertion that this change in U.S. disposition plans violates the agreement,
which was addressed in the 2018 Compliance Report, remains without merit.

In 2018, the Secretary of Energy exercised the authority under the National Defense Authorization
Act for Fiscal Year 2018 and the Consolidated Appropriations Act, 2018 to waive the requirement
to use funds for construction and project support activigileging to the MOX facility, including
certification that an alternative option for carrying out the disposition program for the same amount
of plutonium intended to be disposed of in the MOX facility exists. The Department of Energy took
additional steps to terminate the project to construct the MOX facility. The administration will
continue to work with Congress to finalize plans for U.S. disposition by the alternative dilute
and-dispose methodFurther steps are needed in this respect before engaging Russia to obtain

its agreement to this alternative method of disposition as required under the PMDADOS,

2019, pp. 90, emphasis added)

In addition to identifying the methods to be used for disposition, the PMDA outlined international
verification requirenents for the surplus plutonium material. In Article VII (with further details provided
in the Annex on Monitoring and Inspections) inspections by the International Atomic Energy Agency
(IAEA) are outlined:

Each Party, in cooperation with the other Pashall begin consultations with the International

Atomic Energy Agency (IAEA) at an early date and undertake all other necessary steps to conclude
appropriate agreements with the IAEA to allow it to implement verification measures with respect to
each Pay’s disposition program. (DOS, 2010, p. 4)

The verification and monitoring of the surplus plutonium material apply toapiek postdilution
stages as well as disposal. The details of how, when, and where the monitoring and verification take place
are determined between the IAEA and each Party. The committee received a briefing from the director of
the Office of International Nuclear Safeguards at EXINESA on the voluntary agreement between DOE
NNSA and the IAEA concerning monitoring of the 6 MT of surplus plutonium (Veal, 2019). Though the
agreement is not legally bindinDOE-NNSA is in the process of working with the IAEA to discuss wha
role, if any, the IAEAmight play in the disposition of the 6 MThe director noted that they are not
currently worling with the IAEA on monitoring and verification of the 34 MT.

The System Plan for the DEGENSA dilute and dispose program, for the 34 MT, makes one
reference to monitoring and verification protocols:

The SPD [Surplus Plutonium Disposition] Program sdapkides incremental funding to process a
portion of the norpit plutonium materials associated with the 34 MT nuclear nonproliferation
objective and incremental funding to add monitoring equipment required to implement verification
protocol using an inteational agency for the dilute and dispose process eprigiutonium

(SRNS, 2018f, p. 12)

The Master SchedulsgealsoFigure 31) indicateghat verification protocols for the activities at SRS
will be in place in FY 2022 and for WIPP in FY 2023.
In the context of current eventscluding the United Statesvithdrawal from the Intermediate
Range Nuclear Forces Treaty between the United States and the Russian Federation and currently no

BThe Master Schedule document was provided to the committee by DOE. Public testimony, documents, and
other materials submitted to the committee are available by request through the National Academies’ Public Access
Records Office at paro@s.edu.
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planned action following the conclusion of the New StrateginsAReduction Treaty (New START), a
renegotiation of the PMDA may not be a reasonable-teear expectation. Furth@ore based on

President Putin’s comments about the dilute and dispose option, it could be difficult for the United States
to obtain agreement with the Russian Federation for implementing the dilute and dispose process in place
of irradiated MOX fuel.

Those same quotes from President Putin juxtaposed with the current stance of the Department of
State show that the current status of the PMDA is unclear. To the committee’s knowledge, neither country
is moving to resolve the issues of alternative disposition pathways and IAEA monitoring and verification.
The uncertainty of the PMDA is a key issue for BRNSA's dilute and dispose program and will be
discussed later in the reposeé Chaptes).

2.3 BACKGROUND ON WIPP

WIPP isa salt bed repositofgpcated in the southeast corner of New Mexico (see FiguPesnal 2-
3) and managed by DOEM, specifically the Carlsbad Field Office (DEEBFO). Appendix C provides
a discussion on salt repositories and the characteristics that make them suited for disposal of nuclear
waste. WIPP is the only operational deep geologic repository in the United States for disposal of defense
TRU wastes; its disposal capigdis limited by law to a certain volume of defense TRU waste (discussed
below). The current WIPP repository design consists of 10 panels (see FRJugi@ht of the 10 have
been permitted for construction and use under the WIPP Hazardous Waste Pagitity Panel 8 is
presently being mined and is not yet ready for use, and Panel 9 was abandoned after the WIPP accident.
The current contractor managing the site is Nuclear Waste Partnership LLC. After certification by
the Environmental Protection Agen(PA) in 1998, WIPP received its Resource Conservation and
Recovery Act RCRA) Hazardous Waste Facility Perrimdm the New Mexico Environment Department
(NMED) also in 1998, and began disposal operations in 1999. According to the Permit, WIPP was
assumedo reach facility closure in 2034, although there are now plans to extend the disposal operations
and emplacement past 2050, which is discussed later in the report.

2.3.1 Disposal Capacity in WIPP

WIPP’s disposal capacity limits are defined by seveftdrént laws, agreements, and permits for
the purpose of regulating both the physical space as well as the physiochemical and radiological aspects
of TRU and hazardous waste disposal. The Waste Isolation Pilot Plant Land WithdragtaVAgt
limits TRU waste disposal capacity to no greater than 6,200,8Q075,564 ) of defenseaelated TRU
waste, a limithatis overseen by EPA he ROD for WIPP, issued in 1981, limits the amourreafote
handled TRURH-TRU) waste in WIPP to no more than 250,00q#079 nd) of the LWA total (DOE,
1981)!* DSRTRU waste is contadtandled CH) TRU and is not affected by tiRH-TRU limit. The
Hazardous Waste Permit (overseen by NMED) also regulates waste volumes through the size limitation
of the underground waste pan&lntil recently, the capacity limits fa'WA and RCRA (Hazardous
Waste Permit) were measured by the gross internal volume of the outermost disposal containers of the
CH-TRU waste containers and were the same number (e.g., the volume of -gatlo®mBrum was
counted as 0.21

YCH-TRU waste is defined in the LWA as “transuranic waste with a surface dose rate not greater than 200
millirem per hour.” RHTRU waste is defined in the Act as “transuranic waste with a surface dose rate of 200
millirem per hour or greater.” LWA section 2.

BWIPP is managed as a mixed waste facility and is therefore subject to REGRAste in WIPP is considered
mixed TRU waste, meaning that the waste has both a hazardous component and transuranic elements. See
“Regulatory Authority” at https://ww.env.nm.gov/hazardousaste/wipp (accessed February 20, 2020).
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FIGURE 2-2 Map of New Mexico indicating the location of the Waste Isolation Pilot Plant. SOURCE: Sewards et
al., 1991, fig. ll}1.
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PROHIBITED
RDOM 4

PROHIBITED
ROOM 6

FIGURE 2-3 Schematic layout of the Waste Isolation Pilot Plant, which is located in southeastern New Mexico

near Carlsbad. The repository is located about 2,150 feet (655 meters) below the surface. The aboveground facilities
are shown in light brown at the top of the image. The 10 underground panels are shown in gray (for emplaced
waste), red (for prohibited access), green (unrestricted access), yellow (ground control operations), and dark brown
(for future mining operations). The underground panels are 2,150 feet the surface and are located within the

Salado salt formation. A new utility shaft shown in the upper left of the figure has been planned. Equivalent Panels 9
and 10 in the access drifts are shown in white boxes. Note that underground drifts in tlesigresed at Panel 9

have been abandoned and closed. SOURCE: Modified from Shrader, 2018. Image provided by the Department of
Energy.
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Shortly after the public release of this committee’s Interim Report, NMED approved a pending
permit modificatiorrequest by DOECBFO to change the accounting of TRU waste container volumes
for already emplaced and future wastes (ECHFO, 2018b). The permit modification allows for a
recalculation of emplaced and future wastes and distinguishes between reportisgthgaiWA limits
(i.e., “statutory” limit) and the RCRA TRU Mixed Waste limits. See B&k 2-

WIPP operations were suspended from 2014 to 2017 in response to two accidents in the
underground areaan engine fire in a truck and aexothermic reaction invoing the mixture of the
organic materials (Swheat Scoop® absorbent and/or neutralizer) and nitrate salislste container in
a panel that was being filled (DGEM, 2015, p. ES).1® WIPP operations are slowly ramping up,
currently supporting 8 to 10 giments per week, with the goal to return to preincident shipment and
emplacement rate¥hese rates may be obtainable once the new ventilation system is operational, and
new zereemission underground vehicles are in use (BZHEFO, 2019b).

There are severéctors that are increasing public pressure on the area surrounding Carlsbad, New
Mexico. In 2018, the U.S. Geological Survey released a report that assessed the Permian Basin to have
the largest continuous oil and gas reserves in the United Statespeingahat “assessed undiscovered,
technically recoverable continuous mean resources of 46.3 billion barrels of oil and 281 trillion cubic feet
of gas in the Wolfcamp shale and Bone Spring Formation of the Delaware Basin in the Permian Basin
Province, soliteast New Mexico and west Texas” (Gaswirth et al., 2018, p. 1). Oil and gas drilling rates
have increased in the area surrounding WIPP since it first became operational. The higher density of
drilling sites affects the calculation of probabilities for pdstsure human intrusion (via drilling) into the
facility and could also raise additional concerns about migration of fluids to WIPP from the drilled
formations. Figure Z-is a map of the Permian Basin with WIPP’s location overlaid. Holtec International
has also proposed an interim storage site for spent nuclear fuel outside of Carlsbad, New Mexico, which
has been met with mixed public support throughout the state.

2.3.2 Regulations for WIPP for Pre and PostClosure

In 1992, the Secretary of the Intriransferred its control of land at the WIPP site to the Secretary
of Energy and granted authority to the Secretary of Energy through the WIPP LWA. The Secretary of
Energy closed the area and its immediate surroundings to public use (NRC, 1996, p. 11).

The committee has divided its assessment of the viability of the surplus plutonium disposition
concept into issues arising from the addition of such inventory and potentially affecticiggree (i.e.,
operational) and postiosure safety, as regards tiespective regulatory frameworks. The key distinction
between the preand postlosure periods lies in the use of active versus passive safety provisions, and
consequently the means and measures of ensuring safety performance (ség.Box 2

There are manfederal and state regulations as well as DOE Orders governing WIPPasgre-
postclosure periods, which are designed to ensure the health and safety (protection) of the workforce, the
public, and the environment from radiological and other haZaidswever, a major provision of the
LWA requires DOE to demonstrate compliance with federal regulations developed and assessed by EPA.
Chief among EPA regulations are 40 CFR Part 191 (EPA, 1994) and 40 CFR Part 194 (EPA®2014a).
Because some waste destineddlPP also contains hazardous waste constituents (all waste at WIPP is

%From the National Transuranic web page: “Changes in NTP oversight and at WIPP established new
requirements pertaining to WIPP WAC compliance and in the WIPP Documented Safety Analysis (DSA) in the
summer of 2016,” https://wipp.energy.gov/natietratprograms.asgaccessed May 20, 2020

YA full list of laws, regulations, and orders can be found in DOE (2015b, tahl&Bvironmental Laws,
Regulations, Executive Orders, and Department ofggn@rders).

¥part 191 defines standards (EPA, 1984d Part 194 alongith the Part 191 Disposal Regulations describe the
specific WIPP site requirements for compliance with 40 CFR Part 191 stanHRA(0144a)
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managed as mixed waste), certain provisions of RERI&o apply. The LWA, as amended, exempts

waste designated by the Secretary of Energy for disposal at the WIPP facility from the treatment
standards of RCRA. By virtue of this exclusion, DOE is not required to demonstrate compliance with the
Land Disposal Restrictions of 40 CFR Part 268 for TRU mixed waste designated by the Secretary of
Energy for disposal at WIPP.

BOX 2-3 Disposal Containers Impacted by the Volume of Record Recalculation

In late December 2018, the New Mexico Environment Department (NMED) approved a permit
modification request submitted by the Department of Energy Carlsbad Field Office (DOE-CBFO) that
allowed a recalculation of the volumes of emplaced and future transuranic (TRU) waste (NMED,
2018). Specifically, the TRU waste container volume for reporting purposes against the LWA capacity
limit would be calculated as the gross internal volume of the disposal container for direct-loaded
containers and the innermost disposal container for overpack containers (DOE-CBFO, 2019a). The
physical volume of the TRU waste containers is still required to be reported against the RCRA TRU
mixed waste (TMW) volume limit. Thus, as a result of the permit modification two volumes—the LWA
Volume and the TMW Volume—are now reported and tracked for emplaced and future TRU wastes in
WIPP. Although some objections to the volume accounting change were vocalized before and after the
permit request was approved, the committee is unaware of any effort to overturn the volume of record
change. To understand the impact of this decision on DSP-TRU wastes, one must understand the types
of containers referred to above.

There is a wide variety of authorized TRU waste containers for emplacement in WIPP. However,
the majority are 55-gallon drums, of which three different varieties are most relevant to the permit
modification (see Box Figure 1). The first is a direct-loaded 55-gallon drum, used for typical TRU
waste emplaced in WIPP (clothing, tools, rags, residues, debris, soil, and other items contaminated
with small or moderate amounts of plutonium and other engineered radioactive elements); it has no
inner container. The second is a pipe overpack container (POC) that contains an inner pipe, ~12
inches in diameter and ~25 inches long, which is centered within the 55-gallon drum.2 The third is a
criticality control overpack (CCO), which is similar to a POC except that the dimensions of the inner
pipe (called the criticality control container or CCC) are ~6-inch diameter and ~26-inch length, also
centered within the 55-gallon drum. For POCs, the waste is contained within the inner pipe. DSP-TRU
waste will be placed within the CCC.

POCs are often used for the disposal of plutonium material that meets the criteria for disposal in
WIPP; the amount of plutonium-239 per POC is limited to no more than 200 fissile gram equivalents
(FGE of plutonium-239). For the CCCs, the amount is limited to no more than 380 FGE, but DOE-
EM’s and DOE-NNSA'’s current plans suggest a nominal loading of 300 FGE of plutonium-239 (see
Chapter 3). Direct-loaded 55-gallon drums containing more traditional TRU waste average 14 grams
of plutonium-239 per container.

As of the end of September 2019 according to the Waste Data System/WIPP Waste Information
System, a total of 124,593 standard 55-gallon drums had been emplaced in WIPP (see Chapter 5,
Table 5-1), which is roughly 70 percent of the total number of containers emplaced. Of the 124,593
standard 55-gallon drum total, 26,887 were POCs. Notably, the amount of plutonium-239 material
within the emplaced POCs adds up to 3.2 MT, which is consistent with the amount of emplaced
surplus plutonium in WIPP shown in Figure 2-1 (yellow box).P

continued

RCRA, enacted in 1976, is a statute designed to provide “et@adieave” control of hazardous waste by
impasing management requirements on generators and transporters of hazardous wastes and on the owners and
operators of treatment, storage, and disposal faci{giss https://www.epa.gov/enforcement/resowaeservation
andrecoveryactrcraandfederatfacilities, accessed April 22, 2020).
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BOX 2-3 Continued

(b) (c)

(c) Criticality Control Container/Criticality
Characteristics (a) Direct-loaded | (b) Pipe Overpack Container Control Overpack (CCC/CCO)
Inner dimension N/A 12-inch-diameter pipe 6-inch-diameter pipe
Physical volume 0.21m? 0.21m? 0.21m?
Inner container volume 0.21m? 0.046 m® 0.013 m®

BOX FIGURE 1 Graphical illustration of the three types of 55-gallon drums approved for disposal of TRU waste at WIPP
with information on the physical volumes (outer container volume) and inner container volumes affected by the volume
of record decision. (a) A standard sized, direct-loaded 55-gallon drum, (b) a pipe overpack container which has a 12-
inch pipe centered within a 55-gallon drum, and (c) the criticality control overpack which has a 6-inch-diameter pipe (the
criticality control container) centered in a 55-gallon drum.

SOURCE: Committee-generated with information from (p. 20): https://www.wipp.energy.gov/library/WDS/DOE-WIPP-09-
3427_Rev_17.pdf (accessed April 21, 2020).

The dilute and dispose plan would produce approximately 160,666 CCOs (based on a total of 48.2
MT of surplus plutonium and 300 FGE per CCC)—more than the number of 55-gallon drums currently
emplaced in WIPP. The LWA volume for the DSP-TRU waste, using the numbers above, would be
2,057 m3 while the TMW volume would be 33,740 m®—a factor of 16 larger.

a0ther types of POCs are used, but the 12-inch POC is the most prevalent.
bOnly 58 POCs used a 6-inch-diameter inner pipe; the remainder used the 12-inch POC.

The WIPP LWA required EPA to provide an initial certification of WIPP’s compliance with EPA’s
disposal reglations before operations could begin. Thereafter, every 5 years EPA must conduct a
recertifcation of WIPP’s compliance with EPA’s radioactive waste disposal standards, and based on
updated information submitted by DOE. Much of the application conterreaiav process is effectively
governed by the respective requirements of 40 CFR Parts 191 and 194. These two regulations are
described in more detail below.

2.3.2.1 Environmental Radiation Protection Standards for Management and Disposal of Spent Nuclear
Fuel and Transuranic Radioactive Wastes (40 CFR Part 191)

The principal federal regulations covering radiation protection for the WIPP operational and post
closure phases are found in 40 CFR Part 191, which is divided into three parts as described by the EPA
website?°

X Subpart A limits the radiation exposure of members of the public from the management of spent
nuclear fuel and radioactive waste prior taditgposat—in other words, during the operational
period up to the point when [the WIPP] repository shafts are backfilled and sealed (WIPP facility
closure).

205eehttps://www.epa.gov/radiation/environmentabliation protectionstandardsnanagemet-anddisposal
spentnuclearfuel (accessed May 20, 20R0
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FIGURE 2-4 Oil-bearing shale formations in the Delaware Basin as recently identified by the U.S. Geological
Survey. The Third, Second, and First Bone Spring Assessment Units (AUs) are overlapping and are shown by a
single blue line. An orange line indicates the Lower Avalon Shale formation, and the maroon line indicates the
Upper Avalon Shale formation. A green star (latitude 32.37, longitude 103.79) indicatemillee4-4-mile WIPP
location. SOURCES: Gaswirth et al., 2018; USGS, 2018.
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BOX 2-4 Definitions of Pre- and Post-Closure Periods

The committee was directed to evaluate DOE’s understanding of the impacts of its dilute and
dispose plans on WIPP pre- and post-closure safety and performance. These terms are defined by the
International Atomic Energy Agency (IAEA, 2011, p. 7) below.

Operational (pre-closure) period:

The operational period begins when waste is first received at the facility. From this time,
radiation exposures may occur as a result of waste management activities, and these are
subject to control in accordance with the requirements for protection and safety. Monitoring,
surveillance and testing programmes continue to inform operational management decisions
and to provide the basis for decisions concerning the closure of the facility or parts of it. Safety
assessments for the period of operation and the period after closure and the safety case are
updated as necessary to reflect actual experience and increasing knowledge. In the operational
period, construction activities may take place at the same time as waste emplacement in, and
closure of, other parts of the facility.

Post-closure period:

The post-closure period begins at the time when all the engineered containment and isolation
features have been put in place, operational buildings and supporting services have been
decommissioned and the facility is in its final configuration. After closure, the safety of the
disposal facility is provided for by passive means inherent in the characteristics of the site and
the facility and in the waste package characteristics, although institutional controls, including
some post-closure monitoring, may continue, for example, for the purposes of providing public
assurance.

For this report, the terms regarding the pre-closure, emplacement, disposal, and operational period
refer to the pre-closure period while the post-closure period refers to the period after decommissioning
(closure) of the facility from further operations.2

aThe Land Withdrawal Act defines a “disposal phase” as the period through the last waste container emplacement,
followed by a “decommissioning phase” as the period ending when all shafts at the WIPP repository have been
backfilled and sealed.

X Subpart B sets containment requirements for disposal systems, which limit the amount of
radioactivity that may enter the environment for 10,000 years after facility closure. Subpart B
also sets individual protection requiremethizt limit the amount of diation to which an
individual can be exposed from an undisturbed repository. Subpart B also provides assurance
requirements that involve additional measures,(mgnitoring, permanent markers, institutional
controls) intended to provide confidence in the kgrgn containment of radioactive waste.

X Subpart C includes groundwater protection requirements that for 10,000 years after waste
disposal, contamination in effite underground sources of drinking water will not exceed the
maximum contaminant levér radionuclides established by EPA under the Safe Drinking
Water Act.

The relationship and application of 40 CFR Part 191 to the WIPP operations anthpost phase are
illustrated in Figure 5.

The 1996 National Research Council report The Waste Isolation Pilot Plant: A Potential Solution
for the Disposal of Transuranic Wadttates that EPA’s 40 CFR Part 191 “is unique in that, in addition to
regulations based on radiation dose, repository compliance also is based on calculations of release
fractions of selected radionuclides” (NRC, 1996, p. 16, emphasis added). This containment requirement
addresses the ability of a repository to isolate waste from the environment, without distinguishing releases
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that would lead to significant doses from those thauld not. The specified release limits scale with the
guantity of waste in a repository (i.e., the more disposed waste, the more radiation that may be released);
for this reason, they are specified in terms of curies (Ci) that may be released per 10,000 years per 1,000
metric tons of heavy metal (MTHM). For a repository such as WIPP, which is designed for disposal of
TRU wastes, EPA has established in 40 CFR Part 191 that 1,000 MTHM is equivalent to 1,000,000 Ci of
TRU wastes with greater than-26ar hal-lives (note that 1 MT of plutoniufB39 contains

approximately 63,000 Ci; see Box12-

2.3.2.2 Criteria for the Certification and Recertification of WIPER@mpliance with the 40 CFR Part 191
Disposal Regulations (40 CFR Part 194)

In addition to theadioactive waste disposal standards in 40 CFR Part 191, EPA issued compliance
criteria in 40 CFR Part 194 he criteria are used to guide the initial certification and subsequent
recertification of WIPPs compliance with the final radioactive waste dispstndards of Pa91, and
are divided into four syiarts as described on the EPA web#$ite:

X Subpart A contains useful definitions of terms, references, and reporting requirements for DOE,
and describes EPA authority to modify, suspend, or revoke didiion or reertification.

X Subpart B specifies the content of applications and the procedure for submission.

X Subpart C consists of requirements for demonstrating compliance witts BRposal standards,
as well as general requirements regarding quality assurance and the use of computer models to
simulate WIPPs performance, for example.

x Subpart D describes the EPA process for public participation in certification and recertification

decisions.
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FIGURE 2-5 EPA Regulations in 40 CFR Part 191 diagramming the relationship among Subparts A, B, and C to
operational (preclosure) and postlosure periods. SOURCE: Basabilvazo, 2019, slide 5.

21Seehttps://www.epa.gov/radiation/epasie-wasteisolationpilot-plantwipp (accessed May 20, 20R0
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2.3.2.3 New Mexico Environment Department’s Role

Not all of the TRU wate bound for WIPP contains a hazardous component. However, a decision
was made to manage all of the WiB&und and emplaced waste as mixed hazardous and radioactive
waste and therefore subject to RCRA regulatfdihe State of New Mexico is authorized BRA to
carry out the State’RCRA and mixed waste programs in lieu of the equivalent federal programs. NMED
reviews permit applications for treatment, storage, and disposal facilities for hazardous waste, under
Subtitle C of RCRAIN the case of the WIPCcility, it is defined as a “miscellaneous yh#nd as such,
NMED grants the WIPP Hazardous Waste Facility Pe(Hiit/FPY?2 for such things as the maximum
capacity of individual disposal panels (WIPP, 2018) or the more recent permit modification approval
(NMED, 2018) regarding the TRU mixed waste disposal volume reporting (see B8xasd225). The
HWFP has a 1&ear term. The first permit renewal application was submitted to NMED in May 2009,
and the NMED Secretary issued a final order granting the renewal of the WIPP HWFP, effective on
December 30, 2010. The next permit renewal application is due to NMED in July*202iaft WIPP
Strategic Plan, released for public comment in August 2019, cites the need for newgraseisably to
accommodate futuréRU waste and a 1gear rapplication to NMED for the HWFP to operate WIPP
(DOE-CBFO, 2019b).

Note that EPA certifies continued compliance with disposal safety regulations every 5 years, and
NMED issues a facility permit (to operate WIPP) every 10 yddrs.assumption of continued sustained
operations for the next 280 years is subject to compliant operations and periodic regulatory rdadw
of which pose potential risks for consideration (see Ch&pter

2.3.2.4 Relevant DOE Orders and Standards

In addition to 40 CFR Part 191, Subpart A reporting requirements applying during the operational
phase, the WIPP facility operations are also subject to a number of DOE Orders and Standards for the
annual preparation, review, and approval of safety basis documents. For example, DOE Standard,
“Preparation of Safety Basis Documents for Transuranic (TRU) Waste Facilities,” compels the
development of documented safety analyses and corresponding technical safety requirements (DOE,
2007). See, for example, “Wadsmlation Pilot Plant Documented Safety Analysis, Revision 6a” or
“Waste Isolation Pilot Plant Technical Safety Requirements, Revision 6a” (Nuclear Waste Partnership,
LLC, 2018a,b), which are usually prepared by the operator/contractor for WIPP, iaghillgclear
Waste Partnership LLC, which are ultimately reviewed and approved by DOE in a safety evaluation
report (DOE, 2018a). For another example, see Box 2-

The committee considered the possible addition of-DRB waste in the context of its poteaiti
effect on the demonstrations of regulatory compliance for thelpseire and posatlosure periods. Such
considerations are elaborated in the following two sections. The committee reiterates from Chapter 1 that
the evaluation provided below should not be construed as supplanting the regulatory function or
influencing the determination of safety by regulatory bodies, but rather is intended to contribute to the
objectives noted in thet&ement offask (see Box-1).

2.3.3 WIPP PreClosure/Disposal Operaions Through Emplacement
The following activities are part of the operational phase at WIPP: the receipt at WIPP of the waste

transporter (e.g., Transuranic Package Transporter Model 2 [TRUPPQTHaIfPACT; see Box 31);
payload and container handling, and conveyance to and emplacement in the underground.

22Seehttps://www.epa.gov/rcréaccessed May 20, 2020

235eehttps://www.env.nm.gov/hazardowsste/wipppermitpage(accessed May 20, 2020

2“New Mexico Administrative Code, http://164.64.110.134/parts/title20/20.004.000hgcdssed May 20,
2020.
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The WIPP waste acceptance criteria (WADOE-CBFO, 2018} places constraints on the physical,
chemical, and radiological properties of TRU waste, as well as the properties of the appéighkiald
containers and packages, and summarizes the quality assurance requirements relating to waste
characterization, certification, and transportation, as determined by WIPP’s safety authorization basis and
regulatory requirements. Waste is not approved for shipment to and disposal at WIPP until it has been
certified as meeting these criteria. Within the WIPP safety basis documents for operations, the WIPP
WAC is credited with reducing both the likelihood and consequences of adverse events.

2.3.4 WIPP PostClosure Performance

The documents supporting the most recent 2019 WIPP CRA, for both operational acldsuost
safety evaluations, were not available to the committee until its deliberations were substantially
complete?® However, DOE provided the committee surrogate information supporting much of the same
basis and, in April 2019, provided documents supporting the evaluation afigeste performance with
regard to criticality safety and compliance with containment standards per 40 CFR Partyl®la(th
Scaglione, 2018; Scaglione and Saylor, 2018; Zeitler et al., 20T&g impact assessment (Zeitler et al.,
2018) included the general chemical characteristics of the adulterant, which were included in the special
inventory report produced by LAN&pecifically for this analysis (LANL, 2017).

BOX 2-5 The New Mexico Environment Department’s Approval of Permit Modification Requests for WIPP

The State of New Mexico, through NMED, regulates the hazardous waste at WIPP (all waste
received at WIPP is managed as hazardous) and permits the WIPP facility and its operation. New
Mexico and NMED do not have the authority to regulate the radiological aspects of the waste at WIPP,
but in most other respects, the continued operation of WIPP is contingent on the favorable permitting
issued by NMED.

WIPP permit modification requests (PMRs) and their class determination are governed by 40 CFR
§ 270.42 (Permit modification at the request of the permittee). Appendix | of the regulation specifies a
number of possible permit modification and their classification, but in general:

x Class 1 modifications are for changes that are largely administrative in nature.

x Class 2 modifications apply to changes that are necessary to enable a permittee to respond, in
a timely manner, to common variations in the types and quantities of the wastes managed under
the facility permit.

x Class 3 modifications substantially alter the facility or its operation.

Each class of modification carries specific requirements for the level of detail, schedules, appeals,
etc. and, importantly, the expectations for public notice and public hearing. Class 3 PMRs allow for
greater public involvement and hearing of concerns and a longer review period than Class 1 or 2
requests. The volume of record permit modification request submitted by DOE-CBFO to NMED was
submitted as Class 2 PMRs, which was subsequently upgraded to Class 3 PMRs and ultimately
approved by NMED (see Box 2-3).

25The preparation and delivery of the anticipated March 2019 Compliance Recertification Application (CRA) by
DOE-CBFO to EPA has been affected by the 2014 WIPP accident and subsequent recovery efforts; consequently,
portions of the application are deferred (DOBFO, 2017a). Notably the pesibsure performance assessment
calculations were deferred but are now available.

26As noted by Zeitleet al. (2018, p. 13), “The analysis is not in support of a planned change request (PCR) or
planned change notice (PCN) to be submitted by the DOE to the EPA, and was not performed as a compliance
calculation. Instead, the planned use of the analysisiipasinto a National Environmental Policy Act (NEPA)
analysis.”
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BOX 2-6 Importance of Documented Safety Analysis and Corresponding Safety Evaluation Report

The Defense Nuclear Facilities Safety Board (DNFSB), whose mission? is to provide independent technical
advice to the Secretary of Energy, recently issued a report that reviewed and provided advice related to specific
deficiencies and weaknesses in Department of Energy Standard 5506-2007, Preparation of Safety Basis
Documents for Transuranic (TRU) Waste Facilities (DNFSB, 2018).

DNFSB's report raised several concerns about possible deficiencies and which could have bearing on the
operational safety management for criticality control overpack (CCO) containers. DNFSB noted concerns with the
statistical application of the material at risk (MAR) methodology that could lead to nonconservative decisions
when developing safety bases. Furthermore, the DNFSB noted that while the DOE-STD-5506-2007 MAR
methodology can be accepted for waste containers prepared in accordance with the WIPP WAC, the standard
also cautions that “attention should be given to whether the scope of container activities could unintentionally
concentrate problematic containers, thereby invalidating the MAR methodology” (DOE, 2007, p. 23). To this point,
the DNFSB staff evaluated how the quantity (density) of MAR in 55-gallon drums varies within the underground at
WIPP, and noted that the mean MAR per disposal room varies considerably (see Box Figure 1).
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BOX FIGURE 1 Variation of mean MAR among rooms at WIPP. SOURCE: DNFSB, 2018, fig. 2.

DNFSB's staff concluded that the variability in MAR per room is not random statistical variation and
suggested that bias associated with individual waste transfer campaigns from different sources contributed to the
variation, calling into question the conservatism of the statistical MAR methodology.? The committee notes that
this "transfer campaign bias” could be aggravated with the addition of a single waste stream of more than 160,000
containers of DSP-TRU waste over a 30-year campaign, exacerbating concerns over the lack of conservatism in
MAR methodology. However, DSP-TRU wastes were not included in DNFSB's review.

The DNFSB staff summarized that “[e]valuation of postulated scenarios in the WIPP DSA using the statistical
MAR methodology indicates a likelihood that clusters of problematic containers exist, which would result in higher
source terms (i.e., more severe releases with higher consequences) than those analyzed scenarios” (DNFSB,
2018, p. 3-6). The DNFSB concluded that “if the statistical MAR methodology outlined in DOE Standard 5506-
2007 continued to be employed in the accident analysis without further administrative controls, there would be a
high likelihood that future waste operations would unintentionally concentrate problematic waste containers and
create the potential for accidents with higher consequences than those analyzed in the draft DSA” (DNFSB, 2018,
p. 3-5).

DNFSB reported that DOE and the WIPP contractor, Nuclear Waste Partnership LLC, cryptically responded
that it had “established a key element in the DSA to protect key analytical assumptions associated with the MAR
statistics used in the accident analysis” (DNFSB, 2018, p. 3-6).

aSee https://www.dnfsb.gov/about/mission (accessed February 22, 2020).
bSee, for example, the shipping campaign from Idaho National Laboratory (Hedden, 2019).
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As noted in Box 2, the postlosure phase begins once the facility is no longer receiving waste and
is in its final configuration (i.e., shafts are closed and sealed). In thiglpssate context, the safety and
performance of the disposal facility are provided primarily by passive means inherent in the
characteristics of the site and the decommissioned facility (i.e., shaft seals) and in the characteristics of
the waste and waste package collectively to provide fortemy containment and isolatiorofn the
accessible environment.

2.3.5Principal Post-Closure Safety and Performance Criteria

The principal waste disposal regulations regarding the WIPFcfmsstre period are provided by 40
CFR Part 191, Subparts B and C, with the WIPP Compliance Criteria at 40 CFR Pahel st
closure performance criteria for WIPP are set forth in the containment requirements of 40 CFR § 191.13,
which sets normalized standards for cumulative radionuclide releases to the accessible environment
assessed ovef00 yearsContainment standards with normalized releases are distinct from more
common radiation protection standards based on dose limits. Unlike regulation of other geologic
repositories now under development elsewhere in the world, WIPP is unique in its use of containment
standards with normalized releases (NRC, 19Bi6¢.40 CFR8 191.13 containment requirements
applicable to WIPP allow radionuclide releases in proportion to the total radioactivity of the disposed
inventory In other words, the more radioactivity is contained in the repository, the more radioactivity can
be released. In contrast, a repository wittbaebased radiation protection standard would limit the total
inventory of the repository based on the calculated doses from radicgmdisies that escape
containment.

For a description of the manner in which the containment requirements are evaluated, see below.

2.3.5.1 Compliance Application and Certification

DOE-CBFO demonstrates compliance with the containment requirements agdorthe
ComplianceCriteria in 40 CFR Part 194 by means of PA calculations performed by Sandia National
LaboratoriesWIPP PA calculations estimate the probability of potential radionuclide releases from the
repository to the accessible environment foegulatory period of 10,000 years after facility closure,
presently assumed as 20@unnel, 2019, p. 9). In the context of the 10,§@@r regulatory containment
requirement, note that the h#fe of plutonium239, a major component of the DFRU wage inventory,
is 24,110 years. See Box12

Via the WIPP Land Withdrawal Act, Congress required EPA to certify that WIPP complies with the
waste disposal regulations of 40 CFR Part 191, Subparts B and C, as welldBRhE€ompliance
Criteria of 40 CFR R&194. Congress also required EPA to recertify the facility every 5 years following
the initial receipt of transuranic waste until the end of its operational activities.

EPA describes the recertificatias “a process that evaluates changes at WIPP to determine whether
the facility continues to meet all the requirements of EPA’s disposal regulations. The recertification
process helps ensure WIBRontinued compliance based on the most accurate;date information
available”(EPA, 2019) The recertification process verifies that changes in the WIPP facility
configuration based on the waste emplaced in the precgdieagr period and the projected inventory
comply with EPAs disposal standards for radioactive waste.

As a baseline, EPA indlly certified WIPP on May 13, 1998, and WIPP first received TRU waste
on March 26, 1999. DOE subsequently submitted applications for recertification in March 2004, 2009,
2014, and 2019. EPA has officially recertified the WIPP facility, confirming that it continues to comply
with the agency's radioactive waste disposal regulations as describedlaleaah case, EPA and others
have raised technical concerns over various model and parameter issues used i Thedughout and

2"Note that each iteration adds further complexity to the baseline code.
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between recertifications, @E-CBFO has worked to address those congenndits resolutions are
reflected in the subsequent recertification applications; additionally -OBED addresses technical
concerns without waiting for the next recertificatfén.

2.3.5.2 Performance Assessment Inventoriee: ATWIR and the PAIR

DOE-CBFO compiles an Annual Transuranic Waste Inventory Report (ATWIR) to document the
forwardlooking inventory estimate of TRU waste reported by the TRU waste generator sites as of
December 31 of the prior yedrRU waste generator sites are asked to report the most comprehensive
TRU inventory estimate available, including decontamination and decommissioning waste and all other
defenseaelated TRU waste information projected through the presumed WIPP cttzgarand additional
estimates beyond then, if availablde 2018 ATWIR “will provide the basis for the Performance
Assessment Inventory Report for development of the 2019 Compliance Recertification Application
(CRA) deferred performance assessment (R “focuses on all TRU waste stored or projected to be
generated through CY 2033 at the TRU waste generator sites in order to reflect the WIPP facility closure
date for the CRA019 deferred PA(DOE-CBFO, 2018ap. 9).

ATWIR waste streams are designated as either VdilRIAd (appear to meet the requirements for
emplacement in WIPP) or Potential (have one or more criteléed issues to be resolved) and include
estimates for TRU waste volume, radioactivity, waste material parameters, packaging materials,
complexing agents, oxyanions, and radionuclides. Emplaced waste is derived from the Waste Data
System, the official database of record for waste already emplaced in WIPP and merged with the ATWIR
inventory to create a Comprehensive Inventory Database.

An example of a waste stream moving from PotemtialVIPRboundthat is important to the
committee’s analysis is the waste stream from the 6 MT ofitgelutonium material. The 2016 ROD
for the 6 MT allowed that plutonium waste stream to move from Batéo WIPRbound.The timing
was such that the DSFRU waste associated with the 6 MT of Aaihplutonium was not included in
EPA’s 2014 compliance recertification. This amount has been included, for the first time officially
assessing the impact of serof the DSPTRU waste in WIPP, in the 2019 CRA. Subsequent
recertification applications can be expected to include additional fractions of the totdIFLEP
inventory, for example, in response to relevant RODs that may be issued.

The ATWIR information is used for strategic planning and supports DOE input into, for example,
WIPP documented safety analysis, and in appropriate years provides the basis for the Performance
Assessment Inventory Report (PAIR) for development of the Compliance Recertificatiacatippl
(LANL, 2012).

The PAIR compiles the inventory of Emplaogédste with the inventory identified 8¢lPP-bound,
and is used principally as the inventory basis (waste container volume and waste characteristics) for the
corresponding PAIf the total inventory volumes in the PAIR compilation are less than the legislated
capacity (i.e., 175,564 hmotal TRU waste) then the inventory values are artificially increased (scaled) in

2§ Information on subsequent compliance recertification applications by ©OBFO and compliance decisions by
EPA (2019) may be found for the following:

X 20142017 Compliance Recertification (https://www.epa.gov/radiation/certificatimrecertification
wipp#2014, accessed March 23, 2020).

X 20092010 Compliance Recertification (https://www.epa.gov/radiation/certificatimrecertification
wipp#20092010, accessed March 23, 2020).

X 20042006 Compliance Recertification (https://www.epa.gov/radiation/certificatimrecertification
wipp#20042006, accessed March 23, 2020).

X 1998 Compliance Certification (https://www.epa.godiation/wipp1998-compliancecertification
documents, accessed March 23, 2020).
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order to simulate a “full” repository, as the BRplicitly assumes that WIRB filled to its legislated
capacity at time of closure, as required in 40 CFR § 194.24.

2.3.5.3 PosClosure Performance Assessment Analyses

In addition to using the PA calculations for the CRAs, PAs may also be used for sensitivity studies
in suppot of, for example, DOENNSA's efforts to comply with NEPAlriven environmental
assessmesbr environmental impact statements on proposed aclibiswas the case with the 2016
ROD for DOEEM’s 6 MT, which reportedly relied on a WIPP PA analysis in suppicdhe DOE Final
Surplus Plutonium Disposition Supplemental Environmental Impact Statement (DOE, 2015a).

2.3.6PostClosure Criticality Safety Analysis

As described in more detail later in the report, the surplus plutonium waste form is targeted for
packaging in the CCQvhich itself is nested within a CC®ee Figure &), which as the name suggests,
is designed to safely maintain subcriticality, particularly during the transport and disposal operation
phases at WIPP (Washington TRU Solutions, 2008is safety basis should remain as long as the CCC
retains its physical configuration (i.e., the inner can does not sustain damage). Once all the waste is
emplaced underground at the end of disposal operations, thelgmste phase begins. The disposal room
will eventually close, as the salt creeps around the waste as intended, and this will ultimately damage the
waste containers. This needs to be factored in when assessing whether the plutonium mass might
someday be reconfigured in a way that could tesah accidental criticality (see Figuré®

For the postlosure PAat WIPP, the analysis of features, eveais] processes (FEP), including

those regarding nuclear criticality, is governed by 40 CFR Parts 191 and 194, whichnai&®R to be
screened out from incorporation in the B either a lonconsequence or loyprobability rationale. A
low-probability rationale includes eitharqualitative rationale that the FEP is not credible, or a
quantitative demonstration that the probability is less thahii@0,000 years. In prior years, with waste
streams anticipated at the time having generally more dispersed fissile material, the issue of potential
criticality was routinely screened out as mechanisms to concentrate fissile radioisotopes dispersed
throughout the waste were considered absegt Rechard et al., 2000). Later in the report, the
committee explores and reviews tastclosure criticality analysis which includes the diluted surplus
plutonium waste streams (see Chapler
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FIGURE 2-6 Evolution of emplaced waste and salt creep in WIPP for emplaced TRU waste packages,
simulation of 0, 1Qt5, and 1,000 years (Hansen, 2009). SOURCE: Image provided by Sandia National
Laboratories.

29PA scaling has assumed a distribution of 168,482 TRU and 7,079 /fRH-TRU. Under the volume
accounting for the TMW volume, it is likely that the CH TMW volume will beatge than the CH LWA volume of
168,485 M
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2.4 OVERVIEW OF RISK ASSESSMENT

This section briefly describes the different types of risk considered by the dilute and dispose plan
and within this report. Specific risks are explored by the committee in greater detail in key sections of the
report, for example, in the committee analysis related to spaté-operations and transportation.

There is no single definition ofisk,” considering the multiple disciplines it spans including public
health, environmental science, design and engineering, business, law, and many others. For example, the
Society for Risk Analysis found more than two dozen definitions for risk in the literature (Lowrance,

1972; Greenberg et al., 2012; Haimes, 2016). While there is no single definition, for purposes of this
dilute and dispose report, which is heavily focused on humathheosts, schedule, and diversion or

theft of material, we define risk as a measure of the probability and severity of consequences (Lowrance,
1972; Greenberg et al., 2012; Haimes, 2016).

2.4.1 Human Health, Safety, and Ecological Risks

The field ofrisk assessment emerged from concerns about human health and safety that had become
major public policy issues in the 1970&iree welknown applications of the risk concept were to chemical
carcinogens, nuclear power plants, and hazardous waste manaddrase early applications focused on
human health and safety with researchers defining three risk assessment and three risk management
guestions. By no means do these six questions represent a universally accepted consensus. Others have as
few as four ad up to a dozen questions and subquestions (Greenberg et al., 2012; Haimes, 2016).

Risk assessment:

(1) What can go wrong? (hazard event);
(2) What are the chances that something with serious consequences will go wrong? (likelihood); and
(3) What arehie consequences if something does go wrong? (consequence).

Risk management:

(1) How can consequences be prevented or reduced? (prevention);

(2) How can recovery be enhanced, if the event occurs? (resilience); and

(3) How can officials, expert staffnd the public organize and be informed to reduce risk and
concern and increase trust and confidence? (organization).

PAis a version of human heal#mdsafetyoriented risk analysis used by designers who are called
upon to demonstrate that a facility or structure is able to withstand stresses and contain material over a
requiredifespan. DOE’s PA at WIPP represent among the most important and challesglications
insofar as DOE must demonstrate the effectiveness of geological and engineered barriers to prevent
movement of hazards from a contained environment to an open one that could expose people and the
environment over a 10,08@ar period. To address these requirements, analysts have used deterministic
simulations to drive the process and added probability tools to simulate epistemic (kneelatgh and
aleatory (timerelated) uncertainty (Helton, 1994; Helton et al., 1999; Society for Risk Analysis, 1999).

The PAs parallel in traditional risk assessment is a “level 3 probabilistic risk assesswianh is
a multistage analytical process that begins with identifying hazard events and ends with an estimate of
human health and safety riskstive environment. For example, when DEBESA was considering the
MOX fuel option, it used a level 3 PRA to compare the human health consequences obdsisigmd
beyondedesignbasis accidents with normal nuclear fuel and a combination of MOX and normal uranium
fuel (DOE, 2015¢cAppendix J).
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2.4.2 Economic Risks and Opportunities

Economic risk and opportunity analysis focuses primarily on costs. Human health and safety risks
are orshould be part of cost considerations but are not explicitly calculated (Epstein amliRejac
2005; World Bank, 2013StebbinswWheelock and Turgeon, 2018 he essence of an economic risk and
opportunity analysis is to sort through many optionsrtd those with the lowest level of economic risk
and highest level of economic opportunity, and then narrow down the list to an affordable and
manageable set of priorities so one can most effectively invest to reduce economic risks and increase
economic beefits. A common business example in the early 21st century is that many manufacturers are
reluctant to invest in major new facilities because of the health, ecological, regudaidigommunity
challenges involved. Instead of building entirely new faedlitmany are increasing capacity by adding on
to existing sites and at the same time upgrading the technology of existing facilihes they represent
the latest, cleanest, most efficient, most reliabiel safest technology. Those steps are madklte
both human health and economic risks (Greenberg, 2018; Kunreuther and Isseem, 2018)

Traditional risk analysis, PAand risk and opportunity analysis share and face many major
challenges withrraditional analyses. Two of the many major challengesliscussed herEirst, each
requires likelihood estimates (hence Bayesian Monte Carlo simulation is a component of applications of
the dilute and dispose option). Second, the complexity of these applications poses a challenge to those
charged with expiaing these risks to a diverse set of audiences.

As discussed above, the dilute and dispose project has international implications for the surplus
plutonium management as well as political, legal, and social challenges for the states and local
governmentshat are origination and destination points for the plutonium (such as New Mexico, where
the DSPTRU waste will be disposed, and South Carolina, where it will be processed). These challenges
along with risks to human health, safety, and diversion antidhefaterial are discussed in the chapters
that follow.
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Plans to Dilute and Dispose

This chapter describes the Department of Eneryjational Nuclear Security Administration’s
(DOE-NNSA's) conceptual plan to dilute and dispose of surplus plutonium matetiahasiranic

(TRU) waste in the Waste Isolation Pilot Plant (WIPPhe plan is described by key locations
throughout the DOE complex (Pantex, Los Alamos National Laboratory [LANL], Savannah River
Site [SRS], and WIPP) and adties including transportation between the sites. Plans for scaling

up operations and DO#lentified risks are presented. Analogous plans, developed by DOE’s Office
of Environmental Management (D&EM), for dowiblending (i.e., diluting) and disposing of up to

6 MT of surplus noit plutonium in WIPP are also describéd.

The committee received a set of documents and several briefings froaANNOSE that describe its
plans to dilute and dispose of 34 metric tons (MT) of surplus plutonium material. The list of documents
shown in Table 3 is part of a larger set of DA@ENSA's Life-Cycle Cost Estimate documents (SRNS,
20183.2 Several documents in Tablel3vere updated from those that the committee had available when
it released its Interim Repodnd other documents were new to the committee. For example, the system
plan was updated; ridkased documents, the Risk and Opportunity Management Plan (RERNS,
2018d) and the Risk and Opportunity Analysis Report (ROBRNS, 2018e), were new to the
committee as were analysis reports of criticality (Saylor and Scaglione, 2018) and initial performance
assessment with the added diluted surplus plutonium transuranieTfR$Pwaste streams (Zeitler et al.,
2018).

The scope and overview of DEMENSA's dilute and dispose plan are described below. Any
differences between this description of the dilute and dispose plan and the one provided in the Interim
Report are noted.

3.1 CURRENT STATUS OF DOENNSA’s DILUTE AND DISPOSE PLANNING EFFORT
DOE-NNSA began planning for the dilute and dispose process in 2016, following the completion of

a DOEled Red Team review of alternative options to the mixed oxtf@X) plan (Mason, 2015; see
Box 3-1). A high level schedule of DOENSA's dilute and dispasplan is shown in Figure B-

IAs used by different offices within DOE, the terms “downblend” and “dilute” are synonymous and describe the
process for mixing surplus plutonium with an adulterant to ensure that plutonium “is not recoverable without
extensivareprocessing.” DOE notes in its Surplus Plutonium Disposition System Plaftthattérm dilution is the
international nomenclature for using an adulterant to provide proliferation resistance and is in no way intended to
avoid any applicable regulatorgquirements”$RNS, 2016, p. 8). The committee has chosen to use the terms
“dilute” or “dilution” throughout this report, even when referring to DK plans and activities.

°DOE-NNSA's dilute and dispose documents that are not releasable to the puldinatehared with the
committee. For example, DOENSA'’s planning documents that contain proprietary orgeeisional information
could not be shared with the committee. Information and data gathered througjtadiginal Academies consensus
study are magl available to the public based on Federal Advisory Committee Act Section 15 requirements. For
access to the publicly available documents used by the committee, contact the National At&ddxicesccess
Records Office (PARO) gtara@nas.edu.
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TABLE 3-1 Set of DOE-NNSA Planning Documents for the Dilute and Dispose Program That Were
Available to the Committee and Regaced Throughout This Chapter

NOTES: All documents listed are available for public accgagannah River Nuclear Solutl®is a contractor that
reports to DOE.
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BOX 3-1 Red Team and Independent Reviews of MOX Alternatives

Following a 2014 report issued by a DOE working group created to identify more cost-effective
alternatives to the MOX approach (DOE, 2014), an independent 2015 DOE Red Team review compared
the MOX option to the dilute and dispose option and concluded that the latter process was technically viable
and could be implemented at about half the cost of the former process (Mason, 2015). The Red Team also
concluded in its executive summary that the “[economic] 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” (Mason, 2015, p. xi).2 The review also identified regulatory and
other issues, including WIPP capacity, that “are not insurmountable” but should be addressed as early as
possible during the planning phase. Neither report considered the no-action alternative; the focus of both
studies was to assess disposition alternatives relative to MOX.

aThe type of risk quoted refers to the assessment of programmatic and technical risks (see Mason, 2015, p. 34,
for more discussion).

DOE-NNSA's planning effort is being managed under DOE Order 413.3B, Program and Project
Management for the Acquisition of Capital Assets, and has passed Critical Decisior0}) @&Hprove
Mission Need; CEL in late 2019, which marked the completion of the project definition phase and the
conceptual design (DOE, 2010, p6Atable 2.1); and CI3A, in mid-February 2020 to allow for specific
construction activitieso begin (DOE, 2010 DOE-NNSA currently estimates that the effort to dilute and
dispose of 34 MT of surplus plutonium will cost $18.2 billion (in tiyear dollars) and take 31 years to
complete, beginning with conceptual design in 2018 and ending mjtlaeement of all 34 MT of DSP
TRU waste in WIPP in 2049 (DOE, 2018b).

The process outlined in the National Environmental Policy Act (NEPA) requiresNINGEA to
obtain public comments and inputs on decisions and actions. The NEPA plans for dilutpease were
presented in April 2019 to the committee (Richard, 2019). A notice of intent was expected to be issued in
late 2019, but as of the writing of this report in early 2020, it had not yet been issued. A final
environmentalmpactstatement (EIS) was expected in A 2020, although this date appears unlikely
(see Figure 4; an updated schedule was not available to the committee). The committee has not yet seen
a detailed NEPA strategy for the conceptual plan or details on what constitutes aSinalsBlshown in
Figure 31 is the duration of the dilute and dispose process. The committee provides recommendations
related to NEPA in Chapter 5.

3.2 SCOPE AND PLAN OVERVIEW

The goal of DOENNSA's dilute and dispose program is defined in the project’'s System Plan: “to
plan and execute the disposition of 34 MT of surplus weapsable plutonium consistent with United
States (U.S.) nuclear nonproliferation policies in a-effeictive manner” (SRNS, 2018c, p. 8). DOE
NNSA's Defense Nuclear Nonproliferati office is managing the dilute and dispose project and is
focused on the disposition of 34 MT of surplus plutonium. However, the amount of diluted surplus
plutonium material that is under consideration for dilution and disposal in WIPP is as large as 48.2 MT (see
Figure 21). The 48.2 MT consists of up to 42.2 MT being managed by-BNEA (34 + 7.1 + 1.1 MT)
and 6 MT from DOEEM for which there is a Record of Decision issued (DOE, 2016a; LANL, 2017).

3Order 4B.3B outlines an internal DOE process for reviewing and approving large acquisition programs through
Critical Decision milestones. After reaching @DDOE program managers may proceed with conceptual planning.
See discussion in Chapter 2 dn@E (2010 p. A-5, table 2.0).

4First emplacements of diluted ngit plutonium and pit plutonium as DSIRU waste in WIPP are fiscal year
(FY) 2023 and FY 2028, respectively (see Figufd.3Recall that the cost estimates were developed in FY 2017
dollars and conveed to theryear dollars using escalation rates foun®®E (2018b.
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G

FIGURE 3-1 Key and critical milestones for the dilute and dispose conceptual plan, dated June 7, 2018. Red rectangles highlight the start of emplacement of the
7.8 MT diluted surplus nopit plutonium TRU waste (F2024), the 26.2 MT of diluted surplus pit plutonium (E828), and the end date (R049). There are

no key or critical milestones between FY 2033 and2B37, and these years are excluded from the figure. SOURCE: Modified from the DOE Master Schedule,
availableby request through the National Academies’ Public Access Records Office at paro@mhamgedyrovided byhe Department of Eneyg
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As noted below, DOBINSA'’s plans for dilution and disposal are based on EEMES current work on
the 6 MT. In the committee’s analysis below, 48.2 MT will be used when considering the full impact of
emplacing DSFTRU waste in WIPP.

DOE-NNSA's general plan and process steps are outlined in the System Plan (SRNS, 2018c) and
are described below with the key process steps shown in a simplified process flow diagram inZigure 3
DOE-NNSA's dilute and dispose plans make use of o#ixésting plans and processes to reduce both
costs and risk. For example, all of the transportation within the conceptual plan will make use of existing
federal transportation programs: DOE’s Office of Secure Trarampn{DOE-OST) and Carlsbad Field
Office (DOECBFO) TRU Waste Transportation program. Similarly, the pit management, disassembly,
and oxidation processes were originally developed for the MOX approach, and thebastdpsen
reviewed for critical risks.

After the plutonium oxide materiabaches SRS, it will follow a process path developed by-DOE
EM to address the processing and disposing of up to 6 MT of surplystr@atonium material, some of
which is currently stored at SRS (DOE, 2016a). The committee was told thaNDSE’s plans or
dilution and disposal (process steps C through E in Fig@)engre identical to DOEM’s process steps
for its 6 MT of material and that the two DOE offices will share resources and infrastfuGmice. the
DSP-TRU waste has been packaged, charamdriand determined to meet the WIPP waste acceptance
criteria, it becomes approved for inclusion in payloads and awaits shipment to WIPP. For nuclear material
control and accountability (MC&A) purposes, the diluted plutonium waste product is tracketeaalma
until it is loaded into a TRUPAGTI for shipment to WIPP.

FIGURE 3-2 Simplified process diagram for dilute and dispose. Four locations are shown: (A) Pantex in Texas, where
the surplus plutonium pits, a total of 26.2 metric tons (MT), are stored until they are ready to be processed; (B1) Los
Alamos National Laboratory (LADN in New Mexico, where the pits are disassembled and the plutonium material is
oxidized; (C) and (D) Savannah River Site (SRS) in South Carolina, where the oxidized plutonium material is diluted
with a classified adulterant, packaged, characterizedf dietermined to meet the WIPP waste acceptance criteria, it
becomes approved for inclusion in payloads and awaits shipment to WIPP via TRU Waste Transport; and (E) the
Waste Isolation Pilot Plant (WIPP) in New Mexico, where the diluted plutonium TRU isastelaced. A total of 7.8

MT of surplus nospit plutonium is oxidized at either LANL or SRS (B2). Methods of transportation between the sites
are indicated with arrows (Office of Secure Transportd@iT], orange, and TRU waste transport, light blue).

SOURCE: Modified from SRNS, 2018c, fig.|Zhage provided byhe Department of Energy.

5Based on the documents received by the committee, there is not an integrated schedule that includes the
downblendingdilution) and disposal of the 6 MT of surplus plutonium material being managed byEMOEIso,
DOE-EM’s work on downblending (dilution) and disposal does not fall under DOE Order 413.3B (as does DOE
NNSA'’s plan) as it is an ongoing operation. Thereftitere are no critical decision milestones required to conduct
the 6 MT program (see DGEM and DOENNSA responses to the committee’s questions, February 19, 2020,
available by request through the National Academies’ Public Access Records Office at paro@nas.edu).

5See DOEEM and DOENNSA responses to the committee’s questions, February 19, 2020. Available by request
through the National Academies’ Public Access Records Office at paro@nas.edu.
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All of the individual processes described above have been conducted and exercised by DOE (see
Figure 41 for a schematic of the process steps and DOE programs frar thily are modeled).
However, the endls-end process as described in the DIESA dilute and dispose plan has not been
exercised. Additionally, some of the important process steps have not been demonstrated at levels or rates
even remotely approaching ttieoughput proposed by the dilute and dispose plan. The committee
reviews the processing steps below and highlights several risks from scaling up to meet the plan’s
milestones.

3.2.1 Dilute and Dispose Scalingp Plans

As shown on Figure 2; there aréour locations in which different activities and processes take
place. Each of the high level processes and IDDISA'’s plans to scale up to meet the plan’s goals at
each site are described. Additional details are available in the documents listed B-T.able

3.2.1.1 Pantex Operations

DOE-NNSA's dilute and dispose activities at Pantex are related to the 26.2 MT of surplus
plutonium pits, which are currently stored there. Activities include retrieving, storing, and staging the pit
containers; shipping ¢hcontainers to LANL; and monitoring conditions for safety and accountability (see
Figure 32, process steps A to BIljhe pits will be shipped from the Pantex Plant to LANL via OST (see
Section 3.3.2 for details on OST). These steps are similar to tesigmeld for the MOX option. Staffing
is expected to increase from a baseline e22®ersons to 302 persons during sustained operations for
the dilute and dispose program. Efficiencies are expected to be gained through the use of new containers,
which ae under development and expected to be ready for the start oNDISBE's program.

3.2.1.2 ARIES at LANL

The LANL operations described in DENENSA'’s dilute and dispose plan consistreteiving pits
from Pantex, storage and staging, size reduction to particles, thermal oxidation of particles, packaging,
storage, staging, and shipping to SRS, with monitoring throudbesifFigure 2, process step B1Jhe
size reduction and oxidation processes are conducted in the Advanced Recovery and IntegeattmmExt
System (ARIES). ARIES was originally designed to demonstrate, at a pilot level, that pits could be safely
and securely disassembled and oxidized in support of the MOXQilingham, 2012) ARIES is located
in the Plutonium Facility at Technical Area 55, also referred to agl,’P& LANL. Notably, this is the
same facility in which DOENNSA has committed to increased pit production by 2030.

The nonpit oxide production step will process a total of 7.8 MT of surpluspipplutonium stored
in different DOE sites (see Figure23 process step B2). At this time, DOBSA has not decided how
much if any of the 7.8 MT of surplus ngit-plutonium material will be shipped to LANL or to SRS for
oxidation (SRNS, 2018c, p. 21).

ARIES rates of disassenybhnd oxidation were obtained from the Office of Cost Estimating and
Program EvaluatiorOE-CEPE) independent review of DENINSA's Life-Cycle Cost Estimate
(LCCE) plan. TheDOE-CEPE report shows a current rate of plutonium oxide production of 100
kilogranms per year (kg/yr), ramping up to 1,117 kg/yr betweer2B22 and FY2023 (DOE, 2018, p.
5).” Staffing increases from an &&rson baseline to 296 persons during maximum sustained operations
(DOE, 2018h. DOE-NNSA's ROAR identified equipment failures ing disassembly and oxidation steps
as one of the highest risks for the dilute and dispose plan. To address these risks and to increase
throughput, DOENNSA plans to purchase additional equipment to provide additional processing lines
and to providdaclkup equipment in case of failure (SRNS, 2018e).

‘DOE-NNSA'’s more recently released LCCE summary indicates a-tanfppm 400 kg/yr in FY 2024, 700
kg/yr in FY 2027, 1,000 kg/yr in FY 2030, and 1,500 kg/yF¥2032 SRNS, 2018ap. 31).
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All shipments from Pantex to LANL and from LANL to SRS for the dilute and dispose plan are
shipped via OST and are consistent with the transportation plans developed to ship the surplus plutonium
material for the MOX plan (see Transportati®ection 3.3.1)

3.2.1.3 Savannah River Site

When the plutonium oxide reaches SRS, it will follow a different processing path than that proposed
for the MOX process. The process steps to be completed at SRS are receive and store plutonium oxide
from LANL, dry blend with adulterant, perform nalestrictive assayNDA) and package, and stage and
ship diluted plutonium{RNS, 2018p The processes described in DANSA'’s plan are modeledfter
DOE-EM'’s plans to dilute and dispose of 6 MT of surplus-piirplutonium materia{see Figure 3).

Dilution of the plutonium oxide is central to DENINSA's plans, and several details are important
to other discussions within this report, and so some of the process steps are described in greater detalil
here. The process of dry blending the plutonium oxide witht@duit, shown in the green boxes of
Figure 33, begins with the transfer of 3013 containers into a glovéiany of the operations within
the glovebox are performed manually. The 3013 container is punctured to relieve any gas pressure that
may have builup during storage and then is cut open to remove the plutonium oxide. A newftwist
container, SAVY, is proposed by DENENSA's plan to improve processing efficiency for this step
(Cantey and Robertson, 2019, slide 8). The plutonium oxide is sieveifl mackssary, size reduced (i.e.,
using mortar and pestle). The plutonium oxide is then transferred igrai®allotments (or 150 fissile
gram equivalent [FGE] plutoniw®39) into blend cans prefilled with adulterant powder by an offsite
supplier® Mixing the plutonium oxide with an adulterant to less than 10 weight percent produces a
safeguards attractiveness level “D” material, which allows for the termination of certain nuclear MC&A
requirements and also meets Plutonium Management and Disposition AgtgeMDA) requirements
(DOE, 2011; SRNS, 2018see Box ).

The blend can is agitated using a Turbula blenderar8xer) to mix the dry powdered plutonium
oxide with the dry powdered adulterant. The DRNSA dilute and dispose planning documents
congstently refer to this as a dry proc€BOE-NNSA, 2018; SRNS, 2018a,h,d he blend can is then
“bagged out,” that is, encased in a plastic bag after removal from the glovebox. This bag is then inserted
into an outer can (sliped can) which is also closed. See Figures &ad 35.

The encased blend cans are subjected to NDA to confirm the intended composition of diluted
surplus plutonium in the cans. These tests include measurements using a neutron multiplicity counter, a
gamma isotopic system, arfdr lected cans, a calorimet&RNS, 2018 The current process uses
150 FGE operating limit per can to account for measurement uncertainty in waste assay. However, the
drum limit is 380 FGE and is split between two cans of diluted material. After assurance of the proper
amount of plutoniur39 in each blend can, two of the encased blend cans are inserted into a criticality
control container@CC)thatis then sealed and inserted into a criticality control overpa€lof with the
dimensions of a standard §atlon drum. NDA is important for two reasons: the data are usedidirst,
determine that the diluted surplus plutonium material meets the WIPP waste acceptanc@/¢AtE)ja
and second, for the tracking and accambf the surplus plutonium material since the material is still
under material safeguards.

8As received from LANL at SRS, the 9975 (or 9977) shipping packages house 3013 containers with the
plutonium oxide.

°The adulteranpowder is described &sllows: “The adulterant is a combination of materials that are considered
nonreactive, and the final waste form, including the adulterant, complies with WIPP waste acceptance criteria
(WAC). . .. The dilute process blends a met of dry powders with plutonium oxide and packages this mixture in a
configuration authorized for disposal at the WIPP geologic repositSBRNS, 2018ap. 18). The composition of
the adulterant is not available to the public but information on the D8P waste form can be found in the Annual
TRU Waste Inventory Report (ATWIR). For example, the 2016 ATWIR, the first to include the new SRS waste
stream, SRKAC-PuOx, for the 6 MT of diluted plutonium, has information on the waste stream’s material
paramegrs and radionuclide®OE-CBFO, 2016ap. 314).
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FIGURE 3-3 Process steps for dilution of the 6 MT frplus norpit plutonium material that is managed by DOE
EM. As noted in the figureDOENNSA's processing steps are the same as shown. A similar flowchart outlining the
same steps is in DOENSA's dilute and dispose planning documents and can be seen in the committee’s Interim
Report as Figure-3a.Safeguards are terminated when the packaged and characB®i2ddRU waste is placed

into the TRUPACTII shipping container. The termination of safeguards step has been added to ttsftdyased

on information the committee was provided by DRESA. “Termination of safeguards” means the requirements

for materid control and accountability are removed but it does not mean that security is terr(geat®bx 23 for

more details). KIS K Interim Surveillance. SOURCE: Modififdom Maxted, 2019, l&le 8.

To date, no CCOs have been shipped to or emplaced in WIPP. HoweveED@&s emplaced
similar downblended/diluted materiatsociated debris from an earlier SRS campaign (emplaced in
WIPP between August 2012 and September 2017): a total of 38 @4ing theWIPP Land Withdrawal
Act [LWA] inner containevolume) waste was emplaced from waste strear@ BR+PuOx, all in pipe
overpack containers (POCs) with the exception of three standard wastéXdatzbly, POCs have been
used for TRU wasteariginating from not only SRS (i.e., a total of 27,025Cs hag been emplaced up to
September 2019; see Tabld) To be emplaced in WIPP, the safeguards for this material required
termination (see Box 3).

Up to seven CCOs containing DSIRU waste will be grouped together for transport (see Figure 3-
6). Two groups of seven CCOs are placed on top of each other inside of a TRURAGTRIner (see
Box 34, Box Figure 1)Thus, the DOENNSA and the DOEEM dilute and dispose plans, which both
anticipate a nominal fissile gram equivalent per CCO of 300 grams (WaB-RGE limit), allow for 14
CCOs containing a nominal 4,200 (5,320 maximum) FGE of plutoig®nto be placed into a single
TRUPACT-II for shipment to WIPP. Up to three TRUPAGIE are loaded onto a trailer for a single
shipment to WIPP.

The K-Area at SR®as the capacity to stage about 600 CCOs with options to expand as needed
(SRNS, 2018c The plans indicate that about 6,000 CCOs will be staged each year at maximum
production, and interim safe storage space will be needed for 6,000 to 7,000 CCOs (about 1 year of
production) to accommodate possible delays in shipments to VBRRS, 2018c

Ynformationcollected during discussions in the open session of the committee’s April 2019 meeting. See video
from the meeting available at https://vimeo.com/showcase/6028445/video/338(aé634sed May 20, 2020
Also, data from the Performance Assessment Inventory RepAiTWIR (see Chapter 2) confirm that from 2012 to
2017, SRS shipped to and emplaced in WIPP at total of 666¢chZ0Cs stated to contain 61 kg of diluted surplus
plutonium oxide.
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BOX 3-2 Material Attractiveness Levels and Termination of Safeguards

DOE has issued an order to address the safeguards and security of special nuclear material by
establishing “performance objectives, metrics, and requirements for developing, implementing, and
maintaining a nuclear material control and accountability (MC&A) program” (DOE Order 474.2, DOE, 2011,
p. 1).2 Within DOE-NNSA's dilute and dispose plan, there is a requirement that the diluted surplus
plutonium TRU (DSP-TRU) waste conform to Safeguards Criteria for a maximum attractiveness level “D”
and for safeguards on the material to be terminated before it may be emplaced at WIPP.P

The Graded Safeguards Table within DOE 0474.2 categorizes special nuclear materials by three main
characteristics and is used when assessing whether safeguards can be terminated:

X type, such as weapons, pure grade materials (i.e., pits), or high- and low-grade materials (i.e.,
oxides or nitrites);

X quantity, the number in kilograms of the material under consideration; and

X material attractiveness, an assessment of how attractive the material may be to an adversary
attempting to use it for nuclear devices (Bathke et al., 2012).

Nuclear weapons and test devices are assigned Attractiveness Level A (the most attractive), and highly
irradiated or very diluted solutions are Attractiveness Level E (the least attractive). Attractiveness Level D is
associated with low-grade materials such as process residues requiring extensive reprocessing, as has
been stated about DSP-TRU waste.

Safeguards termination is also required prior to disposal in WIPP. The process is described in text
provided to the committee by DOE-NNSA (2019, p. 3):

For disposition of surplus plutonium TRU Waste at WIPP, termination of safeguards is requested for all
TRU waste when the materials depart the Savannah River Site (SRS). Requirements for termination of
safeguards are provided in DOE Order 474.2, Nuclear Material Control and Accountability (NMC&A).
Accounting requirements of the NMC&A order are no longer necessary following the termination of
safeguards; however, this does not imply that DOE no longer provides security for protection of nuclear
material present in waste. Department of Energy requirements for security of nuclear materials are
presented in DOE Order 473.3A, Protection Program Operations. Under this Order, physical protection
requirements for downblended/diluted plutonium TRU waste must be implemented at both WIPP and
SRS and will be in place to prevent loss or theft of any nuclear material, even as a waste product. The
requirements for nuclear material security are based on nuclear material quantity and attractiveness
level, but details of DOE protection strategies and response are classified and not publicly available.

Similarly, the termination of safeguards does not imply that the downblended/diluted plutonium TRU
waste is not measured or tracked for emplacement in the WIPP repository. As previously explained,
DOE thoroughly characterizes and tracks the contents of WIPP-bound waste. Furthermore, all waste
disposed at WIPP, including downblended/diluted plutonium TRU waste, must be characterized based
on instruments and measurement procedures approved by the U.S. Environmental Protection Agency
(EPA) and must be certified to meet the WIPP waste acceptance criteria.

The NMC&A measurements used for plutonium disposition are approved by DOE/NNSA, and designed
to provide accurate non-destructive evaluation of special nuclear materials in order to protect against
any possible diversion of nuclear material. These NMC&A measurements are used to analyze
plutonium mass prior to dilute and dispose operations and assure surplus plutonium is properly tracked
during processing and staging operations. In contrast, WIPP certification requires characterization of a
broader range of radionuclides and other waste components (e.g., potential liquids, cellulosics, etc.)
that could affect repository performance. Additional measurements—e.g., fissile gram equivalent and
decay heat—are conducted to comply with requirements for NRC [Nuclear Regulatory Commission]-
certified shipping. Such characterization will be performed on the resulting downblended/diluted
plutonium TRU waste from dilute and dispose operations and the waste contents are documented in
the Annual WIPP Waste Inventory Report and in the Waste Data System that tracks waste approved
for, shipped and emplaced for disposal at WIPP.

continued
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BOX 3-2 Continued

a*Special nuclear material” is defined by Title | of the Atomic Energy Act of 1954 as plutonium, uranium-233,
or uranium enriched in the isotopes uranium-233 or uranium-235 (https://www.nrc.gov/materials/sp-
nucmaterials.html, accessed May 20, 2020).

bSee Program Requirements for receiving DOE-OST shipments and the termination of safeguards (DOE-
NNSA, 2018, pp. 14, 15):

Requirement P33: Dilute and Process shall perform activities required for termination of safeguards
prior to shipping to the Repository. However, the appropriate level of security shall be maintained
during interim storage of the diluted plutonium prior to shipping. The security design for the interim
storage of diluted plutonium shall utilize a performance based approach.

Requirement P39: Dilute and Process shall demonstrate that the diluted plutonium conforms to
Safeguards Criteria for a maximum attractiveness level “D.”

FIGURE 3-4 A schematic showing the different surplus plutonium containers that are used in the process of
dilution. The 3013 and SAVY containers store plutonium oxide from LANL. The 3013 has welded closures, the
SAVY container has a twisted closure and has been proposed by the dilute and dispose program for processing
efficiency gains. The surplus plutonium oxide is diluted and mixed within an inner can which is bagged outside of
the downblend glovebox and thplaced into an outer can (KIS Gloveboxfigure 3-3). Two outer cans are placed
into a single criticality control container (CCC, green oatlimd arrow), which is positned inside of the criticality
control overpack (CCO). NOTE: The figurefers to this as a Criticality Contr8bomponentthe committee has

seen both terms used, but criticality controhtaineris used more frequently. SOURCE: Cantey and Robertson,
2019, slide 7. Image provided by the Department of Energy.

If safeguards are terminated and the DSP-TRt¢isfied to meet the WIPP WAC, the packaged
plutonium waste form will be organizationally tederred to DOE-CBFO, which will ship it to WIPP
using TRU Waste Transport and emplace thisrepository as contact-handled transuraeH-TRU)
waste (DOE, 2016a). See Transportation Section 3.3.

The term “transuranic waste” is defined in the Waste Isolation Pilot Plant Land Withdrawal Act (LWA) as
“waste containing more than 100 nanocuries of alpha-emitting transuranic isotopes per gram of waste, with half-
lives greater than 20 years, excipt—(A) high-level radioactive wastéB) waste that the Secretary has
determined, with the concurrence of the Administrator, doéseed the degree of isolation required by the disposal
regulations; or (C) waste that the Nuclear Regulatory Cssiom has approved for disposal on a case-by-case basis
in accordance with pa6l of title 10, Code of Federal Regulations.”
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FIGURE 3-5 Shown are thelbnd can, the bagged blend can as it exits the glovebox, insertion of the blend can, after
bagging, into an outer blend camd a detailed schematic of the criticality control container (CCC) and the criticality
control overpack (CCO). Included for reference is the CCC/CCO graphic from-8@itRin this report. The diluted
surplus plutonium oxide is bagged inside of an ocder Two outer cans of diluted surplus plutonium oxide, each
containing nominally 150 fissile gram equivalents (FGE) of plutor239, are placed into a CCC. Each CCC is

placed inside of a CCO, which has the same dimensions agal&@®drum. SOURCE: Miified from Maxted, 2019.

FIGURE 3-6 Configuration of a sevepack of 55gallon drums, prepared for shipment and disposal at WIPP.
Criticality control overpacks would be grouped similarly, as per the DRESA dilute and dispose plan. SOURCE:
Modified from https://wipp.energy.gov/library/ CRA/CR2014/CRA/Appendix_DATA_Attachment_B/
Appendix_DATA_Attachment_B.htnfaccessed May 20, 2020nage provided byhe Department of Energy.
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The dilution process at SRS is currently carried oatsahallscale in order to process 6 MT of
surplus norpit plutonium for dilution and disposal (Maxted, 2019). As of the end 02629,
approximately 52 kg (or 0.052 MD¥ surplus norpit plutonium oxide habeen diluted in the ¥rea
KIS glovebox following the process outlined in Figur8.3Fhis diluted materiakaspackaged in 250
CCOs and remains at SRS, awaiting the instatatif characterization equipment in theAlkea expected
to be operational by FY 2022 As noted earligra separate ~61 kg of surplus rm@nplutonium material
was diluted, packaged in a total of 666i42h POCsassessed, safeguards terminated, shigmet,
emplaced at WIPRbut the processes were conducted in a different glovebox and were not identical to the
plans proposed by DOENSA in the dilute and dispose plan.

FINDING 3-1: The Department of Energy’s National Nuclear Security Administration’s
(DOE-NNSA’s) dilute and dispose plan relies on dilution experience gained through DOE’s
Office of Environmental Management (DOEEM) efforts to dilute and dispose o6 metric tons
(MT) of surplus nonpit plutonium. However, so far, less than 1 percentd.052 MT, as of the
end of September 2019) has been processed following the steps proposed in INDESA'’s plan
and that material has not yet been emplaced in thé&/aste Isolation Pilot Plant Furthermore,
DOE-EM'’s plans for diluting and disposing of up to 6 MT of nonpit plutonium indicate a
completion date of 2046—-meaning that the two dilute and dispose programs will concurrently
operate and compete for resources for nearly the full duration of DOBNNSA's dilute and
dispose program.

DOE-CEPE conducted a review DBIOE-NNSA'’s LCCE documentation in 2018he DOECEPE
report states that the DAMENSA dilute and dispose plans propose a KWdQ+ dilution rate in FY2026 at
SRS increasing to a sustained rate of 1,640 kg/yr by2B¥8 (DOE, 20118). The current target dition
rate obtained by DOEM in the KIS glovebox is 25 kg/yr in F2019 (Nuclear Security & Deterrence
Monitor, 2019) DOE-NNSA plans to achieve the sustained dilution rate through the purchase of
additional gloveboxes and 24/7 glovebox operations (gped-B7). Staffing projections show 15
personnel in 2018 rising to 241 for maximum stesatdye operations through 2047 (DOE, 2018lhe
sustained rate begins in 028 and ends in F2047.

FIGURE 3-7 Graph of the dilution rates and cumulative pratéhn of diluted surplus plutonium as a function
of time.

2This implies that not all of the CCOs were filled to the current maximum of 300 FGEs of plut2BurBee
also “DOEEM and NNSA responses to the committee’s questidiebruary 2020. Available by request through
the National Academies’ Public Access Records Office at paro@nas.edu.

53

Copyright National Academy of Sciences. All rights reserved.



Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Review of DOE's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Similar to the ROAR’s assessment of LANL operations, the dilution and NDA operations that take
place at SRS are assigned a high program execution risk due to potential equipment failures, which are
proposed to be addressed by multiple parallel dilution gloveboxes and efficiencies in waste
characterizationOne example of such an opportunity is to recognize the low variability of therRBP
waste stream by streamlining the waste characterizatioe$so

3.2.1.4 Receive and Unload at WIPP

According to DOENNSA, the DSPTRU waste “meets all the criteria of transuranic (TRU) waste
and the WIPP WAC. The DSPRU waste stream is handled the same as other TRU waste when
containers are received at WIPFe normal processing times for receipt and unloading of TRU wastes at
WIPP are within 8 to 12 hours of receipt” (DESA, 2019, p. 2).

Historically, once TRU waste shipments arrive from Dgxferator sites at WIPP, they are cleared
by WIPP site securityandthen undergo a radiological survey and a shipping documentation review. The
loaded trailer is moved next to the Waste Handling Buildiing TRUPACTIIs are inspected and
surveyed to ensure that they are not damaged or radiologicallgminated. Ansignificant problems or
discrepancies are addressed before a TRUPK&Treturned to servicéd schedule is maintained for
routine maintenance and evaluation of the casks. The TRURIKE€Then brought into the Waste
Handling Building for unloading (DE-CBFO, 2016b, p. 4849).

The TRUPACTIIs containing DSPTRU waste assessed at Attractiveness Level D would include
electronic tamper indicators and may be staged for several days in secured waste handlhg areas.
Processing steps for the TRUPA@S once inside the Waste Handling Building and through
emplacement of the CCOs in the underground can be found in the System Plan (SRNS, 2018c, p. 28).

Finally, as reported by DORENSA,

The priority and exact sequence of emplacement underground is determined by multiple operational
factors including container configuration, radiation protection (worker dose) controls, and volatile
organic compounds, for example. The receipt and disposal prioritization/flow for downblended/diluted
plutonium TRU waste would algake into account security and ralb considerations for the waste

staging area. Once designated for the emplacement queue, waste is disposed underground typically the
same day that the shipping container is unsealed. If WIPP emplacement operations are significantly
delayed, then shipment of the surplus plutonium TRU waste will be paused at the Savannah River Site.
The standard WIPP procedure for TRU waste emplacement may be adjusted to support future
verification activities, if required. (DOBRINSA, 2019, p2)

3.3 TRANSPORTATION

Transportation is an important component of the dilute and dispose plans. The safe and uneventful
transportation of all nuclear materials and defegesgerated nuclear wastes is important to a varied and
diverse audience which includes the general public, the host state of the repository, communities and
states within the transportation corridor that could be impacted, as well as businesses, industry, and a
variety of levels of government.

As shown in Figure 2, OST will be responsible for shipping undiluted plutonium material from
Pantex to LANL and from LANL to SRS. The packaged BI$RJ waste will be shipped from SRS to
the WIPP site utilizing the DOEBFO TRU waste shipment programs to WIPP (TRU waste
transportation within the United States is manageB®E-CBFO). From starto end, the estimated
length of a single shipment from Pantex to its final destination at WIPP is more than 3,300 miles via

135ee“NNSA - Input for Final NAS Report 7.2.2019_publicly releasable,” July 2019. Available by request
through the National Academies’ Public Access Records Office at paro@nas.edu.
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interstate truck transpott.Details of the transport of the surplus plutonium pits, oxide, and I8P

waske are not weltletailed in DOENNSA'’s plans to dilute and dispose of surplus plutonium. We present
below background information about OST and TRU waste transport as well as information pertaining to
DOE-NNSA's dilute and dispose plans.

3.3.1 DOEOffice of Secure Transportation

As part ofits mission to maintain national security and public safety, OST is responsible for the
protection and transportation of special nuclear materials within the United ‘Staseshow in Figure
3-2, OST is responsible fehipping undiluted plutonium materials from the Pantex Plant to LANL and
oxidized plutonium material from LANL to SR8tilizing safety, security, and safeguarding protocols
that have been in use for more than 70 years without an accident causingfeiiléy @r release of
radioactive material® Enhanced governmentvned security resources such as packaging,
technologically advanced sgifotecting transportation assets, federal agents serving as escorts (who will
deny unauthorized access), nonpubbatinuous shipment monitoring, and confidential routing and
timing for classified shipments are used by OST.

While OST is responsible for obtaining appropriate federal and state permits for its conveyances,
such as hazardous materials, nuclear mateaatspversize overweight permits, it appli@sannual
rather than single trip permits so as to not predetermine potential rAstas.additional security
measure, advance notifications of potential shipments, timmigutes are not made outsideled DOE
organization. OST convoys are continuously monitored en route by the OST Transportation and
Emergency Control Center located in Albuquerque, New Megicp .off-normal situations are resolved
internally and are not reported publicly.

Additional security measures are required for OST conveyances due to the attractiveness of its cargo to
adversaries (i.e., special nuclear material). OST security and safety risk assessments are not shayed publicly
and the committee did not review OST documents related directly to the dilute and dispose program.

3.3.2 Transuranic Waste Transportation in the United States

DOE-NNSA's dilute and dispose plans rely on the existing TRU waste transportation infrastructure
to ship the packaged DSIHRU waste from SRS to WIPP (see Figur2)3DOECBFO is responsible for
the transportation of TRU waste to WIPP from DOE sites.

The WIPP TRU waste transportation system has always utilized contract commercratanatos
whose sole responsibility is to transport TRU waste within a DOE site, between DOE sites, and from one
DOE site to the WIPP facility. States are active partners in safe highway transportation because they
enforce federal and state laws regardingimercial motor vehicle compliandéhey also enforce state
statutes, rules, and laws (see Appendix D). B8xd@scribes the collaborative role played by the states in
establishing early coordination on TRU waste transportation. Appendix E provides fosickground on
the statg active partnership in maintaining transportation safety.

WIPP does not accept waste via rllPP, n.d.).

5As set forth in DOE Order 460.1D, the Atomic Energy Act of 1954 broadly regulates how DOE will conduct its
packaging and transportation activities. Because of the nature of certain types of shipmemt BOmust
achieve a level of safety equivalentbatrequired by the Department of Transportation (DOT) and the U.S.
Nuclear Regulatory Commission (U.S. NRC) for comparable commercial shipments. ThublNE2Eselfcertifies
transportation packages as meeting the Type B requirements set forth by tRRO.Fhe U.S. NRC does not
recertify DOENNSA packageshttps://www.energy.gov/nnsa/offieecuretransportationaccessed May 20, 20R0

6See https://www.energy.gov/nnsa/offiseaire-transportation (accessed February 19, 2020).

"The waste destined for WIPP may contain hazardous material in addition to transuranic contamination and
materials; currently all waste that is emplaced in WIPP is considered mixed (hazardous and TRUhesestee,
all TRU waste shipments are subject to transport regulations related to both hazardous and radiological materials.
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BOX 3-3 Origin of WIPP Transportation Program

The origin of WIPP’s transuranic (TRU) waste transportation system was as a state-driven and
regional initiative rather than one initiated by the federal government. In 1985, the consortium of
western states within the Western Governors’ Association (WGA) passed a policy resolution urging
DOE to develop a comprehensive transportation plan to the WIPP facility. In 1989, WGA sent a report
to Congress that described the western states’ opinions, concerns, and strategies to ensure the safe
and uneventful movement of TRU wastes (WGA, 1989). The report detailed priorities for action,
responsibilities, accountability, and DOE funding. The report illustrated operational efficiencies that
could be gained through integration of a TRU waste safety program into a state’s hazardous materials
transportation safety program. It also emphasized that a collaborative, regional approach to planning
would be a key step toward developing and implementing a credible accident prevention and safety
program for transporting TRU waste.

In preparation for DOE’s planned test phase to evaluate the transport safety program, WGA
issued a report in 1991 on the status of each of the concerns and recommendations that had been
raised in the 1989 report to Congress (WGA, 1991). Notably, it highlighted an improved working
partnership between DOE and western states that emphasized collaborative problem solving in
several operational areas, including accident prevention, emergency preparedness, and public
involvement and information. Ultimately, during this period, collaboration between western states and
DOE led to agreement on the development of programmatic standards, procedures, and protocols
which are still in use today. As DOE began to identify other possible transportation routes, it expanded
involvement to include other key regional organizations across the United States.

Since the 1990s, the DOE Secretary of Energy has promulgated formal memoranda of agreement
addressing a meaningful interactive relationgtipng DOE, states, and tribes on such matters as the
safe and uneventful transportation of radioactive materials/waste and nuclear waste across the United
States. Reinforcing the essential principles of communication, collaboration, consultation, and
cooperation, the memoranda of agreement continue to serve as fousldiimmentsdr theTRU
waste transportation progm.

OST has taken a more focused approach to engagement. OST has an ongoing liaison program whose
focus is to build relationships with state and local law enforcement authorities along possible routes.
These relationships are encouraged in the DOE DiescProgram or DOEINSA equivalencies$? This
effort is key to cooperative and collaborative emergency response with state and local emergency
response officials.

The TRU waste transportation corridor identified in the dilute and dispose plans involves the
following states: Alabama, Georgia, Louisiana, Mississippi, New MegtimWIPP host state)

OST provides information about isogram to state and local law enforcement in three ways:
x one of the OST liaisons will conduan inperson communityevel presentation where the liaison describes
the program, shos\a comprehensive video, then hesdquestion and answer period;
x OST has a computdrased training program; and
x an OST module with vided{tps://www.youtube.com/watch?v=0asNhjli2ic&tz@scessed March 31,
2020) is taught as part of the DOE Modular Emergency Response Radiological Transportation Training
course for emergency respse personnel.
The OST inperson presentation and training focuses on tactics in the event of an accident or incident involving
an OST convoy, how to approach and interact with the Convoy Commander, and how OST participates in the
incident command system
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South Carolina, Tennessemd Texa¥ (see Figure B8). Two cognizant state regional organizations, the
Southern States Energy Board (SSEB, 2018) and \(BBA9), have memorandaéd agreement with DOE
to enhance safety, security, and communicatidrhere are no tribes along the transportation route from
SRS to WIPP.

The TRU waste transportation program is documented in the TRU Transportation Plan, DOE
CBF0O-38-3103 (DOECBFO, 2016b), excerpts of which were used to provide significant details to this
section of the report. The DOE TRU Waste Transportation Plan was developed by incorporating the
guiding principles of the state regional planning guides. Oveeagsya robust transportation system for
TRU waste has been designed, implemented, maintained, and updated. As evidence of the success of this
approach, the Blue Ribbon Commission on America’s Nuclear Future cited the TRU waste transportation
model as a mven transportation system and recommended that DOE utilize it as a prototype for other
nuclear materials and waste transportation campaigns including spent nuclear fuel and higgstevel
(BRC, 2012, p. 85).

FIGURE 3-8 Map of WIPP routes for inteigte transport of TRU waste. The SRSNIPP route is highlighted in
yellow with SRS and WIPP shown as yellow st@dso shown is the alternate route from Texas to New Mexico.
SOURCE:Seehttp://mwww.wipp.energy.gov/routes.htfaccessed May 20, 2020nage provided byhe
Department of Energy

Under the DOE TRU Transportation Plan, the Supplemental Stipulated Agreement with New Mexico is “an
agreement resolving certain New Mexico Statesitf concerns (dated December 27, 198RDE-CBFO, 2016b
p. 113). It includes funding to the state ftansportation activities related to accident prevention, emergency
management, public information, and information sharing and development within New Mexico, the western states,
and across the nation.

2There are two other regional organizations who are engaged in the transportation of TRU waste along other
transportation corridors to WIPEhe Council of State Governments East and Midwest. They are the Council of
State Governments East and Midwéwdtg(s://www.csg.orgaccessed May 23, 2020
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DOE-CBFO provides advance notice to state gubernatorial designees of TRU waste shipments
bound for WIPP so those officials can accomplish a varieggities. These advanced notices include
semannual notifications of planned shipmeras 8week rolling schedule containing more detailed
information about the shipmen®n 8week rolling schedule summary that is suitable for distribution to
emergencyesponse personneind a Zaour notification made by the driver of the shipment to the WIPP
Central Monitoring Room (who calls the statettalir pointof-contact) before that shipment is expected
to cross state lines. States depend on these notifications to monitor TRANSCOM ($eguB®Rin
Box 34 below); to schedule inspections; to coordinate if or how they will provide escorts for WIPP
shipments offoute or through their jurisdictions; and to maintain awareness and vigilance in order to
provide energency and other assistance. Becauskeotlassified nature of special nuclear materials and
as noted previously, OST does not make advance notifications alamgifided route.

3.3.2.1 Legal and Regulatory Requirements

DOE'’s speciahuclear materials transportati¢ire., OST) and its TRU waste transportation
programs operate under guidance established in law, regulation, statutmduldgernal DOE orders
including development dOE-NNSA equivalency order§.hese documents define safety and security
requirements for transportatiosege Appendix

BOX 3-4 Transportation Equipment Including Packaging, Communications, and Monitoring

TRUPACT-II (see Box Figure 1) has been identified by the Department of Energy's National
Nuclear Security Administration (DOE-NNSA) as the package of choice for transportation of the dilute
and dispose plutonium waste to be sent from the Savannah River Site (SRS) to the Waste Isolation
Pilot Plant (WIPP) facility (DOE-NNSA, 2018, pp. 10, 15; SRNS, 2018a, pp. 19, 20, 2018b, pp. 7, 12,
17, 19, 23, 26, 32).

BOX FIGURE 1 The TRUPACT-II package is constructed of stainless steel with a multilayer wall and a dome-
shaped top to withstand severe accidents. Testing has shown the TRUPACT-II can withstand a 30-foot drop test
simulating conditions that are more severe than conceivable highway accidents. It can hold up to fourteen 55-gallon
drums in two layers of seven. SOURCE: Modified from DOE-CBFO, 2016b, appendix 2, p. 63. Image provided by
the Department of Energy.

Up to three Type B packages? are transported in the upright position on specially designed trailers
conveyed by diesel-powered tractors. These tractors and trailers must meet the requirements of the
Commercial Vehicle Safety Alliance’s Enhanced North American Inspection Standards Level VI
Program.

continued
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BOX 3-4 Continued

(a) (b)
BOX FIGURE 2 (a) TRU Waste Transportation vehicle loaded with three TRUPACT-IIs, (b) TRANSCOM beacons
are placed on the tractor as shown by the orange circle. SOURCE: Colorado State Patrol.

DOE-CBFO requires that tractors used to haul TRU waste to WIPP have special tracking and
communication equipment including TRANSCOM, a DOE-operated satellite-based tracking and
communications system that provides near-real-time monitoring of DOE shipments of certain
radioactive materials (DOE-EM, 2018). The secure system is monitored continuously by DOE, and
access is made available to state governments for monitoring shipments through their jurisdictions.
The system provides authorized users with information on scheduled shipments on the day of
departure, shipping manifests, tractor position locations, and messages at 5-minute update intervals
while in transit.

Additionally, each tractor is equipped with a panic button and video recording capability to capture
activity while en route during a trip; the video can be downloaded after a shipment is completed and
the vehicle has returned to the Carlsbad carrier terminal.

aThe Type B package used by DOE-CBFO for shipping TRU waste generated by both of DOE’s dilute and
dispose projects is TRUPACT-Il waste packages. Three U.S. NRC-certified packages are used by DOE-CBFO to
transport contact-handled TRU waste to WIPP:

1. Transuranic Packaging Transporter-1l (TRUPACT-II),

2. A shorter version of the TRUPACT-II, referred to as a HalfPACT, and

3. TRUPACT-III.

3.3.2.2 Routing

For highway shipments of TRU waste to WIPP, DOBFO uses preferred routes und€&D
regulations specified in 49 CFR Part 397 (Transportation of Hazardous Materials). Subpart D establishes
requirements for routing shipments of Highway Route Controlled Quantities (HRCQ) of radioactive
materials. Route deviations are coordinated with states on dygasse basis (DOEBFO, 2016b).
DOE-CBFO has selected a route for transportingJMRaste from SRS to WIPRde Figure -B).
The route utilizes U.S. Interstate HighwafQ from South Carolina to west Texas and then either U.S. or
state highways from there to WIPP20 passes through several large cities including Atlanta (Georgia),
Birmingham (Alabama), Jackson (Mississippi), Shreveport (Louisiana), and Dallas (Texas).
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3.3.2.3 Packages

Package® used to transport TRU waste to WIPP must meet U.S. NRC requirements in 10 CFR Part
71 (Packaging and Transportation of Radioactive Majefidal'Type B” package$? The package design
must be certified by the U.S. NRC, and the design, fabrication, assembly, testing, maintenance, repair,
modification, and use of the package must be carried out under a U.SafiRéved qualit assurance
program (see Box 3).

3.3.2.4 Accident/Incident History

The National TRU Program (NTP) and TRU Waste Transportation Program report that there have
been 20 incident/accidents involving empty and loaded TRU transpaoroes of which resulted in the
release of radioactive or hazardous material since shipments to WIPP began @f18820
incident/accidents, 6 occurred along the route from SRS to WIPP between 2005 and 2013.

The most severe accident in the history of the TRU waste program occuildadiaron December
27, 2005. The accident highlights the type of safety risks present during tranapdch in this case
were not related to radiological releases (DOBE-O, 2005)While hauling three empty TRUPACITS,
which were secured to the trailer, the WIPP driver lost control of the vetéeieing first the tractor then
the trailer to roll over onto their side. All three TRUPAGTontainers became detached from the trailer;
one rolled across two lanes of traffic, through the highway median, across two oncoming lanes of traffic,
and came to rest against a rigitway fence (Idaho State Police, 200B)e other two landed on the
edge of the highway on the same side as the WIPP tractor and &thiteree TRUPACTII casks
sustained surface danmabut maintained their integrity according to field testiFige WIPP drivers
sustained minor injuries. After it was determined that the cause of the accident was that the driver lost
consciousness, the driver was charged with inattentive davidgvas eleased by the carrier.

DOE-CBFO has developed detailed procedures to respond to such an accidei@BBOE
2017b)?3 reaffirming the DOT regulations (49 CFR 8§ 177.843, 177.854, 107abii7107.105)which
provide required instructions for actions af@rincident or accidenthe “Recovery Guide” also
provides other comprehensive procedures and functional processesCEFIE 2017bf*

2IAccording to the U.S. NRC websiteR4ckagemeans the packaging together with its radioactive contents as
presented for transport.” Sh#ps://www.nrc.gov/readingm/doccollections/cfr/part071/part070004.html
(accessed May 20, 20R0
2?Type B packages are designed to maintain containment effectiveness during normal transport conditions and
withstand severe accidents without containment losses or increases in external radiation levels that would endanger
emergency responders or the public.
ZThese detailed procedures are also in the tractor cab for use by the drivers and emergency response personnel.
DOE is immediately available to provitiechnical assistance over the telephone, utilizing these proceaiudesill
deploy assets from across the nation to respond in the shortest time posdillang
X The team that will be deployed after an incident, which is called the CBFO IncidedgAt&esponse Team
(IART). The IART serves as a technical advisor in a unified command system to ensure appropriate package
recovery and movement.
X The regional Radiological Assistance Program Teams, which are available and, if called upon, will be
deployel to verify containment of contents of the packaging.
x Additional regional and national DOE resources will be made available.
24The Recovery Guide is also a unique resource on where to obtaitoa &@ne, how to weld lugs onto
packages, and appropriatatbsecurement for final movement of the recovered package when released from the
scene.
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3.3.2.5 Shipment Projections

DOE has a long history of shipping TRU waste from SRS to WIPP. Since 2001, DOE has made
1,623 shipments of GFIRU waste from SRS to WIPP, involving 17,672 twtaltransuranic mixed
waste TMW) volume and 10,84#° total LWA volume as of late October 209 The commercial
motor vehicles that transported this waste traveled almost BiGntwaded miles. This equates to about
1,500 loaded miles per trigince 1999, the entire TRWaste Transportation Progrdras madenore
than 12,000 shipments of TRU waste to WIRIpresenting almost 15 million miles of transg@OE-

EM, 2017)

TheTRU Waste Transportation Program is operationally mature: the highway route for transporting
TRU waste from SRS to WIPP has been establistredrgency response personnel along the route have
been and continued to be trained; and TRU waste shipments have been made along the route since 2001
(except for 8-year pause in shipments when operations at WIPP were temporarily halted). DOE has
demonstrated that it is able to ship TRU waste from SRS to WIPP on a routine basis.

For shipments from SRS to WIPP, priorthe temporary closure of WIPP in 2014, DOBFO was
making, on average, about 120 shipments per year, or a little over 2 shipments p@R&ek018)In
the future, DOECBFO plans to make abofaur shipments of diluted surplus plutonium per week to
WIPP through 2049 with no more thawo in transit at a time (SRNS, 2018b).

The total number of shipments that will be required for &R waste can be estimated using the
current assumeamount of plutoniur239 per CCO (i.e., 300 FGH-or the 34 MT, approximately 2,700
shipments will be made between 2024 and 2049, assuming 4.2 kg plutonium per TRURAGThree
TRUPACT-lIs per shipment. For the 6 MT, there are expetidubapproximately 475 shipments; and
for the 8.2 MT, if this material is determined to be diluted and disposed, there would be an additional 650
shipments. In total and for DSHRU waste only, there would be approximately 3,825 shipments of DSP
TRU waste from SRS to WIPP—more than twice the number of shipments from SRS to WIPP between
2001 andhe end of October 2019.

3.3.2.6 Transportation Security

DOE-CBFO is required to have a transportation security filanis based on a layered approach (or
a graded resource) and details the responsibility for engagement at the local, state, regional, and national
government levels with full integration of DOE and other federal agency personnel and resources.
According to the TRU Waste Transportation Plan (BCHE~O, 2016b), the nonpublic TRU Waste
Transportation Security Plan (DOE/WHRB-03233) was written to meet the DOT requirements in 49
CFR Part 172, Subpart I, Safety and Security Pians.

DOE-NNSA's dilute and dispose plan states that once the diluted plutonium material has been
packaged, characterized, and shown to meet the WIPP, Wl be shipped using the same process
and equipment as other TRU waste shipments (SROISBb, p. 19). However, in response to committee
guestions, DOENNSA noted that the following additional security measures will be put in place:

As shipments ofhe dilute and dispose TRU waste are initiated, NNSA will deploy an electronic
tamper indicating seal to demonstrate continuity of knowledge for U.S. surplus plutonium
disposition. Implementation of this electronic seal on TRUPAGTised for transportiain of the
dilute and dispose TRU waste will enable NNSA to independently verify receipt of surplus
plutonium materials at WIPP, if required. (DOESA, 2019, p. 2)

The committee was told of a Campaign Plan that was under development for the diluspasé di
program and will require eventual approval by the DOE Deputy Secretary. The Campaign Plan was being

2Seehttps://www.wipp.energy.gov/general/GenerateWippStatusRepo(apdéssed November 19, 2019).
26The plan is nonpublic and was not made available to the committee.
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developed to assess security requirements for the transportation and emplacement of the diluted surplus
plutonium TRU waste. The Campaign Plan wiltdment security strategies for protection of material,
facilities involved, transportation, and equivalencies that may be required throughout the duration of the
combined DOEEM and DOENNSA 40-MT (6 MT plus 34 MT) surplus plutonium disposition

campaign ad includes the follow information:

x Describes each facility and the security strategies in place;today

X ldentifies roles and responsibilities

x Aligns and adjusts with installation of new capabilities and increased production

X Security continues throughoptogram, including at WIPP, consistent with operations today

x Evaluates threats periodically throughout the progeand

X ldentifies processes for contingency planrifigcorporates risk mitigation strategies
(McAlhany et al., 2018, slide 14).

3.3.2.6.1Materials Risk Review Committee

The process for review of the Campaign Plan and eventual approval by the DOE Deputy Secretary
has been handled by the Materials Risk Review Committee (MRRC). The MRRC was established by
DOE Order in 2016 to adjudicate technical risk analyses of special nuclear material (SNM) holdings,
security postures implemented to safeguard those materials, and material holding/storage configurations
across the DOE complex. The Office of Defense Programsl®Athe Office of Defense Miear
Security, and the Office of Counterterrorism and Counterproliferation§0)fare all represented on the
MRRC, and the reviews are coordinated by the Director of the Office of Securitp@AlKey
componert of these reviews are technical assesssngatformed by teams within N80 and NA10.

NA-80 conducts material risk assessments for the MRRC to help understand sensitivities or potential
risks associated with various nuclear material operations, leveraging experts in materials science, physics,
actinide chemistry, and nuclear engineering from across the DOE complex to assist with these reviews.
The committee understands that 188 was intimately involved in reviewing the dilute and dispose
approach and flowsheet, including informing and assessing potential risks of the proposed material
dilution and packaging approaches to prepare excess plutonium materials for disposition-8he NA
technical review also involved consideration of safeguards termination and extensive reviews of the long
term Campaig Plan, which outlines the technical requirements and planned operations for disposition of
the surplus plutonium over a multidecade peridte committee further understands that any potential
security risks identified by the MRRC process will be forwarded to the DOE Deputy Secretary together
with mitigation strategies that seek to provide equivalencies to risk acceptance consistent \aith relev
procedures and policies for SNM.

3.3.2.7 Review of Plans for Funding Transportation

DOE-NNSA's dilute and dispose plan utilizes many existing DOE facilities, processes, and systems.
In support of that effort, several iItEBOE partner programs havagcording to the LCCE, agreed to
support DOENNSA's Dispose and Dilute Mission Need through utilization of current transportation and
repository emplacement systems already in DEE-NNSA's partner programs have accepted and will
incorporate base opel@s costs and capacities of dilute and dispose into their ongoing program missions
(SRNS, 2018a). For examptbe DOECBFO and the OST programs have agreed to accept these costs.
Transportation and emplacement at WIPP were not included in the LCCE (38183, pp. 6, 9, 22)
becausehese activities are determined to be within base operating costs of existing DOE programs
(DOE, 2018b, p6).

The US. Army Corps of Engineers conducted an independent assessment of the cost estimation
used in the LCCE for the dilute and dispose program. They noted thalNDISE'’s approach of not
including transportation costs may have been:
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appropriate for estimation ofotograni related lifecycle costs since the program has assumed that

all nonNNSA funded support of facileés and personnel will continue to be funded by their existing
partner programs. However, this assumption appears to be inconsistent with expectations of GAO
guidance that LCCEs capture all relevant life cycle costs, without regard to funding souras, Furth
the absence of these costs may result in inappropriate conclusions if the estisededscompare

the LCCE for the Dilute and Dispose approach and the LCCE resulting from continuation of the MOX
approach for disposition of surplus plutonium. This is because the values of these cost elements will
not necessarily be the same for the MOX appro@®ACE, 2018, p. 29)

3.4 PLUTONIUM MANAGEMENT AND DISPOSITION AGREEMENT
AND THE SPENT FUEL STANDARD

A key aspect of the PMDA (see Chap#giis to render the surplus plutonium into “forms unusable
for nuclear weapons” (DOS, 2000, p. 1), thus making it “practicably irrecoverabletdmgational
Atomic Energy AgencylAEA) definitions (IAEA, 1972, p. 4)The agreedipon method for disposition
by both the United States and the Russian Federation in the PMDA is irradiated MOX fuel. The spent fuel
standard has been used as a recoverability metric to compare various plutonium disposition options and is
defined by DOE as follows: “The surplus weapons usable plutonium should be made as inaccessible and
unattractive for weapons use as the much larger and growing quantity of plutonium that exists in spent
nuclear fuel from commercial power reactof@0E, 1997, footnote 5). While the PMDA does not use
this term, irraiated MOX fuel meets the spent fuel standard.

The current PMDAapproved method of disposition is the MOX fuel option that includes irradiation
in a reactor and would provide the following barriers for reuse in weapons, (M9RZ):

1. Chemical: Oxidation of the plutonium metal, and dilution of the oxidized plutonium with
uranium oxide (U@) to form MOX fuel.

2. Isotopic: The plutoniurA239 isotopic composition is shifted during irradiation by the fission of
plutonium239 and-241and by the transmutation of plutonit#89 to-240, plutoniuni240 to-241,
and plutoniur241 to 242. The ratio of plutoniur@40/plutonium239 would be increased to at
least 0.1 making the plutonium much more difficult to use for production of normal weapons.

3. Radiation: Irradiation in a reactor creates a radiation barrier sufficient to beredécting for
decades.

4. Physical: The weight and size of a nuclear fuel assembly is sufficient to require spaictding
equipment for processirtg.

In contrast, the diite and dispose option has been argued to provide the following barriers (NRC
1994; NASEM, 20138

1. Chemical: Oxidation of the plutonium metal and dilution of the plutonig®® with a classified
dry-blended adulterant, and

2. Physical: Packaging of theiluted plutonium within a stainless steel pipe @@C) within a 55
gallon drum and emplaced in the underground at WIPP.

DOE-NNSA asserts that the end state (after both dilution and emplacement in a repository) of the
dilute and dispose process would introduce sufficient chemical and physical barriers to practical recovery
of the material to meet ngroliferation objectivesi.e., deterring future recovery by the United States or
by others).

27A fuel assembly consisting of ~200 rods and 12 feet longpi® thar2 MT (see, e.g.,
https://www.nrc.gov/materials/fuelycle-fac/fuetfab.html(accessed May 20, 20pfor light-water
reactor fuel assemblies).
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3.5 DISPOSAL CAPACITY IN WIPP AND ITS IMPACT
ON THE DILUTE AND DISPOSE PLANS

The committee was asked to review additional waste streams and to assd’UD&Rste’s
potential impacbn them as well as the impactloWA capacity limits. In updating the volume
information reported in the Interim Report with the new volume of record (WalRlation $ee Box 2
2), the committee updated the volumes of specific waste streams noted in its InterimraRe used
DOE-reported volumes for emplaced and future TRU wafi&=CBFQO, 2018a,20193.

3.5.1 Estimates of Volumes of Other Potential TRU Wastes

A summary of the volume estimates for specific wastes updiaiedhe Interim Report argelow.
The committee makes the assumption that, for future waste estimates, the three TRU wastes streams listed
below will be placed into diredbaded 55gallon drums and will therefore have equivalent LWA and
Resource Conservation and Recovery HéW volumes (see Box-2). Also, estimated future volumes
are based on currently available information. Future volume estimates have uncertainties and can vary
from one estimate to the next. The numbers presented below are used to illustrate the issue of the possible
oversubscription of the LWA limits at WIPP, and hence the issue of competition for limited remaining
space

Tank wastes = 3,1873m
GreatefThanClass€ (GTCO)-like waste = 2,900 in
TRU waste from pit production = 57,55¢ m

Further notesreferencesand assumptions about these waste voluameshighlighted below:

* DOE has not made a decision to dispose of tank waste in WIPP but the volumes have been
included in future estimates of WIPP waste. Disposal of some TRU waste stored in tanks at
Idaho and Hanford would require 3,187mased on recent estimatésiowever, the tank waste
estimates vary by year. For example, earlier estimates of tank wastes from Hanford indicate up to
8,400 n3 of disposal space, not including the volume of tankevaslidifier (DOECBFO, 2014,
section24.5.1.7).

» Disposal in WIPP of GTCC and GTdAiRe waste was identified as one of several preferred
alternatives in theral EIS for GTCC and GTC(@ke waste The volume of DOEOwned and
generated GTC@ke waste $ 2,900 m (DOE, 2016btable S1, GTCGlike totals for Groups 1
and 2).The total volume of both GTCC and GTdike waste would require about 12,008ah
disposal space.

» Estimated volumes for TRU waste generated from future pit production are provided in the Final
EIS DOE, 2019)?° For the most likely scenario, 30 pits per year at LANL and 50 pits per year at
SRS, DOE estimated that over 50 years of the progs@b50 m of TRU waste would be
generatedOf note was the ability of DOE to prioritize TRU waste streams for emplacement in
WIPP DOE, 2019, p. 65): “In addition, use of WIPP capacity for national security missions such
as pit production would be given prioritytime allocation process.”

o Estimates of projected TRU waste generated from pit production activities at LANL have been
separately reported. For example, a recent draft supplemental analysis of thie SEtS for
Continued Operations of LANL reported TRUste generation estimates for pit production to

283ee “DOE written responses to NAS Question Set Two,” available by request through the National Academies’
Public Access Records Office at paro@nas.edu

29t the time of the Interim Report’s release, estimatedmels of TRU waste generated by pit production
activities were not available. All volumes noted here are assuming the TMW (outermost container) volume. The
LWA volume may be less because some waste may be overpacked.
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be 5,350 m(DOE, 2020, table 4). In another, waste stream {tMHD01.001 was identified

in the 2019 Annual TRU Waste Inventory Rep&T(VIR) as TRU waste generated by

LANL’s pit production activities (“MixetG KHWHURJHQHRXYV GHEULVY ZDVWH JH
with an estimated total volume of 4,756 (ROE-CBFO, 2019b, p. 147). Thiatter volume is

subtracted from the 57,55C total from the pit production EIS in Table23-

Another recent decision by DOE could affect the shipping capacity needed for dilute and dispose
plans DOE, the U.S. Navy, and Idaho agreed @E-CBFO would prioritize TRU waste

shipments from Idaho National Labamat (INL) until nearly all of the TRU waste has been

removed from INL. DOECBFO has agreed to allocate at least 55 percent of WIPP shipments to
INL. 30

TABLE 3-2 Volumes of Emplaced and Future TRU Wastes for WIPP

NOTES:References for the table values are included. ATWIR = Annual TRU Waste Inventory RepoeftRDSPdiluted

surplus plutonium transuranic; EIS = environmental impact statement; GT&€aterThanClassC; LWA = Land Withdrawal
Act; VoR =volume of recordWDS/WWIS =Waste Data System/WIPP Waste Information System

aThe values are interpolated from data reported on Octob2018,andApril 3, 2019 in the WDS/WWIS as an estimate for the
emplaced volume on December 31, 2018.

bAssimed to be diredbadedsovolumes are not affected by VoR calculation.

In the 2019 ATWIR, waste stream EM{HD01.001 (TRU waste generated by LANL’s pit production activities) estimated total
volume is listed as 4,7563tDOE-CBFO, 2019, p. 147). This total is subtracted from the 57,55@atal from the pit

production EIS.

dDSPTRU waste volume associated with waste streariK8R-PuOx (6 MT of surplus plutonium) has been subtracted from
the total (4,620 /) before VoR, DOECBFO, 2018a).

eDSP-TRU waste volumes associated with teastreams SIRAC-PuOx (6 MT of surplus plutonium) and S&AC-PuOX-1

(7.1 MT of surplus plutonium) has been subtracted from the total (588fer VoR, see DOEBFO, 2019anoting that a

portion of the 7.1 MT volume is not included in the projected totals.

fSee “Questions for NNSARound Two Final Answerg’ available by request through the National Academies’ Public Access
Records Office at paro@nas.edu.

30Seethe Idaho/DOE/Navy Supplement Agreent Concerning Conditional Waiver of Sections D.2.e and K.1
and the 1995 Settlement Agreement (see p. 5): https://gov.idaho.goavtemt/uploads/sites/74/2019/11/dioé-
2019supplementahgreemensigned.pdiaccessed May 20, 20R0
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3.5.2 Emplaced and Future TRU Wastes Volumes

The committee used several sources from BXBEO to assess the impact of DERU on future
waste streams in addition to those listed abbeegus¢he waste streams discussed above are mostly not
included in current DOECBFO estimates of future TRU wastes). The sources are emplacement volumes in
WIPPreported by WDS! to determine a value for emplaced wastes; and the two most recent ATWIRS, to
estimate future waste volumes. The 2018 ATWIRE-CBFO, 2018a)which provided estimates of future
TRU waste volumes as of December 31, 2017, is the lastanyarleased by DOEBFO before the VoR
changes took effect. The 2019 ATWIR (D@BFO, 2019b) was released in December 2019, with
estimates of TRU as of December 31, 2018, and is the first to report LWA and TMV volumes separately.
The 2019 ATWIR includeadjusted volumes from the 2018 ATWARvhich are recalculated according to
the VoR instructions. The committee chose to use the 2018 estimated and adjusted volumes to illustrate the
impact of the VoR on emplaced and future TRU wastes.

The relevant tables fro the two reports (DOEBFO, 2018a, 2019a) are

x Table 33. CH/RH [Contact Handled/Remote Handled] Waste Volume Changbgh lists the
grand total volume for the current and previous year estimated through 2033 (in the 2019
ATWIR, this includes the column Adjusted ATWHED18 Totals); and

X Table 44. Projected WIPP CH/RHIRU Volume Beyond 2033-which provides estimated
projected volumes in addition to the values listed in Tat8e 3-

The committee’s assessment is summarized in TaBleABthe beginning of #h committee deliberations,
under the outer container volume accounting, it was evident that the total surplus plutonium inventory
would exceed the WIPP capacity, as was noted in the-RREA Surplus Plutonium Disposition
Performance Assessment Inventory Repé&t®17: “The volume of anticipated (stored plus projected)
and emplaced TRU waste reported by the DOE TRU waste sitasluding the SPD proposal, exceeds
the legislated volume capacity for WIPP by approximately 17, 70qI0ANL, 2017, p. 10).

Additionally, there is inordinate pressure on WIPP to accommodate all federal needs for disposal of
defense TRU wastes for decades to come, and reliable access to its chptcithysical and statutory,
is an essential and critical requirement for the success of NIKIEA's conceptual plang.he DSPTRU
waste streams, both DEENSA’s and DOEEM's, can be welkstimated decades in advarée.
Previously, the committee was told that there erenechanisms for prioritizing disposal space years in
advance or reserving space in WIPP for kpglority waste stream$.

However, the data in TableZBand Figure 3 make clear that LWA statutory capacity remains an
issue, primarily due to pit production TRU waste. In fact, the impact of thellR&Pwaste on other
wastes is miniscule—which represents ~1 percent of the LWA capacity (or 23p5buat the impact of
other wastes on DSPRU is large. The committee’s recommendation to prioritize IDRP waste and
to reserve space in WIPP remains vahespecially since DOEds made similar agreements for pit
production TRU waste and guaranteed shipment rates from Idaho.

SITMW and LWA totals as reported by WDS/WWIS Repository volumes dates Octol01iBandApril 3,
2019; two reports that were downloaded by the committee.

32The character and form of the DSRU waste is deliberately produced (not a waste derived from other
processes) and the volume of the containers is standardized, allowirmg$adition projectiosto be made, unlike
much of the TRU waste that is generated through routine operations across the DOE complex. The physical volume
of DSRTRU waste generated from 48.2 MT would fill approximately two of WIPP’s existing panels.

335ee “Questions for NNSARound Two -Final Answers,” available by request through the National
Academies’ Public Access Records Office at paro@nas.edu
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FIGURE 3-9 Using the data from Table3 the emplaced and future TRU wastes estimates, as reported by DOE
(DOE-CBFO, 2018a2019a); and additional wastes, identified by the committee. Additional wastes afERLEP
GreatefThanClassC-like (GTCClike) TRU wastes, tank wastes, and TRU waste generated from pit production.
The graphs illustrate the impact of tii@ume of ecord (VoR) recalculation, in particular the large reduction in
DSPTRU waste volumes. Both graphs also show that the Land Withdrawal Act statutory limit is likely to be
exceeded.

RECOMMENDATION 3 -1 (modified from Interim Report RECOMMENDATION 1):

Capacity at the Waste Isolation Pilot Plant WIPP) should be treated as a valuable and limited
resource by the Department of Energy[OE). DOE is able to prioritize national security
mission waste streams for WIPP (i.e., pit productiotransuranic [TRU] waste).Because
emplacement in WIPP is critical to both DOEs Office of Environmental Management’'s (DOE
EM’s) and DOE’s National Nuclear Security Administration’s (DOE-NNSA's) dilute and
dispose plans, the DOENNSA Administrator, in consultation with the DOE-EM Assistant
Secretary,should prioritize and reserve Land Withdrawal Act capacity in WIPP for the full
amount of diluted surplus plutonium TRU waste (2,057 cubic meters). Otherwise, the DOE
NNSA and theDOE-EM programs are at risk of not being able to disposibn the full amount of
48.2metric tons of surplus plutonium via dilute and dispose.

3.6 RISK ASSESSMENT OF THE DILUTE AND DISPOSE PLAN

DOE-NNSA has promulgated two documents to address risk management and analysis for the dilute
and dispose program. The first of these documents, the Risks and Opportunities Management Plan
(SRNS, 2018dable 3), formalizes DOE's risk management plan stest withGovernment
Accountability Office GAO) criteria for cost estimating and assessments. T8eAdmy Corps of
Engineers has independently reviewed the ROMP and found that the overall plan meets GAbatiteria,
notedsome deficiencies. The comiei has not undertaken a separate analysis of the ROMP given that
DOE has already adopted this risk management approach and bebagdseen evaluated formally.
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The second document, the Risk and Opportunity Analysis Report (SRNS, 20i8&S.3),
contains the DOENNSA risk teans assessments of program and execution risks for the dilute and
dispose approach. The dilute and dispose ROAR seeks to identify, quamdifgvaluate economic
consequences of the dilute and dispose program. This application is similar to most economic risk and
opportunity approaches with some interesting differences because it is a govdumdedtproject and a
large investment with numerous options. Several key points are that 28 experts were involved as primary
contributas and many more contributed from the following sites:

NNSA
Pantex
WIPP
LANL
SRS

X X X X X

The research team followed a typical process, including

X Reading documents,

X ldentifying assumptions,

X Sorting out many options to find those with the highest level of risk and opportunity, and
x Narrowing the list and evaluating options.

The ROAR indicates that 124 actions/events were identified. Of these, 76 were excluded according
to the authors as dupétive and too improbable. The authors of the ROAR acknowledge that three risk
sources were excluded from consideration, including revision of the baseline requirements for the project;
changes in funding from the initial authorization; and events ouwrdfal of the responsible
organizations. The ROAR summarizes key conclusions and summarizes 48 risks and opportunities. Most
summaries are 1 ta3pages and include background, event, and impact of the event on cost should it
occur, as well as brief notes the likelihood of the event.

This committee focused on the 10 boxes in the “high” category for “program” and “execution” risks.
Given the materials provided, the committee has no basis to question the classification of high versus
moderate versus lovisks and benefits. However, three issues are of concern, listed in order of
importance below.

The first is that the ROAR risk analysis is focused on,e@ébn human or ecological health. For
example, an anomalous event at WIPP causing delays in shipments from SRS (Event ID 2716, SRNS,
2018e) is rated a “moderate” risk. The report notes that such an event occurred in 2014 leading to the
well-known 3year shutdown of WIPP. At the time of the event, there was an expectation that the event
might cost$2 billion to remediate. However, some venting to the surface did occur as a result, and
although it was minimal, this fact is not noted in the risk analysis. It could be argued that this is not a
“moderate” risk when human or ecological health are adedubor.

The second of these issues is the lack of data and technical justification for the findings. For
example, the ROAR identifies a program risk, anomalous events occur at SRS causing delays in
shipments to WIPPD 2635), as a schedule risk witheported frequency of occurrence of once every
10 years, or at least three times over the program life. The committee has no data to independently
substantiate the estimated frequency of unplanned events in the proposed program and there is concern
over thefidelity of these data used in the ROAR based on the early phases of both tHeMD@ftel the
DOE-NNSA programs.
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The third issue is the brevity of the descriptions and the collapsing of several events into another.
The committee was unable to satisBeif that all risks are sufficiently captured and reviewed
especially in terms of health and safety. Examples include certain potential exposure events, such as an
incident in which KArea infrastructure fails or a site safety incident occinfsg(structue Failure of
Less Than 6 Months May Cause Delaysii€a, SRS]Event ID 2603), which addressed health and
safety a bit more explicitly than others. In the ROAR, that event was then rolled AreaK
Infrastructure Failures Causing Disruptidn Operaticns May Cause Delays and Impact Production
(Event ID 2608)}-which was closed. Event ID 2608 made no mention of the exposure or health and
safety concerns, arab Event ID 2603 was seemingly lost rather than included. In another example,
Blend Can Norbestrudive Assay (NDA) Equipment Calibration Failure Causes Rework and Additional
Operator Exposure (Event ID 2606) includes exposure risks in its title and statement of event, but the
description focuses on the operational element in the rest of the summary.

These types of events are clearly presented in the detailed event sheets in the appendixes, but they
are buried in the main body of the ROAR. The descriptions of the risks and mitigations could be made
explicit about all the types of risks addressed and properly represented in summary.

RECOMMENDATION 3 -2: The focus of the Risk and Opportunity Analysis Report (ROAR)
is on cost and schedule. This approach is different from a standard risk assessment and
performance assessment antthe Department of Energys National Nuclear Security
Administration (DOE-NNSA) should clearly communicate what types of risks it addresses in
the ROAR and what types it does not. It is not clear how human and ecological health (and
other risks) within the dilute and dispose programare identified and managed in addition to
the numerous DOE nuclear safety and security orders to which all programs must comply.
Therefore, DOE-NNSA should clearly state how the risks to human health and safety are
addressed in its plans. One option is tadd a category to the ROAR events to indicate
plausible risks and consequences of exposing vkers and especially the public.
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Implementation Challenges

The committee outlines two types of concerns over the Department of' EiNatgnal Nuclear
Security Administration’s (DOBRINSA’s) conceptual plans to ship, receive, and emplace surplus
plutonium in the Waste Isolation Pilot Plant (WIPP). The-fidiscussed in this chaptefare
implementation challenges, which by the committdefmition, are related to the execution of the
plan and include serious concerns about the plan’s duration, proposed schedule, and workforce.
The second are system vulnerabilities, which have larger consequences if not addressed, and are
discussed in Chater 5. Specific implementation challenges discussed below are grouped by early
development challenges and letegm sustainability challenges.

DOE-NNSA has developed conceptual plans for the dilute and dispose program. It is expected that
those plans awell as the specific operational plans at the various sites will continue to evolve as they
mature. The early stage of DENINSA's dilute and dispose plans introduces uncertainty and a lack of
fidelity in the details, which the committee recognized. Tlsessment below of the plan introduced in
the previous chapter provides a high level review and guidance to be used as the plans are further
developed. Several implementation challenges are identified that are likdlgdbthe plan’s schedule
and cost.

In summary of the plan, DOENSA’s mission to dilute and dispose of 34 metric tavi$ ) of
surplus plutonium material is justified by the United States’ commitment t@mdifieration and the
disposition of its inventory of declared surplus weapons na(@OENNSA, 2018)! The current plan
was developed and is managed by the Defense Nuclear Nonproliferation office withiNl&& The
plan indicates emplacement operations to be completed in fiscal year (FY) 2049, with 7 years of schedule
contingency, binging the probable completion to FY 2056, as calculated by the U.S. Army Corps of
Engineers (USACE) at a 70 percent confidence level (see Figl)réd Be operations and processes
described in the plan span four DOE sites (see Fig@jetBe transportain of materials anttansuranic
(TRU) waste willaffect at least seven different states. The plan includes details on the amount of material
that will be processed and the volume of TRU waste that will be created. Details of gpadingxisting
processs to meet the schedule outlined above are described and include increases in personnel and
equipment to allow factors of ~15 or more increases in throughput rates.

DOE-NNSA's dilute and dispose program has assessed cost and schedule risk through a process
defined by the Government Accountability Office (GAQO) and has produced-&¥ile Cost Estimate
(LCCE) estimating that the full lifeycle cost of the dilute and dispose program will be $18.2 billion (in
FY 2017 dollarsSRNS, 2018a). A Risk and Oppanities Management Plan (SRNS, 2018d) and a Risk
and Opportunities Analysis Report (ROABRNS, 2018e) are included as part of the LCCE package of
documents. Many of the highest assessed cost and schedule risks are related to equipment failure or lack
of qualified personnel. As stated previously, the committee did not independently verify the stated
frequency of realized cost and schedule risks such as unplanned process excursions, equipment
breakdowns, or accidents that were used by INDESA to determine grammatic risks to cost and
scheduleBased on the lack of maturity of some of the processes involved, there is some concern over the
accuracy of the quoted failure rates.

tAdherence by the United States and the Russian Federation to the Plutonium Management and Disposition
Agreements currently uncertair-and is discussed in the next chapter.

70

Copyright National Academy of Sciences. All rights reserved.



Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Implementation Challenges

In the discussion that follows, implementation challenges are described andugredgas, first,
early program development challenges and, @exsustainability challenges. As defined by the
committee, implementation challenges are related to the execul@EBNNSA's plan and include
serious concerns about the plan’s duration, proposed schedule, and workforce. System vulnerabilities,
discussed in Chaptér consider DOENNSA's plan in the context of broader system issues across the
DOE complex and question its approach, assumptanotivation which could ultimately threaten
the successful, full completion of the program.

4.1 EARLY PROGRAM DEVELOPMENT CHALLENGES

DOE-NNSA's dilute and dispose plan for operations makes use of existing facilities and previously
developed processes which reduces technicataiakd cost ofhe program. Figure 4-shows the
process steps describeddhapter3 and how they map to various existing DOE capabilities (the different
programs are shown by different colors in the figuseplingup details are also captured. In addition to
operations, DOENNSA'’s plan includes management actions sucNa&sonal Environmental Policy Act
analysis and permit modification requests. Details of how INBESA plans to achieve International
Atomic Energy AgencylAEA) inspections and verification with a target date of2023, as shown on
the Master Schedule and included as a requirement for disposalNDISE, 2018), are absent in the
other documents that the committee recefved.

As shown in Figure 4, there is prior experience within DOE for nearly all & ithdividual
processes described in DOBNSA's dilute and dispose planning documents. However, the full dilute
and dispose plan has not yet been demonstrated from start to finish. This is a concern because even well
established capabilities run into unfeeen problems when integrated. Furthermore, DOE’s experience
with some of the dilute and dispose processes and their demonstrated baseline values are not well
established. For example, one could assume that few pits have been processed and shippgddnms
National Laboratoryl(ANL ) beyond pilot demonstration for the Advanced Recovery and Integrated
Extraction SystemARIES) equipment in support of the MOX plan (exact numbers are not available to
the public). The ARIES equipment has processed as much &g/g42f plutonium oxide but more
recently the rates have been lower (producing 50, 0, and 100 kg in 2015280201 7respectively
see DOE, 2018d, table 7).

CONCLUSION 4-1 (Updated Interim Report CONCLUSION 1): The Department of Energy’s
National Nuclear Security Administration’s (DOE-NNSA's) early-stage plans to dilute and
dispose at least 34 metric tons (MT), and as much as 42.2 MT, take advantage of individual
process steps that have nearly all been demonstrated by a variety of differenDE programs.
As such, the earlystage plans to dilute and dispose provide a technically viable disposition
alternative to the mixed oxide(MOX) plan, provided that implementation challenges and
system vulnerabilities that currently exist within the plan are resolved.

More concerning is the slow progress to date in processing the 6 MT pftntonium material,
reported in Chapte3; only about 52 kg (or 0.052 MT) of plutonium oxide has been diluted by ®OE
Office of Environmental Management (DEEEM) in the Savannah River Site’s (SRBK Interim
Surveillance KIS) glovebox and has not yet been shipped to WIPP.-DNAEA has highlighted DOE
EM'’s activities to dilute and dispose of 6 MT of surplus pirplutonium material as gfoving ground”
for its program. However, DOEEM’s plutonium processing program is in its early stages of development

°The Master Schedule is available by request through the National Academies’ Public Access Records Office at
paro@nas.edd:he Surplus Plutonium Disposition Program Requirements Document fDiltite and Dispose
Approach DOE-NNSA, 2019 lists the following requirement (p. 15): Requirement P49: Geological Repository
Disposal shall provide monitoring capability to support international verification of surplus plutonium disposal.
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as well. It now appears that this material will be diluted at the same time and using the same fdwlity as
DOE-NNSA processes as much as 42.2 MT, increasemgathd on the facility and resources at SRS.
Because the 84T DOE-EM program is slated to run concurrently with the dilute and dispose program
for much of the projected life of the dilute and dispose program, it will not be a particularly robust
proving gound for DOENNSA's dilute and dispose program.

FIGURE 4-1 Summary of DOENNSA's plans to dilute and dispose 34 MT of surplus plutonium material and how
the planned processes map to existing or previous programs. Each different program is idemtifigtekent color
and the name of the pexisting program or activity is noted: MOX (green); DOE’s Office of Environmental
Management’s (DOHEM'’s) plans for diluting (downblending) and disposing 6 MT of 4pitrplutonium (ight

blue); DOEEM’s dilution of ~61 kg in its HBLine (dark blug; and TRU waste transportation from SRS to WIPP
(purplg. Nearly all of the steps have been previously demonstrated, except for IAEA inspection and verification,
indicated by black boxes. Also shown are the proposethgagh rates for specific process steps. NOTE: FTE =
full-time equivalent, HBLine = a chemical processing facility at SRS, IAEA = International Atomic Energy
Agency, LANL = Los Alamos National Laboratory, MOX = mixed oxide, OST = Office of Secure Traaspagr

POC = pipe overpack container, SRS = Savannah River Site, TRU = transuranic, WIPP = Waste Isolation Pilot
Plant.

30ne significantifference is that a record of decision has been issued for the 6 MT.
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In the context of presenting the dilute and dispose plan,-NREA identified approximately 4.8
MT of plutonium material from Rocky Flats Environmental Technology Site and other sitbésdha¢en
disposed of at WIPP, some of which was diluted with an adulterant, to show prior capability (McAlhany,
2017). However, the experience gained from processing this earlier material is not completely analogous
to the currently proposed dilute and dispose process in that the adulterant, the packaging, and much of the
material had different characteristics (Maxted, 2Gi®l othery. Absent more experience with the dilute
and dispose processes as a baseline, there is no reliable set of data to predict the frequency of equipment
breakdowns, maintenance, and work stggsa(i.e., unavailability due to planned sharing of equipment
and unexpected occurrences).

The committee’s assessments of details of DESA’s plan for scaling up operations at Pantex,

LANL, and SRS—which are largely manual glovebox operatiecen be found in Box 4- There was

no indication in DOENNSA's planning documents that a technology development plan, for example, to
automate glovebox operations, was under development or planned. Further details can be found in
Appendix F.

Finally, another committee concern is the development and implementation of a security plan. A
security program appropriate to DOE’s assessment of the attractiveness of this diluted plutonium material
(see Box ) given the quantity and attractiveness of the source materialvfeaponsgrade plutonium)
requires finalized security and campaign plans. As noted in Chapter 3, parts Nl®%Es dilute and
dispose security plans and their implementation are still under development.

4.2 SUSTAINABILITY CHALLENGES

Normally, an extended schedule translates to increased costs. This is true for the dilute and dispose
programs, but extended schedules have additional risks: the availability and operational capability of
WIPP past 2050 and aging infrastructure at SRS and LANL.

DOE-NNSA estimates completion of the plan to dilute and dispose of 34 MT of surplus plutonium
by FY 2049. DOEEM'’s estimated completion date to dilute and dispose of 6 MT is FY 2046 (Maxted,
2019)—a significant overlap of the two programs that was only recently highlighted to the committee. An
additional 8.2 MT of surplus plutonium material that could be dispositioned through dilute and dispose
methods is not included in these schedules (see FiglirdfZhere is a decision to disposition these
additional materials via dilute and dispose, the timelines would be expected to increase accordingly.

WIPP’s current closure date is 2034, but D©OEarlsbad Field Office (DOEBFO) plans to
request an extension of WIPP's lifetime to at least 2050 from the New Mexico Environment Department,
which manages the permit for WIPP (see Chapter 2). The lifetime extension would conceivably
accommodate the enggement schedule for diluted surplus plutonium transuranic-[8JH waste as
well as TRU waste generated from across the DOE complex.

An independent review of DOENSA's approach to the LCCE by USACE estimated an end date
of at least FY 2056 when contiegcies are taken into account; the USACE report states that the dilute
and dispose “program finish date does not align with mission requirements” (SRNS, 2018a, fig. 4;
USACE, 2018, p. i}.See Figure .

Separately, a recent congressionally mandatedssmseasof pit production options conducted by
the Institute for Defense Analyses (IDA, 2019) for DRNSA reviewed DOE'’s major projects (those
that cost more than $700 million) and found that every one of the projects experienced cost growth and
schedule gbpage. IDAfound no successful major project that achieveddQDD-4 is Project

4Information collected during discussions during the open session of the committee’s April 2019 meeting. See
video from the meeting availabletatps://vimeo.com/showcase/6028445/video/33802¢&8dessed May 20, 2020)

5The purpose of the USACE review was to assess compliance of the LCCE approach with “the requirements and
best practices of the Government Accounting Office (GAO) for development of capital program cost and schedule
estimates, GAA9-3SP and GAQL6-89G, respectively’YSACE, 2018, p. i).
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Completion per DOE Order 413.3BOE, 2010) in less than 16 years. DAIESA's dilute and dispose
plan, which qualifies as a major project based on IDA’s criteria, estimates it will readra€Barly as
2027 or 2030 with schedule contingency (8 or 11 years, respectively; see Figure 3-

BOX 4-1 Committee Assessment per Site for Operations: Pantex, LANL, and SRS

Details on the activities for each site listed below can be found in Chapter 3.
Pantex Operations

DOE-NNSA'’s dilute and dispose activities at Pantex are to retrieve, store, and stage the pit containers; ship
the containers to the Advanced Recovery and Integration Extraction System (ARIES) facility at the Los Alamos
National Laboratory (LANL); and monitor conditions for safety and accountability (see Figure 3-2, process steps A
to B1). These activities are not new to the site and none are expected to affect the viability of the proposed dilute
and dispose program. Within DOE-NNSA's dilute and dispose program, several efforts are focused on updating
packages for transporting and storing the surplus plutonium material and are meant to improve the efficiency of
the current processes. These are highlighted in Appendix F.

LANL

Oxidation at LANL will apply to surplus plutonium material as well as some mixed plutonium/highly enriched
uranium material. Oxidation has been demonstrated at the Technology Readiness Level (TRL)-6 level; again, no
risk to program is anticipated. These processes have been performed at the ARIES facility in the past and have
continued at small throughput rates. DOE-NNSA'’s plans identify several process improvements for activities at
LANL, which are described in Appendix F.

Recalling information from Chapter 3, LANL oxide product throughput is planned to scale up from a current
100-kg/yr capacity to 400-kg/yr by FY 2025 and then to 1,500 kg/yr by FY 2032, a factor of nearly 15 (SRNS,
2018a, p. 31). Staffing is expected to scale up from 82 to 296 by FY 2033, a factor of more than 3.5. These are
large increases beyond current practice. Staffing could be a major issue (SRNS, 2018e, p. 138). The scale-up
question is whether these can be achieved and sustained for the full duration of the dilute and dispose program of
more than 30 years. Major issues identified by DOE-NNSA are oxidation rate, process shutdowns, and storage
space sufficient to equalize material flow to SRS and thence to the Waste Isolation Pilot Plant (WIPP) when
backups occur at SRS and WIPP (SRNS, 2018e). The challenge will be retaining qualified operators to sustain
operations and competition for space and resources with the expanded pit production activities at PF-4, not
equipment procurement and readiness. Therefore, LANL may be a major bottleneck in the DOE-NNSA dilute and
dispose system.

SRS

SRS scaling up of the dilution and packaging operations is also significant. DOE-NNSA'’s scale-up plans
include the acquisition of three new gloveboxes so that up to four gloveboxes could be used in rotation throughout
the duration of the program. The rotation serves two purposes: (1) a margin for one glovebox to be out of service
for recovery from mishaps, and (2) an averaging of worker radiation exposure since the current glovebox line is
not as well shielded as the three new gloveboxes that are planned to meet the needed production rate. It is worth
noting that the KIS glovebox, used for the dilution of DOE-EM’s 6 MT of surplus plutonium, shares its operational
availability with the 3013 surveillance program (Maxted, 2019).

DOE-EM has had limited experience in diluting the plutonium oxide. It has diluted on average a single 3013
can in three shifts, equivalent to 1 day’s output for an intended three-shift/day use of the gloveboxes.2 The
incoming 9975 shipping containers hold one 3013 container with a maximum of 4.4 kg of surplus plutonium (5 kg
of plutonium oxide) (SRNS, 2018c,f). Assuming an average of 4 kg of plutonium per 3013 and utilizing the
gloveboxes on a three-shift, 7-day workweek for 40 weeks/yr (280 days), output would be more than 1 MT per
glovebox per year. Thus, DOE-NNSA's plan of using two gloveboxes with the third as a contingency spare would
be required in order to process the 1.3 to 1.5 MT per year that would be required to meet the NNSA proposed
schedule. (The committee has no data on how much plutonium an average 3013 contains, which could affect this
calculation.) Staffing in the K-Area at SRS is expected to increase by a factor of 20, from 15 to approximately 300
personnel. At peak levels, the major activities include dilution, packaging and shipping, assay, and facility
operations (DOE, 2018d, fig. 20). However, DOE-EM'’s dilution and disposal program for 6 MT of surplus non-pit
plutonium is expected to be completed in FY 2046 and will operate in parallel with DOE-NNSA'’s operations for its
34 MT of surplus plutonium for a large fraction of the program duration, increasing the demand for the same
gloveboxes.

continued
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BOX 4-1 Continued

Of major importance (with the associated risk) will be the recruiting, training, and retention of skilled and
cleared operators for the processes involved. The new operators and radiological personnel will be involved with
glovebox operation, non-destructive assay steps, and loading criticality control overpack (CCO) containers
(SRNS, 2018b). Many of these operations, which are largely manual, are intended to function on a 24-hour, 7-day
schedule in a classified facility that is aging (SRNS, 2018b).

aInformation received from Maxcine Maxted, May 18, 2019, via e-mail to National Academies study director Jennifer
Heimberg.

FIGURE 4-2 Summary diagram from the.8l Army Corps of Engineers independent assessment of DREA's
Life-Cycle Cost Estimate (LCCE) report showing a planned finish date @0B¥ moving to FY2056 when

schedule uncertainty and schedule margin are taken into account. “P70” is 70 percent confidence level. SOURCE:

USACE, 2018, p. iiifig. ES-1.

An extension of the dilute andsgiiose program timeline, which USAC&lIculates to b& years or

more,has serious implicatiorfer the availability of WIPP and maintenance of the other infrastructure
required. WIPP began operations to accept TRU waste in 1999, but the underground and infrastructure
have been in place since 1988. As one example of aging systems at WIPP, during the committee tour of
WIPP, the committee was told that the freight elevator was purchased augedent when WIPP was

originally corstructed. The KArea at SRS, where the routite-clock dilution, packaging, and storage

activities are planned and will be needed for more than two decades, has been assessed by DOE as being
in “poor condition” and is 65 years old; at the end of the déuie dispose campaign, assuming an end

date of FY2049, KArea will be close to 100 years old. Aging infrastructure iAd€ais acknowledged

in the ROAR (SRNS, 2018e, p. 10%)hich states that the infrastructure has exceeded its design life;
infrastructue risks associated with aging included the electrical, fire, exhaust, and chilled water systems
and the roof. Similarly, the ARIES facility will be nearly 50 years old. Other infrastructure within DOE

sites is, of course, also aging. To highlight the iobpd aging infrastructure not specified in the dilute

and dispose plans, we cite an example from the risk assessment at SRS from the 2014 Omnibus Risk

Review Committee (2015, p. 159):
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Several staff noted one particularly serious example of critical infras WU XFW XUH(UHODWHG L
January 6, 2014, a polar vortex weather event enveloped the SRS area with unusually cold weather.

The ... steam and power plant ... broke down shutting off steam to site facilities for a week because

of a lack of backup steam genéatfacilities... offsite services that might be counted on normally

may not be available and this could compromise safety.

FINDING 4-1 (updated Interim Report Finding 1): The Department of Energy’s National
Nuclear Security Administration’s (DOE-NNSA'’s) dilute and dispose plan, if implemented, is
likely to face several implementation challenges as the program matures (early program
development challenges) and over its 3gear lifetime (sustainability challenges). The following
are early program developmen challenges:

x All of the processing steps described in the dilute and dispose plan have not been
sequentially demonstrated from startto end, posing a risk since even wedistablished
capabilities run into unforeseen problems when integrated.

X The individual process steps have been demonstrated at prototyfmvels and the scaling
up of current individual operations to a future processing system that can safely and
securely generate, transport, and dispose of the diluted surplus plutonium transuranic
waste within the desired schedule will be challenging. Some of the process steps such as
the glovebox operations lack sufficient operations data to establish baseline throughput
values with confidence.

X The initial security assessments and campaign plan @ not yet been approved. DOE
NNSA will need to ensure that a security program appropriate to DOE’s assessment of
the attractiveness of this diluted plutonium materialis in effect and is periodically
reassessed and updatedjven the quantity and attractiveness of the source material
(e.g.,weaponsgrade plutonium).

The following are sustainability challenges:

x Competition for processing space, human and financial resources, transportation
capacity, as well as the Waste Isolation Pilot PlanW{IPP) capacty with other DOE
priorities such as DOEs Office of Environmental Managements downblending/dilution
and disposal plans, pit production activities athe Los Alamos National Laboratory and
the Savannah River Siteand transportation of TRU wastes to emplacement ikVIPP.

X Maintenance of the infrastructure and expansion of tharained workforce across
multiple sites and including transportation that will be required for at least 30 years.

CONCLUSION 4-2: If not addressed, these implementation challenges could lead to extended
timelines and increased costs. None of the implementation challenges identified threaten the
technical viability of the plan, and many of these challenges could be addressed through
improved project plans (as they mature and with independent review), clarified priority for

the dilute and dispose program within the [@partment of Energy, and sufficient, steady

funding from Congress. However, such straightforward approaches may not be aduate for
some challengedpr example, the ability to hire and qualify sufficient staff, resilience of the
nuclear facilities such aghe Savannah River Siteand the Los Alamos National Laboratory, or
the availability of the Wastelsolation Pilot Plant.

FINDING 4-2: The current approach to processing surplus plutonium, from pit size reduction
to oxidization to dilution and packaging, relies on many manual glovebox operations (i.e.,
crushing plutonium oxide pieces that do not pass through a sieve usingrertar and pestle).
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Plans to scaleup processing to meet the throughput goals for the program rely on duplicating
the current processing lines and following the current processing steps. This is a loisk
approach from a technical standpoint but it fails to take advantage of economies of scale and
automation. Furthermore, the plan introduces risks associated with aging equipment.he
committee saw no evidence of a technology improvement plan.

FINDING 4 -3: Plutonium operations are complex and require adherence to many safety and
security standards. The dilute and dispose program depends on the letgym availability of
adequate nuclear facilities athe Savannah River Site and the Los Alamos National
Laboratory and the successful recruiting of a large quafied workforce that can obtain the
needed security clearances and be trained and retaingd perform the skilled glovebox
operations and maintain the stringent safety posture of the facility and equipment over
decades.

RECOMMENDATION 4 -1: As the dilute end dispose program plans mature, the Department
of Energy's National Nuclear Security Administration (DOE-NNSA) should develop a
technology improvement planthat would put more emphasis on seeking newer automated,
safer, labor-saving technologies that coul avoid human radiation exposure and human error,
as well as reduce cost©Oncethese new technologies are proven safe and technically mature
for operational use, DOENNSA should be prepared to introducghem into the program.

4.2.1 Transportation

DOE-NNSA's dilute and dispose plan relies on existing transportation progrtimsOffice of
Secure Transpation(OST) managed by DOENSA and TRU Waste Transportation managed by
DOE-CBFO. Both programs are walstablished witldefined procedures and eXent safety records.

One important aspect of both transportation programs, OST and TRU Wassportation, is its
coordination with the states. Close coordination and communication along with emergency response
training and exercises will need to lenducted and practiced throughout the dilute and dispose duration
of at least 30 years and with the expected increased number of transports containing the surplus plutonium
material and the DSIPPRU waste.

RECOMMENDATION 4 -2: The relationships betweerthe Department of Energy (DOE)and
the states$ gubernatorial and operational levels need to be maintained throughout the duration
of the multiple dilute and dispose programs in order to support cooperation and to meet the
tenets of agreements among state, local, and federal levels of government. Thanef DOE
should maintain communications and its collaborative cooperation with the states through
which surplus plutonium material and diluted surplus plutonium transuranic waste will be
transported and emplaced.

4.2.2 Risks and Securitypuring Transportation

Nuclear and radiological materials are often considered most vulnerable to theft or loss during
transit, as reported by the IAEA and the James Martin Center for Nonproliferation $G&&E and
other reports{rimble, 2014; IAEA, 2015). DOBRINSA and DOEEM propose to transport up to 48.2
MT of DSPTRU waste for at least the next 30 years. BXINSA and DOEEM limit the amount of

5The CNS report states: “In 2018, 68 incidents (41% of total incidents) occurred during transport, consistent with
similarly high rates in previous years In many cases, radioactive material theft may have been incidental to the
thief’s efforts to steal a vehicle or other valuable equipment. Nonetheless, the occurrence of theftatetidkis
in transit represents perhaps the most dangerous nexus for incidents in the datédygeseéi(al., 2019p. 5).
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plutonium239 to a maximum of 300 grams of plutoni239 per CCO. There are a maximum of 42
CCOs—or 12.4 kilograms of plainium-239—per shipment (see Chap®rThis will require up to an
additional 3,887 shipments (4.764 million loaded miles) from SRS to WIPP over the projegtsat 30-
life of the dilute and dispose program (assuming 48.2 MT). During sstattyoperationshe plan
indicatesup to four TRU waste shipments per week between SRS and WIPP duringwtkeld@annual
operating window at WIPP from 2024 to 2049.

When this rate is reached and sustained, the levels of risk and concern about theft or diversion
increase due to the use of an observable and predictable route, shipment schedule, truck stops for the
drivers, and multiple inspection stops. Additionally, more shipments on the road simultaneously provide
more targets of opportunity and greatansport security challengés.

FINDING 4-4: The number of shipments of diluted surplus plutonium transuranic DSP-

TRU) waste fromthe Savannah River Siteo the Waste Isolation Pilot Plantover the proposed
schedule will be far greater thanfor any other TRU waste stream. Additionally, each shipment
under the current Department of Energys National Nuclear Security Administration’s plans
could contain up to 12.4 Hograms of plutonium-239, albeit in diluted form and distributed
across 42 criticdity control overpacks (i.e., 55gallon drums).

As discussed in Chapt8r both OST and TRU waste transportation programs require security plans
per Department of Transportatioegulation,and both programs have security features in trucks that
transpot the wasteAlthoughmany of the details of the transportation security plans for OST and TRU
waste transport are not publicly available, it is known that both the OST and WIPP transportation
programs call for redundancy in staffirylPP drivers traveln pairs and the loaded vehicle is always
under direcbbservation by one of the drivét§he OST shipments are always accompanied by multiple
federal agents (Nuclear Materials Couriers) who maintain ditesgrvation as well as ensuring the safety
and security of the classified cargo using specialized hardware and equipgkdeittonally, OST has
established mitigating actions to address security risks during transport. As shown id Ho®B-

CBFO uses TRANSCOM tracking beacons for its TR&st& tragport (security tracking capabilities and

details are not publicly available for OST). The TRANSCOM tracking beacon is located on the tractor of
the TRU waste truclbut neither the trailers nor the individual TRUPAQS currently have satellite

tracking beacon® As long as the tractor and trailer are connected, authorized TRANSCOM users would

be able to approximate the location of the traittidowever, should the tractor and trailer become

detached, for any reason, the trailer does not have a tracking beacon and could with considerable effort be
stolen.

Other mitigating actions to increase security are or have been considered by DOE. For instance,
federal escorts were successfully utilized from 1994 to 1995 during the DOE Urgent @83ilketurn
Campagn from Northglenn, Coloradtg Hanford Reservation, Washington (D&®, 1994, pp. 3, 8).

“It is worth noting the transportation plan for the MOX option: “Once assembled, each of the fuel assemblies
would be transported in SST/SGTs [safe, secure trailer/SafeGuards Trarspoedecessor to OST] to one of the
domestic, commercial reactors for usBQE, 1999hp. s27). The committee was told that the dilute and dispose
plan’s campaign plan (see BoxX23 will assess the risks during TRU waste transport of the TFIP waste from
SRS to WIPP. The campaign plan is not publicly available and was not finalized theinommittee’s study.

8For example, see WIPP’s webpaggich states that “Drivers work in pairs to assure that the truck and payload
are attended at all times....” Sk#ps://wipp.energy.gov/wasteansportation.asp (accessed March 8, 2020).

%For exampe, see Office of Secure Transportation (OST): Missidideo 2,
https://www.youtube.com/watch?v=0asNhjli2ic&t=6s (accessed March 8, 2020).

10t is either a common transportation interpretation or an oversimplification of DOE operational procedures that
oftenconveys the concept that “During shipment, the location of each TRURKi€Monitored while in transit by
using TRANSCOM tracking (tracking is provided for security purposé$dtflal et al., 201,&. 15).

IITRANSCOM updates every 5 minutes; the transds traveling at 685 mph and will have traveled along
the route before being picked up again by cell tower to satellite.
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There is value in securing packages (i.e., TRUPAIBwith electronic tamper indicators, as discussed
in Chapter3, so that DOECBFO may independently verify repeiof surplus plutonium TRU waste at
point-of-destination. However, electronic tamper indicators do not provide remote tracking capabilities.

RECOMMENDATION 4 -3: The Department of Energys National Nuclear Security
Administration (DOE-NNSA) should periodically update its security assessment for the dilute
and disposal campaign given the long duration of the program and the potential that a future
operational environment may require different approaches to mitigate potential security risks.
The current DOE-NNSA process for such an assessment, utilizing the Materials Risk Review
Committee, is viewed as an appropriate approach for such a future assessment that considers
both the potential attractiveness of the source material aseaponsgrade plutonium and the
shipment frequency.

Risk assessment provides a method to identify, understand, and address aspects of an activity that
pose the greatest harm (considering both likelihood and consequences). A transportation risk assessment
was notspecifically conducted within the dilute and dispose plans but is addressed by adherence to
multiple regulations and agreements (see Appendix D). For example, the WIPP Transportation
Assessment Update in 1998 provides a model transportation risk assg#ewierit998).The 1998
study considered risks to safety; security risks were not considered. Transportation risk also was not
assessed in the ROAR. Therefore, the committee is concerned that the existing capabilities and risk
assessments have not been adeg]ly considered against the demands that will be encountered by DOE
NNSA's dilute and dispose plan.

4.2.3 Workforce Development Across the Dilutand Dispose Program

DOE-NNSA'’s and DOEEM’s plans to oxidize surplus plutonium material and dilute the plutonium
oxide require the use of gloveboxasd glovebox operations are largely manual. NS A's plans
show significant scaling up of the workforce (a plan from DENE was not available). In addition, the
DSPTRU waste will be transported using commercial transport companies, through contracts with DOE
CBFO.

Many of the jobs require highly specialized workers whose jobs can require significant training time
beforethey become qualifietb wotk. Examples include glovebox work for pit disassembly at Los
Alamos, glovebox work for the dilution of plutonium oxide at Savannah River, and the transportation of
the diluted plutonium from Savannah River to WIPP. In addition, retention of the skill&tbveer will
be needed to ensure the success of this prograenprograms have additional workforce challenges with
the risks of delays at one site (i.e., LANL or WIPP) affecting other sites (i.e., SRS)NDOE's plan
does have some contingencies forénfuent eventdut the committee has concerns alibatfidelity of
those rates.

The ROAR identifies as moderate risk of causing delays to program execution the need to hire and
train staff for SRS operations and limited staffing at LANL (SRNS, 2018k& £®). Workforce attrition
and training at Pantex is listed as low risk. As an example, background text for the LANL staffing risk
states that “the program is currently (8/2017) experiencing difficulty in adding new staff and is competing
with other progams for resourcegSRNS, 2018gp. 138). Other activities competing for workforce
resources are likely to be pit production and other weapons prograrasetiéing at higher rates than in
the past.

As another example, America’s trucking industry is currently struggling with the inability to acquire
trained and experienced drivers who hagemercial driver’s licenses, several years of experience with a
good safety record over that time with no incidents, and insurance companies willing to insure those
drivers.lt is forecasted that a shortage of qualified drivers will continue even with the emergence of
automated vehicle3.herefore, the need for drivers or operators to monitor vehicles in transit will persist.
On July 24, 2019, the American Truckinggdciation reported that at the end of 2018, America had an
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unmet need for 60,800 drivers. If conditions remain the same, they estimate the trucking industry could be
short 100,000 drivers in 5 years, and 160,000 drivers in 2028 (Costello and Karickhoff, 2@dt@eln

decades, DOEEBFO will likely be pressed into innovative hiring practices in order to maintain a

workforce of drivers within a competitive environment vying for those drivers.

RECOMMENDATION 4 -4: Workforce hiring and retention challenges for the dilute and
dispose programs for both the Department of Energg (DOE’s) Office of Environmental
Managementand DOE's National Nuclear Security Administration will require a focused and
sustained effort. Thecurrent assessment of risks to the programs may be undervalued. DGE
Carlsbad Field Office should ensure thatit has planned for the future costs of these workforce

needs taits transportation system.
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5

System Vulnerabilities

The preceding chapter outlined implementation challenges to the dilute and dispose program. Most
of those risks and challenges involve projesel issues and their mitigatiersuch as operations
scaleup, human resource availability, sustainable funding, security demands, facility modifications,
and life extensions. System vulnerabilities are identified by considering the plan in the context of
broader system issues across brepartment of EnergyD(OE) complex and questioning its

approach, assumptions, @mnotivations that could ultimately threaten the successful, full

completion of the program. This chapter outlines these vulnerabilities and suggests ways they could
be addressed.

The system vulnerabilities to the dilute and dispose program have serious consequences if not
addressed and in some cases can be considered deterministic of full mission Shedssses identified
here are fundamental to designing, building, and sustaining theleuate support that will be required
for the full completion of the dilute and dispose plan. The issues, many of which are nontechnical, span
policy, strategy, social, and political realmgldressing them will require actions by both the current
DOE s National Nuclear Security Administratie(DOE-NNSA’s) program management and higher
levels of leadership.

5.1 UNCLEAR FUTURE FOR THE PMDA AND ITS IMPACT
ON THE DILUTE AND DISPOSE PLAN

Several concerns regarding the Plutonium Management and Disposition Agreement (PMDA)
between the Russian Federation andthied States, its uncertain future, and its relevance to the
implementation and sustainability of the dilute and dispose plans $osurplus plutonium are
highlighted below.

The PMDA and its current statasedescribed in Chapter Zhe salient points artae following

X The Agreement applies to at least 34 metric {MiB) of surplus plutonium for both countries

X The Russian Federation and the United States disagree on the current status of the PMDA with the
Russian Federation suspending the agreement in 201&ebdunited States considering it in effect;

x lrradiated mixed oxideMOX) fuel was the last agregd method for disposition and the United
States has canceled its MOX program

X The United States asserts that the dilute and dispose approach fulfills the intent of the agreement
but the new disposition method requires agreement by the Russian Federation, which has not yet
been providedand

x Protocols for International Atomic Energy AgendfEA) monitoring and inspection (as per the
PMDA) for disposal have not been developed and are not presently being pursued-by DOE
NNSA for the 34 MT disposition.

Furthermore, DOENNSA's recently updated conceptual plans no longer cite the PMDA in the
mission need statement for the dilute and dispose program, leaving the future adherence to the PMDA
timelines and disposition requirements in question (ENDESA, 2016, 2018).
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In Chapter3, the committee presented the recovery barriers for the irradiated MOX option and the
dilute and dispose option. Irradiated MOX fuel, which meets the spent fuel standard, has more barriers to
recovery than the dilute and dispose option, which does not meet the spent fuel standard. Conceptually,
recovery of diluted plutonium inventory emplaced in the underground requires two($}eps:
presumed physicaémovalof the diluted waste form from the underground by the host country or third
state or norstate actors, an@) the presumephysiochemical processing of the diluted waste form to
extract the plutonium.

It is a common misconception that nuclear wastace emplaced in a sealed (i.e., prdesure)
repository—is not easily removed especially in the case of salt repositories such/dadteelsolation
Pilot Plant WIPP) because salt creep is intended to entomb the waste witbiv decades of
emplacement and closy@edding to the difficulty of removdlHowever, WIPP, like many repositories in
the world now in development, has a regulatory requirement for not precluding the possibleguust
removal of waste. Specifically, the Environmental Protection AgengpPA's) 40 CFR § 194.46 (Part
46: Removabf Waste) requires: “Any compliance application shall include documentation which
demonstrates that removal of waste from the disposal system is feasible for a reasonable period of time
after disposal. Such documentation shall include an analysis @fctm@ological feasibility of mining the
sealed disposal system, given technology levels at the time a compliance application is p{Ep&ed”
2014b, p. 46t).

DOE s Carlsbad Field OfficelfOE-CBFO) proposed the following approach to comply with EPA
“removal of waste” requiremesin the original Compliance Certification Applicati@CA; DOE-

CBFO, 1996, Appendix WRAC

x “[I]t is technically feasible to remove the waste timg during the [10,00Qear] regulatory time
frame” (DOECBFO, 1996, p. WRAE).

X “Regardless of when removal is initiated, the inventory ofvthste documentatiorthat will be
accumulated by the DOE during operations and archived after clgglucentain sufficient
information to determine rather precisely the radioactivity levels to be anticipated and the
locations of any containers of wastthat may pose higher radioactivity hazards” (DOBFO,
1996, p. WRAG20, emphasis added)

X “A practical approach to CHRU removal is to excavate an area approximately three feet high
directly belav the waste and then, using a hydraulic breaker/scaler system ... to dislodge the
waste above” (DOEBFO, 1996, p. WRAE32).

From the first CCA to the most recent 2019 Compliance R&cation Application CRA), DOE
CBFO has asserted that it is possible to remove waste from the repository for a reasonable period of time
after disposal (“during the regulatory time frame,” which is 10,000 yearsclusstre DOE-CBFO, 1996,
Appendix WRAC)? EPA has found DOEBFO to be in compliance with 40 CFRL94.46 aeach
issued Certification Decision for the CCA and subsequent CRAs.

Note that DOECBFO, who manages the WIPP site, distinguishes between waste removal and waste retrieval.
Waste removal refers to actions taken after the repository is closed and sealed. Waste retrieval refers to recovering
the waste prior to waste panel or repository closure and is essentially the reverse of emplacement. As DOE has
suggested that emplacement in the subsettyiclosed and sealed repository is the barrier to meet the intent of the
PMDA, we use the term waste removal. Additionally, the diversion, theft, or recovery of diluted surplus plutonium
while in transit or storage is not addressed here.

2As examples, two emplaced waste containers have been retrieved (i.e., prior to panel closure) from WIPP; the
State of New Mexico required DOE to retrieve a container in August 2007, and DOE elected to retrieve a container
in June 2008. Both were returnedthe generator site for remediation as they did not meet the waste acceptance
criteria upon audit of the documentation.

3The 2019 CRA is still in review, but nothing substantive has changed from all previous applications regarding
waste removal.
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Once emplaced and withoutjatace monitoringthe diluted surplus plutonium transuranzSF
TRU) waste could be retrieved not only by the United States; with sufficient mining egfeuttich is
becoming more common) and resources, state or thirestate actors may also be able to retrieve
emplaced DSHRU waste during the poestosure period with its absence left undetected without
additional monitoring or sensof$racy, 2019

DSP-TRU waste removed from WIPP would still need to be processed to recover the platonium
the barrier that exists from the plutonium mixed with the adulterant would need to be overcome. DOE
NNSA'’s documents describe this barrier as “mixing surplus plutonium with an adulterant to ensure
plutonium is not recoverable without extensive processing” (DDA, 2016, p. 6). The composition
of the adulterant is classified, and not much can be said about the processing that might be necessary to
recover the plutonium. Regardless, presumably the U.S. government would have the resources and
capability to recover plutonium from the diluted product if it were retrieved from WIPP. Given enough
time and resources, the plutonium could be recovered from any process thaitligoitgonium oxide
with adulterant material{$y employing a series available procedures.sf\compared to the irradiated
MOX fuel, the dilute and dispose waste form does not require the degree or complexity of remote and
special handling equipment required to recover the plutonium.

5.1.1 Uncertain Protocols for International Inspection and Verification for Emplaced Waste

IAEA monitoring and inspections are an important component of the PMDA requirements and they
could also provide enhanced puldied international confidence that the material is properly accounted
for and emplaced in WIPP. As noted in Cha@ethe director of the Office of International Nuclear
Safeguards at DORNSA reported to the committee that DDINSA is in the process ofarking with
the IAEA to discuss what role, if any, IAEA involvement might play in the disposition of DOHice
of Environmetal Managemeis (DOE-EM’s) 6 MT (Veal, 2019)Typical international safeguards
(monitoring and verification) use accountancetsure that declared nuclear material is present as
intended, coupled with a containment and surveillance system to ¢émstune changes occur between
inspections. Implementation of IAEA protocols for verification and monitoring of materials for pre
disposal are well established, but IAEA verification protocols for material emplacement in any repository
are still under development. Inspection and verification protocols for repository emplacement, where
access for monitoring may be a challenge and renetiees may compromise required passive safety
measures, could have a significant impact on both repository operations and design (Haddal et al., 2014).
The DOENNSA dilute and dispose Master Schedule for the 34 MT (see Figlirmn8icates
verification piotocols for the activities dahe Savannah River Sit8RS are to be irplace in fiscal year
(FY) 2022 and for WIPP in FY 2023, yet DONENSA may emplace DSPRU waste with or without
IAEA inspection protocols in placeTherefore, substantial uncertainty remains on the applicability and
possible implementation of IAEA monitoring and verification protocols. Resolution of this uncertainty
holds substantial implications for WIPP operations and future design changes (dhwechews shaft and
panels now under development), and therefore this issue remains a significant system vulnerability.

“WIPP des not currently have underground sensors to monitor the emplaced waste after closure (i.e., after the
underground is sealed off by the movement of the salt bed}cPssre monitoring and security details are not yet
defined but previously emplaced wesido not have sensors that would indicate removal of waste.

SDiscussion between dilute and dispose DXIESA program manager, William Kilmartin, and National
Academies study director Jennifer Heimberg on September 12, 2019.
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5.1.2 Loss of Program Priority

DOE-NNSA's dilute and dispose plan spans at least 30 years and therefore will require sustained
support and recognized priority across sevadatinistrations, within DOEandthrough congressional
appropriations.

DOE-EM’s plans to dilute and dispose of 6 MT of surplus pomplutonium indicate that those
activities will continue through 2046, presenting potential prioritization conflicts within DOE because
DOE-EM and DOENNSA have different mission spaces and priorities within their organiz&tidath
projects are in their early stages of development and there are current indications that the two
organizations are working closely together to support their combined goal of dilution and disposal of at
least 40 MT and as much as 48.2 MT (see Figutpdf-surplus plutonium. However, losigrm success
depends on sustained, consistent buddatdoth DOENNSA and DOEEM, allocated across multiple
sites with competing demands and priorities. DENF sand DOENNSA's dilute and dispose programs
will both have to compete for resources and space with the new pit production mission, which DOE
NNSA has made itsighest priority’

Beyond the challenges of a sustained and coordinated budget and competing priorities, enduring
social and political support from the affected stéeg., New Mexico, South Carolina) will be needed.
Adherence to an internatiorejreement such as the PMDA provides the public, IDDEA, and the
U.S. government a compelling rationale for a sustainable program budget and prorépegotiated
PMDA could provide a strong assurance over decades that the dilute and dispose pougdamogive
congressional support it needs to meet its pratiferation objectivestHowever, recovery of emplaced
diluted surplus plutonium by the United States and the lack of established IAEA monitoring and
inspection protocols add challenges to thmegetiation. Without the PMDA, the “good stewardship” of
surplus plutonium would be the driving force and could lessen the focus and sustainability of the
program.

While dilution and disposal of surplus plutonium has merit towardpmnoliferation goalsn
general, the value of a revised PMDA embraced by both parties should not be discounted and would
afford the opportunity to address uncertainties regarding safeguards and international monitoring and
verification.

The committee maintains the pertinenééhe PMDA to the nomproliferation objectives of the S.
government, and to the dilute and dispose program in particular, must be resolved, as the particulars of a
PMDA factor into decisions affecting significant implementation details (e.g., verificgtiogram
priority, and schedule).

FINDING 5-1 (Updated from INTERIM REPORT FINDING 5): The dilute and dispose

option for surplus plutonium disposition is neither recognized nor approved by the existing
Plutonium Management and Disposition AgreementfMDA). Irradiated mixed oxide (MOX)
fuel containing the surplus plutonium is the currently approved disposition option for
plutonium within the PMDA and is an option that is consistent with the standard established
with commercial spent fuel (i.e., that the putonium would be as inaccessible for recovery for
reuse in weapons by the host state as if it were in spent fuel, or the “spent fuel standard”).
Disposition options that use chemical barriers alone, such as dilution or combining plutonium

5The DOEEM mission is to compte the safe cleanup of environmental legacy resulting from five decades of
nuclear weapons development and governrspahsored nuclear energy research
(https://www.energy.gov/iem/missipaccessed May 20020), while DOENNSA's mission is devoted to
maintaining the stockpile, ngoroliferation, counterterrorism, and the nuclear navy
(https://www.energy.gov/nnsa/missigascessed May 20, 20R0

"Seehttps://www.energy.gov/nnsa/articles/jestatementllenm-lord-andlisa-e-gordonhagertyrecapitalization
plutoniumpit (accessed February 25, 2020).

8This rationale was evident in the initial congressional and public support for the MOX program, until the cost
and schedule overruns became untenable.
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with other elements, do not meet this standard. The physical barrier of deep geologic disposal
is offered by the Department of Energiys National Nuclear Security Administration (DOE-
NNSA) as a necessary barrier to meet the intent of the PMDA. However, an approved
approachfor recovery of the emplaced diluted plutonium in theWaste Isolation Pilot Plant
throughout the postclosure regulatory timeframe (10,000 years) is a regulatory requirement
that has been repeatedly established by DOg&Office of Environmental Managements
Carlsbad Field Office and accepted by its regulator, the Environmental Protection Agency
Further more, international monitoring and verification of the dispositioned surplus plutonium
is a requirement of the PMDA but its adherence is unclear within DOENNSA's dilute and
dispose plans. International Atomic Energy AgencylAEA) monitoring and inspection
protocols for material emplaced in deep geologic repositories have not yet been developed,
tested, and implemented. An approved approach for recovery byhe United States of the
emplaced diluted surplus plutonium waste form and lack of a clear plan for implementing
IAEA inspections add further barriers to adherence of PMDA principles.

CONCLUSION 5-1: Although not required for the Department of Energy s National Nuclear
Security Administration’s dilute and dispose program to move forward, a renegotiated
Plutonium Management and Disposition AgreementfMDA) would provide a commitment to
achieving program success defined by the agreegbon methods for dispositon of all 34 metric
tons of material that the agreement identifies. For a program that is planned for at least 30
years, a renegotiated PMDA could improve the chances of successful completion.

RECOMMENDATION 5 -1: Plans for theInternational Atomic Energy Agency (IAEA) or

other monitoring and inspection protocols have not yet been established for the disposition of
the material identified in the Plutonium Management and Disposition Agreement (i.e., 34
metric tons of surplus plutanium) as diluted surplus plutonium transuranic (DSRTRU) waste
in the Waste Isolation Pilot Plant. Prior to emplacement of the DSHRU waste by the
Department of Energy s (DOE’s) Office of Environmental Management or DOES National
Nuclear Security Administration (DOE -NNSA), DOE-NNSA and higherlevel DOE officials
should clarify their intent with respect to whether there will be IAEA monitoring and
inspections for this material (and preferably before DSPTRU waste is disposed of).

5.2 WIPP AVAILABILITY

WIPP is the only deep geologic repository currently available in the United States for surplus
plutonium disposal. Other potentially suitable disposal options for surplus plutéaigmYucca
Mountain in Nevada or deep boreholes iryasunspecified lcationg are not presently being pursued by
the U.S. governmeritDevelopment and licensing of additional disposal optionsuistantial social and
political challenge (more so than a technical challenge) and thus increases the pressure on WIPP.
There ae two aspects to the WIPP availability issug:the availability of sufficient disposal
volume—both statutory and physical space (see volume of record modification in Bexi@-the
underground to accommodate the dilute and dispose program objectiupsdcd8.2 MT (see Figure 2-
1), in addition to all other current and future demands for TRU waste disposal from throughout the DOE
EM program and(2) the availability of WIPP as an operating facility.

%U.S. surplus plutonium was included in the inventory for the environmental assessments of Yucca Mountain, in
the form of MOX and/or vitrified higtevel waste. A deep borehole disposal demonstration progeanalso in
progress until May 2017, when DOE announced: “Due to changes in budget priorities, the Department of Energy
does not intend to continue supporting the Deep Borehole Field Test (DBFT) project and has initiated a process to
effectively end the ject immediately,” https://www.energy.gov/articles/studyiagsibility-deepboreholes
(accessed April 2, 2020).
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5.2.1 WIPP Waste Volume Availability

As noted inChapter2 (Section 2.3.1, Disposal Capacity in WIPP), WIPP has a statutory disposal
capacity of 175,564 fdefined in the Waste Isolation Pilot Plant Land Withdrawal Act (LWA). The New
Mexico Environment Department (NMED) approved in late 2018 a permit modification request by DOE
CBFO to alter the accounting and reporting of TRU waste volumes, as descdeéailim Box 23. In
summary, the change created two reporting volumes: a “Land Withdrawal Act TRU Waste Volume of
Record” or LWA volume to refer to the volume as calculated using the gross internal volume of the disposal
container fodirectloaded containerand the innermost disposal container for overpack contaamelshe
“TRU Mixed Waste Volumé,or TMW volume to refer to the physical volume of all of the containers.
Since January 2019, DEGEBFO has reported weekly the conthahdled (CH) TRU empted waste as a
cumulative TMW container volume emplaced, and the LWA container volume emplatéel 51 is a
snapshot of DOECBFO sreporting captured at the end of September 2019.

TABLE 5-1 WIPP Repository Volume Totals

NOTES: TRU Mixed Wast€TMW) Total Volume refers to the volume measured by the outermost disposal container,

and the Land Withdrawal Act (LWA) Total Volume refers to the inner volume of TRU waste disposal container, when an
inner container is present. See text for details. Hia dre emplaced waste volumes as reportéaidiCBFO

WDS/WWIS as of the end of September 2019. SOURCE: Data excerpted from WIPP Weekly Status Report as of end of
September 2019, latest available from https://www.wipp.energy.gov/general/Generate WiRepm@itgdf (accessed

April 21, 2020).
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The change in TMW to LWA accounting resulted in an average ~28 percent volume recovery from
all pastwaste emplacements. However, some waste forms contributed to the volume recovery much more
than others, as shown by Box32The change in volume accounting for the pipe overpack containers
(POCs) is a ~78 percent LWA volume recovery over TMW volume tlaadriticality control
container/criticality control overpack (CCC/CCO), which will be used for{DBP wastes, yields an
even greater recovery of volume (94 percent) due to the large LWA/TMW container volume ratio (0.013
m3/0.21 n¥). The CCC/CCO has andreased fissile gram equivalent (FGE) loading of the CCC over the
pipe overpack (380 grams versus 200 grams), which far exceeds the average amount of f#23®irium
other containers at 14.4 graMPespite the LWA volume savings through the volume obre
recalculation, the TRU waste capacity discussion in Chapter 3 (see Tabled3rigure 3) and
Recommendation 3-make clear that LWA volume limits are still likely to be challerg@dparticular
with the addition of the pit production TRU wastele$e additional wastes put completion of the DSP
TRU waste emplacement plans at risk.

5.2.2 WIPP Operational Availability

Beyond sufficient waste volume capacity to fully support the dilute and dispose program objectives,
another aspect of the WIPP duaaility issue concerns the mitigation of risks that threaten the ongoing
and continuous availability of WIPP.

Exclusive reliance on WIPP for disposal is a sirgpait failure risk for the success of the dilute and
dispose prograntor example, thRisk and Opportunity Analysis RepoRQAR) identifies several
moderate risks associated with WjRIRe is an unexpected outage for WIPP (associated with aging
infrastructure of its hoist controlleBRNS, 2018e, table 5.3). Any unplanned shutdowns or suspensions
of WIPP lasting more than perhaps a few weeks would have a substantial ripple effect in the upstream
portions of the system, incurring disruptions, delay, and added cost in the processing of surplus plutonium
into and out of the Savannah River Sithile each site (i.eLLos Alamos National Laborator{ ANL ],

SRS) and part of the dilute and dispose process flow has a certain amount of capacity (i.e., lag storage or
curtailing shipping) to absorb disruptions, this excess capacity is generally small and finite.

Shipments to WIPP were suspended in February 2014 when two incidents, an underground salt haul
truck fire and a radiological release that occurred as a result of an exothermic chemical reaction in a waste
drum, caused the temporary closure of #wlity. WIPP officially reopened in January 2017 with a
reduced shipment schedule resuming in April 20his shutdown resulted in several upstream issues
(e.g., shipping TRU waste containers to Waste Control Specialist in Texas for temporary stdrage, an
missed compliance milestones at several EEDESsites) and efforts te-establish operations (e.g., a new
shaft and drifts and abandonment of the south end of WIPP) have proven costly. Although waste
shipments were resumed in April 2017, WIPP cam@ettablish design waste receipt and emplacement
rates until the new ventilation system and shaft are put into operation in the comind Resgesincidents
provide ample evidence of the sensitivity of the system to WIPP availability, and contrasts with the
aggressive schedule and processing rates embedded HINNOE's dilute and dispose summary master
plan.

DOE-NNSA asserts thdioth dilution and disposaif the DSPTRU are required to meet DOE
non-proliferation goals and the intent (if not the letter) of the PMDie assured availability of the
WIPP facility hinges on internal and external factors that must be addressed in order to exhibit the
characteristics of “higieliability organizationg with the intent that system accidents and disruptions are
not inevitable.

yUsing data from September 30, 2019, from the Waste Data System/WIPP Waste Information System database,
the total amount of plutoni®39 emplaced in WIPP was 5.36 MT. Of this total, 3.17 MT of plutori@his
emplaced in POCs, of which there are 27,060 POCs, or on average, 117 grams/POC. The remaining 2.19 MT of
plutonium239 is assumed to be equally distributed among the remaining emptaxtahers (minus the POCs):
2.19 MT/152,524 containers, arriving at 14.4 grams/container.

87

Copyright National Academy of Sciences. All rights reserved.



Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Review of DOE Plans foDisposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Looking internally, the committee and DOE are mindful of the extraordinary efforts that are
necessary to ensure a safetnscious work environment and a nuclear safety culture that both exists and
is sustainedAny of the contributing facrrs €.g., accelerated shipping and disposal campaigns or
complacency) that led to the WIPP accidents can recur, and over the next several decades of operations,
similar conditions arising might be assumed.

The dilute and dispose program, as well as otfemte streams, will drive the need to extend the
operational lifetime of WIPP beyond its current operation permit by ~20 years. In addition to requiring
approvaldrom NewMexico (throughpermitmodificationrequestdy DOE-CBFO to NMED, see Box 2-

5) andmostcertainlyadditionalappropriationgrom Congress, the facility will also need to operate safely
beyond its original expected lifetime. WIPP has been operationally ready since 1988, though waste
shipments and disposal emplacements were not perrnatmmence until 1999. Parts of the facility

and underground access ways are thus approaching 30 yedtstettling the operations lifetime of

WIPP will require that some of its facilities, operation systems, and equipment be upgraded to ensure
continuel safe and secure operating conditions during the life of this program. This is most evident in the
efforts to permit and construct a new shaft and drifts, abandon the south end, and alter the panel closures.
Keeping a facility such as WIPP open, functipaad safe is a complex engineering and human resource
endeavor.

In its Interim Reportthe committee identified three barriers that would require resolution through
permit modifications from NMED and/or changes to legislation through congressionaliaaiiaier for
DOE-NNSA's conceptual plans for dilute and dispose to be viable. The first of those three, the volume of
record permit modification, has been approved by NMED. The remaining two are still critical barriers,
with both requiring NMEDs approvabf future permit modification requests and approval by EPA
through planned change requests (neither of which has been submitted):

1. Increasing physical capacity at WIPP by adding more disposal space, and
2. Extending the end date of WIPP to 2050 or later.

The technical issues associated with the expansion and extending the closure date of WIPP are expected
to be complicated. The need to update the modeling code on whichdjiE&formance assessments are
based is one example (see BeX)SNMED will either approve or reject these expected future permit
modification requests, yet NMED has limited technical resources to perform a detailed technical review

of either issue.

5.3 CHANGING NATURE OF WIPP

In the past, the TRU waste emplaced in WIPP has routiiesiy described as clothing, tools, rags,
residues, debris, soil, and other items contaminated with small or moderate amounts of plutonium and
other manmade radioactive elements, the unavoidablerogucts of processes related to weapons
productiont! This notion extends to the original Compliance Certification Application where it is also
noted that this type of waste is expected to be the largest category by volume:

UThis notion that TRU waste comprises things modestly contaminated with plutonium (as opposed to
conditioned plutonium material) has been and continues to be pervasive. For example:

X DOE WIPP homepagéitps://wipp.energy.gov/abouis.aspaccessed May 20, 2020TRU waste consists
of clothing, tools, rags, residues, debris, soil and other items contaminated with small amounts of plutonium
and other mamade radioactive elements.” and “Disposal of trasigrwaste is critical to the cleanup of
Cold War nuclear production sites.”

X WIPP Fact Sheet (https://wipp.energy.gov/pdfs/Why WIPRPgmtessed May 20, 20R0Generally, TRU
waste consists of clothing, tools, rags, residues, debris, soil and othecdtetamninated with radioactive
elements, mostly plutonium.”
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TRU wastes consisting of scrap materials, cleaning agents, tools, piping, filterdagbexig
gloveboxes, concrete rubble, asphalt, cinder blocks, and other building matdiglis expected
to be the largest category by volume of TRU waste to be gengifat@d-CBFO, 1996, Section
4.1.1, emphasis added)

In contrast to the common and leist notion that TRU waste consists of “clothing, tools, rags,
residues, debris, soil and other items contaminated with” plutonium, th& BBRvaste is primarily
plutonium oxide purposefully derived from up to 48.2 MT of surplus plutonium material tinanis
diluted by a classified adulterant (see Figw® .2The character and form of the DSRU is different
from typical TRU waste in many aspects.

BOX 5-1 New Computer Models and the Expansion of WIPP’s Underground

The currently available physical capacity in WIPP is limited by the number of panels in its original
design. A Government Accountability Office report (GAO, 2017) concluded that WIPP would reach
current available physical capacity by 2026 and that at least two additional panels would be needed to
accommodate future diluted surplus plutonium TRU waste. The existing panels in the WIPP
underground are nearly full, and so new panels will have to be designed and mined to accommodate
future wastes.

A new mathematical modeling tool, PFLOTRAN, is under development at Sandia National
Laboratories that might be integrated into a suite of other modeling tools used to assess WIPP’s
regulatory performance. PFLOTRAN is needed because it is expected that there will be an asymmetry
introduced when new panels are designed and located. PFLOTRAN would replace an earlier code,
BRAGFLO, which relies on a symmetrical geometry of the underground.

DOE-EM told the committee that:

The proposed additional panels are still at the conceptual stage and PFLOTRAN s still in
development. It is unknown precisely when PFLOTRAN will be used for any compliance
calculations (with or without the 34 MT) for submittal to the EPA because future funding,
resources, and priorities will impact the code’s availability. The analysis that is being performed
regarding the 34 MT for the NEPA process utilizes the existing performance assessment software
(e.g. BRAFLO [sic]) and disposal panels.2

DOE-EM estimates that the model verification and validation for PFLOTRAN, which will be managed
by Sandia and will follow an NQA-1 Quality Assurance program that is approved and audited by the
Environmental Protection Agency (EPA), is scheduled to be completed in May 2022. It is not expected
that EPA will perform any additional verification and validation of the code because it has not done so in
the past. DOE-EM further stated that: “If PFLOTRAN is to be used in a compliance calculation for the
March 2024 recertification, the data cutoff for that recertification would be December 31, 2022 and any
inputs to that recertification would need to be completed prior to this date.”

aSee “August 28 Answers to PFLOTRAN Questions,” available by request through the National Academies’
Public Access Records Office at paro@nas.edu.

X WIPP Plutonium Fact Sheet (https://wipp.energy.gov/pdfs/Plutoniupapdéssed May 20, 20R0[WIPP]
safely, effectively and permanently disposes of materials contaminated with traces otipluaadiother
transuranic elements that have no value.”

X Pioneering Nuclear Waste Dispo$BIOE-CBFO, 2000, p. 4)'Most of this waste is everyday industrial trash,
including used protective clothing, rags, old tools and equipment, and pieces of dismantled buildings. Some of
the waste contains residues from chemical processes or soils from cleanup activities. A small portion consists
of plutonium chips, cuttings, and other scraps that were not economically recoverable.”
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To illustrate these characteristics, the committee points to the nominal baseline performance
assessment (which does not include any portion of the 48.2 MT), referred to as the APCS (Abandonment
of Panel Closures in the Souigrformance assessmeR®).'? Figure5-1 shovs the effect of adding
surplws plutonium disposition (SPIMventories (48.2 MT) to the EPA unitsand the total radioactivity
in WIPP, both plotted as a function of time through 10,000 years. The SPD inventory increases the EPA
units by a factor of 2 and increases the Hagn radioactivity by nearly a factor of'4.

In Table 52, the DSPTRU waste stream fahe 6 MT onlyincreases the total radioactivity by 2.4
million curies, the majority of the increase of 2.9 million cufiesn CH-TRU waste between CR2014
and CRA2019 (the 42.2 MT is not yet included in CRA19; DOECBFO, 2019b)°> The addition of
the balance of the DSPRU surplus plutonium (42.2 MT) results in a total radioactivity (Ci) at WIPP
closure greater than 9,000,000 curihreefold increasdn radioactivity at closure increasing to a four
fold increase at 10,000 years pokisure (Zeitleret al, 2018).

Table 53 shows that the combined SPD waste stream$&SBRPuOx for the 6 MT and SRAC-

SPD for the 42.2 MT, will occupy 19 percent of the total physical volume (measured by the outer container)
of WIPP and will account for 85 percent of the plutoni2® emplaced in WIPP (Dunagan, 2019).

FIGURE 5-1 Increase in EPA units and total radioactivity [activity] (Ci) from the addition of 48.2 MT of diluted
surplus plutonium (the SPD line) to the WIPP disposal inventory over the ARGa8donment of Panel Closures
in the South) baseline performance assessméiich is absent the 48.2 MT inventory. The SPD waste streams
significantly increase the loAgrm radioactivity inventory (nearly thréienes higher at closure and faimes

higher after 10,000 years) and EPA units (almost twice as large after 1@#&8). he increased quantity of
plutonium239 is evidentits persistence is due to the long Hé# of plutonium239 (see Box Z). SOURCE:
Zeitler et al., 2018, fig.%. Providedby Sandia National Laboratories

TABLE 5-2 Increase in Total Radioactivity Reported by the Generator Sites fdiRtHand
RH-TRU Waste Between CRR014 and CRA2109

NOTE: The majority of this increase (2.4 million Ci) is from SRS and is mainly due to the addition of the projected
waste stream SRAC-PuOx representing the 6 MT DSHRU (accounted as ~4,20¢ of TMW volume, and ~256
m?®of LWA Waste Container Volume). SOURCES: D@BFO, 2014, 2019kable 243.

12Modified from the PA used in the CR2014.

BFor an explanation of EPA units, see Zeitler et al. (2018).

14 Zeitler, et al., refer to #hdiluted surplus plutonium asurplus plutonium disposition (SPD) inventoryhile
the committee refers to it &diluted surplus plutonium transuranic (D$RU) waste inventory.

SFor the recently submitted CR2019 (DOECBFO, 2019b) the PA was deferred until late 2019.
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TABLE 5- 3 Percentage of Total Initial Waste Inventory (Selected RadionuoGief®r Two
Waste Streams

NOTE: SRKAC-PuOx is 6 MT of diluted noipit plutonium TRU waste within DOEEM’s program, and SRAC-
SPD is 42.2 MT of diluted surplus plutonium TRU waste within the ENESA dilute and dispose plan. Sums in
the table do not necessardgd up due to rounding errors (Dunagan, 202@URCE: Dunagan, 2019, Day Two
slide.

A summary of the characteristics and amounts between thefBSRvastes and other TRU wastes
is provided in Table % By almost any measure, the addition of two &R waste streams (SRAC-
PuOx for the 6 MTand SRKAC-SPD for the 42.2 MT) from a total of ~500 existing waste streams
introduces substantive changes to the character of the WIPP invéftati. noting and not included in
the table is that these two wasteeams also become the significant contributor to calculated releases due
to human intrusion (Dunagan et al., 204/8Je 47).In the 2019 Annual Transuranic Waste Inventory
Report(ATWIR; DOE-CBFQ, 2019b) DOE has added a new waste streamK3&k-PuOx1, which
accounts for 7.1 MT of surplus plutonigra subset of SIKAC-SPD in Table 5.

Several documents, reports, and briefings provided to the committee offered early insights into the
safety and performance of WIPP in consideration of the transpoiiptresred emplacement of up to 48.2
MT of DSPTRU wastes, such as Zeitler et(@018) discussed abové&he timely completion and
release of reports to the public (with or without the opportunity for public comment or independent
review) are important in addressing public and regulator concerns and fostering trust and confidence in
DOE s plans for surplus plutonium disposition. However, in some geseducting studies before waste
emplacement is inconsistent with established practice, regulations aasd Phe committee suggests
that the following types of reports and analyses be conducted acknowledging and exploring the addition
of 48.2 MT of surplus plutonium in WIPP and made available: criticality assessmentsclpost
performance assessmenidaupdates to the/IPP documented safety analysis.

5.3.1 Examples of Relevant Safety Analyses

One example of a safety analysis is the recent criticality assessment performed by Oak Ridge
National Laboratory (ORNL) scientists for the full 48.2 MT of DBRU waste (Saylor and Scaglione,
2018)%8 A full nuclear criticality assessment had not previously been performed for WIPP inventories
because historically the TRU waste streams were characterized as having generally more dispersed fissile
material andhe mechanisms to concentrate the dispersed fissile material were considered absent
(Rechard et al., 2000). As designs for inventory, waste forms, and disposal packages have changed, new
criticality analyses have been performed, and updates have been made to address any potential effects to
the WIPP safety basis owing to the addition of large stocks of surplus plutonium.

Nuclear criticality assessments examine the condition and configurations under which criticality can occur with
the intent to supportasdign and licensing considerations that ensure nuclear safety, such as was done for the CCC.
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TABLE 5-4 Characteristics and Relevant Amounts antl¥es for Contact-Handled (CH) TRU and
Diluted Surplus Plutonium (DSP) TRU Wastes Compaoed/astes in Other 55-Gallon Drum Containers

aTechnical Baseline Description, SRNS, 2018b.

bNumber of waste streams derived from WDS/WWIS as of Septedth 2019, from https://wipenergy.gov/WDSPA (accessed
May 20, 2020).

°SR-KAC-PuOx, SR-KAC-PuOx-1, SR-KAC-SPD (DEGEBFO, 2019b; Dunagan et al., 2019).

dEmplaced 55-gallon, direct loaded containers and POCs through September 30, 2019, see Table 5-1.
€Assumes nominal 300g per container.

‘Dunagan et al., 2019.

9Per WIPP WAC, tablé, DOE-CBFO, 2018c.

hSee Box 3-2 for a description of attractiveness levels.

iSee System Requirements, DOE-NNSA, 2018.

IA small number of emplaced containers are known to be classified (Sahd, 2019); no further details are available.
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The ORNL nuclear criticality assessment developed models for optimally configured (i.e., an
optimal environment for criticality), infinite arrays of CCC/CCOs that contain the maximum allowed
qguantity of DSPTRU residing within an optimal &ironment for conservative results. Criticality occurs
when the effective neutron multiplication factor is greater than or equal to(laity . The ORNL
models predictedck > 1 if the inner containers (pipes) in the infinite array were moved together (see top
curve of Figure 3). To remove the potential for criticalityefk LW ZzDV GHWHUPLQHG WKDW
(B4C) additive needed to be included as part of the overall mix of plutonium oxide and adulterant. The
addition of boron carbie readily removes the potential for criticality as seen in Figaé’5-

The criticality safety assessment (evaluated over the 1:§@f0compliance period) suggests that
effective quality assurance and quality control are needed to ensure that bbrd@is@dded during the
dilution process. Additionally, attention to load management within panels (i.e., deliberate distributed
placement of CCC/CCO packages in the underground) is a prudent measure to eliminate the potential for
the formation of largeraays of closepacked pipes containing DSHRU material.

While the committee concurs with the approach and conclusions of the nuclear criticality assessment
report, the principal issue here is that concerns overgbmsire criticality are renewed (particularly
beyond the 10,00Qear regulatory period), and DQtould be best served if such reports were made
publicly and widely available.

FIGURE 5-2 Results of criticality analysis with boron carbidaC) added to the diluted plutonium oxide
contained within the hch-diameter inner pipe of the criticality control container (see Figure 1 in Blgx 2
SOURCE: Saylor and Scaglione, 2018, figORNL/TM-2017/751.

The CCC is designed and U.S. Nuclear Regulatory Commission certified to prevent criticality (hence its name)
during loading, transport, and emplacement, as Igrithecondition and configuration (i.e., the stainksgl
flanged pipe) are kept intact. The design may contribute to but is not relied on for maintainiclgppost
criticality, because the condition and configuration are expected to change over time. Thtissposicriticality is
considered separately.
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Postclosure performance assessments are another example of assessments and analyses that could be
made available to the public to increase transparency. As noted in Chapter 2 of this report, EPA regulations
call for a postlosure PA to demonstrate compliance with the l@mngy performance standards of 40 CFR
Part 191 and to support CRA per 40 CFR Part 194. Congress requires EPA to recertify the facility every 5
years following the initial receipt of TRU waste until the end of its operational activities. This recertification
requires DOECBFO to sibmit results of a PA with every CRA to EPA.

While the demonstration of continued compliance with the-glosure performance criteria is fully
expected, the CRZ019 PA will be the first official and publicly available report to provide a complete
undestanding of the expected impacts from the addition of the 6 MT of D8Pto the WIPP
inventory.

The 6MT inventory is now included in the WIPP and PA inventory upon issuance of the 2016
Surplus Plutonium Disposition Record of Decision (SPD ROD). Text in the announcement of the 2016
SPD ROD suggests that a special PA sensitivity analysis was performed, and if it were, it has not been
made available to the committee or public (DOE, 2016a). Rather;NINEA appears to have relied on
the basis for assessing environmental impact by pointing M/tRE supplemental environmental impact
statement (SEIS) and further supplements: “The potential environmental impacts of TRU waste disposal
at WIPP are evaluated in the Waste Isolation Pilot Plant Disposal Phas&uppé&mental
Environmental Impact Statement (WIPP SH)ISDOE/EIS-0026S-2, September 1997) and subsequent
Supplement Analyses from 2005 (DOE/HIG26-'SA-05) and 2009 (DOE/EFB026SA-07)" (DOE,
2016a p. 19590). Pointing to the SEIS is analogous terting the waste will meet the WIPP waste
acceptance criteria (WAC).

In April 2019, the committee was given and briefed on a special PA sensitivity analysis report
(Zeitler et al., 2018; Dunagan, 2019) that summarized performance analysis results for the inclusion of up
to 48.2 MT of DSPTRU waste in WIPP. Previously, the committee received the corresponding PA
Inventory Report (LANL, 2017). Together these documents provided information and data into the effects
that the added inventory of 48.2 MT might/kabn the repository performance metrics, as well as the
likely continued compliance with the regulations for pdssure performance (see Table2 through 5-

4 and Figure 3:). These documents are publicly available by request through the National Academies
Public Access Records Office (paro@nas.edu) but could be more widely accessible through, for example,
a special section on the DOE WIPP website (similar to what was done for the recent accident recovery).
This would serve to enhance transparency and outreach efforts.

A final example of assessments and analyses that could be made available to the public to increase
transparency is the WIPP documented safety analysis (DSA). As noted in Chapter 2, the Defense Nuclear
Facilities Safety Board (DNFSB) ragsl concerns regarding deficiencies in DOE Standard 3608-

(DOE, 2007) and its application to the WIPP DSA, and that could have bearing on the operational safety
management for the large number of CCOs anticipated for the dilute and dispose prognan, times
DNFSBtook issue with the assumed statistical variation of the density of plutonium in the waste streams
arriving via generator site shipping campaignsolied that in some cases the variation within a room

(there are seven rooms within eachglan WIPP) was not in accordance with the statistical variation

This year, DOECBFO submitted the PA results after the March 2019 CRA submissinrunusual step since
normally the PA results are submitted with the CRA. The PA was deferred due to schedakoargkrimitations
arising from the WIPP recovery efforts after the 2014 accident. From the20RAExecutive Summary (DOE
CBFO, 2019% “A PA has been included as part of the recertification application for all past recertification cycles,
although it is not explicitly required for recertification by the LWA, 40 CFR 191 or 40 CFR 194. The DOE has
decided, with agreement from EPA, not to include an updated PA inrZDRA. The CRA2019 contains all
updated information and data required by 40 CFR 194.15, Content of compliance recertification applications. DOE
plans to separately submit PA results based on-2&D data in late 2019. The PA used in the €RA4
continues to be the baseline PA for the WIPP certification and is included in thi CEAsubmitl by reference.
This PA shows WIPP is compliant with 40 CFR 194.”
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that is assumed in the Material at RIBKAR) and the calculation of source tetfiThe DNFSB

cautioned that if use of the statistical MAR continued without additional administrative controls, there
would be a high likelihood that future waste operations would continue to concentrate waste containers
with higherthanaverage fissile lodadgs and create the potential for accidents with higher consequences
than analyzed (DNFSB, 2018). As shown in Tabl@stBrough 54, the DSPTRU waste streams are

likely to exacerbate the transfer campaign bias. Even within the current room/panel design-TRUDSP
wastephysical volumes require the space of nearly two equivalent panels and could, quite possibly, be
more concentrated in the future for theyasunmined panels. One potential outcome is to revisit the
roomlevel MAR as future room and pdremnfigurations through a revision of DOE Standard 53067

and the WIPP DSA to explicitly acknowledge the additional administrative controls that may be applied
to ensure that the safety basis is in line with realistic assumptions for the receipt of ti@DSP

FINDING 5-2: The diluted surplus plutonium transuranic (DSP-TRU) waste streams appear
to have little impact onthe Waste Isolation Pilot Plants WIPP’s) pre-closure safety and
operations:

x The DSRTRU waste meets the WIPP waste acceptance teiia, and

X No operational changes other than extension of physical space and extended lifetime of
WIPP are required—which are likely also needed for other TRU waste streams such as
TRU waste from pit production.

The DSRTRU waste streamsimpact on WIPP's postclosure safety and performance is also
minimal. Based on the current analyses evaluated over the 10,00€ar performance period, it
appears that the addition of up to 48.2 metric tonsf surplus plutonium processed into DSP
TRU waste

x Will meetthe Environmental Protection Agency’s regulatory limits and
X Will stay below risks for criticality events with the addition of boron carbide in the
adulterant.

FINDING 5-3: The anticipated emplacement of up to 48.&etric tons of diluted surplus
plutonium as diluted surplus plutonium transuranic (DSP-TRU) waste inthe Waste Isolation
Pilot Plant (WIPP) appears to be within regulatory pre€losure and posiclosure safety and
performance limits. Yet, DSPRTRU waste is characteristically different from past TRU waste
and has larger impacts on the repository. Notablythe Environmental Protection Agency-
developed regulations allow higher releases when more radioactivity is emplaced. The DSP
TRU waste streams alone increase radioactivity in WIPP at the end of the poestosure period
(i.e., 10,000 years) by a factor of 4.

CONCLUSION 5-2: The emplacement of the proposed diluted surplus plutonium transuranic
(DSP-TRU) wastes fundamentally changes the mare of the Waste Isolation Pilot Plant
(WIPP) as a repository for the disposal of the Bpartment of Energy defense TRU wastes. No
previous waste stream has held such significance to the technical measures of WIPP
performance. While the initial analyses irdicate that the WIPP repository will maintain
regulatory compliance with the increased amount of plutonium in its inventory, the potential
for such substantive changes raises technical, social, and political questions that translate to
additional system vunerabilities if not addressed.

Bwithin the WIPP DSA and according to DOE Standard 55067, the MAR is the amount of radioactive
material available to be acted on by a given physical stress (i.e., from a postulatedtamsnario). The WIPP
DSA expresses the MAR as the product of the number of waste containers (e.g., CCC/CCO) involved in a postulated
event causing physical stress, and, with other factors, calculates the possible source term that could be released in
that event.
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Beyond the technical considerations and analyses, there is a “social contract” perspective that may
be equally important to the lorigkm public support and sustainability of the dilute and dispose program
objectivesThe @mmon presentation of WIPP TRU waste as modestly contaminated debris generated
through defense activities related to nuclear weapons maintenance and development is incongruent with
the characteristics of the DIGIRRU waste streamindeed, the DSHRU wastestreams (SREAC-

PuOx, SRKAC-PuOx1, and SRKAC-SPD) could be viewed as closer to conditioned nuclear material
than traditional TRU waste. In a 2002 letter to DOE Secretary Abraham, Senator Domenici foresaw the
potential for diluted weapons material to be sent to WIPP when he wrote:

| want to ensure that high level or weapons material wastes can never be simply diluted in order to
comply with criteria for WIPP disposal. In fact, dilution of weapons materials, simply in order to
facilitate disposal, raes serious questions about our adherence to the same international controls on
weaponrelated materials that we expect other nations to folPamenici, 2002)

Similarly and more recently, Senator Udadf New Mexico expressed concern over the volume of
record change (see Box3} when he noted that WIPPvolume limits were critical to federsfate
negotiations that led to WIP®creation “and were a major reason New Mexico agreed to this mission in
the first place.... | am encouraging the new [State] administration to take a hard look at this action, and
hopeful that it will pause and reconsider this lagtute change that has major ramifications for our state”
(Oswald, 2019).

FINDING 5-4: By virtually any measure, the proposal to dilute 48.2netric tons of surplus
plutonium and dispose athe Waste Isolation Pilot Plant WIPP) represents a substantial
technical and “social contract” change for WIPP and the State of New Mexico.

Several other converging factors occurring in the next 5 to 8 years could further exacerbate the
ability of the regulatory institutions (EPA, NMED) and the State of New Mexico to consider the
significance of the dilute and dispose program in its entifidtgse other factors includiee following

X The recent new shaft asacess drift being developed are expected to lead to a request for new
disposal panels to accommodate the space lost in the abandoned south end, the additional
volumes of waste that are enabled by the LWA volume of record accounting change, and the
SPDTRU volumes (6 MT already in the WIFSdund inventory). It is unclear where or what
new room/panel configurations might be proposed, but they will introduce new asymmetries in
the repository modeling and have to be reflected in the futuseoP®ngterm peformance,

EPA's compliance recertification reviews, NMED review and approval, etc.

X The conceptual models and software code used in the performance assessenpstted to
transition from BRAGFLO to PFLOTRAN, allowing greater fidelity in the PA modeling and
allowing a threadimensional analysis (see BoxXL} It is unclear if this new code base will be
relied on for the March 2024 or March 2029 recertification application.

X As noted earlier, the DSPRU waste inventory has caused a renewed look gtatestial for
criticality, and thesimple features, events, and processes (FEP) screening arguments used in the
past are now augmented by a full criticality safety assessment, but this work has not yet received
regulatory reviewThe initial criticality séety assessment, which has noted that abatement of
criticality concerns may require boron carbide additives or load management, is in the context of
the current room/panel designd evaluated for the 10,09@ar regulatory compliance period.

20Senator Udall helped establish the legal limits in the Waste Isolation Pilot Plant Land WithdratiaitAct
resulted following a lawsuit that New Mexico won against DOE when he served as Attorney General for New
Mexico.
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X The LWA volune of record change ostensibly translates to a greater total radionuclide inventory
in WIPP (owing to the radionuclide quantity now being focused within an inner rather than outer
container volume) which is intensified by the CCC/C@ffiguration for diluéd surplus
plutonium (i.e., ~300 FGinh 0.013 nfinstead of 0.21 A).

This confluence of events and changes, if approached in the traditional manner, will confound a
transparent regulatory and public review of the full dilute and dispose program scope and deny the public
and especially the State of New Mexico the opportunity to consider the significance of the dilute and
dispose programs in their entirety.

CONCLUSION 5-3: The possible accommodation of the dilute and dispose program
inventory, represening a significant demonstrable change in the character of the ¥ste

I solation Pilot Plant repository and the social contract with the State of New Mexico, warrants
a strategic approach to seeking its technical evaluation, regulatory review, safety analyssd
public engagement.

An essential element to engender public trust and stakeholder acceptance is the use of independent
oversight (versus regulatory) bodies with the capacity to conduct independent technical evaluation.
former Environmental Evaluation Group (EEG) is one such example éstier$s.3.1, Examples of
Relevant Safety Analysgs

The EEG was a part of the Environmental Improvement Division, a component of the New Mexico
Health and Environment Department, funded by DOE and administered through the Board of Regents of
the New Mexicdnstitute of Mining and Technology. Previously, tBEG has served as an independent
technical advisor to NMEDand Section 74A-4 of the New Mexico State Statutes recognizes and
definesthe EEG as an independent state review organiz@tiatker and Silva, 2002). Important to its
independence and credityi, the EEG was neither a proponent nor an opponent of WIPP and focused on
reviewing and evaluating potential health, safatyd environmental impacts from WIPP.

Details of how the EEG was established were critical to its independence. These details can be
found in Box 52.

FINDING 5-5: In addition to the implementation challenges outlined in Finding 41, several
system vulnerabilities exist within the current plan. If not addressed, system vulnerabilities
could have serious consequences to the program and its mission to dispose of at leasteddc
tons (MT )—and as much as 48.2 M¥-of surplus plutonium in an efficient, safe, and secure
manner. Addressing the system vulnerabilities will require actions by the current Department
of Energy s National Nuclear Security Administration’s (DOE-NNSA's) program

management and higher levels of government. System vulnerabilities include

x The Waste Isolation Pilot Plant (WIPP) as the single point of failure for the disposal of
diluted surplus plutonium transuranic waste;

x Plansthat span multiple DOE sites, offices, functions, and competing priorities without
clear crosscutting leadership support;

x Shifting public opinion of DOE-NNSA's plans and its handling of plutonium stockpiles and
surplus inventory; and

X Reliance on a plan that changes the nature and function of the United Statemly
operational deep geologic waste repository (WIPP).

FINDING 5-6 (updated Interim Report FINDING 7): The Department of Energys National
Nuclear Security Administration and Office of Environmental Management do not have well
developed public outreach plans for each of the host sites for processes or for the
transportation corridor states (i.e., the current plan is to follow public input requirements
defined by the National Environmental Policy Acj for the dilute and dispose program.
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BOX 5-2 Criteria for Establishing an Independent
Technical Review Group for the Citizens of New Mexico

The Environmental Evaluation Group (EEG), an independent technical group overseeing the
protection of the public health and environment on behalf of the State of New Mexico and its citizens,
was created in response to a 1981 lawsuit filed by the New Mexico Attorney General against the
Department of Energy and was to be created for “the full operational life of WIPP through and
including the decontamination and decommissioning” (DOE-CBFO, 1988, p. 29).

The EEG was created in 1978 and operated until 2004, when its funding was eliminated. Its
responsibility was to conduct an independent technical evaluation on the impact of the Waste Isolation
Pilot Plant (WIPP) on the public health and safety on the people of New Mexico because the interests
of the federal government are not always consistent with those of the state, and so independent
overview was essential. During its 26-year operation, the EEG identified criteria essential to ensure
that the interests of the state are addressed, to ensure acceptability of the repository, and to promote
its safe operation. The EEG’s guiding principles and contributions are detailed elsewhere (Channell
and Silva, 2001; Neill and Silva, 2001). It has been argued that the oversight roles played by the EEG
as well as the National Research Council's WIPP Committee were crucial to the success of the WIPP
project (Kerr, 1999).

For EEG to function as an independent technical body, several fundamental criteria aim to ensure
the trust of the public and of elected officials. Toward this end, the director must have the
responsibility to hire full-time professional staff and to identify the technical reviews to be done. While
there are social, legal, and political issues, the reviews must be confined to technical issues. The
technical reviews must be published publicly and widely distributed. The independence of the
organization and the independence of its reviews must be protected. Central to this goal is the ability
to publish technical reviews without prior editing or approval by either state or federal officials of
reports or analyses.

An Act of Congress (NDAA, 1988) specified the authority and responsibility of the EEG. As initially
enacted, it promoted the criteria identified above and went far to honor the federal government’s
commitment to the people of New Mexico. The initial version of that law could serve as a template for
reinstatement of the group for the purpose of reviewing the federal intent to dispose of surplus
plutonium at WIPP.

CONCLUSION 5-4 (updated Interim Report CONCLUSION 2): Public trust will need to be
developed and maintained throughout the lifetime of the dilute and dispose program because
the program will change and evolve as new knowledge is obtained, and modifications and
potential changes to legislation Wil be required for the Waste Isolation Pilot Plant These
changes will require assuring the regulators and the public of the safety and security of the
Department of Energy OOE) plans. This is particularly challenging for the dilute and dispose
program because of several factors: security classification of aspects of the planning
(constituents of the adulterant, processing steps, security and safeguards assessments); early
stage of program development with changdgkely to occur asmore information is known; and
potential impactsthat crossmany statesand DOE sites.

RECOMMENDATION 5 -2 (updated Interim Report RECOMMENDATION 2): The
Department of Energy s National Nuclear Security Administration and Office of Environmental
Managementshould engage New Mexico and South Carolina as well as their congressional
delegations prior to the public engagement required by the National Environmental Policy Act
process to assess prospects for successfully amending the existing legal agreemenliswofar
the dilution and packaging of up to 48.2 metric tonsf surplus plutonium at the Savannah River
Site and its disposal in the Waste Isolation Pilot Plant
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RECOMMENDATION 5 -3 (updated Interim Report RECOMMENDATION 3) : If the
Department of Energy s (DOE’s) National Nuclear Security Administration’s dilute and
dispose plan moves forward, DOE should reinstate the Environmental Evaluation Group
(EEG), representing the concerns of thet&te of New Mexico, throughout the lifetime of
processing up to 48.2netric tons of surplus plutonium material. The independence of the EEG
should be supported through mechanisms similar to those established in its original founding.
Members of the technical review organization should be technically qualified to address the
health and safety issues and a subset should have access authorizations that will allow
thorough review of classified aspects of the plans and thamplementation.

RECOMMENDATION 5 -4 (updated Interim Report RECOMMENDATION 4) : In addition

to and separatefrom the independent review organization representing the State of New
Mexico described in Recommendation8, periodc reviews for Congress and the Department

of Energy (DOE) by a team of independent technical experts should be required until

classified aspects of DO National Nuclear Security Administration’s and DOE s Office of
Environmental Managements dilute and dispose plans, including the safety and security

plans, are completed and implementedBecause DOEs plans and decisions are expected to
mature and evolve, these independent reviews would provide a mechanism to review classified
aspects of the programs and would improve public trust in those decisions.

Because DOEINSA’s, DOEEM'’s, and DOECBFO's plans and decisions are expected to mature
and evolve, these independent reviews would provide a mechanism to review all aspects of the program,
including the classified elements, and would do much to improve pulsiditrthose decisions.

Several incremental actions taken by DOE, while administratively compliant, could be interpreted as
obscuring the fact that as much as 48.2 MT of surplus plutonium is being proposed for dilution and
disposal in an expanded (in phyalispace) and extended (in lifetime) WIH@r example, numerous site
specific E£IS actions for smaller amounts of surplus plutonium material are confusing to track and have
been proposed as the basis for thévB4National Environmental Policy AcCNEPA) actions (Richard,

2019; see also Box 2y. DOENNSA’s NEPA strategy includes moving forward witlS&lS for the 34

MT of surplus plutonium material; this would be in addition to the SEIS for 6 MT opitgrittonium.

A notice of intent for the disposition of 34 MT still has not been issued, an action that has been delayed
by over a year. Another 7.1 MT is currently without a disposition pathway but associated with the ROD
for the 6 MT (see below). Yeanother 1.1 MT could be considered for dilute andatie but may also be
dispositioned in the Defense Waste Processing Facility (see Figyré\gy of these plans for smaller
amounts of surplus plutonium when individually considered would appear to have little impact on WIPP,
the environment, safety, oeaurity. Yet, when considered itotal, their impact is clear.

There are many reasons why implementation of programs responsible for the dilution and disposal
of up to 48.2 MT may have to proceed in segments (e.g., 6 MT, 7.1 MT, 34 MT, and so on). Such an
approach, while technically permissible, goes against the notion of transparency that could impact public
support and thus represents a substantial system vulnerdbiQE leadership, such as the Deputy
Secretary, has decided on a strategic objective to disposition the majority (48.2 MT) of the surplus
plutonium inventory in WIPP as DSFRU waste, actions could be taken to clarify these objectives and to
transparently report their potential impacts. Members of the public and the State of New Mexido sho
be afforded the opportunity to consider the significance of the dilute and dispose program in its entirety.
As noted previously, a new DSIHRU waste stream was recently identified -I6RC-PuOx1, and
associated with the 7.1 MT of surplus pit plutonioraterial DOE-CBFO, 2019b). This indicates that
DOE is moving forward with another increment of DBRU waste for WIPP rather than addressing the
full amount in a single assessment.

In the examples inetion 5.3.1 and summarized in Finding2 &nd 53, the analyses and results
indicate that it is possible to emplace up to 48.2 MT of D8P in WIPP but that precautions may need
to be taken and revisions of earlier WIPP analyses, which assumed more dispersed and far less fissile
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material] may also be needeThe timely revision of these important safety documents, in particular
before waste receipt, would better improve DOE transparency and address public concerns over the
potential effects and safety impacts of the dilute and dispose program.

NEPA setsequirements for major federal actions requiring the preparatienvifonmental impact
statementsEISs). It is DOE policy to follow NEPA and to apply the NEPA review process early in
program development. To date however, DOE and INBISA have leveraged oelied on existing EIS
for a variety of sites, issuing supplements, amendments, and interim actions where necessary or
expedient, while also trying to accommodate changes in an uncertain strategy toward the disposition of
surplus plutonium. DOBINSA has issued a number of EISE|Ss, and RODs for dispositioning surplus
plutonium (see Box 2). Below two federal actions and decisions relevant to the dilute and dispose
programsare highlighted

x The final programmatic EIS, FPE[R29, evaluted strategies and locations for storing and
dispositioning weaponssablé! fissile materials (DOE, 1996b); the associated ROD selected
MOX and immobilization as the preferred options for surplus plutonium disposition. The Surplus
Plutonium Disposition EI®283 (tiered from the FPEI®R29, DOE, 1996b) evaluated site
specific alternatives for the construction and operation of facilities for disposition of up to ~45
MT of surplus plutonium (DOE, 199%arhe associated ROD in 2000 identified immobilization
and irradiation of MOX fuel as the preferred dual alternatives for surplus plutonium disposal.
Two years later, the immobilization program was canceled due to budget constraints and MOX
was selected as the only method for plutonium disposition for the United States (DOE, 2002).
The PMDA was later renegotiated with the Russian Federation and updated (DOS, 2010).
Immobilization was removed from the listed dispositigtions; some of the material selected
for immobilization was to be processed at the MOX plamh&ke it useable in MOX fuel.

x In 2015, dilute and dispose was specifically considered as one of the disposition options for
surplus norpit plutonium (referred to as “WIPP Disposal”) in the Final Surplus Plutonium
Disposition Supplemental Environmentaldatt Statement (DOE, 20153)Under this
disposition option, plutonium oxide would be “mixed/blended with inert material.... Inert
material would be added to dilute the plutoniBB® content and inhibit plutonium recovery and
could include dry mixtures of commercially available materiél¥DE, 2015a, p.81). The
subsequent April 2016 ROD selected the dilute and dispose at WIPP option for dispositioning 6
MT of diluted nonpit plutonium and reserved a decision on the other 7.1 MT for a later time,
though itseems likely the same option could be exercised (DOE, 2016a).

A point of the preceding two bulleted itemsdo illustrate the DOE efforts to comply with the
NEPA requirements for major federal actions requiring the preparation sf lfiSit may also serve to
illustrate the impacts such indirect paths have on public trust and transparency.

While DOE has moved forward with a ROD for 6 MT, there are still several more surplus plutonium
stocks under consideration for disposal at WIPP, and totalingsadiz@ MT, and will need to be
actioned under NEPA. In the paste DOE approach has been to

x Use EISs covering the SRSpfepare the SPD Supplemental EIS to evaluate the potential
environmental impacts at the Savannah River Site (SRS) in South Carolina of disposition
pathways for surplus weapcnsable plutonium (referred to as “surplus plutonium”) originally
planned for immobilizatioh(DOE, 2015b, p. iii)

2IA fissionable nuclear aterial such as uraniu@85 or plutoniur239 that is pure enough to be usable in a
nuclear weapon.

22DOE/EIS0283S2 evaluates environmental impacts for disposition of 13.1 MT of surplus plutonium, including
6 MT of surplus norpit plutonium (managed by DOGEM) as well as 7.1 MT of plutonium from pits shown in
DOE (2015a, fig. 1).
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x Point to assurances the diluted waste will be compliant with the WIPP WAC: “This plutonium
will be prepared and packaged to meet the WIPP waste acceptance crit€b®E, 2016a, p.
19588) and

X Use the existing WIPP SEIS to maint#tiat the environmental impact of adding surplus
plutonium at WIPP were evaluatéd he potential environmental impaasTRU waste disposal
at WIPP are evaluated in the Waste Isolation Pilot Plant Disposal Phase Final Supplemental
Environmental Impact Statement (WIPP SE)SPOE/EIS0026S-2, September 1997) and
subsequent Supplement Analyses from 2005 (DOBME26SA05) and 2009.(DOE, 20164, p.
19590)

In a 2011 SRS Interim Action Determination, justification for the emplacement in WIPP of previous
diluted plutonium amounts rested on the small amount of material relative to remaining capacity in WIPP
(Moody, 201).2 Then for the 8MT SEIS, DOE noted that small amounts of PuOx were similarly diluted
and already emplaced at WIPP as justification for the expansion to 6 MT. Presumably the decision on the
remaining 7.1 MT will point to the previous decision on the 6 WHe April 2019 briefing on DOE
NNSA’s NEPA strategy indicated that DENENSA would pursue a supplemental EIS for the 34 MT,
which could potentially point to the small amounts of emplaced diluted material for justification (Richard,
2019)?* The logic begins with justification of small amounts relative to the WIPP inventory and ends with
the majority of surplus plutonium constituting 85 percent of the total plutea88remplaced in WIPP.

The committee recognizes that sw@etincremental and disaggregated SRS approach may
have the advantage of limiting scope and appear expedient, even if permissible by NEPA gligance.
committee further recognizes that realistically all of the surplus plutonium inventory has no real
alternative at this time other thaisposal at WIPP or “no action.”

However, with regard to following the same approach as was done for the 6 MT, the committee
expresses concern that, when applied across the total 48.2 MT inventory including the remaining 42.2
MT, such arapproach is counteo public transparency, and the development of a sustainable
sociopolitical relationship.

In reviewing the implementing procedsmgoverning NEPA (10 CFR Part 1021), and the related
regulations requiring the preparation of E{(88 CFR § 1502.4) for majdederal actions (40 CFR
1508.18), the committee notes the following (excerpted and edited for clarity, emphasis added):

x A programmatic NEPA document means a brgadpe EIS identifying and assessing the
environmental impact of a DOE progrdm
X A programmeans a sequence of connected or related DOE actions or pt§jects

ZMoody, 2011, p. 2: “WIPP has been safely disposing of TRU waste for more than 10 years, and the 880 cubic
meters that would result from this action represents a small fractiout, 3%, of the unsubscribed WIPP disposal
capacity.” NOTE: The 3 percent figure seems in error, and the volume would have been relative to the TMW (outer
container) volume definition.

24DOE has not yet issued a notice of intent (NOI), an EIS, or ROD fposli®oning 34 MT of pit and nopit
surplus plutonium using the dilute and dispose process. The committee received information on NEPA plans
(Richard, 2019, slide 2) thatated that DOENNSA planned to initiate a supplemental EIS for theVBA mission.

Its plans include a posting of an NOI in the near future, public comment periods required by NEPA, plans to analyze
dilute and dispose as the preferred alternative as well as-hetino alternative, and to complete the NEPA
analysis by late 2020.

25See D CFR 8§1021.104 Definitionshttps://www.ecfr.gov/cgbin/textidx?rgn=div5&node=10:4.0.3.5.14#se
10.4.1021_1104 (accessed April 26, 2020).

26See 10 CFR 8021.104 Definitionshttps://www.ecfr.gov/cgbin/textidx?rgn=div5&node=10:4.0.3.5.14#se
10.4.1021_1104 (accessed April 26, 2020).
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X When required to support a DOE programmatic decision, including the adoption of pregrams
such as a group of concerted actions to implement a specific policy copégstematic and
connected agency decisions allocating agency resources to implement a specific statutory
program or executive directive—DOE shall prepare a programmatié’g8d

X “Proposals or parts of proposals [that] are related to each other cleseygh to be, in effect, a
single course of action shall be evaluated in a single impact statéfient

As such, when considerintbe whole of the surplus plutonium dilute and dispose program, the
several connected sites directly affected by the plan (including at least SRS and WIPP, and possibly
LANL), and the quantities that challenge the scoph®fexisting EIS, a broastope EIS is warranted.

Simply, the total quantities of surplus plutonium now being considered for disposal at WIPP are far
larger than those assessed in the 2015 Supplemental EIS. Additionally, while compliance with the WIPP
WAC is required of all TRU wastehé existing WIPP SEIS did not contemplate either the quantity or
character of the surplus plutonium or the future underground configuration. Finally, several processing
facility changes must all happen to implement a dilute and dispose program. Recentceffigpand the
nation’s pit production capacity will also impact the sites and facilities that are being proposed-in DOE
NNSA'’s dilute and dispose plans. There is likelihood of conflicts across programs for human resources,
infrastructure, and faciliteusage, as noted in Chapter

RECOMMENDATION 5 -5: The Department of Energy should implement a new
comprehensive programmatic environmental impact statement (PEIS) to consider fully the
environmental impacts of the total diluted surplus plutonium transuranic waste inventory (up
to an additional 48.2metric tons) targeted for dilution at the Savannah River Site and disposal
at the Waste Isolation Pilot Plant (WIPP). Given the scale and character of the diluted surplus
plutonium inventory, the effect it hason redefining the character of WIPP, the involvement of
several facilities at several sites to prepare the plutonium for dilution, a schedule of decades
requiring sustained support, and the environmental and programmatic significance of the
changes therai, a PEIS for the whole of surplus plutonium that considers all affected sites as a
system is appropriate to address the intent and direction of the National Environmental Policy
Act and would better support the need for public acceptance and stakeholdengagement by
affording all the opportunity to contemplate the full picture.

RECOMMENDATION 5 -6: The Department of Energys (DOE’s) National Nuclear Security
Administration, DOE's Office of Environmental Management, and DOE highetlevel officials
should take additional actions beyond those defined by the National Environmental Policy Act
toward transparency and stakeholder engagement on the whole of the potential scope of
surplus plutonium under consideration (48.2metric tons) for disposal at the Waste Isolation
Pilot Plant. Such actions include completing and publicizing the outcome of relevant safety
analyses and cost estimates.

5.4 ENGAGE NMED AND EPA
A dual regulatornframework exists for WIPP, with EPA and NMED having separate but coupled

roles in regulating worker, publiand environmental safety (see Cha@erA positive tegulator
permittee’relationship between DOE and NMED is a prerequisite for smooth general operation of the

2’See 40 CFR § 1508.18 (b.3) Major Federal Action: https://www.govinfo.gov/content/pk@TIFERitle40-
vol32/pdf/ICFR2010title40-vol32-sec1508t8.pdf (accessed April 26, 2020).

283ee 40 CFR § 1502.4 Major fedeaations rquiring the preparation of environmehitapact statements, part
(a): https://www.govinfo.gov/content/pkg/CFRI964itle40-vol18/html/CFR19964itle40-vol18-sec15024.htm
(accessed April 26, 2020).
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WIPP, but it becomes especially important when potentially controversial issues come into play and
public scrutiny and skepticism are likely to incre&ech was the case with the WIPP accidents and its
subsequent recovery, the effort to change the accounting of waste volumes, and the occasional but
recurring mention of accepting other TRU wastes (see Bogesnl 25).

One could argue that the anticipated changésst&VIPP underground configuration, its lifetime
extension (both of which are likely even without the BIS®J waste), and the changes contemplated by
the receipt of the DSPRU inventory place WIPP on the cusp of a new phase of operations. How DOE
CBFO, DOENNSA, and DOE decision makers approach the upcoming WIPP permit modification
requests to NMED could have a demonstrable effect on the regulatory review duration and the degree of
skepticism and scrutiny exercised by the public.

DOE-CBFO's engagement WitEPA, as with NMED, provides another critical opportunity to
promote transparency and involvement with the public and interested stakeholders. The committee has
given consideration to how and why D@BFO might approach EPA beyond the requirements for the
quinguennial recertifications, as DEEM and DOENNSA contemplate a future implementation of a
dilute and dispose program.

As presented in Chapter 2, the principal WIPP EPA regulations of concern are the radiation
protection criteria described in 40 CFRrP191 (see Figure 2F and in 40 CFRPart194, which lay out
the compliance certification criteria.

As noted previously, the addition of the DSRU inventory (up to 48.2 MT) is expected to involve
the handling of more than 160,000 containers (i.e., LCOs), will requirawo additional underground
panels (GAO, 2017), and at closure will have quadrupled the total radioadtiviyy of disposed TRU
waste (Zeitler et al., 2@).

Regarding compliance with pestosure performance criteria, the comestinotes

X Repository compliance is based on calculations of release fraofisakected radionuclides and
the specified release limits scale with the quantity of waste in a repository (i.e., the more
disposed waste, the more radiation that may be released).

X As demonstrated in all previous compliance certificatitims only releases are from the
disturbed scenario (i.e., human intrusion through drilling) and have been within the compliance
limits.

X Results of a speciglostclosure performance assessingeitler et al., 20183uggest continued
compliance is expected with all of the BFRU inventory (48.2 MT) includeé

EPA now has the deferred PA associated witl2019 CRA (see Chapt@rfor a discussion on the
deferred PA) which is the first recertification application that includes a substantial p6rktir of the
surplus plutonium inventory that EPA will revieWThe results of this regulatory review will be
available in about aear from the writing of this report and may thus provide some technical or regulatory
foresight on the inclusion of an additional 42.2 MT.

The volume and density of the total B$RU inventory under consideration, combined with the
pending inevitable cha@es in the surface and underground configurations, could be considered a
significant change to WIPB inventory.Thus, EPA could seek a new determination of regulatory
compliance (formally or informally) prido program implementation to improve transpaseon such a
significant change.

In a briefing by EPA to the committee (Peake, 2019), it was noted that 40 CFR § 194.4 requires
DOE to notify EPA of “any planned or unplanned changes in activities or conditions pertaining to the

2°The committee commentashould not be construed as supplanting the regulatory function or influencing the
determination of safety by regulatory bodies.

30Recall that 6 MT is the waste stream SIRSC-PuOx (see Table-8), the seconthrgest contributor (after the
SRSKAC-SPD 42.2 MT) to total EPA units (11 percent) at closure and at 10,000 years.
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disposal system that déf significantly from the most recent compliance applicati&®A reported that
DOE has recently submitted to EPA several notices of planned changes to EPA:

x $ QRWLFH RI WKH QHZ VKDIW DQG DFFHVV GULIW ZKLFK zZLOO
underway,

X A notice on changing panel closures and the abandonment of panel 9 without waste, which was
approved in March 201@nd

X A notice on the LWA volume of record change, which is currently under review by EPA.

The DOENNSA Master Schedule and the ROARindicate that DOECBFO will submit a
planned change notice (PCN) to EPA in earlyZ022 (this is not the same as a recertification
application) this isafter midFY 2020, when DOBNNSA expects to issue a ROD for the disposition of
34 MT of surplus pitonium (see the relevant portion of the Master Schedeure 31). The full
scope and extent of this PCN, or how it will be managed by, EEP#ot clear, ahough the Master
Schedule indicates that EPA will review the PCN throughou263 and is expected to approve the
PCN by the end of the first quarrFY 2024. The expected EPA approval is coincident with (and
independent of) the DOEBFO submission of the 2024 CRA and the beginning of repository disposal of
the 7.8 MT of norpit plutonium.

After DOE-CBFO submits the PCN, EPA may request additional information, and if EPA
determines thain accordance with0 CFR §194.65,"changes in activities or conditions pertaining to
the disposal system depart significantly from the most recent compliance application,” EPA would need
to modify the existing certification (as opposed to waiting for the ngeiabrecertification). EPA would
then need to propose a rulemaking to modify the certification and take public comment. This has raised
the EPA and elsewhere the questidhwhat point would a change “depart significantly from the most
recent compliance application™?

In its briefing to the committee, EPA noted that if the certification needs to be modified, a
rulemaking would take merthan2 years and indicated that such activities need to be coordinated with
recertification applications as much as possible to minimize multiple reviews.

It remains to be seen whether EPA will seek a rulemaking or other form of review, before or after
various RODs trigger the inclusion of increments of the total-SRD inventory.However, this
sequence raises some uncertainty as to how EPA would evaluate, in full, the sum totall6fUDSP
inventory and its effect on WIPP compliari€e.

Given the signifiance of the issues and their potential consequenc@glR? and the State of New
Mexico, and in the interest of fostering a positive, sustained sociopolitical acceptance of the future WIPP,
it is prudent to seek a high level of confidence that the dillitledispose program as proposed and
emplaced under a revised WIPP configuration will be or is compliant with all WIPP regulations including
postclosure safetyA sufficienty high level of confidenceould be established through EPA formal
certification or other means that provides the same level of technical review and public participation.

FINDING 5-7: A segmented and incremental approach to revealing the full inventory under
consideration for disposal as diluted surfus plutonium transuranic waste inthe Waste
Isolation Pilot Plant (WIPP) (initially 6 metric tons [MT], then 7.1 MT, and 34 MT, and so on)
obfuscates the total anticipated inventory expected for WIPP and its consequences. An

3IAlthough the results of Zeitler et al. (2018) suggest that WIPP can demonstrate compliance with the full
inventory of 48.2 MT of diluted surplus plutonium, a decision to accept and s@pfudure WIPP with all of the
discussed surplus plutonium inventory will rely on a determination by EPA. Note that Zeitler et al. (2018) make
clear that this is not a substitute for evaluating compliance: “The analysis is not in support of a plarged chan
request (PCR) or planned change notice (PCN) to be submitted by the DOE to the EPA, and was not performed as a
compliance calculation. Instead, the planned use of the analysis is as input into a National Environmental Policy Act
(NEPA) analysis” (p. 13).
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incremental approach inhibits a comprehensive review by regulators and thgublic of the full
impact of the proposed dilute and dispose program on a future WIPP. The punctuated-(5
year) Environmental Protection Agencycompliance recertification schedule and limited scope
of the New Mexco Environment Department s reviews (which exclude nuclear material) add
to these challenges.

RECOMMENDATION 5 -7: The Environmental Protection Agency the Department of

Energy, and the State of New Mexico should engage in developing a mutually agragzbn
strategy for vetting the effects of the dilute and dispose inventory, in its entirety (and as added
to the rest of the projected and emplaced inventorypn the Waste Isolation Pilot Plant This
vetting could be through a special demonstration of comiance and certification, or other
means all agree to, but should occur before committing the substantial resources that will be
needed to implement an integrated (48.@hetric tons of surplus plutonium) dilute and dispose
program.
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Michael S. Bronziniis theDewberry Chair Professor Emeritus in the Volgenau School of Engineering at
George Mason University, where he aleoved as chair of the Department of Civil, Environmental, and
Infrastructure Engineering. He is principal and cofounder of 3 Sigma Consultants, LLC, based in
Nashville, Tennessee. Dr. Bronzini has conducted research and authored more than 250 publications on
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the Inland Water Transportation Committee and chair of the Study Committee on Landside Access to
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George E. Dialsresigned his executvposition with Babcock & Wilcox Corporation in md14 and

returned with his wife Pamela to their home in Santa Fe, New Mexico. For several months, he served as a
senior executive advisor to the director of Los Alamos National Laboratory in an established position as
director of the Strategic Improvement Office, charged with enabling implementation of the recently
published Los Alamos National Laboratory Strategic Plan. In May 2015, Mr. Dials accepted the position
as president anchief executive office(CEQ) of Pajarito Scientific Corporation (PSC) in Santa Fe, New
Mexico. Effective September 1, 2017, in order to focus on a number of other family and business
interests, he resigned his position as president and CEO of PSC and accepted a role agisentor ad

and member of the board of directors of the company. Mr. Bigdgeer spans four decades in energy,
national security, waste management, and nuclear technology programs. He has held leadership positions
in national security and waste management corporations, and at the Department of{[ED&)gy

Previously, Mr. Dials was president of B&W Conversion Services, LLC (BWCS), and served as project
manager for the Depleted Uranium Hexafluoride (B)UFonversion Operations, the fist-its-kind
nuclearoperation in the United States. Mr. Dials directed the BWCS Lexington project office and is the
day+to-day interface with DOTS federal project director. He also directed operations at the conversion
plants in Piketon, Ohio, and Paducah, Kentucky. He jdined&W Y-12 Nuclear Weapons Complex,

LLC in 2006, serving as president and CEO, where he managed a $1.2 billion annual budget and more
than 4,600 employees, leadingl2 through a period of improvement initiativésvolving restorations

and new buildsand restored the facilities to full production capabilities and operations. Previously, Mr.
Dials held executive leadership positions at DOE'’s waste disposal facilities, which included the Waste
Isolation Pilot PlantWIPP) and Yucca Mountair-locations @signed to safely manage waste from

nuclear operations. He was president and chief operating officer of the privately owned Waste Control
Specialists, LLC, operating the hazardous waste disposal facility, and managing licensing-tefvellow
radioactive vaste treatment and storage facility. Formerly, he oversaw design, engineering, and scientific
studies of the Yucca Mountain Project as president and general manager of TRW Environmental Safety
Systems, Inc., a DOE management and operating contractor. As a member of DOE’s Senior Executive
Service, Mr. Dials was manager, Carlsbad Area Office, responsible for WIPP and the National
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Transuranic Waste Program. He also served as Idaho Operations Office assistantiméegeFalls.
Career awards include the E@&xceptional Service Medal, 1998; New Mexico Distinguished Public
Service Award, 1998; American Nuclear Society Fellow, 2006; Waste Management Symposia Wendell
D. Weatrt Life Time Achievement Award, 2012; Worldwide Who's Who Executive; and Nuclear Fuel
Cyde, 2013. During his military career, Mr. Dials served in multiple leadership roles, including an
assignment as a Military Research Associate to the Los Alamos National Laboratory; Special Weapons
Plans Officer, United Nations Command/U.S. Forces KoreahS3¢orea; and company commander of a
combat infantry company, South Vietnam. Military decorations include a Silver Star, four Bronze Stars,
and two Air Medals awarded for combat operations in Vietham. Mr. Dials holds a B.S. in engineering
from the U.S. Mitary Academy at West Point dranM.S. in nuclear engineering and an M.S. in

political science from the Massachusetts Institute of Technology.

Leonard W. Gray retired from E.O. bwrence Livermore National Laboratory (LLNL) in 2005, and has

50 years okxperience in the chemistry, engineering, and physics of plutonium processing. He began his
career in 1966 at the Savannah River Site with assignments in both H Canyondhigttigd uranium

235, neptunium, and loassay plutoniur238 recovery) and F @gon (solvent extraction of uranium

and plutonium), B-Line (plutonium finishing, H B-Line (neptunium and plutoniw®38 finishing) and

F A-Line (uranium finishing). After an educational leaveabsence to obtain his Ph.D., he was assigned

to the Savarah River Laboratory with assignments in the Analytical Chemistry Section where he was the
lead chemist for chemical forensics of process upsets and then in the Separations Chemistry Section
where he was responsible for developing processes for reactofigismabeled asonprocessable. He

then was the lead chemist for the aqueous recovery of many tons of plutonium scrap ttesichaes

collected at the Rocky Flats Site; this wasudtisite program that assigned various Rocky Flats

plutonium scraps to Los Alamos, Hanford, Savannah Raret Rocky Flats where these scraps best fit

into their respective plutonium recovery operations. He was then transferred to the Savannah River Plant
Site to oversee the Separasdrechnology Laboratory with responditiés over all chemical unit
operationsliighly enriched uraniurmeptuniumlow assay plutoniur238, americiur241, curium244,
weapongrade plutoniumand depleted uraniunin F and HCanyonshere he continued to work with

the Rocky Flats Plant Site tlevelop a process for the recovery of plutonium and americium from
chloride-containing aged plutonium scraps. In 1988, he transferred to LLNL to lead the chemical
processing portion of the Laser Special Isotope Separations Program. His previous chemical forensic
work at the Savannah River Laboratory resulted in an invitation to visit the Russian-T ¢hséessing

site to aid in the investigatnh of an accident similar to one that had occurred at Savannah River. Before
retirement he was the chief scientist for the tR8ssian Plutonium Disposition Program; this played a
major role in the Wited StatefRussian Agreement for each country to dgspof approximatel@4

metric tons of excess weapogide plutonium in methods that would prevent their return to a weapons
program. His assignments have taken him to nuclear facilities in Australia, China, England, France,
Russia, and Scotland. He hasnwaumerous awards for his work in chemical forensics and plutonium
processing science. These include Award of Excellence for Significant Contributions to the Nuclear
Weapons Program (his team was the first team at Savannah River to be awarded the Award of Excellence
by the director of Military Applications) and he is the only recipient from LLNL to be awarded the Glenn
T. Seaborg Actinide Separation Award. He also served on the Chemical Safety Committee of the
American Chemical Society. Dr. Gray remains\acin retirement, continuing to mentor young

scientists, having served as chief scientist for the saiievéetory and shutdown of the LLNL Heavy
Element Facility and having authored the recent Official Use Only publication “Worldwide Plutonium
Production and Processing.” He presently serves as chairman of the Plutonium Experts Panel for the
National Technical Nuclear Forensics Center of the Department of Homeland Security. Dr. Gray received
his Ph.D. in inorganic chemistry from the University of Southo@@a in 1972, his M.S. in chemistry

from Texas Technological College in 1967, and his B.S. in chemistry from the New Mexico Institute of
Mining and Technology in 1964, and his A.A. from Middle Georgia College in 1961.
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Michael R. Greenbergstudies environmental health and risk analysis. He iBigtenguished Professor

of the Edward J. Bloustein School of Planning and Public Policy, Rutgers University. He has written
more than 30 books and more than 300 articles. His most recent books are Protecting Seniors Against
Environmental Disasters: From Hazards and Vulnerability to Prevention and Resi(ieadbscan,

2014), Explaining Risk Analysjgarthscan, 2017), Urban Planning and Public Heakmérican Public

Health Association2017), andsiting Noxious FacilitiegEarthscan, 2018). He has been a member of
National Research Council committees that focus on the destruction of the U.S. chemical weapons
stockpile and nuclear weapons; chemical waste management; degradation of the U.S. gbvernmen
physical infrastructure; and sustainability and the Environmental Protection Agency. He chaired the
committee for the appropriations committees of the U.S. Senate and House to determine the extent that
the Department of Energy emphasizes human healtbatat) in its allocations for remediating former
nuclear weapons sites. He served as area editor for social sciences and thanadabof Risk

Analysis: An International Journaluring the period 2002013 and continues as associate editor for
environmental health for the American Journal of Public Health. Professor Greenberg graduated with a
B.A. from Hunter College with concentrations in math and history and an M.A. in urban geography and a
Ph.D. in environmental and medical geography from Colaruiiversity.

David W. Johnson, Jr. (NAE), is the retired director of materials research at Bell Laboratories, Lucent
Technologies, a retired editor-chief for the Journal of the American Ceramic Sociatgl former

adjunct professor of materials science at Stevens Institute of Technology. His research activities included
fabrication and processing of glass and ceramics with emphasis on materials for electronic and photonic
applications. He is a member of several professional societies, including a fellow, distinguished life
member, and past president of the American Ceramic Society. Dr. Johnson won the Taylor Lecture
Award and the Distinguished Alumni Award from Pennsylvania State University, the RossRiofly

Award for the best paper in ceramic literature, the Fulrath Award, the John Jeppson Award, the Orton
Lecture Award from the American Ceramic Society, and the International Ceramics Prize for Industrial
Research from the World Academy of Ceramics. He is a member of the National Academy of

Engineering and the World Academy of Ceramics. He holds 46 U.S. patents and has published numerous
papers on materials sciences. He earned a B.S. in ceramic technology and a Ph.D. in ceramic science from
Pennsylvaia State University.

Annie B. Kersting is an expert on the environmental behavior of actinides with a particular focus on
plutonium. She works dheLawrence Livermore National Laboratory (LLNL) where she manages an
active research group in environmentadiochemistry focused on understanding the biogeochemical
processes that control actinidegnium, plutonium, neptunium, and americjumansport in the

environment. In particular, she is interested in identifying the processes that control actmnadziants

on the molecular scale with inorganic, orgaaiag microbial surfaces in the presence of water with the

goal to reliably predict and control the cycling and mobility of actinides in the environment. Dr.

Kersting's research interests include the fields of radiochemistry, isotope geochemistry, and
environmental chemistry. She is currently director of University Relations and Science Education at
LLNL, where she oversees a broad range of educational science and technology programs and initiatives
that advance the mission and vision of lgidgoratory She works with the laboratory’s senior leadership to
develop and execute strategies, build strategic partnerahigh$oster collaborative research and

education initiatives to ensure a workforce pipeline ofttepscience and technology talent. Dr. Kersting
previously served as the director of the Glenn T. Seaborg Institute at LLNL for more than 10 years, where
she focused on collaborative research between LLNL and the academic community in nuclear forensics,
super heavy element discoveand environmental radiochemistry. Through the instithe managed a

yearly summer program for graduatedsnts in nuclear forensics and environmental radiochemistry. Dr.
Kersting was a member of the Nuclear and Radiation Studies Board of the National Research Council
from 2010 ta2014, and a member of the Committee for the Technical Assessment of Envi@nment
Programs at the Los Alamos National Laboratory of the National Research Gmm@006 to 2007.
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She served on the Environmental Management Sciences Program Review Panel of the Department of
Energy’s (DOEs) Office of Science in 2006 and served asiengific advisor on the Actinide Migration
Committee for Rocky Flats from 200020603. Since 2013he hasserved as an associate editor of
Geochimica et Cosmochimica Acghe has beean active member of tHenvironmental Protection
Agency’s Radiation Advisory Board since 2014. In 2016, she was awarded the Francis P.J&arvan—
M. Olin Medal from the American Chemical Society for excellence in chemistry, leademstipervice.
In 2017, she was awarded the Secretary of Energy’s Achievement Award for contribubD@is tmd

the nation for serving on the technical Assessment Team. She halsradggology and geophysics
from the University of California, Berkeley, and anSviand a PID. in geology and geophysié®m the
University of Michigan. She was a postdoctoral fellow in the Institute of Geophysics and Planetary
Physics at LLNL from 1992 to 1995.

M. David Maloney is technology fellowemeritus, at Jacobs Engineering Group (formerly CH2M),
AerospaceFechnologyEnvironmentNuclear business line, providing support to operations at
Department of EnergyDOE) nuclear sites by identifying, developing, and deploying new technolegies
including waste, nuclear material, and used fuel managenatemeduce the costs and schedule of
decommissioning, remedian, and closure. At Rocky Flats and Hanford, both plutonium mission sites,
he partnered with DOE Office of Environmental Management (DE&EM) Science and Technology
Program to create a risk/cesftared approach that became a model and a congressieniaiti for the
weapons complex that savetre than $350 million. This work involved waste material
conditioning/treatment, packaging, assay, certification, and shipping to other sites for future processing
and tothe Waste Isolation Pilot Plafdr disposal. Dr. Maloney participated in workshopdaial system
performance assessment models for the U.S. High Level Waste repository and on the UK Radioactive
Waste Management Directorate waste form/packagegemmvironmenintegration for the UK High

Level Waste/Intermediateevel Waste Repository. He also managed tgedy National Nuclear

Security Administration (NNSA) Initiatives for Proliferation Prevention project with the Russian
Academy of Sciences and the PA Mayak production and storage site investigating ceramics for waste
form and cask applications. For 2 years he served as assistant to the general manager, Energy and
Environment Programs, at Argonne National Laboratory where he focused on technology transfer to
industry. He has participated in several National Acadérsiady panels from 1997 to date supporting
DOE EM and NNSA inquiries. Dr. Maloney has a Ph.D. in physics from Brown University. His research
associate work was at the Institute for Experimental Nuclear Physics, Karlsruhe Institute of Technology
and Kernforschungszentrum, Germany.

S. Andrew Orrell joined the Idaho National Laboratory (INLj September 2019, where he currently

works as an R&D technical consultastipporting INL initiatives concenmmg transportation, storagand

disposal of commercial and Department of Energy spent nuclear fuel anévegaste. Prior to

joining the INL, he served 5 years as the section lieaWaste and Environmental Safety at the

International Atomic Energy gency (IAEA) where he was responsible for the development and
promulgation of internationally accepted standards, requirements, and guides for the safe management of
radioactive waste and spent fuel, decommissioning, remediation, and environmental ngpritori

addition, Mr. Orrell oversaw the planning and execution of support to the IAEA Member States for the
implementation of the IAEA Safety Standards, and the Joint Convention on the Safety of Spent Fuel
Management and on the Safety of Radioactive Wdst@gagement. Prior to joining IAEA, Mr. Orrell was

the director of Nuclear Energy Programs for Sandia National Laboratories, where he was responsible for
laboratory development initiatives involving all facets of the nuclear fuel cycle. He provided executiv
leadership for Sandia's Lead Laboratory for Repository Systems program, managing the completion of the
postclosure performance assessment and safety case for a license to construct tsdirsitgenlogical
repository for high level nuclear wasteYaicca Mountain. Before working on Yucca Mountain, he

managed site characterization programs for a deep geological repository for transuranic waste at the
Waste Isolation Pilot Plant, and developed transportation optimizations for the National Transuranic
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Waste Management program. With 30 years of professional experience in nuclear fuel cycle and
radioactive waste management for the United States and several international programs, Mr. Orrell is
versed in the complex interdependencies between nuclear elesgjppment, waste management,
decommissioning, remediation, and disposal. Mr. Orrell routinely advises government and industry
leaders on the technical implications concerning radioactive waste management, including national policy
development and reguian, geologial repository development and licensing, safety case development,
interim storage, stakeholder engagemant public risk perception.

William C. Ostendorff (U.S. Navy retired) joined the Naval Academy’s Political Science Department as
the Qass of 1960 Distinguished Visiting Professor in National Security in August 2016. Captain
Ostendorff has been confirmed by the U.S. Senate on three occasions to serve in senior administration
posts in both Republican and Democratic administrations. Medeas principal deputy administrator at

the National Nuclear Security Administration (NNSA) in the Bush administration (2009} and as a
commissioner at the U.S. Nuclear Regulatory Commission (U.S. NRC,2Z20H)-in the Obama
administration prior togining the Naval Academy faculty. At the U.S. NRC, Commissioner Ostendorff

was a strong proponent of regulatory technical competence. He was considered by many to be a key
leader on the Commission in the areas of pokiushima regulatory decision makingdan both

physical and cyber security of commercial nuclear facilities. During his more than 6 years as a
commissioner, he testified before Congress on 26 occasions and gave more than 180 speeches in the
United States and abroad on nuclear safety and security. At NNSA, Captain Ostendorff served as central
technical authority for nuclear safety and as chief operating officer of the agency. He played a significant
leadership role in developing the future vision for the nation’s national security laboratories and in
evaluating options for nuclear weapons complex modernization. From 2003 to 2007, he was a member of
the staff of the House Armed Services Committee. There, he served as emanstalff director for the
Strategic Forces Subcommittee with oversight responsibilities for the Department of EAd¢ogyic

Energy Defense Activities as well as the Department of Defespace, missile defense, and intelligence
programs. He served as staff chair for dozens of hearings at both the subcommittee and full committee
level including highly visible hearings on the 9/11 Commission, the Weapons of Mass Destruction
Commission, and other hearings associated with U.S. strategic forces. Catgatho@swas an officer

in the U.S. Navy from 1976 until he retired in 2002. Entering the Rickover Nuclear Navy, he served on
six submarines. During his naval career, he commanded a nuclear attack submarine and a nuclear attack
submarine squadron and seihas director of the Division of Mathematics and Science at the U.S. Naval
Academy. His military decorations include four awards of the Legion of Merit and numerous unit and
campaign awards. He earned a bachgldegree in systems engineering from the N&al Academy, a

law degree from the University of Texas, and a master’s in international and comparative law from
Georgetown University. He is a member of the State Bar of Texas.

Tammy C. Ottmer is a nationallyrecognized expert in nuclear waste tramtgion safety. She was
appointed to her position as Colorado Waste Isolation Pilot Plant (\@iBgam managesf the

Hazardous Materials Section by the governor of Colorado. In addition, she was delegated additional
responsibility as managewrer Nuclar Materials Transportation Oversight by Colorado State Patrol,
including collaborative planning with shippers and carriers intending to move radioactive materials and
nuclear waste through Colorado, the western region, and across the nation. She ¢ordesigs,

develop, implement, and oversee nuclear materials transportation for new transportation campaigns
utilizing the WIPP program as a model. A primary focus area continues to be the full implementation of
the Western Governdréssociation/Department of Energy (DOE) Cooperative Agreement for the
Transportation of Transuranic Wastes. She works at regional and nii@lalto innovate approaches

to ensure the safe transportation of transuranic matehniglsyay routecontrolled quantities, higkevel
radioactive wastegnd commercial spent nuclear fuel shipments in the distant futhether to interim
storage or permanent disposal. Ms. Ottmer has chaired committees chartered to updatB®@iernal
manuals anthen integrate them into the internal DOEder system. These Orders have a direct
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correlation to safe transportation when they are incorporated intoR¥Q&ests for Proposal for new

contracts across the nation. Ms. Ottmer serves as adoidargovernoron nuclear transportation matters
including the spent commercial nuclear fuel stored at the Fort Saint Vrain Independent Spent Fuel Storage
Installation in northern Colorado. Ms. Ottmer has had an opportunity to serve in an international capacity.
The International Atomic Energy Agency inevina, Austria, asked specifically for Ms. Ottmer to serve

as a consultant. The mission of this consultancy was to review and evaluate international radiological
transportation safety guides. The guides concerned transportation accidents involvingvadioact

materials as well as associated emergency response. She provided recommendations for the revisions of
these transportation safety guides. Ms. Ottmer received a®m.the University of Colorado Boulder.

Cecil V. Parks scareer has spanned 41 years at Oak Ridge National Laboratory (ORME he is

currently director of the Nuclear Nonproliferation Division. Prior to this assignment, he served as director
for the former Nuclear Security and Isotope Technology Division, director of the ReactoueladN

Systems Divisionand director for the former Nuclear Science and Technology Division. In these senior
leadership positions, Dr. Parks has been responsible for line management, strategic planning, and mission
execution for diverseesearch and devmmentorganizations engaged in basic and applied science and
technology for the nuclear fuel cycle, isotope production, and nuclear nonproliferation and safeguards. He
has extensive experience in programmatic business development and execution with a wide range of
government agencies including the Department of Energy (DOE), the National Nuclear Security
Administration (NNSA), and the U.S. Nuclear Regulatory Commisdib8.(NRC). From 1980 to 2014,

Dr. Parks had project or line responsibility for developmeth®fSCALE code system, which is used
worldwide to solve challenging problems in reactor physics and depletion, criticality safety, and radiation
transport. For 36 years, Dr. Parks has consulted on technical and safety issues associated with transport
and storage of fissile and radioactive material. From 1992 to 2012, he supported the U.S. NRC and the
Department of Transportation as theSldechnical expert to the International Atomic Energy Agency on
packaging requirements and transport controls foldissaterial. Dr. Parks has been active in

professional societies amas been a member, facilitator, or leader of various review teams chartered by
NNSA, DOE, or the U.S. NRC. Dr. Parks is the author eautthor of more than 150 technical papers,

ORNL or U.S. NRC reports, and journal articles, and has been engaged in standards development related
to nuclear criticality safety. Dr. Parks has alPlin nuclear engineering from the University of

Tennessee and M.8nd BS. degrees imuclear engineerinfjom North Carolina State University

(NCSU). He also has a8 in mechanical rgineering from NCSU. Dr. Parks igedlow of the American
Nuclear Society.

Matthew K. Silva served for 10 years as the chemical engineer and 4 years as the director of the New
Mexico Environmental Evaluation Group until its closure in 2004. As mandated by federal law, the
organization provided an independent technical evaluation of the Waste Isolation Pilpr&&sitto

ensure the protection of the safety and health of the people of New Mexico. He holds a B.S. in basic
science and an M.S. in petroleum engineering from the New Mexico Institute of Mining and Technology.
Additionally, he holds a Ph.D. in chemical engineering from the University of Kansas.

Staff

Jennifer Heimberg has been a senior program officer at the National Academies of Sciences,
Engineering, and Medicine since 2011. She has directed studies within the Division on Earth and Life
Studies (DELS) and®ivision of Behavioral and Social Sciences and Educati®@AE5E). Her work

within DELS’ Nuclear and Radiation Studies Board focuses on nuclear securityraiiberation, and
nuclear environmental cleanup. Reports include Reducing the Use of Highly Enriched Uranium in
Civilian Research ReactgrBerformance Metrics for the Global Nuclear Detection Architectansl

Best Practices for Riskaformed Decision Making Regarding Contaminated Sites: Summary of a
Workshop. Within DBASSE, she directed two sepastitdesresulting in the repastvaluing Climate

120

Copyright National Academy of Sciences. All rights reserved.



Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Appendix A

Damages: Updating the Estimation of the Social Cost of Carbon Diaxidé&keproducibility and

Replicability in ScienceRrior to coming to the National Academies, she worked as a program manager at
the Johns Hopkins University Applied Physics Laborat@fyL) for nearly 10 years. While at APL she
established and grew its nuclear security program with the Department of Homeland Security’s Domestic
Nuclear Detection Office. She received a B.S. cum laude in physics from Georgetown University, a
B.S.E.E. from Catholic biversity of America, and a Ph.D. in physics from Northwestern University.

Kevin D. Crowley has been an advisor to the Nuclear and Radiation Studies Board (NRSB) at the
National Academies of Sciences, Engineering, and Medicine in Washington, DC, seragggptiased
retirement in August 2017. His professional interests focus on the application of science and technology
to improve societal welbeing, advance public poliegaking, and enhance international cooperation,
particularly with respect to the safesecurity, and efficacy of nuclear and radiafi@sed technologies

and applications. He previously held several positions at the National Academies, including senior board
director of the NRSB (2008017), director of the Board on Radioactive Waste Management (1996-

2005), and principal investigator for a lestanding cooperative agreement between the National
Academy of Sciences and the Department of Energy to provide scientific support to the Radiation Effects
Research Foundation in Hiroshima, Jaf0102017). Before joining the National Academies staff in

1993, Dr. Crowley held teaching/research positions at Miami University of Ohio, the University of
Oklahoma, and the U.S. Geological Survey. He holds M.A. and Ph.D. degrees, both in geology, from
Princeton University.

Richard “Dick” Rowberg is currently on phased retirement and is a senior advisor for the Division on
Engineering and Physical Sciences of the National Acaxdeof Sciences, Engineering, and Medicine

Prior to retirement from the National Academies, he aegmity executive director @6 Division on

Engineering and IRysical ®iences. He has servedila¢ National Academies since 2002. From 1985 to

2001, he worked for the Congressional Research Service of the Library of Congres$984 to 2001,

Dr. Rowberg was a senior specialist in science and technology with the Resources, Science, and Industry
Division, and from 1985 to 1994, he was chief of the Science Policy Research Division. From 1975 to
1985, Dr. Rowberg worked for theo@gressional Office of Technology Assessment (OTA). From 1975

to 1979 he served as an analyst in and deputy manager of the OTA Energy Program, and from 1979 to
1985, he was manager of the OTA Energy and Materials Program. From 1969 to 1974, Dr. Rowberg was
a research engineer and adjunct assistant professor in the Department of Electrical Engineering of the
University of Texas at Austin. He received a B.A. in physics from the University of California, Los
Angeles (UCLA)in 1961 and a Ph.D. in plasma phygsitom UCLA in 1968. In 2010, Dr. Rowberg was
elected a fellow of the American Physical Society.
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Meetings

Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

MEETING #1: NOVEMBER 28 -30, 2017

The Keck Center
500 Fifth Street NW, Washington, DC 20001

TUESDAY, NOVEMBER 28, 2017

DATA-GATHERING SESSION OPEN TO THE PUBLIC
Keck Room 208

1:00 PM Call to Order and Welcome, Bief | ntroductions by the Committee
Bob Dynes, Committee Chair

1:15 PM National Nuclear Security Administration (NNSA) Overview of theMaterial
Management and Minimization Program and the Committee’s Tasking
Peter Hanlon, NNSA, Assistant Deputy Administrator for Material Management
and Minimization

1:40 PM Plutonium Dilute and Dispose Program Scope and Status
Sachiko McAlhany, NNSA, Senior Technical Advisor
2:40 PM BREAK
3:00 PM The Waste Isolation Pilot Plant(WIPP) and Disposal of Surplus Plutonium

Betsy Forinash, Director, National Transuranic Waste PrografeadquartersDepartment
of Energy’s Office of Environmental Managemé&®E-EM)

3:45 PM Environmental Protection Agency’s(EPA’s) Activities Related to the Plutonium Dilute
and Dispose Program
Thomas Peake, EPA Radiation Protection Division, Director for the Center for Waste
Management and Regulations

4:45 PM Opportunity for Public Comment
5:00 PM End Data-Gathering Session

WEDNESDAY, NOVEMBER 29, 2017

DATA-GATHERING SESSION OPEN TO THE PUBLIC
Keck Room 208

9:00 AM Call to Order and Welcome, Qben SessionReminder
Bob Dynes, Committee Chair
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9:10 AM New Mexico Stakeholder Perspectives: Southwest Research and Information Center
Don Hancock, Directoryia Webcast

9:40 AM Dilute and Dispose: The Best Available Approach for Excess Plutonium Disposition
Ed Lyman, Senior Scientist, Global Security Program, Union of Concerned Scientists

10:30 AM BREAK

10:45 AM Perspectives from the US. Government Accountability Office (U.S. GAO)
David Trimble, Director, Natural Resources and Environment, U.S. GAO
Eli Lewine, Senior Analyst, Natural Resources and Environment, U.S. GAO

11:30 AM Historical Perspectives and Congressional Authorities
James Werner, Congressional Research Service

12:15 PM BREAK for LUNCH , catered for committee members

1:00 PM Plutonium Disposal Considerations
Matthew Bunn, Professor of Practice, Harvard Kennedy School, Belfer Center for Science
and International Affairs

1:40 PM Opportunity for Public Comment

2:00 PM End Public Session

THURSDAY, NOVEMBER 30, 2017

DATA-GATHERING SESSION NOT OPEN TO THE PUBLIC
Department of Energy, Forrestal Building

8:30 AM Meet at the Forrestal Building for Check-in, Badging, and Security Check

9:00 AM Welcome and Introductions, Review Security Procedure®riefings

12:45 PM Wrap-up

1:00 PM ADJOURN

Note: The datarathering session of this meeting to be held on November 30, 2017, from 9:00 AM to 1:00 PM,
EST, will not be open to the public under Subsection 15(b)(3) of the Federal Advisory Committee Act, 5

U.S.C. App. The Academy has determined that to open this session to the public would disclose information
described in 5 U.S.C. 8§ 552(b).
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MEETING #3 1 FEBRUARY 12-13, 2018

Gressette Senate Office Building-Committee Room 105
South Carolina Capitol Complex
1101 Pendleton StregtColumbia, SC 29201

DATA-GATHERING SESSION NOT OPEN TO THE PUBLIC
Gressette Senate Office Building-Committee Room 105,
South Carolina Capitol Complex, Columbia, SC

MONDAY, FEBRUARY 12, 2018

5:00 PM Call to Order and Welcome
x Brief introductions of committee and staff
X Review of the meeting agenda and objectives
x Overview of SRS Site Tours
Robert (Bob) Dynes, Committee Chair
Jennifer (Jenny) Heimberg, Study Director

Perspectives, Concerns, and Questions About DOE Plans to Dilute and Dispose of
Surplus Plutonium at WIPP

5:15 PM Rick Lee, Chair of the Governor’s Nuclear Advisory Council
Charles W. Hess, Vice President, High Bridge Associates
5:45 PM James Marra, Director, Citizens for Nuclear Technology Awareness
6:15 PM Gil Allensworth, Chair, Savannah River SigR$ Citizens Advisory Board (CAB)
6:45 PM Christopher Wells, Assistant Director of Nuclear Programs, Southern States Energy Board
7:05 PM Public Comments

The committee will listen to comments from the public. Each comment period will be limited
to 3 minutesNote that the committee accepts written comments at any time during the study.
Please send written comments to Plutonium_Disposition@nas.edu.

7:30 PM ADJOURN Day One

Note: The datagathering sessions of this meeting to be held on February 12, 2018, from 10:00 AM to 11:00
AM, EST, and February 13, 2018, from 9:00 AM to 1:30 PM, EST, will not be open to the public under
Subsection 15(b)(3) of the Federal Advisory Committee Act, 5 U.S.C. App. The Academy has determined that
to open these sessions to the public would disclose information described in 5 U.S.C. § 552(b).

Meeting#2 was a closed committemly session.
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MEETING #4: MARCH 12 -14, 2018

New Mexico trip:
Los Alamos, Albuquerque, Carlsbad, and the Waste Isolation Pilot Plant (WIPP)

MONDAY, MARCH 12, 20182

The classified subgroup will visit Los Alamos National Laboratory (LANL) in the morning of March 12.

SITE VISIT
Los Alamos National Laboratory, ARIES Facility
8:00 AM Welcome and the Advanced Recovery and Integrated Extraction System (ARIES)
Overview and Related Dilute and Disposéctivities (To Be Determined LANL
Personnel)
8:30 AM Tour ARIES

11:00 AM LUNCH on-site, catered
Meeting with dilute and dispose NNSA Staff

11:30 AM End Tour

DATA-GATHERING SESSION OPEN TO THE PUBLIC
Sheraton Albuquerque Airport Hotel, Gran Quivera Room, Albuquerque, NM

5:00 PM Call to Order and Welcome
x Brief introductions of committee and staff
X Review of the meeting agenda and objectives
Robert (Bob) Dynes, Committee Chair
Jennifer (Jenny) Heimberg, Study Director

5:15 PM Perspectives, Concerns, and Questions About DOE Plans to Dilute and Dispose of
Surplus Plutonium at WIPP
George Anastas, retired, Past President of Health Physics Society

5:45 PM Disposal of Plutonium at WIPP
Don HancockDirector of Nuclear Waste PrograanSouthwestégearch and
Information Center

6:15 PM Perspectives, Concerns, and Questions About DOE Plans to Dilute and Dispose of
Surplus Plutonium at WIPP
Lokesh Chaturvedi, Independent Consultant

6:45 PM The Role of the Governor’'s Radioactive Wast€onsultation Task Force
Ken McQueen, Cabinet Secretary of New Mexico’s Energy, Minerals, and Natural
Resources Department

7:00 PM Public Comments

2All times shown below are Mountain Time.
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7:30 PM

The committee will listen to comments from the public. Each comment period will be limited
to 3 minutes. Na that the committee accepts written comments at any time during the study.
Please sahwritten comments to Plutonium Disposition@nas.edu.

ADJOURN Day One

TUESDAY, MARCH 13, 2018

DATA-GATHERING SESSION OPEN TO THE PUBLIC
SkeenWhitlock Building, Carlsbad, NM

4:00 PM

4:15 PM

6:00PM

6:20 PM

6:40 PM

7:00 PM

7:30 PM

Call to Order and Welcome

x Brief introductions of committee and staff

X Review of the meeting agenda and objectives

x Overview of the TRANSCOMM andrgergency Operations Centeurs
Robert (Bob) Dynes, Committee Chair

WIPP Regulatory and Operations Overview
Todd Shrader, Manager, Carlsbad Field Office
George Basabilvazo, Chief Scientist, Carlsbad Field Office

Perspectives, Concerns, and Questions About DOE Plans to Dilute and Dispose of
Surplus Plutonium at WIPP

Russell Hardy, Director, Carlsbad Environmental Monitoring & Research Center

John Heaton, Chairman of the Mayor’'s Nuclear Task Force

Cathrynn Brown, State Representative, and Susan Crockett, Eddy County Commissioner
Public Comments

The committee will listen to comments from the public. Each comment period will be limited
to 3 minutes. Note that the committee accepts written comments at any time during the study.

Please send written comments to Plutonium_Disposition@nas.edu.

ADJOURN Day Two

Note The datagathering session of this meeting to be held on March 12, 2018, from 8:00 AM to 11:30 AM,
MDT, will not be open to the public under Subsection 15(b)(3) of the Federal Advisory Committee Act, 5
U.S.C. App. The Acadeyrhas determined that to open this session to the public would disclose information
described in 5 U.S.C. § 552(b).
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MEETING #7 3 MAY 2-3, 2018

The Keck Center
500 Fifth Street NW, Washington, DC 20001

WEDNESDAY, MAY 2, 2018

DATA -GATHERING SESSION OPEN TO THE PUBLIC
Keck Room 208

2:30 PM

3:30 PM

4:00 PM

4:30 PM

4:45 PM

New Mexico’'s Agreements, Laws, and Regulations: Review of Potential Changes to the
Land Withdrawal Act (LWA) and Consultation and Cooperation (C&C) Agreement
Lindsay Lovejoy, Attorney

Termination of Safeguards for the Surplus Plutonium in the Dilute and Dispose Option
Debarah S. Holmer, Office of Environment, Health, Safety and Security (EHSS/AU),
Department of Energy (DOE)

Outline of the Dilute and Dispose OptiorLife-Cycle Cost Estimate (LGCE) Contents
Virginia Kay, Deputy Director, Office of Material Disposition (N&3), Office of Material
Management and Minimization, National Nuclear Security Administration, DOE
Public Comments

ADJOURN

3Meetings#5 and # were committe@nly sessions.
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MEETING #8: JUNE 26, 2018

The Arnold and Mabel Beckman Center
100 Academy Drive Irvine, CA 92617

TUESDAY, JUNE 26, 2018

All times shown below are Pacific Standard Time.

DATA-GATHERING SESSION NOT OPEN TO THE PUBLIC
Beckman Center, Board Room

12:00 PM

12:15 PM

12:45 PM

2:30 PM

Welcome and Call to Order
Robert (Bob) Dynes, Committee Chair

Overview of Current Status and Next Steps of the Dilute and Dispose Program
Pete Hanlon, Assistant Deputy Administrator, Defense Nuclear Nonproliferation,
National Nuclear Security Administration (NNSBepartment of Energy (DOE)

Surplus Plutonium Disposition Program

Sachiko McAlhany, Senior Technical Advisor-23\

Todd Shrader, Manager, Carlsbad Field Office, Office of Environmental ManagemertEBIDE
Samuel Callahan, Director, Office of Security,-A0

BREAK in the Foyer

DATA -GATHERING SESSION NOT OPEN TO THE PUBLIC
Beckman Center, Board Room

2:40 PM

2:45 PM

3:45 PM

Welcome
Robert (Bob) Dynes, Committee Chair

Planning, Inventory, and Capacity at the Waste Isolation Pilot Plant (WIPP)
Todd Shrader, Manager, Carlsbad Field OffiE€)E-EM

End Data-Gathering Session Open to the Public

DATA-GATHERING SESSION NOT OPEN TO THE PUBLIC
Beckman Center, Board Room

3:50 PM

5:00 PM

6:00 PM

CONT'D (if needed)Surplus Plutonium Disposition Program

Sachiko McAlhany, Senior Technical Advisor-283) NNSA
Todd Shrader, Manager, Carlsbad Field Office, DEH
Samuel Callahan, Director, Office of Security,-A0) NNSA

NNSA'’s Quantities and Production Rates
Sachiko McAlhany, Senior Technical Advisor, NNSA

ADJOURN

Note: The dategathering sessions of this meeting to be held on June 26, 2018, fronPA2t6®:30 PM and

3:45 PM to 6:00 PM, PDT, will not be open to the public under Subsection 15(b)(3) of the Federal Advisory
Committee Act, 5 U.S.C. App. The Academy has determined that to open these sessions to the public would
disclose information described in 5 U.S.C. § 552(b).
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MEETING #9 CLASSIFIED SUBGROUP ONLY: AUGUST 23, 2018
Video Teleconference (VTC)

THURSDAY, AUGUST 23, 2018 (all times shown are Eastern)

DATA-GATHERING SESSION NOT OPEN TO THE PUBLIC
VTC: DOE-HQ, LLNL, and ORNL

12:00 PM Sachiko McAlhany, Senior Technical Advigéational Nuclear Security Administration
(NNSA)

1:45 PM Move to CommitteeOnly Session
RobertDynes,Committee Chair, Committee on the Disposal of Surplus Plutonium

3:30 PM ADJOURN
Note: The datagathering session of this meeting to be held on August 23, 2018, fromPI:@)2:30 PM,
EDT, will not be open to the public under Subsection 15(b)(3) of the Federal Advisory Committee Act, 5

U.S.C. App. The Academy has determined that to open this session to the public would disclose information
described in 5 U.S.C. § 552(b).
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MEETING #13* APRIL 16-18, 2019

The Keck Center
500 Fifth Street NW, Washington, DC 20001

TUESDAY, APRIL 16, 2019

DATA -GATHERING SESSION OPEN TO THE PUBLIC
Keck Room201

9:00 AM Welcome and Meeting Overview
Robert (Bob) Dynes, Committee Chair

9:15 AM WIPP Compliance, Capacity, Storage, and Transportation
George Basabilvazo, Chief Scientist, Carlsbad Field Office (CBB€partment of Energy
(DOE), and Gregory M. Sahd, Federal Security Officer, CBFO
30 min presentation, 30 min questions from conamitt

10:15 AM Program Plan for Disposing of 6 MT of Surplus Plutonium
Maxcine Maxted, Savannah River Nuclear Materials Program Manager, Office of the Assistant
Manager for Nuclear Materials Stabilization, D&Environmental Management (EM)
45 min presentation, 30 min questions from committee

11:30 AM LUNCH, tickets for cafeteria for committee members

12:30 PM Overview of Performance Assessments for Disposal of Surplus Plutonium
Sean Dunagan, Manager of Special Projects and Remote Site Support, Sandia National
Laboratories

Questions welcomed from committee throughout presentation
BREAK —at the discretion of the chair

3:45 PM WIPP Compliance Recertification Process and Planned Change Notice Considerations
Tom Peake, Director, Center for Waste Management and Regulations, Environmental
Protection Agency
30 min presentation, 30 min questions from committee

4:45 PM Feasibility and Risks of Human Intrusion in WIPP
Cameron Tracy, Stanton Nuclear Security Postdoctoral Fellow, Belfer Cent8cience and
International Affairs, Kennedy School of Government, Harvard University
30 min presentation, 30 min questions from committee

5:45 PM Opportunity for Public Comments
Each public comment will be limited to no more than 3 minatesation

6:00 PM End Data-Gathering Session (no later than 6:00 PiMbut potentially ending earlier if
there are few public comments)

“Meetings #10, #11, #12 were commit@dy sessions.
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WEDNESDAY, APRIL 17, 2019

DATA -GATHERING SESSION OPEN TO THE PUBLIC
Keck Room201

9:00 AM Call to Order and Welcome, Brief Introductions by the Committee
Bob DynesCommittee Chair

9:15 AM NNSA Introduction
Bill Kilmartin, Director, Office of Material Disposition, National Nuclear Security
Administration (NNSA)
5 minutes

9:20 AM Life-Cycle Cost Estimate Planning Documents: Risk and Opportunity Management
Plan (ROMP) and the Risk and Opportunity Analysis Report (ROAR)
Tom Cantey, Surplus Plutonium Disposition Program Manager, Office of Material
Disposition, NNSA and Sterling Robertson, Surplus Plutonium Disposition Program
Manager, Savannah River Nuclear Solutions
30 min presentation, 30 min questions from committee

10:20 AM National Environmental Policy Act (NEPA) Strategy
Paloma Richard, NEPA Document Manager, Office of Material Disposition, NNSA
10 min present&n, 20 min questions from the committee

10:50 AM BREAK

11:00 AM Engagement with IAEA for 6 MT
Kevin Veal, Director, Office of International Nuclear Safeguards, NNSA
5 min briefing, 20 min questions from committee

11:30 AM LUNCH

12:30 PM Overview of Dilute and Dispose Waste Form Criticality Analysis for Disposal at the
Waste Isolation Pilot Plant
John Scaglione, Used Fuel Systems Group Leader, Oak Ridge National Laboratory
45 min presentation, 30 min questions from committee

1:45 PM DOE (NNSA and EM) Follow-Up to Address Unanswered Questionsom Day One

2:15PM Opportunity for Public Comments
Each public comment will be limited to no more than 3 minutes duration

2:30 PM End Data-Gathering Session (no later than 2:30 PMbut potentially ending earlier if
there are few public comments)

THURSDAY, APRIL 18, 2019

DATA -GATHERING SESSION NOT OPEN TO THE PUBLIC
Keck Center

9:00 AM Welcome and htroductions
Bob Dynes
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9:10 AM NNSA Roundtable Discussions on Classified Aspects of Dilute and Dispose Plans and
Updates to Security Planning
Speaker t®e Determined

10:30 AM Impacts of Dilute and Dispose Plansn Existing WIPP Security Processes
Greg SahdCBFO

11:30 AM End Data-Gathering Session
Note: The datagathering session of this meeting to be held on April 18, 2019, from 9:00 A136 AM
EDT, will not be open to the public under Subsection 15(b)(3) of the Federal Advisory Committee Act, 5

U.S.C. App. The Academy has determined that to open this session to the public would disclose information
described in 5 U.S.C. 552(b).

132

Copyright National Academy of Sciences. All rights reserved.



Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Appendix C

How Salt Repositories Work

DISPOSAL

All radioactive waste has the potential to present a hazard to people and to the environment and must
be managed to reduce any associated risks to acceptableTaeetsndstate for radioactive waste is
disposal As noted irtheInternational Atomic Energy AgenciAEA) Safety Standards Series No. SSR
(IAEA, 2011, p. 3), the aim of disposal is

a) To contain the waste;

b) To isolde the waste from the accessible biosphere and to reduce substantially the likelihood of,
and all possible consequences of, inadvertent human intrusion into the waste;

¢) To inhibit, reduceand delay the migration of radionuclides at any time from the waste to the
accessible biosphere;

d) To ensure that the amounts of radionuclides reaching the accessible biosphere due to any
migration from the disposal facility are such that possible radiological consequences are
acceptably low at all times.

All radioactive waste disposal facilities inding deep geologa repositories share a basic
objective in their design, operation, and clostoerovide reasonable assurance for the containment and
isolation of the waste and limiting releases that would pose a threat to human health and theemtviro
Confidence in the containment and isolation performance is evaluated over timescales relevant to the risk
posed by the hazard using models.

During the operational (prelosure) phase of a disposal facility, such assurance of safety is intended
to beprovided by, for exampléhe waste container, waste acceptance criteriagmagitdeering and
administrative controlsAfter repository closure (and any pasbsure institutional control period), the
assurance of safety should be provided by passivesrbanis,characteristics inherent in the site,
facility, the wasteand waste package that contribute to containment and isolation of the waste.

SALT

Commensurate with the generation of ldvgd radioactive waste in the 1950s, several disposal
concets and sites have been the subject of considerable research and development, in many different
geologies including crystalline rock, clays, and dalthe United Statemnd Germany, salt deposits (bedded
and domal) have been explored for implementirgpdgeologic disposal concepts, particularly for -heat
generatindnigh level wastes or wastes otherwise contaminated withlleed isotopes such as plutonium
239.There has been considerable research, development, and salt repository experience extending back
many decades, not only for radioactive wastes but also for the strategic stockpiling of petddté€lim (

1957; Hansen and Leigh, 2011; Winterle et2012; von Berlepsch and Haverkamp, 2016).

Deep underground salt (rock salt, halite) depositsas#yanined and provide unique

characteristics that are favorable to the Hgrgn containment and isolation of radioactive waste:

1See, for exampléhttps://www.energy.gov/fe/services/petroleveserves/strategigetroleumreservelaccessed
February 19, 2020).
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x Salt at depth is for all practical purposes essentially impermeable.

o0 The impermeability of intact salt provides practicallyrplete containment and isolation if
undisturbed and precluding credible mechanisms or pathways for the transport of
radionuclides.

x Salt is ductile under pressure and behaves much as a plastic. It is known to flow slowly under the
pressure of the overlyirgfrata.

o “Salt creep facilitates the entombment of the waste and the closure of openings.

x Fractures and openings in salt at depth are known to heal within a few decades.

0 The entombment of the waste by plastic flow and the subsequent healing of fraxttees f
the return to the original salt impermeability.

X The presence of thick salt formations provides evidencahbgptare isolated from flowing or
circulating waters of the accessible environment, because otherwise the salt would have been
dissolved.

0 Although the water content is low and there is no circulating groundwater, brines do exist.

X Salt deposits that have existed underground for more than 200 million years are confidently
thought to remain intact for thousands of years into the future.

Salt ako exhibits a relatively high thermal conductivity, which can be importatihéodisposal of
heatgenerating waste (e.g., spent fuel or high level wa&ggrt from the salt properties that are
favorable to containment and isolation of radioactive watsigrecognized that salt repositories do
require sufficient overlying strata to protect the salt deposit from dissolution (salt deposits would fail if
exposed tmearsurface circulating groundwater). In addition, salt generally exhibits low radidaucli
sorption (in contrast to, for example, clay), and thus provides little barrier to radionuclide migridu#on if
salt barrier is otherwise compromised.

WIPP

With respect to th&Vaste Isolation Pilot Plant (WIPRhe bedded salt deposits of the Permian
Salado Formation have been studied extensively, and in many ways typify the generic salt repository
properties discussed above. In the simplest terms, the Salado salt formation of Permian age (~225 million
years)at a depth of 50 feet, provides a geologic setting that is stable and absent flowingTheter.
Salado salt exhibits classic salt characteristics and behthéagalt creep and healing of fractures, as
well as the performance expected of the shafiwld seals, have been well established.
Decades of salt repository research and development at WIRisamdhere, several independent
peer reviews, as well as they&ar periodic compliance applications submitted by the Department of
Energy DOE) and ceiified by the Environmental Protection Agen&RA) since 1996, continue to
provide confidence in the lortgrm postclosure safety of WIPP.

Undisturbed Scenario

Undisturbed performance refers to the cases or scenarios in which any releases of mekaoucli
the accessible environment occur as the result of reasonably foreseeable natural pReleases.due
to human intrusion or from unlikely natural evefitaving less than a 1 in 10,000 chance of occurring in
10,000 years) are excluded from the undisturbed case

Multiple postelosure performance assessmgmixluced using computer modédsd their
subsequent contribution to EPA certification of WIPP compliance) have demonstrated that in the nominal
undisturbed scenario (absent human intrusion by drilling), no releases of waste are éx@édtect the

2See, for example, the agenda of a recent United States/German workshop on salt repository researahgdesign
operation kittps://foundation.sdsmt.edu/file/foundatiedocuments/10thyS-GermanwWorkshop--Draft-Agenda
Mar-7-2019.pdf, accessed March 22, 2020).
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10,000year performance period required by regulatidonfidence in the expectation of complete
containment and isolation of the radioactive waste was a major factor in the 1996 Land Withdrawal Act
amendment (&b. L. No. 104201) that uniquely exempts WIPP from the federal Resource Conservation
and Recovery Aatequirementshat would otherwise prohibit the disposal of hazardous chemicals in
WIPP without a naonigration variancel-urthemore thecomplete containment provided by the salt
obviates the need to take credit for the waste container during the y@#&00estlosure evaluations.

Because, in the undisturbed scenataal containment and isolation of the waste is expected, the
WIPP peformance assessment results are insensitive to the emplaced invéhistyas been
demonstrated for the various projected inventories anticipated for WIPP, including the Sandia assessment
of the substantial increase in letegm radioactivity (total cues) and additional plutoniw®39
represented by the proposed diluted surplus plutotiansuranicSPTRU) inventory (up to 48.2
metric tons MT] of surplus plutonium).

This is a key aspect of WIPR the undisturbed scenario there are no releases expected within at
least thel0,000year regulatory performance periddhe salt barrier (including the shaft and panel seals)
provides complete containment and isolation of the waste inventory by the nature of the salt’s creep
closure and fracture healingeffectively entomb the waste.

Disturbed Scenario

The following discussion of the disturbed scenario is very simplistic and stylized to help illustrate
the key factors affecting loAgrm performance of the repositofjhe committeenotesthatthe
Compliance Certification ApplicatiofCCA) and subsequent Compliance Recertification Applications
(CRAs) provide detailed presentations of the performance assessment modeling and parameterization and
urges the reader to consult those refereridescommittee was not chargedreview the validity of the
WIPP performance assessment, but rather to contemplate those aspects of TiRUDSRNtory that
couldaffect the WIPP postlosure safety and performané&ar practical purposes, this can be repiulas
as:"“Are there aspects of the DSIRU inventory and emplacement that would affect the WIPP
performance assessment and threatecarpliance with the regulatory release liffitSee Chapter 5
for the committee’s assessment.

In contrast to the undistued scenario, 40 CFR Part 191 also requires that releases of radionuclides
resulting from drilling into the WIPP repository be considered. Performance assessments that consider
inadvertent human intrusion into the repository are referred to aésthiebedscenario Disturbed
scenario via drilling intrusion hdeur release mechanisms that are modeled as

Cuttings and cavings, which are the waste solids directly intersected by the drill

Spallings whichentrain solid materials pushed into the borehole with transport to surface
Direct brine releases, fluid that brings dissolved actinides to the surfaue

Long-term groundwater releaseswherein radionuclides reach the Culebra aquifer and move
past the compliance boundary.

X X X X

The first three direetelease mechanisms dominate the total calculated reldaseclease paths are
illustrated in Figure €. The relative contribution of the release mechanisms is illustrated in Figyre C
as taken from results provided in the 2014 QROE, 2014)

As illustrated in Figures-@ and G2, drilling into the repository entrains a volume of waste
(through cuttings and cavings, spallings, and direct brine release) and enables its release on the surface. In
a solid competent mass, the volume is roughly that encountetbe kyill head gee Figure €3), and the
radioactivity of that volume is dependent on the particular waste encountered by the drill.
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FIGURE C-1 Releasanechanism&om inadvertent drilling intrusions. SOURCBunagan et al 2019, slide 10.
Image provided bpandia National Laboratories.

FIGURE C-2 lllustration of relative contributions to total releaS®@URCE:Dunagan et al., 2019, slide 16age
provided by Sandia National Laboratories.

A key element of the disturbed scenario isghesumption that inadvertent drilling will pass
through the waste emplacement horizon and possibly intersect a pressurized brine pocket beneath the
repository (see Figure-@). This presumably floods and pressurizes the repository horizon, dissolves
certain radionuclides, and facilitates transport to the surface.
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FIGURE C-3 Directrelease mechanismSOURCE: Dunagan et.aR019, slide 11. Image provided by
Sandia National Laboratories.

Direct releases through inadvertent human intrusion require the presumption of drilling into the
repository for the time after repository closure and the loss of institutional controls through the next
10,000 years. In this regard, 40 CFR Part 194 directs DOE to assume that the frequency of boreholes
drilled into the WIPP site be based on the rate of drilling observed in the Delaware Basin during the 100
years prior to the time of the compliance application, and considering both deep and shallow drilling (i
boreholes that would and would not reach the depth of the WIPP repository). Owing to the increase in olil
and gagelated drilling around the WIPP site, the assumed performance assessment drilling rate has
continued to increase, effectively doublirigce the 1996 estimate to 99.0 boreholes pérgen 10,000
years in th&019 CRA.This is equivalent to ~402 boreholes within the Land Withdrawal Boundary
during the 10,00§ear performance perid®unagan et al., 2019Dne might argue that direct releases
from drilling into the repository aneot just possible, but likely.

With the potential for direct releases through inadvertent human intrusion, concerns abtertnong-
performance shift to those aspects of the waste and/or repository design that might inhibit or promote the
postulated releases through drilling such as gas generation, radionuclide solubility, panel closures, waste
emplacement, drilling rates, engineered barriers, or criticalitig is one reason foné WIPP waste
acceptance criteria requirement to specify the waste and waste package characteristics for each waste
stream, and noting not just the radionuclide inventory, but also the waste material parameters and waste
packaging materials (e.g., sludgellulosic, rubber, metals, cement, organic and inorganic material,
complexing agents, and oxyanion mass). Characteristics of the waste and packaging can affect the
evolution of he anplaced waste volume over time and in the presence of brine by mechanisms that affect
processes such as radiolysis and gas generation, colloid formation, plutonium oxidation state, or actinide
solubility.

As an example of efforts to accommodate the waste and package constituents, DOE is emplacing
magnesium oxide (MgO) among thmplaced waste to provide an engineered barrier that decreases the
solubilities of the actinide elements (exacerbated by the presence of brine) by consuming all the carbon
dioxide that would be produced by microbial activity should all the cellulosistigland rubber
materials in the repository be consumB®E-CBFO, 2019)

This is the second key aspect of WiRPthe disturbed scenarieleases due to human intrusion
(drilling) are assumed within at least the 10,§@@s regulatory performance peatiand thus, properties
of the waste and waste package that would inhibit or promote those releases become more important.
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Compliance

A key aspect of Subpart B dD CFR Part 191 is that releases from the repository (by inadvertent
drilling) are not measured as a dose, but as a quantity of radioactivity (EP®theditgre normalized to
the total inventory emplaced at closure, with the EPA unit defined in part by the totabmnatrthe
time of repository closur&ffectively, the more waste (greater radioactivity) emplaced, the more that can
be released through inadvertent drilling without exceeding the compliance Whils. 40 CFR Part 191
requires that cumulative releases of radionuclides resulting from drilling into the WIPP repository be
considered over tht0,000year performance period, the regulation also specifies the compliance limits
for those releases, and the means to normalize the releases against the @averdsty.

The specifics of the probabilityeighted release limits, the calculation of the EPA unit as a measure
of inventory, and the calculations for computing the total release tnaatine complementary
cumulative distribution functionurve are prvided in the regulation (and discussed in the CCA), but the
net effect is that the WIPP demonstration of compliance with regard to the calculated releases resulting
from drilling over the 10,00Qear period is largely insensitive to changes in inventory.

This leads to the third key aspect of Wikt regulatory framework is such that a greater initial
inventory allows a greater radioactivity release in curies, as determined over theyEa0p6riod.

Historically, WIPP performance assessment resalg Ishown little difference in calculated
releases solely as a result of inventory changes (see FighreE@en with the substantialincreased
inventory of the DSHA'RU, and the latest drilling intrusion rates reflecting recent regional oil and gas
drilling activity, a brief provided by DOE suggestedt WIPP will continue to demonstrate compliance
with the release limits of 40 CFR Part 1@lunagan et al., 2019)

SUMMARY POINTS
In the undisturbed scenario (absent any inadvertent human intrusioitliby drto the repository),
the salt rock is expected to provide complete containment and isolation of the waste from the accessible
environment, when evaluated over the 10,088r compliance period. Indeed, all performance

assessments to date includthg Sandia assessment that includes up to 48.2 MT of additional diluted
surplus plutonium (DSHRU waste) have shown no releases in the undisturbed scenario.

FIGURE C-4 Comparison otompliance calculation results. SOURORInagan et al., 2019lide 19. Image
provided bySandia National Laboratories.
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For the disturbed scenario, the WIPP performance assessment calculates releases mostly from the
drilling intersection with the waste emplacement horizon and the encounter with possible pressurized
brine pockets beneath the reposit@ut in general terms, WIPP is largely insensitive to changes in
inventory when evaluated for the direct releases ovetQl@®0year compliance period.

In the case of direct releases from drillisgme waste characteristics can potentially exacerbate the
releaseAll changes in inventory are accompanied by waste characterization and waste packaging parameter
data to enable a full examination of the potential factors that may contribute to releasal{arged
actinide solubility). The DSPTRU inventory, by nature of the substantial size of the inventory (potentially
~85percenif the curie content at closure), the concentration &32utnominal 30@ per drum, with
~166,000drums), and the uncentagffects of the classified adulterant/diluent, raises concerns such as

x Understanding the effects of the D$RU inventory on radiolysis and gas genergtion

X Understanding the potential for criticality, pand postL0,008year time frames;

x Understanding changes in the classified adulterant/diluent arising from the criticality evaluations
(e.g, the addition oboron carbide);

x Understanding the effects of the classified adulterant/diluent material (described as a dry cement
like mixture) on WIPP chemistrgspecially in the presence of brine, and effects on pH and
plutonium solubility and

x Understanding the presence of complexing agents, ligands, etc.

These concerns and others (e.g., unspecified chantgesWwiPP underground configuration and
the changeo new code/model bases) represent substantial, simultaaedusynnected changes in the
WIPP postclosure conceptualizatiolVhile there is reason for confidence in assuming that WIPP will
continue to demonstrate regulatory compliance with the addition of theTBSRnventory, the
magnitude of these changestghe crux of the recommendations to exercise prudence in pursuing the
dilute and dispose concept (seqy, Recommendations Band 57).
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Legal and Regulatory Requirements for Transportation

In the course of writing this report, a number of references were examined including, but not limited
to, the following which guide both the Department of Enésg®ffice of Secure Transpation (DOE-
OST) and DOEs Office of Environmental ManageméntCarlsbad Field OfficeqfOE-CBFO) in the
transportation of radioactive materials, special nuclear materials, and nuattar w
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References that guid@ST in the transportation of special nuclear materials.
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References that guide DEGEBFO in the transportation of transuranic waste.
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States Active Partnership Role in Safe Transportation

States, whether powuatf-origin, destination, or the Waste Isolation Pilot PI&MtRP) transportation
corridor, have additional responsibilities when transuranic and highway route controlled quantities of
radioactive materials and waste transit their states. Many responsibilities are borne to meet state and
federal lavg, some responsibilitis are specific to the WIPP transportation program. All of them are
important in order to reinforce to the public that the transuranic waste shipments have been done and
continue to be done safely and under the close scrutiny of thethtttes

X Maintain, enforce, and promote safety of the motoring public in order that commercial motor
vehicles carrying hazardous materials as well as WIPP motor carriers may have safe passage.
X Secure regulatory compliance through roadside arglterinspection of commerciaiotor
vehicles hauling general freight, hazardous materials, and nuclear materials.
X Conduct en route inspections, including Commercial Vehicle Safety Alliance (CVSA) Level VI
inspections, thus ensuring that the highest mechanical and radiation safddydstame
maintained. This includes review of shipping papErs/{ironmental Protection AgenciIPA]
Uniform Hazardous Waste Manifd&PA Form 870@2]) in order for the state inspector to
verify the carrier and key information in the electronic log book, as well as the cargo details.
Often inspectors compare CVSA Level VI inspection forms from pofrtrigin to the
inspection forms that they are creating in order to verify radiation levels noted abforigin
versus en route readings done during inspections. These activities are done to ensure and
maintain continuity of knowledge on hazardous and nuclear materials shipments.
x Collect state permit fees to pay for their specialized hazardous and nuclear materials programs.
X Serve as routing authorities for hazardous materials as well as radioactive and nuclear materials
and waste.
x Perform motor carrier audits of commercial motor vehicleslitad particular state as their
Department of Transportation—registered home.
X Monitor advance notificatiofrom the Department of Energy (DOE) in various forms:
o SemiAnnual Notification letter
o EightWeek Rolling Schedule updated weekly and more frequently as necessary in order to
address changing needs such as highway closures, bad weather, road conditions, and large
events;
o Two-Week Notice of Intent to Ship along a new transportation corréadat
o Two-Hour Calls
X Monitor the location of the WIPP motor carrier utilizing the TRANSCOM system and
o Provide support to WIPP motor carriers in any unforeseen sityation
0 Report any unanticipated road conditions and closures or bad weather to the WIPP Central
Monitoring Room to pass along to the drivers
0 Respond and provide a law enforcement or radiation protection escort to the motor carrier if it
must be routed off ohee established route or be taken to safe parkind
0 Respond to any incident or accident involving the WIPP motor carrier.
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x Conduct needs assessments in order to design ongoing programmatic activities to meet the needs
of emergency response personnel, public and elected officials, and the general public in the
specialized areas of training, exercise, equipment, medical preparedness, security, routing, and
public information.

x Respond to and mitigate hazmat incidents involving the potential or actuaerefeakazardous
or radioactive material; acquire immediate DOE telephonic technical guidance while awaiting
arrival of federal response assets; formulate an action plan that anticipates continuously changing
situations and act to resolve the emergendgat&and local response authorities participate in
unified command along with federal response assets to provide technical assistance to the
incident commander.
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High-Risk Items Within the Risk and Opportunity Analysis Report

INTRODUCTION

The Risk and Opportunity Analysis Report (ROAR) (SRNS, 2ppBavides analyses tifie
Department of Energy National Nuclear Security AdministratigpOE-NNSA) of cost and schedule
risks for the proposed dilute and dispose plan. Some risks may need continuous review as details of
designs for the proposed facilities, equipment, proceasd®perations are developed in preparation for
a program Conceptual Design at stageslO@pproved in late 2019) and the start of construction
activities afterCD-3A approval &pproved in early 2020, DGENSA, 2018).

This committee has not reviewed thedarlying operations data used by DORISA to conduct the
ROAR and LifeCycle Cost Estimate (LCCE) evaluations (SRNS, 20198That is, the committee did
not independently verify the stated frequency of realized risks such as unplanned process excursions,
equipment breakdowns, or accidents that were used byNIXDEA to determine programmatic risks to
cost and schedul&he US. Army Corps of Engineerseview also did not investigate the underlying
operations data. The operations data are based on experience at the sites or models developed in the
course of the various dilute and dispose activities and trial runs to date.

Pantex'srole is to provide 26.2 metric ton8IT) of pit material in classified amounts in a licensed
Type B package under a classified schedule to the Los Alamos National Laboratory (OAbL3tep is
unchanged from the previous plan to dispose of surplus plmasing irradiated mixedxide fuel.
Currently theFL-type Type Bcontainer is certifiedor transportation from Pantex; for the dilute and dispose
plan, a new MER container is expected to be certified and ((g¢aitworth, 2018) See Figuré-1.

(@) (b)
FIGURE F-1MD-2 Type B container: (a) photo of the new R2xontainer, (b) cross section of the D
container. The MER containers, designed to be stronger and have improved ceramic insulatitrecsdsting FL
containers, were developed to supporpstent of surplus pits for the Surplus Plutonium Disposition (SPD)
Program in fiscal yegiFY) 2021. SOURCE: Cantey and Roberts?®19.Images provided bthe Department of
Energy.
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DOE-NNSA plans to qualify and build the MB containerwhich is strongethan the FL package
and has an improved ceramic insulation formulation to pass drop and burfiliestew MDB2 enables
the pits to be kept in current sealed contaiaagisexpected to be ready for use in FY 2021. In terms of
Technology Readiness Level (TRL) the MDOs listed as TR (Cantey and Robertson, 2019) and
should be able to come online well ahead of the time thanédded for dilute and dispose operations
ramp-up in 20230ther plans related to improved containers for LANL operations are outlined inBox F

ROAR REVIEW
The ROAR document identifies risks for the dilute and dispose program ranked low, moderate, and

high. The ROAR also identifies a number of opportunities to offset the risks. Below, we provide an
overview of the highiisks and opportunities for the program.

BOX F-1 Plans for Improvements in Processes at LANL

Getting enough equipment and keeping it online is a scale-up risk but the type of equipment and
processes for LANL activities is not an inherent risk to the plan. The plan calls for equipment and
processes that utilize existing technology and bringing these up from current Technical Readiness
Level-6 (TRL-6) and TRL-7 by FY 2023 to improve efficiencies in time for full ramp-up is not expected
to be a problem. These are not flagged as risks in the ROAR.

For example, LANL plans to deploy several new and refurbished lathes and pit cutters to
accomplish the needed size reduction throughput.2 Pit cutter equipment is at TRL-7 and is expected to
be available by the ramp-up date in 2023. LANL also plans to deploy several muffle furnaces and direct
metal oxidation furnaces for the oxide production needed to meet the dilute and dispose plan
throughput.b

Efficiencies will also be gained by the use of new containers at LANL for shipment of the plutonium
oxide to the Savannah River Site (SRS). The SAVY *“twist-off can” is expected to be an efficiency
improvement over the 3013 welded can, which might offset a current schedule risk and/or potential
worker handling and safety risk in the committee’s estimation. The dilute and dispose staffing and
throughput plan assumes the SAVY container for cost and schedule purposes. Qualification of a SAVY
container (Stone, 2012) to replace the 3013 container is needed by 2023 (see Box Figure 1). LANL
also plans to qualify the 9977 container (2 x 5-kg capacity) to replace the current 9975 container (1 x 5-
kg capacity) for shipping to and storage at SRS.¢ The use of the 9975 is a schedule risk not a scale-up
risk; that is, the baseline assumes the 9977. The 9977 shipping package has been demonstrated
through TRL-6 at this time (Cantey and Robertson, 2019). See Box Figure 2.

() (b)

BOX FIGURE 1 The dilute and dispose program plan includes a transition from the 3013 containers: (a) nested
cans of the 3013 container (left to right, convenience can, inner welded can, and outer welded can) to (b) a SAVY
container. The SAVY container is a reusable container that has locking tabs and O-ring seals to eliminate welding.
SOURCE: Cantey and Robertson, 2019. Images provided by the Department of Energy.

continued
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Energy.

slides 4

BOX FIGURE 2 Comparison between the 9975 and 9977 shipping and storage containers. NOTE: 3013
containers shown in yellow. SOURCE: Cantey and Robertson, 2019, slide 6. Image provided by the Department of

aThe size reduction by lathe or cutter machining is not identified as a throughput constraint in the ROAR.

bThe planned numbers and types of equipment (SRNS, 2018a,c; Whitworth, 2018) are not final and not
consequential to the dilute and dispose plan at this early stage.

¢The 9975 is an existing multiuse package that is used by the SPD Program primarily to ship and store a single
3013 container. A loaded 9975/3013 can be stored at SRS for up to 20 years. The 9977 is an existing multiuse
package that has the capability to hold two inner (presumably 3013) containers (Cantey and Robertson, 2019,

Appendix F

BOX F-1 Continued

and 5).

Los Alamos National Laboratory

There are severataleup risks for operations at LANL that are ranked as high risk to program
schedule and cosfThese have to do with both equipment and operations

X

Anomalous events causing delalsese are unforeseen and known to occur; this is a matter of
normal contingency planning. Such events must be accepted and accounted for in the program
plan. Process upsets often result in major shutdddatkground docunmgation for the program
does not indicate how much time is built into the schedule for such anomalous events, although
the ROAR does say that serious events can disrupt productiolyéar br more, stopping

activity downstream at SRS and the Waste lamid®ilot Plant The documentation does not

specify the nature of potential anomalous events.

Equipment installation schedule delayse program plan calls for efforts to mitigate this risk,
presumably during the rampp phase of the program.

1In October 2019, the U.&overnment Accountability Office issued a report that examid@&’s capacity to
produceplutonium oxideas DOENNSA begins to plan an expanded capability to produce ALY, 2019).
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X Inability to use a SAVY container for storing and shipping oxide product to SRScommittee
assumes that is a schedule risk but retadeup risk. That is, use of the 3013 instead of the
SAVY container may slow down the operations, thus diminishing concernssaadestip but
extending program completion beyond the 2@896 time frame.

X Lower than planned oxide production rafdhe ROAR document says that this can be mitigated
at a cost of $15illion. Although the ROAR does not specifythe committee assumésat
these funds would be applied to increase the number of lines and/oridteftsommittee notes
that the needed oxide production rate is much greater than previously demonstrated, a significant
risk as noted in the ROAR.

X Productivity impact ofnsufficient storageThe ROAR document says this can be avoided for
$10 million.

The opportunities to offsataleup risks at LANL are

X Install additional capacity at a cost of $67 millioFhere is no detail as to how much schedule
improvement would resdt with this expenditure.

x Share with other installations at LANL in the proximity of the dilute and dispose operations.

x Maximize production prior to and/or during facility modificatiofi$iis can be achieved for
$22.3 million according to the document.

x Perform small irline sample analysi#An additional expenditure of $3.5 million is assumed by
DOE-NNSA to facilitate the process throughout.

Savannah River Site

The ROAR document (SRNS, 20)8&dentifies two risks at SRS that are ranked as high risk to
program schedule and cost. These have to do with both equipment and operations

x Failure of characterization equipmerithe plans are to perform naestructive assay (NDA),
reattime radiography (RTR)andflammable gas analysis (FGA) without standby equipnient.
mitigate this risk, the costs of purchasing spare NDA, RTR, and FGA equipmémtiaded in
the LCCE baseline.

x Delay in K Area operationsSavannah River Nuclear Solutions may not complete the necessary
steps allowing K Area operation todie. Even with mitigation efforts this risk remains high.

The ROAR document also identifies a number of SB8eup risks ranked as moderate or low in
terms of cost and schedule and identifies a number of opportunities to offset risks at SRS

X Increasecriticality control overpack CCO) loading. Increasing the loading of a CCO from 300 g
Pu to 330 g Pu would decrease glovebox lamaireduce the number of containers, amount of
container handlingnd storage, and the number of shipments. However, it wieuhddnd high
accuracy measurements in K Area with unacceptableplairy entrance into K Aredherefore,
this opportunity is deemed of low probability of success.

x Optimize storage requiremen®smong the SRS requirements for ensuring safe storage of
nudear material in K Area are multiple mass measurements of incoming fissile materials for
criticality analysis. Work is in progress to eliminate these multiple measurements at LANL by
using multiple scales and independent verificatiich would reduce cost and personnel
exposure at LANL.
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x Streamline waste tracking methods. Current waste characterization processes are designed for
differing smaltquantity wastes and necessitate significant efféotvever, the dilute and dispose
waste is uniformand a streamlined waste tracking processAuda is possible, leading to
significant cost savings.

x Treat E Area facility as contamination fre@urrently five or more radiological surveys are made
when CCOs are moved before shipping. There is a potential to eliminate many of these surveys
to be reflected in cost savings.
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Am
APCS
ARIES
ATWIR
AU-50

B4C
BRAGFLO
BRC

C&C
CAB
CBFO
CCA
CCC
CCDF
CCO
CD
CDF
CFR
CH
CH-TRU
Ci

CID
CRA
CVSA
CY

DBFT

DOD

DOE
DOE-CBFO
DOE-CEPE
DOE-EM
DOE-NNSA
DMO
DNFSB
DNN

DOS
DOT
DSA
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Acronyms and Abbreviations

americium

Abandonment of Panel Closures in the South
Advanced Recovery and Integrated Extraction System
Annual Transurani@Vaste Inventory Report

Director of the Office of Security

boroncarbide
brine and gas flow modeling code
Blue Ribbon Commission on America’s Nuclear Future

Consultation and Cooperation

Citizens Advisory BoardSavannah Rivegite)

see DOECBFO

Compliance Certification Application

criticality control container; criticality control component
complementary cumulative distribution function
criticality control overpack

Critical Decision €.g., CDO for Critical Decision 0)
cumulative distribution function

Code of Federal Regulatisn

contacthandled

contacthandled transuranic

curie

Comprehensive Inventory Database

Compliance Recertification Application
Commercal Vehicle Safety Alliance

calendar year

Deep Borehole Field Test

Department of Defense

Department of Energy

Department of Energy Office of Environmental ManageméntCarlsbad Field Office
Department of Energyg Office of Cost Estimating and Program Evaluation
Department of Energy Office of Environmental Management

Department of Energy National Nuclear Security Administration

direct metal oxidation

Defense Nuclear Facilities Safety Board

Department of Energy National Nuclear Security Administratip®ffice of Defense
Nuclear Nonproliferation

Department of State

Department of Transportation

documented safety analysis
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DSP dilutedsurplus plutonium
DSRPTRU dilutedsurplus plutonium transuranic
DWPF Defense Waste Processing Facility
EEG Environmental Evaluation Group
EIS environmental impact statement
EM see DOEEM
EPA Environmental Protection Agency
FEP features, events, and processes
FGA flammable gas analysis
FGE fissile gram equivalent
FPEIS final programmatic environmental impact statement
FTE full-time equivalent
FY fiscal year
g gram
GAO Government Accountability Office
GSP graded security protection
GTCC GreatefThanClass€
HalfPACT half package transporter
HB-Line chemical processing facility at Savannah River Site
HLW high level radioactive waste
HQ headquarters
HRCQ highway route controlled quantities
HWDU hazardous waste disposal unit
HWFP Hazardous Waste Facility Permit
IAEA International Atomic Energy Agency
IART Incident/Accident Response Team
IDA Institute for Defense Analyses
INL Idaho National Laboratory
INV inventory report
IPFM International Panel on Fissile Materials
K potassium
KAC K-Area Complex
KIS K Interim Surveillance
LANL Los Alamos Natnal Laboratory
LCCE Life-Cycle Cost Estimate
LD lethaldose
LWA Land Withdrawal Acf{Waste Isolation Pilot Plant)
LWR light-water reactor
M3 Material Management and Minimizatigan office within the Department of Enetgy
National Nuclear Security Administration)

m?3 cubic meter
MAR Material at Risk
MC&A material control and accountability
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MCL
MD
MFFF
MOA
MOX
MPa
MRRC
MT
MTHM

NA-10
NA-80

NDA
NDAA
NEPA
NMC&A
NMED
NNSA
NOI

Np
NRC
NTP
NUREG
NWP
NWPA

OMB
ORNL
OST

PA
PAIR
PARO
PCN
PCR
PDF
PECI
PEIS
PFLOTRAN
PHMSA
PMDA
PMR
POC
PRA

Pu

Pub. L.

QA
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maximum contaminant level
materials disposition

Mixed Oxide Fuel Fabrication Facility
memorandum of agreement

mixed oxide

megapascal

Materials Risk Review Committee
metric tons

metric tons of heavy metal

Office of Defense Programs (within the Department of Eriefggtional Nuclear
Security Administration)

Office of Defense Programs Counterterrorism and Counterprolifer@titmn the
Department of Energy National Nuclear Security Administration)
non-destructive assay

National Defense Authorization Act

National Environmental Policy Act

nuclear materiatontrol and accountability

New Mexico Environment Department

see DOENNSA

notice of intent

neptunium

National Research Council

National TRU Program

Nuclear Regulatory Report

Nuclear Waste Partnership LLC

Nuclear Wate Policy Act

Office of Management and Budget
Oak Ridge National Laboratory
Department of Energy Office of Secure Transpation

performance assessment

performance assessment inventory report

Public Access Records Office

planned change notice

planned change request

probability density function

plutonium equivalent curies

programmatic environmental impact statement
petascaleeactive multiphase flow and multicomponent transport code
Pipelire Hazardous Materials Safety Association
Plutonium Management and Disposition Agreement
permit modification request

pipe overpack container

performance risk assessment

plutonium

public law

quality assurance
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RCRA
RH
RH-TRU
ROAR
ROD
ROMP
RTR

SEIS
SNL
SNM
SPD
SPD INV
SRNS
SRS
SSEB
SST
STD
Sv

TBD
TDOP
TMW

TRL

TRU
TRUPACT

U

uo;

U.S. NRC
USACE

VoR

WAC
WDS/WWIS
WGA

WIPP
WRAC
WUF

ZPPR
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Resource Conservation and Recovery Act
remotehandled

remotehandled transuranic

Risk and Opportunity Analysis Report
record of decision

risks and opportunities management plan
reakttime radiography

supplemental environmentahpact statement
Sandia National Laboratories

special nuclear material

surplus plutonium disposition

surplus plutonium disposition inventory report
Savannah River Nuclear Solutigid.C
Savannah River Site

Southern States Energy Board

Safe Secure Transport

Department of Energy Standard

sievert

to be determined

10-drum overpack

transuranic mixed waste

Technology Readiness Level.g., TRL-5)
transuranic

TRansUranic Package Transporter

uranium

uranium oxide

U.S. Nuclear Regulatory Commission
U.S. Army Corps of Engineers

volume of record

wasteacceptance criteria

Waste Data System/WIPP Waste Information System
Western Governors’ Association

Waste Isolation Pilot Plan

waste removal after closure

wasteunit factor

Zero Power Physics Reactor
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Interim Report

Disposal of Surplus Plutonium at the Waste Isolation Pilot Plant
Interim Report

Committeeon Disposal of Surplus Plutonium at the Waste Isolation Pilot Plant
Nuclearand Radiaton StudiesBoard

Division on EarthandLife Studies

A Consensus Study Report of
The National Academies of

SCIENCES * ENGINEERING - MEDICINE
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Summary

This report is the product of a congressional requeghe National Academies of Sciences, Engi-
neering, and Medicine for an evaluation of the general viability of the U.S. Department of’'Energy
National Nuclear Security Administratis(DOENNSA’s®) conceptual plans for disposing of 34 metric
tons (MT) of surplus plutoniufrin the Waste Isolation Pilot Plant (WIPP), a deep geologic repository near
Carlsbad, New Mexico. Congress asked the National Academies to evaluate two issues:

x DOE-NNSA'’s plans tosip, receive, and emplace surplus plutonium in WIPP; and
x DOE-NNSA’s understanding of the impacts of these plans on WIPP and-NéliRfel waste
streams.

This report, the first of two to be issued during this study, provigeslianinary assessmeat thegeneral
viability of DOE-NNSA'’s conceptual plans, focusing on some of the barriers to their implementation. The
second report, to be issued after the committee receives additional planning documents frbiN ©OE

will address théstatemenof Task in itsentirety (see Box 1 in Chapter 1).

DISPOSITION OF U.S.SURPLUS PLUTONIUM

The U.S. government plans to disposition 34 MT of surplus weapaie plutonium under the Plu-
tonium Management and Disposition Agreement (PMDA), which was signed by the United States and the
Russian Federation in 2000 and amended in 2010, and the Nfamptioin and Export Control Policy
issued by President Clinton in 1993 (DOS 2000, 2010; DOE 2618the PMDA defines disposition
requirements and methods to ensure the United States and the Russian Federation could not reintroduce
surplus plutonium ird the arsenals from which they came (i.e., diversion). The PMDA requirements also
reduce the risk of access by unauthorized parties (i.e., theft) and strengthen arms control commitments. The
amended PMDA in 2010 supersedes the earlier agreement and ctwtimit®untries to integrate surplus
plutonium into mixed oxide (MOX) fuéfollowed by irradiation. Immobilization of the plutonium is not a
specified disposition method in the amended PMDA. Section 3.3 of this report discusses the PMDA and its
current satus in more detail.

°The mandate appears in House Report332, Energy and Water Development Appropriations Bill, 2017.

3The committee refers to DOENational Nuclear Security Administration as “DOIRISA,” DOE s Office of
Environmental Management as “DEEM,” and to the broader Department of Energy as “DOE.”

“Defined by DOE as plutonium that “has no identified programmatic use and does not fall into one of the national
security reserves.” DOBINSA is reponsible for managing all U.S. surplus plutonium and EEDEis responsible
for disposing of any quantities declared as waste.

SRelease of these planning documents to the committee has been delayed by recent legal actions between South
Carolina and DOE.

60ne metric ton (MT), or 1000 kg, is equivalent to 2,205 pounds (Ibs) or 1.1 U.S. tons.

"Dispositioning, disposal and storage are used throughout this report with the following definitions, as defined by
the International Atomic Energy Agency (IAEA 201B)spositioning: Consigning of, or arrangements for the con-
signing of, radioactive waste for some specified (interim or final) destination, for example for the purpose of pro-
cessing, disposal or storage. Disposal: Emplacement of waste in an appropriatesaleditt the intention of re-
trieval. Storage: The holding of radioactive sources, radioactive material, spent fuel or radioactive waste in a facility
that provides for their/its containment, with the intention of retrieval.

8MOX fuel contains plutonium and uranium, both in oxide form.
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DOE-NNSA issued a Record of Decision in 2000 to disposition weapons grade surplus plutonium by
incorporating it into MOX reactor fuel followed by irradiation in commercial nuclear reactors. The United
States began construction of a facility to manufacture MOX fuel, the Mixed Oxide Fuel Fabrication Facility
(“MOX plant”), at the Savannah River Site in South Carolina in 2007. Construction has encountered sub-
stantial schedule delays and cost overruns. The Obama administration proptgpaomstruction of this
facility and instead use a “dilute and dispose process” to disposition this surplus plutonium in 2014. The
Trump administration announced plans to cancel the MOX plant in May 2018 and declared the dilute and
dispose process as tpeogram of record.The DOE issued a termination of the contract with CB&I
AREVA MOX Services, the contractor managing the MOX program, in early October 2018 following
several months of legal challenges between the state of South Carolina and the DOE.

DOE-NNSA asserts that through chemical (dilution) and physical (repository emplacement) barriers
the end state of the dilute and dispose process would meet the intent of the PMDA for preventing plutonium
recovery and reuse. The “dilute” portion of the dilael dispose process entails the oxidization of surplus
plutonium followed by dry blending with an adulterant to dilute the plutosi@ content. Details of the
adulterant composition and processing steps are classified. The “dispose” portion of tineoples pack-
aging, characterizing, and transporting the blended material to WIPP for final emplacement. The dilute and
dispose process is not currently a PMBpproved method for dispositioning U.S. surplus plutonium.

DOE-NNSA currently estimates that ilitake 31 years to dilute and dispose of all 34 MT of surplus
U.S. plutonium, beginning with conceptual process design in 2018 and ending with completion of emplace-
ment of diluted plutonium at WIPP in 2049. Four DOE sites would be involved in implementing this pro-
cess: the Pantex Plant in Texas, where 26.2 MT of surplus plutonium pits are stored; Los Alamos National
Laboratory (LANL) in New Mexico, where the plutonium metal will be oxidized; Savannah River Site
(SRS) in South Carolina, where the oxidized plutonium will be diluted and packaged for transport and
disposal; and WIPP in New Mexico, where the diluted plutonium will be emplaced in the repository. An
additional 7.8 MT of noit surplus plutonium stored in other locations throughout the DOE crrape
also part of DOENNSA's conceptual plans and will be oxidized at LANL (if needed), diluted at SRS, and
disposed of in WIPP.

COMMITTEE ASSESSMENT

The committe&s preliminary assessment produced a set of findings, conclusions, and recommenda-
tions, povided below.

CONCLUSION 1: The dilute and dispose process has been demonstrated at a small scalebyl ROE

it begins to process 6 MT of surplus plutonium, a quantity separate from the 34 MT associated with the
Plutonium Management and Disposition Agment (PMDA). The committee agrees with earlier assess-
ments that the technical complexity of the dilute and dispose process is lower than that of the construction
of a MOX fuel option. Because of lack of information, the committee makes no judgmerst int¢nim

report on the DO ability and the associated risks of scaling up the current infrastructure and processes
to address the 34 MT. The committee has, however, identified several barriers that will need to be addressed
by DOENNSA and others beforthe dilute and dispose conceptual plans can be implemented to support
U.S. commitments under the PMDA.

FINDING 1: DOE-NNSA's dilute and dispose option, if implemented, is likely to face several challenges
during its inception and lifetime of over three decades. These include potential changes to the intended

°0On May 10, 2018, Secretary Perry issued a letter to Congress announcihgyd2OiBion to cancel the MOX
plant and move to the dilute and dispose option for disposal of surplus plutonium citing a cost estimate that showed
the cost of dilute and dispose was less than half of the projected cost of the MOX option (Demarest 2018). The au-
thority for Secretary Perry to take such action was granted through the National Defense Authorization Act for Fis-
cal Year 2018 P.L. 1191.
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purpose, size, operations, and lifetime of WIPP; the lack of aMéifati other suitable repositories for
disposing of diluted plutonium (i.e., Yucca Mountain or elsewhere); state, tribal, and local acceptance of
diluted and packaged plutonium; transportation, and permanent disposal operations; changes in U.S. nu-
clear weapons programs (e.g., new pit production and associated waste streams); and funding availability.
These challenges could lead to technological and/or programmatic changes to the current conceptual plans
in order to achieve the DGENSA’s mission to disposef 34 MT of surplus plutonium in an efficient,

safe, and secure manner.

FINDING 2: The committee identified the following three barriers to implementation of-NNEA’s
current conceptual plans:

 Insufficient current statutory and current physical capaeithin WIPP for disposal of 34 MT of
diluted plutonium throughout the lifetime of the dilute and dispose project.

» Unclear strategy for development of the National Environmental Policy Act (NEPA) environmental
impact statement for disposing of 34 MT aflus plutonium in WIPP using the dilute and dispose
process.

» Lack of Russian Federation approval for dispositioning 34 MT of surplus plutonium using the dilute
and dispose process to meet the requirements of the PMDA.

RECOMMENDATION 1: The remaining stautory capacity as defined in the Waste Isolation Pilot Land
Withdrawal Act (P.L. 10579, as amended by P.L. 1081; LWA) and New Mexico Environment De-
partment (NMED) permit at WIPP should be treated as a valuable and limited resource by DGEVIDOE
andthe Carlsbad Field Office should modify their current emplacement planning process to allow for guar-
anteed longerm allocation of disposal capacity for waste streams of highest priority to DOE.

FINDING 3: Shifting the plutonium disposition program of record to the dilute and dispose option will
require detailed discussions between DOE and the states of New Mexico and South Carolina. Accommo-
dating 34 MT of diluted plutonium and other planned and/or potdatiee DOE waste streams in WIPP

will necessitate changes to state permits and possibly legislation requiring state cooperation, including pub-
lic participation.

FINDING 4: DOE will need to determine which laws, regulations, and orders are applicdb& fim-
posed dilute and dispose process and develop and implement a strategy to work with regulators to obtain
the necessary changes.

RECOMMENDATION 2: DOE -NNSA should engage New Mexico and South Carolina as well as their
congressional delegations prior to the public engagement required by the National Environmental Policy
Act process to assess prospects for successfully amending the existing legal agreements to allow for the
dilution and packaging of 34 MT of surplus plutonium at the Savannah Rivemndiies disposal in WIPP.

FINDING 5: The dilute and dispose option for surplus plutonium disposition is neither recognized nor
approved by the existing PMDA. Irradiated MOX fuel containing the surplus plutonium is the currently
approved disposition optidior plutonium within the PMDA and is an option that is consistent with the
standard established with commercial spent fuel (i.e., that the plutonium would be as inaccessible for re-
covery for reuse in weapons by the host state as if it were in spent fuel, or the “spent fuel standard”).
Disposition options that use chemical barriers alone, such as dilution or combining plutonium with other
elements, do not meet this standard. The physical barrier of deep geologic disposal is offered by the DOE
NNSA as a neasary barrier to meet the intent of the PMDA. However, emplacement of diluted plutonium

in WIPP remains recoverable by the United States.
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FINDING 6: Based on limited information regarding the NEPA strategy for the dilute and dispose program
and the factiiat DOENNSA's dilute and dispose plans derive from a similar program managed by DOE

EM to dilute and dispose of 6 MT of surplus plutonium, the committee finds that a full programmatic
environmental impact statement (PEIS) of the dilute and dispose ogticompassing all sites, transpor-

tation, and activities involved in the dilute and dispose process rather than a supplemental EIS would help
ensure the proper scope and scale of the proposed change. As much as 42.2 MT of surplus plutonium is
being considexd for disposal at WIPP, including 34 MT related to the PMDA. This represents the majority

of the United Stategdeclared excess plutonium and its processing would stress the sites, transportation,
and activities well beyond the current disposition plan$fMT.

FINDING 7: DOE-NNSA does not have a well developed public outreach plan for the host sites for pro-
cesses or for the transportation corridor states and tribes (i.e., the current plan is to follow public input
requirements defined by NEPA) for the dilute and dispaseymm.

CONCLUSION 2: Public trust will need to be developed and maintained throughout the lifetime of the
dilute and dispose program because several permit modifications and potential changes to legislation will
be required. These changes will requssuwing the regulators and the public of the safety and security of

the DOE plans. This is particularly challenging for the dilute and dispose program because of several fac-
tors: security classification of aspects of the planning (constituents of theradtjlprocessing steps, se-

curity and safeguards assessments); early stage of program development with changes likely to occur as
more information is known; and potential impacts that cross many states and DOE sites.

RECOMMENDATION 3: If the dilute and dipose option becomes the program of record, the committee
strongly suggests that DOE consideinigiating the Environmental Evaluation Group, as an independent
technical review organization that can represent the concerns of the state of New Mexigbothtrthe

lifetime of the dilute and dispose program. Members of the technical review organization would need to be
technically qualified to address the health and safety issues and a subset would need to have clearances or
access authorizations that vdllow thorough review of classified plans as they evolve and provide assess-
ments of the dilute and dispose process.

RECOMMENDATION 4: In addition to and separate from the independent review organization repre-
senting the State of New Mexico described in Recommendation 3, periodic classified reviews for Congress
by a team of independent technical experts should be required until classified aspects of the dilute and
dispose plan, including the safety and security plans, are completed and implemented. SiisceldQE

and decisions are expected to mature and evolve, these independent reviews would provide a mechanism
to review classified aspects of the program and would improve public trust in those decisions.

The committeks preliminary assessment alsoquced three sets of folleup questions directed pri-
marily to DOENNSA. In the final report, the committee may revisit and modify the findings, conclusions,
and recommendations in this Interim Report based on-NREA’s answers to these questions.

1. WIPP Dsposal CapacityDoes DOENNSA agree that WIPB current statutory and physical dis-
posal capacity is a barrier to implementation of the dilute and dispose process for dispositioning
34 MT of surplus plutonium? If not, what data and analyses are \IXIEA using to support its
alternative conclusion? If so, what are DRIRSA and the larger DOE planning or doing to ensure
that there is available repository space to dispose of all 34 MT of diluted surplus plutonium and to
avoid surface storage of diluted plniom? What, if any, legal or legislative changes are required
to ensure the availability of disposal space in WIPP for disposing of 34 MT of surplus plutonium?
If WIPP becomes temporarily unavailable due to an unforeseen closure, what are the plans for the
dilute and dispose program? How does the conceptual plan change if permit modifications (i.e.,

161

Copyright National Academy of Sciences. All rights reserved.



Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Review of DOE Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

changes to the calculation of the volume of record, physical expansion of WIPP, or life extension
of WIPP) are not approved?

2. Environmental Impact Statementsl$9: How many and what kinds of environmental impact
statements are currently associated with the dilute and dispose program? Which ones will need to
be updated? And how will they be updated (i.e., supplemental EIS versus programmatic EIS)?
What are the theframes for completing these updates? Regardless of the type of EIS prepared,
what are DOENNSA'’s plans to incorporate transportation safety and security risks into the NEPA
process?

3. WIPP ComplianceWill the disposal of 34 MT of diluted plutonium in WRPrequire changes to
WIPF s Provisional Compliance Recertification Application or to the U.S. Environmental Protec-
tion Agency certification of WIPP? If so, what changes will be required, and how difficult (time,
costs) will those changes be to implement? What is the timeframe for starting the application process?
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1

Introduction

This reportis the product of a congressional reqtiéstthe National Academies of Sciences, Engi-
neering, and Medicine for an evaluation of the general viability of the U.S. Department of’'Energy
National Nuclear Security Administratim(DOENNSA'’s?) conceptual @ns for disposing of 34 metric
tons (MT) of surplus plutonium in the Waste Isolation Pilot Plant (WIPP) (DOS 2010). Congress asked the
National Academies to evaluate two issues:

x DOE-NNSA'’s plans to ship, receive, and emplace surplus plutonium in WIPP; and
x DOE-NNSA’s understanding of the impacts of these plans on WIPP and-NéiRfel waste
streams.

See Box 11 for the fullStatement ofask

BOX 1-1 Statement of Task for This Study

The National Academies will evaluate the general viability of the U.S. Department of Energy National
Nuclear Security Administration’s (DOE-NNSA's) conceptual plans for disposing of surplus plutonium in
the Waste Isolation Pilot Plant (WIPP) to support U.S. commitments under the Plutonium Management
and Disposition Agreement, identify gaps, and recommend actions that could be taken by DOE-NNSA
and others to address those gaps. This evaluation will specifically address the following issues:

1. DOE’s plans to ship, receive, and emplace surplus plutonium in WIPP.
2. DOFE’s understanding of the impacts of these plans on the following:
a. Transportation safety, security, and regulatory compliance.
b. Current and future WIPP operations, including the need to construct additional waste disposal
panels? and/or operate WIPP beyond its currently planned closure date.
. Disposal of other potential waste streams in WIPP, for example other plutonium wastes.
. Greater-than-Class-C-like wastes, and tank wastes.
. WIPP pre- and post-closure safety and performance.
Compliance with WIPP waste acceptance criteria; Environmental Protection Agency disposal
regulations; and the Land Withdrawal Act, National Environmental Policy Act, and Resource
Conservation and Recovery Act requirements.

"D OO0

The National Academies may examine policy options but should not make policy recommendations that
require nontechnical value judgments.

aWIPP’s waste disposal area comprises multiple waste disposal panels. Currently, WIPP contains a
total of eight panels; each panel contains seven disposal rooms. See Figure 2-2 in the main text of the
report.

Themandate appears in House Report-532, Energy and Water Development Appropriations Bill of Fiscal
Year 2017 (U.S. Congress 2016).

2Throughout this report, the committee refers to D&OEational Nuclear Security Administration as “DOE
NNSA,” the DOEs Office of Environmental Management as “D&#,” and to the broader Department of Energy
as “DOE.”
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The National Academies appointed a committee of 13 technical experts to carry out this evaluation; their
biographies are provided in Appendix A. The committee held eight meetings to gather information for this
evaluaton and prepare this Interim Report; agendas for the comisittfermationgathering meetings

are provided in Appendix B.

This report, the first of two to be issued during this study, was developed to provide initial input to
Congress and advice to DENINSA within the originally estimated timeline of the study. It provides an
interim evaluation of the general viability and issues surrounding the-NDEA’s conceptual plans as
assessed by the information provided to date. The comrsigisséssment for tHigterim Report is a high
level review of the proposed diluted and dispose process, current WIPP capacity, and requirements of the
PMDA. The second report, to be issued at the conclusion of the study, will address the entire Statement of
Task(Box 1-1). Key documents and information such as National Environmental Policy Act (NEPA) strat-
egies and decisions, criticality and performance assessments, plans for international monitoring and verifi-
cation, and programmatic information contained within DOHEe-cycle cost estimate are not publicly
available for the committég review. Therefore, the viability of DAENSA’s conceptual plans on trans-
portation safety, security, and regulatory compliance (Task 2.a), anangr@ostlosure safety and per-
formance of WIPP (Task 2.d) are not addressed.

This report is organized into three chapters:

x Chapter 1 (this chapter) provides information about the tasking for this study.

X Chapter 2 describes the proposed disposition of surplus plutonium by the Unitedrgtiaidisag
DOE-NNSA's conceptual plans for disposing of 34 MT of surplus plutonium in WIPP.

x Chapter 3 provides committee interim findings, conclusions, and recommendations as well as ques-
tions on DOENNSA's conceptual plans.

The committee distinguishes between findings, conclusimd recommendations using the following
criteria:

x Findings: summary statements about the evidence with which no reasonable person could argue
without rejecting the evideneeno judgment is involved,

x Conclusions: judgments based on one or more findings or analysis of the evitewee contain
the word “should,”

x Recommendations: proposed actions based on one or more conelussoiadly contain the word
“should” and indicates an actor and an action.

3Dispositioning, disposaand storage are used throughout this report with the following definiisrggfined by
the International Atomic Energy AgencyAA 2016} Dispositioning: Consigning of, or arrangements for the con-
signing of, radioactive waste for some specified (interim or final) destindtioaxamplefor the purpose of pro-
cessing, disposabr storage. Disposal: Emplacement of waste in anogpjate facility without the intention of re-
trieval. Storage: The holding of radioactive sources, radioactive material, spent fuel or radioactive waste in a facility
that provides for their/its containment, with the intention of retrieval.
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2

Disposition of Surplus Plutonium by the United States

The U.S. government defines surplus plutonium as plutonium that “is no longer needed for U.S.
national security or programmatic purposes” (DOE 2015;1).Fhe U.S. stockpile of surplus plutonium
currently exeeds 60 MT and exists in many forms, including reactor fuet,fpits retired nuclear weap-
ons, used nuclear fuel, and scraps and residues from nuclear weapons production (se&)XQQE 2015).

The disposition pathways for some stocks of U.S. surplus plutonium have already been determined
by DOENNSA, as shown in Figure 22 Of direct relevance to the present study is the proposed disposition
pathway for 34 MT of pits and associated plutonium metals and oxides. These materials are being disposi-
tioned by the DOENNSA under the Plutonium Management and Disposition Agreement (PMDA), which
was signed by the United States and the Russian Federation in 2000 and amended in 2010. The intent of
the PMDA is for both parties to convert surplus plutonium into forms unusable for nuclear weapons; spe-
cific methods of disposition are outlined within the PMDA.

The 2000 agreement commits both countries to the disposition of no less than 34 MT of weapons
gradé plutonium by one or both of two options: (1) incorparatof pit plutonium into mixed oxide (MOX)
reactor fuel followed by irradiation in nuclear reactors, or (2) immobilization of piplutonium in glass
or ceramic matrixes followed by encapsulation with Higjrel radioactive waste in a system suitalole f
geologic disposdl.The amended 2010 agreement recognized only irradiated MOX fuel as the disposition
option of choice. Therefore, the committee did not include immobilization as an option for disposition in
its assessments. The United States and the Russian Federatieguaegirunder the agreement to begin
surplus plutonium disposition by 2018, with implementation to be verified by the International Atomic
Energy Agency (DOS 2000, 2010). See Section 3.3 for more details on the PMDA, its technical and pro-
cedural requiremés, and political statements regarding the current status of its implementation by both
the United States and the Russian Federation.

Both of the PMDA surplus plutonium disposition options listed above, incorporation into MOX fuel
followed by irradiation or immobilization with higlevel radioactive waste, meet a set of criteria developed
by a National Academy of Sciences committee in 1994 and commonly known as the “spent fuel standard”
(NAS 1994). Written at the end of the Cold War and as nuclear mateead being declared as excess to
weapons programs in the United States and the Russian Federation, approaches to characterize and evaluate
options for plutonium management and disposition that would minimize the risk of plutonium recovery for
reuse in wapons were presented:

Options for the londgerm disposition of weapons plutonium should seek to meet a “spent fuel
standard’—that is, to make this plutonium roughly as inaccessible for weapons use as the much larger

1See also therkt declaration of surplus (referred to as “excess”) plutonium (DOE 1996b, Table 15, p. 76).

2A “pit” is the core of an implosiomype nuclear weapon (DOE 2015, p1B5

3Two entities within DOE are involved in the dilute and dispose conceptual pldaNNSA is responsible for
development and execution of the plan for the disposition of 34 MT identified by the PMDAENOE& responsi-
ble for disposing of the surplus plutonium once it has been diluted and declared as waste.

“‘Defined in the PMDA as “pluttium with an isotopic ratio of plutonium 240 to plutonium 239 of no more than
0.10” (DOS 2000, p. 2).

SMOX fuel contains plutonium and slightly enriched uranium, both in oxide form (DOS 2000).

5A third option, any other methods that may be agreed to in writing by the Parties, is also included in both the
original and amended PMDA.
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and growing stock of plutonium in clidn spent fuel. Options that left the weapons plutonium more
accessible would mean that this material would continue to pose a unique safeguards problem indefi-
nitely. Conversely, the costs, complexities, risks, and delays of going beyond the speahéizebist

to eliminate the excess weapons plutonium completely or nearly so would not offer substantial addi-
tional security benefitanless society were prepared to take the same approach with the global stock
of civilian plutonium(NAS, 1994, p. 36, emphasoriginal)

DOE has issued a series of environmental impact statements (EISs) and records of decision to shape
and modify the disposition strategy for U.S. surplus plutonium (see Section 3.2 and Bdx 2000, DOE
issued a Record of Decision (ROD)es#Ing the MOX fuel option using commercial nuclear reactors for
dispositioning 34 MT of surplus plutonium under the 2000 PMDA and the immobilization option for dis-
positioning surplus plutonium that was not suitable for MOX fuel. In 2002, the George W aBuorsn-
istration cancelled the immobilization program citing budget constraints and the decision to support only
one approach for plutonium disposal (see BdY.ZFhis change was accounted for in the 2010 amended
PMDA, as noted previously.

The MOX fuel option within the PMDA provides four barriers to recovery of the plutonium and is
comparable to the spent fuel standard for the diversion, recovery, or theft of U.S. surplus plutonium (NAS
1994):

1. Chemical: The plutoniur239 in metal form is first oxidizedhd then chemically diluted by blending
with uranium oxide (U@ to form MOX fuel.

2. Isotopic: The plutoniur239 isotopic composition is shifted during irradiation by the fission of
plutonium239 and241 and by the transmutation of plutonia30 to-240, plutonium240 to-241,
and plutonium241 to-242.

3. Radiation: Irradiated MOX fuel creates a radiation barrier sufficient to bpredfcting for decades.

4. Physical: the weight and size of a nuclear fuel assembly are sufficient to require special handling
equipment for processing.

The United States began construction of a facility to manufacture MOX fuel, the Mixed Oxide Fuel
Fabrication Facility (“MOX Plant”), at the Savannah River Site in South Carolina in 2007. Construction
has encountered substantahedule delays and cost overruns. The Obama administration proposed to stop
construction of this facility and instead use a “dilute and dispose process” to disposition 34 MT of surplus
plutonium (Goodson 2018). Congress provided $5 million to INDESA in fiscal year 2016 to begin
planning and development of a conceptual design for the dilute and dispose process (ske Bdis2al
year 2017, Congress provided $15 million to DBRESA to continue planning and development of the
dilute and dispose option; it also mandated this National Academies of Sciences, Engineering, and Medicine
evaluation (U.S. Congress 2016). In May 2018, the Trump administration announced plans to cancel the
MOX plant and declared the dilute and dispose option as the prograsnonélt In October 2018, the
DOE-NNSA issued a letter to CB&I AREVA MOX Services, the contractor of the MOX plant, directing
them to terminate construction of the plant. DOE plans to convert the existing MOX infrastructure to a
facility that would producep to 50 plutonium pits per year by 2030.

"The PMDA requirements do not include deep geologic disposal of the irradiated MOX fuel by either party, only
irradiation to create a radiation barrier to recovery. If and when the irradiated MOX fuel were to be emplaced in a
deep geologic repository, this would add a physical barrier to recovery, diversion, and theft.

80n May 10, 2018, Secretary Perry issued a ledt€adngress announcing DGElecision to cancel the MOX
plant and move to the dilute and dispose option for disposal of surplus plutonium citing a cost estimate that showed
the cost of dilute and dispose was less than half of the projected cost of thepfl@X(BDemarest 2018). The au-
thority to take such action by Sec. Perry was granted through the National Defense Authorization Act for 2018 (H.R.
2810, 11% Cong. (2018).
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FIGURE 2-1 U.S. surplus plutonium quantities and disposition pathways. The total of 61.5 MT includes two decla-
rations: the first in 1994 and another in 2007. A portion of the 2007 declaration is included in the 34 MT allocated to
satisfy the Plutonium Management aDdposition Agreement (PMDA) shown with gray diagonal lines, labeled
“MOX Fuel Fabrication (including pit disassembly and conversion).” The-ginaged boxes highlight the quantities

5.1 MT of nonpit and 7.1 MT of pit surplus plutonium. The 5.1 MT (plus 0.9 MT of “possible future needs to provide
disposition paths for surplus nguit- plutonium”) are the focus of DOEM’s current efforts to dispose of 6 MT of
surplus plutonium using the dilute and dispose method as described in the Surplus PlutoniumioRi€pB®) Sup-
plemental EIS. In April 2016, a Record of Decision was issued announcing thes B&dfision to dilute and dispose

of the 6 MT of nompit plutonium at the Waste Isolation Pilot Plant. NOTE: The 6 MT managed byEMIS
separate from the 34 MT associated with the PMDA. SOURCE: DOE 2015.

2.1 CONCEPTUAL PLANS FOR DILUTE AND DISP OSE

The dilution process entalils first the oxidization of surplus plutonium metal and then the dry blending
of the plutonium oxide with an adulterant to dilute the plutori8@ content (see Figure3z for additional
process details). In the conceptual plan, the blended material will be packaged to make it suitable for
transport to and disposal in WIPP, a deep geologic repository located within a bedded salt formation near
Carlsbad, New Mexico. After approximately 20 years of testing and development, the WIPP opened in
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1999 to dispose of defengenerated transuranic (TRU) waste created by the U.S. government (see Figure
2-4) (GAO 2017y TRU waste emplaced in WIPP will eventually be encased in salt as the salt formation
naturally creeps to close voids and reconsolidates, making the TRU waste isolated from the environment.
The dilute and dispose process has been demonstrated at a small scale byl ROE begins to process

6 MT of surplus plutonium (Figure 2. Additionally, DOE reports that 4.8 MT of plutonium similarly
processed is emplaced at WIPP.

DOE-NNSA asserts that the end state of the dilute and dispose process would introduce sufficient
chemical and physical barriers to meet the intent of the PMDA for preventing plutonium recovery and
reuse. DOENNSA states that the barriers include: oxidation and dilution of plutonium with an adulterant
(“chemical”) and disposal of the packaged and diluted plutonium in a deep geologic repository (“physical”).
The term end state” refers to the state of the surplusonium after both dilution and disposal. However,
the dilute and dispose process is not currently a PMpgroved method for dispositioning U.S. surplus
plutonium.

A conceptual flowsheet for the dilute and dispose process is shown in Figufet-DOE sites
would be involved in the implementation of this process: Pantex Plant in Texas; Los Alamos National
Laboratory in New Mexico; Savannah River Site (SRS) in South Carolina; and WIPP in New Mexico. The
front end of the dilute and dispose processléniical to that for the MOX process until the process con-
verges on “Diluté in Figure 22.

Beginning with the box labelled, Surplus Pit Managemert total of 26.2 MT of pits from disas-
sembled nuclear weapons (labelled “surplus pits”) will be shipped thienPantex Plant to Los Alamos
National Laboratory via Office of Secure Transptdn (OST).

FIGURE 2-2 Conceptual flowsheet for the DA@ENSA dilute and dispose processes. The process is de-
scribed in the text. The combined amount of pit andpibplutonium is 34 MT. SOURCE: Modified from
image provided by the U.S. Department of Energy (Kay 2018).

°The term “transuranic waste” is defined in the Waste Isolation Pilot Plant Withdrawal Act as “waste containing
more than 100 nanocuries of alpditting transuranic isotopes per gram of waste, withlhedé greater than 20
years, except fer-(A) high-level radioactive waste; (B) waste that the Secretary has determined, vatinthe-
rence of the Administrator, does not need the degree of isolation required by the disposal regulations; or (C) waste
that the Nuclear Regulatory Commission has approved for disposal onlayazesse basis in accordance with part
61 of title 10, Code of Federal Regulations.” Waste Isolation Pilot Plant Withdrawal Act, Pub. L. Ne/¥ 9,006
Stat. 4777, 4779 (1992).
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ThePit Disassembly and Processingtep is the disassembly and conversion of the pits into pluto-
nium oxide, which will take place at Los Alamos National Laboratory. This oxidized material will be pack-
aged for transportation and storage (placed into a-BDB-3013 container) and shipped via OST to the
Savannah River Site for further processing.

Non-Pit Oxide Production indicates a total of 7.8 MT of nqpit plutonium that is stored in different
DOE sites; a portion of the ngmt plutonium is oxidized and will bsent directly to the Savannah River
Site for further processing, the remaining portion of pirpiutonium will be shipped first to Los Alamos
National Laboratory to be oxidized before being shipped to and processed at tHABRISpments de-
scribed inthis step are shipped via OST.

During the Dilute and ProcesandGeological Repository Disposasteps, the oxidized plutonium is
processed, packaged, and emplaced in WIPP. When the plutonium oxide reaches the SRS, it will follow a
different processing platthan that proposed for the MOX process. Figur8a 2nd 23b provide details
on the dilution, packaging, and characterization steps that will take place at SRS.

The process outlined in the detailed but unclassified flow sheet (FigRa f2r the dilug process
was shown to the committee at a magkunclassified glovebox at SRS. The “radiological barrier” in the
figure refers to a can/bag/can barrier put in place to protect workers from contamination of the diluted
plutonium. It does not refer to addibal radioactive material added to the diluted plutonium, or a “radiation
barrier,” as used previously in this report.

The dilution processing steps are as follows:

X The 3013 canisters containing the oxidized plutonium will be opened at SRS in a glovebox, and
dry-blend the plutonium oxide with a multicomponent adultétat dilute the plutoniur239
content. The diluted plutonium oxide will be placed into new cans (can/bag/can); the final assem-
bly is then assayed and packaged into a stainledpgieethe Criticality Controlled Component
(CCC). Two can/bag/can assemblies are placed into a single CCC. The CCC is placed inside of a
Criticality Controlled Overpack (CCO). The CCO is a-dgi#lon drum. CCOs are placed in
approved containers for trggewt, TRUPACTII, for shipment to WIPP. The dilution process at
SRS is currently being carried out at a sreallle in order to process 6 MT of surplus pin-
plutonium for dilution and disposal (Gunter Dégl(see Figure 4 and Box 3t).

X Not shown in the processing steps in Figw&ads the termination of safeguards. The current
status and plans for the removal of safeguards and an assessment of the security of the diluted
plutonium are under development so the committee makes no assessment of this step in this Interim
Report.

x If safeguards are terminated and the diluted plutotiusncertified to meet WIPRB waste ac-
ceptance criteria (WAC), the packaged plutonium waste form will be organizationally transferred
to DOEEM, which will ship it to WIPP ad emplace it in the repository as cortfaahdled trans-
uranic (CHTRU) waste (DOE 2016d). See Figurd 2-

The quantities of pit and nepit surplus plutonium for disposition are listed in SectiorQuantities and Meth-
ods of Disposition inthe PMDA as amended in 2010. The location and proportion of oxidizedAidized nonpit
plutonium is classified by the U.S. government.

As noted previouslyhe properties of the adulterant are classified by the U.S. government.

250uth Carolina v. U.Department of Energy, No. 1:18~00391JMC (D.S.C. 2017).

BThe oxidized plutonium is considered “material” as it enters the process at SRS and the packaged and diluted
plutonium is considered “waste” after it is determined to meet the WIPP WAC (GAO. Rdfgnium is handled
as accountable material until it is diluted and declared to be waste.
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FIGURE 2-3a Block diagram of the “Dilute and Processing” and “Geological Repository Disposal” steps shown in Figuregiining with receipt of the

oxidized plutonium at the Savannah River Site (Receipt and Verification of the[futdnium oxide] Packages) and ending with emplacement in WIPP. As the

final diluted product is prepared to be removed from the glovebox, no more than 150 fissile gram equivalents (FGE)uof-pR&asi placed inside an inner

can, which is then placed inside a plastic bag, which is placed into another can (“Can/Bag/Can”). A cross section of the can/bag/can assembly is shown in Figure
2-3b. SOURCE: Image provided by the U.S. Department of Energy (McAlhany 2017).
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Note: lllustration is not to scal
FIGURE 2-3b Cross sections of the plutonium containers used in the process outlined in F3gur&t2 os Alamos
National Laboratory, the oxidized plutonium is placed into E&YE>-3013 containers. Upon arrival at the Savannah
River Site, the same containers are ugedtore the plutonium oxide until it is introduced into the glovebox. The
can/bag/can assembly described and shown in FigBeei2 shown here as “Dilute and Dispose DédWend Prod-
uct.” Two of these assemblies are placed within a stainless steel pipe, the Criticality Controlled Component (CCC). A
single CCC is placed inside a Criticality Controlled Overpack (CCO). The CCO iggallbd drum. SOURCE:
Adapted from image provided by the U.S. Department of Energy (McAlhany 2017).

The dilute and dispose process will require extensive interstate truck transportation over a projected
period of about 25 yeaf§ The DOE OS¥ will be responsible for shipping undiluted plutonium materials
from the Pantex Plant to Los Alamos and from Los Alamos to Savannah River following safety, security,
and safeguarding protocols that have been in use for many decades. The packaged diluted plutonium waste
will be shipped from Savannah River to the WIPP site by IEMEusing existing TRU waste shipping
casks and resources. DM plans to rely on the present set of rules and procedures, which have been
used successfully to transport over 12,000 TRU waste shipments to WIPP, to ensure the safety and security
of the proposed dilute and dispose TRU shipments (DOE-EM 2017).

A 2015 DOE red team review compared the MOX and dilute and dispose options and concluded that
the latter process was technically viable and could be implemented at about half the cost of the former
(Mason 2015). The red team also concluded in the executive summary (Mason 2015, p. xi) that the “risks
associated with the Dilute and Dispose option are far lower than the MOX approach, since both the tech-
nology and the disposition process associated with Dilute and Dispose are far sitnerreview also
identified reglatory and other issues, including WIPP capacity, that “are not insurmountable” but should
be addressed as early as possible during the planning phase. Although the committee has not yet seen risk
assessments or program documents associated with thgcliéeeost estimate and cannot comment on
risk, the committee notes that the technical complexity of the dilute and dispose option is lower than that
of the MOX option.

2%VIPP does not accept waste via rail (WIPP n.d.).

2ISee https:/lwww.energy.gov/nnsa/offisecuretransportation (accessed September 10, 2018).

2The type of risk gated above refers to the assessment of programmatic and technical risks (see Mason 2015,
p. 34 for more discussion).
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FIGURE 2-4 Schematic layout of the Waste Isolation Pilot Plant, which is locatedithesaistern New Mexico near
Carlsbad. WIPP began accepting defegmeerated transuranic (TRU) waste in 1999. The location of the emplaced
TRU waste is about 2,150 feet (655 meters) below the surface within a salt formation (the Salado Formation, as
indicated in the figure). WIPB original design has eight waste panels, shown in the lower third of the figure. Panels
One through Six have been closed. Panels Seven and Eight will continue to accept TRU waste although Panel Seven
has been radiologically contaminated due to an exploding waste drum in 2014. A new ventilation shaft, Shaft 5, is
being constructed which will allow WIPP to expand current operations and increase emplacement rates matching those
before the 2014 accident. The ventilation shafuiregl a permit modification from the State of New Mexico.
SOURCE: Todd Shrader, DGEM.
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2.2 CURRENT STATUS CF DOE-NNSA DILUTE AND DISPOSE PLANNING E FFORT

DOE-NNSA received funding from Congress to begin planning for the dilute and dispose process in
2016, following the completion of the red team review referenced in the previous Section 2.1 (GAO 2017)
(see Box 2t). A highievel schedule of the dilute and dispose plan is shown in Fighird Be planning

effort is being managed under DOE Order 413.3B lzaml passed Critical Decisi@n(CD-0), Approv
Mission Need (DOE 201G.

e

BOX 2-1 Federal Decisions and Appropriations Related to the Dilute and Dispose Alternative to MOX

Below is a short chronology of congressional decisions and appropriegiatesd to the dilute and dispose progra
Prior to fiscal year (FY) 2016, there was no specified amount of money allocated to the dilute and dispose prog
program is also referred to as “downblend and dispose” in the text below.

FY 2015

In the Explanatory Statement for the Consolidated Appropriations Act, 2015, Congress requested a comp
life-cycle cost estimates:

“NNSA is directed to submit to the Committees on Appropriations of the House of Representatives and th
not later tharl20 days after enactment of this Act an independeettified lifecycle cost estimate for the option
complete construction and operate the MOX facility and the option to downblend and dispose of the mat
repository.®

FY 2016

Congress appred use of $5 million to the conceptual design of dilute and dispose option

In the Explanatory Statement for the Consolidated Appropriations Act, 2016, Congress approved use of §
to the conceptual design of dilute and dispose option:

“[ T]he Department [of Energy] may use up to $5,000,000 to advance planning, to resolve regulatory and oth
to complete conceptual design activities for the dilute and dispose alternative to the Mixed Oxide (MOX) F
rication Facility, and to delop and submit to the Committees on Appropriations of both Houses of Congress
that includes an evaluation of program risks and a lifecycle cost estimate and schedule for the alternative. T
ment prohibits funds from being used to dilute plutonium that could otherwise be used for MOX feedstock
to meet U.S. commitments under the Plutonium ManagemenDepdsition Agreement. The Department sl
ensure any proposed solution will continue to meet current transuranic waste disposineo sy

FY 2017

In the Explanatory Statement for the Consolidated Appropriations Act, @@higress approved use of $15 milli
with the following explanation:

“The NNSA may use up to $15,000,000 to advance planning, to resolve regulatory anssatreerand to comple
conceptual design activities for the dilute and dispose alternative to the Mixed Oxide (MOX) Fuel Fabricatig
ity.”¢

continued

m.
gram. The

arison of

e Senate
to
erial in a

5 million

er issues,
uel Fab-

A report
'he agree-
or used
all

e
n Facil-

2%0rder 413.3B outlines an internal DOE process for reviewing and approving large acquisition programs through
Critical Decision milestone#\fter reaching CD0O, DOE program managers may proceed with conceptual planning.

See DOE 2010 (Table 2.0, p=4A.
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BOX 2-1 Continued

FY 2018

In the Explanatory Statement for the Consolidated Appropriations Act, 2018, Congress approved funding for plan-
ning for dilute and dispose:

“Within Material Disposition, the agreement includes funding to advance planning for the dilute and dispose alter-
native to the Mixed Oxide Fuel Fabrication Facilify.”

A pathway wa created to move from MOX to dilute and dispose as the program of record was issued in section
3121(b)(1)of the National Defense Authorization Act fBiscal Year 2018 (P.L. 11%1; 131 Stat. 1892) (emphasis
added):

(i) an alternative option for carrygnout the plutonium disposition program for the same amount of plutoniym as
the amount of plutonium intended to be disposed of in the MOX facility exists, meeting the requirements of the
Business Operating Procedure of the National Nuclear Security Adratiua entitled* Analysis of Alterna-|
tives’ and dated March 14, 2016 (B&¥3.07); and

(ii) the remaining lifecycle cost, determined in a manner comparable to the cost estimating and assesgment best
practices of the Government Accountability Office, @snfd in the document of the Government Accountability

Office entitled* GAO Cost Estimating and Assessment Gui§@AO-09-3SP), for the alternative option would
be less than approximately half of the estimated remaining lifecycle cost of the mixed axétlpriogram and

(C) Thedetails of any statutory or regulatory changes necessary to complete the alternative option.

FY 2019

Congress approved use of $25 million with the following explanation:

“Provided, That of such amount, $25,000,000 shall be made available for design activities supporting the dilute and
dispose strategy for plutonium disposition: Provided further, That none of the funds made available under this head-
ing shall be made available for the construction activities or acquisition ofneguiifor the Surplus Plutonium
Disposition Project.”

a Seehttps://docs.house.gov/billsthisweek/20141208/113-HRESB. pdf.

b Seehttps://docs.house.gov/meetings/RU/RU00/20151216/104298/HMIAERU0620151216SD005. pdf.

¢ Seehttps://rules.house.gov/sites/republicans.rblmsse.gov/files/115/OMNI/DIVISION%20D%20-%20E%26 VIS OM%
20FY170CR.pdf.

d See https://docs.house.gov/billsthisweek/20180319/DIV%20D%20EW%20SOM%2aPMMB.OCR. pdf.

The process outlined in the National Environmental Policy Act (NEPA) requires DOE to obtain public
comments and inputs for decisions and actions. The NEPA schedule for dilute and dispose inF-igure 2-
shows that a Notice of Intent (NOI) will be issueddtelFY 2018 and a final EIS in mid FY 2020. Although
requested, the committee has not yet seen a detailed NEPA strategy for the conceptual plan or details on
what constitutes a final EIS, and the NOI had not been issued as of the writing of this Infasitn Re

Also seen in Figure 8-is the planned duration of the dilute and dispose process:NDCHA cur-
rently estimates that the effort to dilute and dispose of 34 MT of surplus plutonium will take 31 years to
complete, beginning with conceptual design in 2018 and ending with emplacement of all 34 MT of diluted
plutonium at WIPP in 2049.
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FIGURE 2-5 High-level schedule for the dilute and dispose conceptual plan, developed in March 2018 and considered preliminary. Sofoentdttba and
analysis expected by this committee are shown in the red circle: WIPP Impact Assessment (criticality, gezaheaithperformance assessments)clfele
cost estimatewhich contains scheduling and program planning details), and the Notice of Intent. SOURCE: Kay 2018.
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3

Committee Assessment of DOBNNSA'’'S
Conceptual Plans for Dilute and Dispose Process

The release of several key DEDENSA dilute and dispose planning documents to the committee has
been delayed due to recent legal actions between the State of South Carolina dnchB§gEdocuments,
which include DOENNSA's life-cycle cost estimates and other planning details, an initial assessment of
the longterm performance assessment of emplacing 34 MT of diluted plutonium in WIPP, newly updated
system planning documents, and a criticality safety assessment of the emplaced waste are needed by the
committee to fully address the committeéasking of assessing the viability of DOESA’s conceptual
plans. Consequently, in this Interim Refpibie committee is able to provide only a preliminary assessment
which focuses on potential barriers to implementatibDOE-NNSA’s conceptual plans.

The committees preliminary assessment produced seven findings, two conclusions, and four recom-
mendations, and a series of follmp questions directed primarily at DENENSA. The findings, conclu-
sions, recommendations and questions are presented and discussed in this section.

CONCLUSION 1: The dilute and dispose process has been demonstrated at a smaly 2QEEM as it beging
to process 6 MT of surplus plutonium, a quantity separate from the 34 MT associated with the Plutoniym Man-
agement and Disposition Agreement (PMDA). The committee agrees with earlier assessments that the technical
complexity of the dilute and dispose process is lower than that of the construction of a MOX fuel option| Due to
lack of information, the committee makes no judgment in this Interim Report on thesROilty and the assd
ciated risks of scalingp the current infrastructeirand processes to address the 34 MT. The committee has, how-
ever, identified several barriers that will need to be addressed byNNHA and others before the dilute and
dispose conceptual plans can be implemented to support U.S. commitments under the PMDA

The dilute and dispose process is not technically challenging; in fact, the process has already been im-
plemented at a small scale to disposition up to 6 MT ofpioplutonium in WIPP (DOE 2016d, also see
Figure 21 and Section 3.2 for additional disssion) (Forinash 2017 DOE-NNSA is planning to build on
this previous experience and infrastructure to sgplexisting processes and achieve the higher throughputs
needed to dispose of the additional 34 MT of surplus plutonium (see Figlre 2

Nevetheless, DOENNSA's dilute and dispose process faces a number of barriers, some of which are
discussed in subsequent sections of this report. The process, if implemented, would involve a large number
of sites, organizations, and stakeholders. ENDESA mug scaleup its prototypic systems and storage
capacity at Pantex, Los Alamos, and Savannah River (FigRyda2-packaging, shipping, disassembling,
oxidizing, diluting, assaying, repackaging and transporting the plutonium oxide, and it must operate that
system safely and securely for 31 years or longer. Although a system plan for the dilute and dispose option

1South Carolina filed a lawsuit against DOE over its decision to stop work on the MOX Plant at Savannah River.
A U.S. District Court issued preliminary injunction against DOE stopwork order on July 8, 2016, State of South
Carolina v. U.S. Department of Energy, No. 1c1891431JMC (D.S.C. 2018). On July 16, 2018, the district court
put South Carolinia lawsuit on hold pending a review the appellate court.

°DOE has disposed of approximately 4.8MT of plutonium residues at WIPP inchedidges that resulted from
cleanup of the Hanford site in Washington and the Rocky Flats site (now named Rocky Flat Environmental Technol-
ogy Site) in Ctorado. However, the committee did not review the processes used for disposal of these wastes.
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has been developed (Surplus Plutonium Disposition System Plan,-BRI9816, 00136, Rev.¥), the
formal coordination required across DOE officesriake decisions that affect the different offiqeisori-
ties is not clearly described or acknowledged in the documentation.

DOE-NNSA will have to develop a progressively improved understanding of the operational and
transportation risks and uncertainties for each process step as its moves through the DOE Order 413.3B
planning process into fuicale operations. DGENSA can learn from DOEM’s ongoing efforts to dis-
pose of 6 MT of plutonium in WIPPand it will also have to incorporate stakeholder feetttinto its own
planning efforts.

FINDING 1: DOE-NNSA's dilute and dispose option, if implemented, is likely to face several challenges
its inception and lifetime of over three decades. These include potential changes to the intended purpose, size,
operations, and lifetime of WIPP; the lack of availability of other suitable repositories for disposing of diluted
plutonium (i.e., Yucca Mountain or elsewhere); state, tribal, and local acceptance of diluted and packaged pluto-
nium; transportation,ral permanent disposal operations; changes in U.S. nuclear weapons programs (g.g., new
pit production and associated waste streams); and funding availability. These challenges could lead to technolog-
ical and/or programmatic changes to the current conceplarad in order to achieve the DOENSA’S mission
to dispose of 34 MT of surplus plutonium in an efficient, safe, and secure manner.

The committee observed over the course of its data collection that some improvements are being made
to conceptual planning as process knowledge is gained with the prototype systems installed at Los Alamos
and the Savannah River Site. Additionally, DRIRISA continues to evaluate potential security risks asso-
ciated with shipment of diluted plutonium to WIPP and has indicated to the committee that it will implement
mitigation strategies as needed. Evidence of the changing nature of the program is a recently updated ver-
sion of the Dilute and Dispose System Requirements document received by the committee during the writ-
ing of thisreport (DOE 2018d).

FINDING 2: The committee identified the following three barriers to implementation of-RNREA’s current
conceptual plans:

X Insufficient current statutory and current physical capacity within WIPP for disposal of 34 MT of diluted
plutonium throughout the lifetime of the dilute and dispose project.
X Unclear strategy for development of the National Environmental Policy Act (NEPA) environmental |mpact
statement for disposing of 34 MT of surplus plutonium in WIPP using the dilute and dispose process.
X Lack of Russian Federation approval for dispositioning 34 MT of surplus plutonium using the dilute and
dispose process to meet the requirements of the PMDA.

These issues are discussed in the following subsections.

3.1 AVAILABILITY OF WIPP  FOR DISPOSAL OF 34 MT OF DILUTED PLUTONIUM

DOE-NNSA asserts that the intent of the PMDA to disposition 34 MT of surplus plutonium cannot
be met without both diluting this material ad$posing of by emplacing it in a deep geological repository
such as WIPPAccess to WIPE capacity is an essential and critical requirement for the success ef DOE
NNSA'’s conceptual plans (see Section 3.3 for further analysis and discussion on the relative barriers of the

3An updated version of the Surplus Plutonium Disposition System Plan has been created but has not yet been
shared with the committee.

4Indeed, DOENNSA told thecommittee that it intends to incorporate the lessons learned froraEMDE pluto-
nium disposal program into its own planning efforts.

5The Configuration Control Log included the following description of the changes made: “Complete Update.
Updated to incqrorate revised assumptions and requirements.”
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dilution and disposal process). WIBRurrent statutory and physical capacity is potentially problematic
for four reasons:

1. WIPP is the only deep geologic repository currently available in the United States for surplus plu-
tonium disposal.

2. Demand for future defenggenerated transuranic (TRU) waste disposal capacity at WIPP for this
program and others presently exceeds its congressionally legislated capacity under the Land With-
drawal Act.

3. Access to WIPP is controlled by DEBEM and the state of New Mexico, which have different legal
obligations and programmaticiprities than DOENNSA.

4. WIPP operations are scheduled to end in Z0&4)l before the scheduled 2049 end date for a
DOE-NNSA dilute and dispose campaign.

The following barriers require resolution through permit modifications with the state of New Mexico
and/or changes to legislation through congressional action in order folNNSER's conceptual plans for
dilute and dispose to be viable:

1. Increasing statuty capacity at WIPP through a recalculation of existing and future “volumes of
record” through a permit modification (or through a change of the TRU waste capacity limits in
the LWA, see discussion later in this report),

2. Increasing physical capacity at PR by adding more disposal room requiring a permit modification,

3. Extending the end date of WIPP to 2050 or later requiring a permit modification.

Some of these actions may be required for future TRU waste streams absent the disposal of 34 MT of
diluted pgutonium; regardless, the approval of the permits is necessary fofNINHA's conceptual plan.
Further discussion of these four potential barriers to WIPP access is provided in the following subsections.

3.1.1 WIPP is the only deep geologic repository crantly available in the United States for
surplus plutonium disposal.

Other potentially suitable disposal options for surplus plutorifion example, Yucca Mountain in
Nevada or deep boreholes inyet unspecified locatiorsare not presently being pursuey the U.S.
government. Development and licensing of alternative disposal options would likely take decades. Based
on the difficulty of establishing a single repository for spent nuclear fuel in the United States, it is hard to
see how an alternative repository could be planned, developed, and implemented in that timeframe.

5The closure date can be found in Permit Attachment G the WIPP Hazardous Waste Permit (June 2018; see
Schedule for Final Facility Closure (NMED 2018b, p6¥5 “For the purpose of establishing a schedule fosuale,
an operating and closure period of no more than 35 years (25 years for disposal operations and 10 years for closure)
is assumed. This operating period may be extended or shortened depending on a number of factors, including the
rate of waste approved for shipment to the WIPP facility and the schedules of TRU mixed waste generator sites, and
future decommissioning activities.”

U.S. surplus plutonium was included in the inventory for the environmental assessments of Yucca Mountain. From
the Final Supplemental Environmental Impact Statement (June 2008) DARBIES1 SUMMARY, emphasis
addedMATERIALS CONSIDERED FOR DISPOSAL The NWPA [Nuclear Waste Policy Act] limits how much
spent nuclear fuel and higével radioactive waste DOE could emplace in the first geologic repository to 70,000
MTHM [metric tons of heavy metal] until a second repository is in operation. The materials proposed for disposal un-
der the Proposed Action would include about 63,000 MTHM of commercial spent nueleand higHevel radioac-
tive waste. The remaining 7,000 MTHM would consist of about 2,333 MTHM of DOE spent nuclear fuel (including
naval spent nuclear fuel) and the equivalent of 4,667 MTHM of DOEI&igt radioactive waste. This inventory
could include surplus weapoeuosable plutonium, which DOE could immobilize and dispose of as part of théekigh-
radioactive waste inventory, or use to produce mixed uranium and plutonium oxide fuel (calledxidecdel).
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Exclusive reliance on WIPP for disposal is a singbait failure risk for the success of the dilute and
dispose program. Any unplanned shutdowns or suspensions of disposals ataitPRas the shutdown
that occurred between February 2014 and December® 281#he result of a truck fire and an unrelated
radiation release or the much shorter suspension in late May 2018 to address a misaligrezbdidim
delay, disrupt, and potentially derail and increase the costs ofNIGEA's efforts to dispose of 34 MT of
surplus plutonium (Barber 2018, DOE n.d.).

3.1.2 Demand for disposal capacity at WIPP for this program and others presently exceeds
its congressionally legislated capacity undeihie Land Withdrawal Act.

WIPP' s disposal capacity is defined by the Waste Isolation Pilot Plant Land Withdrawal Act to be
6.2 million ft (175,564 ) of defensegenerated TRU waste. The 1988 Consultation and Cooperation Agree-
ment between DOE and New Mea further limits the amount of remekandled (RH) TRU in WIPP to
250,000 ft (7,079 ni), leaving 5,950,000%(168,485 ) of disposal space for GHRU wasté (DOE 1988).

A special 2017 TRU waste inventory analysis, NNSA Surplus Plutonium Disposition Performance
Assessment Inventory Report 20Was produced by Los Alamos National Laboratory in response to a
request by Sandia National Laboratories (LANL 2017). The inventory report included future wastes from
the generating sites, was extended through 2050, and included 42.2 MT of surplus plutonium for disposal
in WIPP. The inventory analysis notes that WIPP does not have sufficient statutory disposal capacity for
all of DOE s surplus plutoniurgiven the volume of TRU waste already emplaced or likely to be emplaced
in the repository (LANL 2017Y°

The currently available physical capacity in WIPP is limited by the number of panels in its original
design. A Government Accountability Office (GAO) report from 2017 concluded that WIPP would reach
current avdable physical capacity by 2026 and that an additional two panels would be needed to accom-
modate future TRU waste. The GAO further estimated that an additionahdrehalf rooms would be
needed to emplace 34 MT of diluted surplus plutonium (GAO 20tgssessment did not include the 8.2
MT (from the 42.2 MT) reported in the 2017 special inventory report noted above. The GAO report further
notes that a new mathematical modelling tool will be required to assesss/WégBlatory performance
necessary fiothe design of new panels. The committee has requested further but has not yet received infor-
mation about the modelling efforts including the plans and schedule for model verification and validation.
The committee will discuss the modelling effort furthreits final report.

Based on the current inventory of surplus plutonium and with limited other disposition options, it is
foreseeable that at least 48.2 MT of surplus plutonium could be requested to be disposed of in WIPP in the
future, consisting of the following (see Figurd @

X 6 MT of plutonium currently being disposed of in WIPP by DEM (see Section 3.2 in this
report)t

X 34 MT of surplus plutonium planned to be disposed of under the PMDA,; and

X 7.1 MT of surplus pit plutonium and 1.1 MT of plutonium in “other forms” for which disposition
pathways are currently undecided by DOE.

SWaste shipments to WIPP did not neguuntil April 2017.

°CH-TRU is defined in the WIPP Land Withdrawal Act as “transuranic waste with a surface dose rate not greater
than 200 millirem per hour.” RAHRU is defined in the Act as “transuranic waste with a surface dose rate of 200
millirem per hour or greater.” Waste Isolation Pilot Plant Withdrawal Act, P.L-51@® 106 Stat. 4777, 4778
(1992).

This analysis was based on actual and projected waste inventories as of the end of calendar yidar 2015.
committee has not verified the contenttod L.os Alamos analysis but has no reason to question its accuracy.

The volume for the 6 MT of surplus plutonium is included in the Annual Transuranic Waste Inventory Report —
2016. It is not explicitly shown but is included in the FPD17 estimated voimes (LANL 2017).
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The Los Alamos inventory report concluded that the disposal of the proposed surplus plutonium would
exceed the reposity’s legislated capacity by about 17,708(bANL 2017) but it is clear that disposal of
that waste would also exceed its current physical capacity as well.

A committeegenerated estimate of planned and potential waste disposal volumes in WIPP as requested
in its tasking (see task 2.c in Boxl) is shown in Figure-2. This analysis includes additional potential
sources of TRU waste not shown in the 2017 Inventory Report. The committee estimate shows that:

X An estimated 156,000 1of emplaced and WIRBound waste will be disposed of in WIPP from
current and planned DQsite cleanup activities through 2050 (LANL 2017).

x Disposal of about 48.2 MT of surplus plutonium in WIPP would require about 34,06Ddis-
posal space (assuming 300g of plutonium pegd&tn drum or Criticality Controlled Overpack
[CCQ)).

x DOE has not made a decision to dispose of tank waste in WIPP but the volumes have been included
in future estimates of WIPP waste. Disposal of some TRU waste stored in tanks at Idaho and Han-
ford wouldrequire 3,187 rhbased on recent estimates. However, the tank waste estimates vary by
year. For example, earlier estimates of tank wastes from Hanford indicate up to 8@f0disn
posal space, not including the volume of tank waste solidifier (DOE 2014a, Section 24.5.1.7).

FIGURE 3-1 Committeegenerated estimate of the volume required for disposal of various waste streams in WIPP.
SOURCES: (a) LANL 2017; (b) DOE written responses to NAS Question Set Two (received on September 28, 2018),
available by request through the National AcagshPublic Access Records Office at paro@nas.6UDOE 2016b;

(d) Todd Shrader, presentation to committee, 2018; (e) Request for data to DOE, submitted August 8, 2018.
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x Disposal of GreateFhanClass€ (GTCC) waste and GTClike!? waste in WIPP was identified
as one of several preferred alternatives in the Final EIS for GTCC and {KeC@Waste. The
volume of DOEowned and generated GTdike waste is 2,800 fras shown in Figure 3:** The
total volume of both GTCC and GTdiBe waste would require aboii2,000 m of disposal space.

x Estimated volumes for TRU waste generated from future pit production have been requested but
not yet received from DOERINSA.

The total disposal space required to accommodate all of these waste streams is about 96,000 m
which exceeds WIPB legislated capacity by over 20,408 mny current or future unanticipated amounts
would add to this excess amount.

DOE-EM is attempting to change the accounting of the “waste volume of record” through a permit
modification request to the New Mexico Environment Departrifdfiapproved, this modified calculation
would change the way that D&M reports waste volumes for compliance with the WIPP Land With-
drawal Act waste volume limit, and “free up” about 30 percent of waste capacity. This increase could post-
pone but may notlieninate WIPPs capacity problem.

The volume of emplaced waste in WIPP is currently accounted for by the volume of the outermost
waste container (e.g., a®allon drum or 0.2 fas shown in Figure 3b). The same volume is accounted
and reported for botthe NMED permit (i.e., the state of New MexisdJnderground Hazardous Waste
Disposal Unit limit$®) and the LWA (i.e., the congressional limits).

The permit modification proposes to change the volume accounting basis for reporting against the LWA
limits only. DOE proposes to create a “Land Withdrawal Act TRU Waste Volume of Record” to refer to the
volume of TRU waste inside a disposal container. The permit modification request proposes to track the
“LWA TRU Waste Volume of Record” separately from the NMBEErmit “TRU Mixed Waste Volume.”

DOE notes in the permit request that the volumergdlaced contadhandled TRU (CHIRU) mixed
waste as of December 6, 2017, based on the outermost container volumes is 9W#dé the volume
based on the innermost container volunsed5,347 m. This represents a recovery of ~28 percent of the
currently available volume. The committee notes that the DOE retrospective capacity analysis appears to
be based on only “overpack disposal containers.” The DOE reported to the committee that the LWA Vol-
ume of Record would only be applied to the inner container volumes of overpacked waste containers, for
example, 1@rum overpack containers (TDOP, designed to contain older deteriorating drums), or pipe
overpack containers, (inaing the CCC/CCO which consists of a inner pipe with the TRU waste contained
within a larger 5&gallon drum, as shown in Figure3B), as opposed to the “fill factor” of direlctaded
containers. The permit request itself is not explicit on this detail.

As shown schematically in Figure3b, an inner pipe, referred to as a Criticality Control Container
(CCC), contains the diluted surplus plutonium. A single CCC with dimensions of 6 inch diameter, 26.875
length is nested within a Eallondrumsized CCO. Ezh CCC has a limit of no more than 300 fissile

>GreaterthanClassC” or GTCC is a Nuclear Regulatory Commission (NRC) designation fotdeal radio-
active waste that exceeds the concentration limits of radionuclides established for Class C waste (DddRGf
Federal Regulations0. CFR § 61.55. Although the NRC classification system does not apply to DOE (DOE 2016b,
p. S-10): “the DOE owns or generates both low level radioactive waste andefiemsegenerated TRU waste
which have characteristics similar to those of GTCC andavfich there may be no path for disposal. DOE has in-
cluded these wastes, otherwise knowhGBCClike waste.”

BDisposal of this material in WIPP is one of several of D&)#teferred disposition alternatives; the others are
generic commercial lovlevel waste disposal facilities (see DOE 2016b). A record of decision has not yet been is-
sued by DOE.

“The state of New Mexico ruled in June 2018 that DE)Equest should be treated as a Class 3 modification
(DOE proposed a Class 2 modification) given the significant public interest in this issue. A Class 3 modification al-
lows for public input to the permit modification process (ENV 2018a).

15A typical disposal panel holds approxitaly 18,000 rh See Table-3 in the WIPP Permit: https://hwbdocu-
ments.env.nm.gov/Waste%20lsolation%20Pilot%20PIlant/170900/170900%20\20Peemit%20P DF/Attachment
%20J%2004:5-2011.pdf
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gram equivalents (FGE) of surplus plutonium. The number of CCC/CCOs needed to dispose of 34 MT is
easily calculated; 34,000,000 g divided by 300 g, resulting in 113,333 containers.

Under the present accourgirthis equates to ~23,80C for both the LWA volume and NMED vol-
ume reporting. If the “LWA TRU Waste Volume of Record” permit request is approved, the accounting
would be ~23,800 #for the NMED hazardous waste disposal unit (HWDU) and ~1,406mthe LWA
reporting, providing a 94 percent recovery of the available volume needed for disposition of the 34 MT.

As indicated by the LANL inventory estimate, DOE is analyzing the case of up to 42.2 MT (34 MT of
the PMDA plus 7.1 MT and 1.1 MT as shown in Fggal) of surplus plutonium in WIPP in addition to the
6 MT currently being processed. Based on current plans, the 6 MT and 34 MT portions of this total will be
disposed of using the CCC/CCO disposal containers. It is reasonable to assume the rem&itingp812
be disposed of in a similar manner. Using the same calculations above, this would amount to 3¥8y740 m
the NMED HWDU reporting and 1,992%for the LWA reporting, a difference of 31,748.m

The combination of reduction in the “LWA TRU Waste IWime of Record” for already emplaced
waste plus the potential disposal of 48.2 MT surplus plutonium would provide 583 Btdlitional capac-
ity under current LWA limits.

The United States will continue to generate defense TRU waste through its weapons programs. It is
likely to have more defense TRU waste than deep geologic disposal capacity, even if the LWA volume of
record is allowed to be recalculated. This puts inordinate pressure on WIPP to accommodate all federal
needs for disposal of TRU wastes fexcddes to come.

The remaining capacity at WIPP is a limited resource and is allocated based on many different prior-
ities. One way to mitigate the risk to the dilute and dispose program would be to reserve space at WIPP.
However, this is not being consigerunder the current processes. Space management (i.e., planned loca-
tion for the emplacement of the waste as it arrives at WIPP) is currently designed to take waste as it is
prepared for shipment to WIPP. In response to a committee question about emmigrensziures (i.e.,
identifying location within the repository for emplacement) at WIPP, DOE responded that iteronand
mid-term planning is based on estimates from the defense TRU waste generating sites. For decisions on
emplacement location, theaflsbad Field Office manager uses awe®ks shipping projection. There ap-
pear to be no mechanisms for prioritizing waste for disposal space years in advance (as would be needed
for the diluted plutonium) or reserving space in WIPP for ghrity waste streams (DOE 2018b).

RECOMMENDATION 1: The remaining statutory capacity as defined in the Waste Isolation Pilot Plan
Withdrawal Act (P.L. 104€01; LWA) and New Mexico Environment Department (NMED) permit at WIPP
should be treated as a valuable and limited resource by DOE-HDO&Nd the Carlsbad Field Office should
modify their current emplacement planning process to allow for guaranteetelomgdlocation of disposal ca-
pacity for waste streams of highest priority to DOE.

3.1.3 Access to WIPP isontrolled by DOE-EM and the State of New Mexico, which have
different legal obligations and programmatic priorities than DOE-NNSA.

WIPP is a DOEEM-managed facility and is being operated for the benefit of E®Es cleanup
program, which operates undegally enforceable schedules and agreements with several states and the
U.S. Environmental Protection Agency. A DOESA campaign to dispose of diluted surplus plutonium
in WIPP would compete with DOEM for access to WIPB waste receipt and emplacemfailities.*® It
is not clear to the committee which entity within DOE would be responsible for resolving scheduling con-
flicts between the two offices or the process by which those conflicts would be resolved.

There are several legally binding agreemeelisted to WIPP operations, including:

%There are limits to the number of waste shipments that can beegeaid emplaced in WIPP each week. A
DOE-EM representative told the committee in November 2017 that current rates of emplacing waste in WIPP allow
five to six shipments per week but that emplacement rates were expected to ramp up in the future due to operational
efficiencies and added ventilation (Forinash 2017).
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1. The Waste Isolation Pilot Plant Land Withdrawal Act (P.L.-5@2, 106 Stat. 4774796 [1992]).

2. Stipulated Agreements and Consultation and Cooperation (“C&C”) Agreement between New
Mexico and DOE (DOE 1988).

3. WIPP waste acceptance criteria (WIPP WAC) (DOE 2016d).

Additionally, there are a number of legal/political/policy issues associated withNDCHA's dilute and
dispose program that cut across various levels of New Mexico goveraaeal (county), state (legisla-
ture and governor), and the New Mexico congressional delegation.

There is a complex set of laws, regulations, and orders applicable tmposed dilute and dispose
process. These could also include agreements with South Carolina, tribal nations, and southern states along
the transportation routes in addition to New Mexico. There is a long history of commitments, some of which
are legally binding, made by DOE related to radioactive waste removal from specific states. Delays in
implementing the dilute and dispose process could result in fines and/or affet BifliEy to import or
remove waste into or out of South Caroltia.

FINDING 3: Shifting the plutonium disposition program of record to the dilute and dispose option will reg
detailed discussions between DOE and the states of New Mexico and South Carolina. Accommodating 34 MT of
diluted plutonium and other planned and/or potential future DOE waste streams in WIPP will necessitate
changes to state permits and possibly legislation requiring state cooperation including public participatio

FINDING 4: DOE will need to determine which laws, regulations, and orders are applicabletopbsed
dilute and dispose process and develop and implement a strategy to work with regulators to obtain the necessary
changes.

RECOMMENDATION 2: DOE-NNSA should engage New Mexico and South Carolina as well as theit
gressional delegations prior to the public engagement required by the National Environmental Policy Act process
to assess prospects for successfully amending the existing legahagte¢o allow for the dilution and packaging

of 34 MT of surplus plutonium at the Savannah River Site and its disposal in WIPP.

3.1.4 WIPP operations are scheduled to end in 2034, well before the scheduled 2049 end
date for a DOE-NNSA dilute and disposecampaign.

WIPP has been operational for more than 19 years and parts of the facility and underground access
ways are approaching 30 years Sl&xtending WIPPs projected life from 2034 (the currently planned
closure dat¥) to 2049 (the projected end thfe DOENNSA's dilute and dispose campaign) would add
another minimum of 16 years to the life of the facility. Extending WIPP life beyond 2034 will require
approvals from New Mexico (through permit modification requests by DOE) and most certainly will require
additional appropriations from Congress. There will likely be additional costs for maintainings/giRP
tems, structures, and components in a safe and secure condition during this life extension, and the entire
cost of running and maintaining WIPP could fall on DRESA once the DOEM TRU waste mission
has ended. DOBRINSA has yet to issue a lilg/cle cost estimate for the dilute and dispose option, and so
the committee is unable to evaluate whether the additional costs noted above have beeninnitiatied
estimate.

17See 50 U.S.C. §2566 (2010).

Note that parts of the underground have been accessible since 1988.

°The original closure date for WIPP was 2018; an extension to 2034 more than doubles the originally planned
lifetime of the facility.
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3.2 UNCLEAR STRATEGY FOR DEVELOPMENT OF THE NEPA
ENVIRONMENTAL IMPACT STATEMENT

DOE has issued a number of environmental impact assessments (EISs), supplemental EISs, and rec-
ords of decision (RODs) for dispositioning surplus plutonium (see Bbx Bhe final programmatic EIS,
FPEIS0229, evaluated strategies and locations for storing and dispositioning weapbté fissile ma-
terials (DOE 1996a); the associated ROD selected MOX and immobilization as the preferred aptions fo
surplus plutonium disposition. The Surplus Plutonium Dispositiord283 (tiered from the FPEI&R229,

DOE 1996a) evaluated siggpecific alternatives for the construction and operation of facilities for disposi-
tion of up to ~45 MT of surplus plutoniud®QE 1999). The associated ROD in 2000 identified immobili-
zation and irradiation of MOX fuel as the preferred dual alternatives for surplus plutonium disposal. Two
years later, the immobilization program was cancelled due to budget constraints and M@}¢etad as

the only method for plutonium disposal for the United States (DOE 2002). The PMDA was later renegoti-
ated (DOS 2010). Immobilization was removed from the listed disposal options; some of the material se-
lected for immobilization was to be procedse the MOX plant to make it useable in MOX fuel.

In 2015, dilute and dispose was specifically considered as one of the disposition optionspior non-
surplus plutonium (referred to as “WIPP Disposal”) in the Final Surplus Plutonium Disposition Supple-
mertal Environmental Impact Statement (DOE 2018dYnder this disposition option, plutonium oxide
would be “mixed/blended with inert material .... Inert material would be added to dilute the plu@38um
content and inhibit plutonium recovery and could include dry mixtures of commercially available materi-
als” (DOE 2015, p. 81). The subsequent April 2016 ROD selected WIPP disposal for dispositioning 6
MT of diluted nonpit plutonium.

It is DOE policy to follow NEPA and to apply the NEPA review process early in program develop-
ment?? Requirements for a programmatic (including sitewide) NEPA document are outlined in the Code
of Federal Regulations, 10 CFR Part 1021. Programmatic NEPA documents are required to support a DOE
programmatic decision. Programmatic decisions are defined as:

Major Federal action includes actions with effects that may be major and which are potentially sub-
ject to Federal control and responsibility. ... Actions include the circumstance where the responsible
officials fail to act and that failure to act is reviewable by courts or administrative tribunals under the
Administrative Procedure Act or other applicable law as agency action...
(b) Federal actions tend to fall within one of the following categories:
(3) Adoption of programs, such agyeoup of concerted actions to implement a specific policy or
plan; systematic and connected agency decisions allocating agency resources to implement a spe-
cific statutory program or executive directive. (10 CFR 1508.18((b)3))

DOE has not yet issued a hat of Intent (NOI), an EIS, or ROD for dispositioning 34 MT of pit and non-

pit surplus plutonium using the dilute and dispose process. At the very least, DOE will need to issue a
supplemental EIS and ROD for this disposition alternative. A programmaiioemental impact assess-

ment might be required because

1) the quantities of surplus plutonium being considered for disposal at WIPP are much larger than
those assessed in the 2015 Supplemental EIS and represent the majority of the United States excess
plutonium (i.e., as much as 42.2 MT versus 6 MT); and

20A fissionable nuclear material such as urani286 or plutoniur239 that is pure enough to be usable in a nu-
clear weapon.

2IDOE/EIS0283S2 evaluates environmental impacts for disposition of 13.1 MT of surplus plutonium, including
6 MT of surplus nomit plutonium (managed by DOEM) as well as 7.1 MT of plutonium from pits shown in Fig-
ure 21 of this report (DOE 2015).

22Seehttps://www.ecfr.gov/cgbin/textidx?SID=a4e055019b59e975ce6b588a419d 7b2d&rae&node=pt10.
4.1021&rgn=div5.
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1993

1995

1996

1997

1999

2000

2000

2002

2003

2007

Below is a timeline for major actions and decisions relevant to the dilution and disposal of surplus plutonium.
italics are events relevant to the surplus plutonium disposition program but are not environmental impact statéments or
records of decision.

BOX 3-1 Timeline of Actions and Decisions for Disposal of Surplus Plutonium

President Clinton issues policy on Nonproliferation and Export Control, a key element of which st
that the Unite States is, “committed to eliminating, where possible, the accumulation of stockpiles
highly enriched uranium and plutonium and to ensure that where these materials already exist, th
subject to the highest standards of safety, security, andattenal accountability... .{DOE 1996b, p.
75)

DOE declares excess weapearade plutonium and identifies plutonium waste throughout the DOE
plex (DOE 1996b, p. 76) 38.2 MT plutonium in various forms (metals, oxides, reactor fuel, irradiat
fuel, and other forms) is identified as excess and 3.4 MT of plutonium is identified as waste.

Storage and Disposition Final Programmatic EIS, FPEIS8229, 1996
Considered 37 alternatives for “the disposition of up to 50 metric tons of plutonium theetemasr in
the future may be declared surplus to national security néeds;”

Record of Decision (ROD), FPEIS)229

Decision to implement immobilization and MOX for disposal of surplus plutonium.
Decision to use Safe Secure Transport (now called the Office of Secure TralspddST) to transport
all plutoniumbearing materials between sites including unirradiated MOX fuel. (DOE 1997)

Surplus Plutonium Disposition, SPD EIS0283
Focus on disposition of surplus plutonium.
Tiered from FPEIS)229 (DOE 1999b)

ROD SPD EIS0283
“[T]o provide for the safe and secure disposition of up to 50 metric tons of surplus plutonium... the
partment has decided to use a hybrid approach...[using] immobilization ... aMDX fuel. The De-
partment has selected the Savannah River Site in South Carolina as the location for all three disp|
facilities.” (DOE 2000, p. 1608)

United States and the Russian Federation sign the PMDA.

ROD SPD EIS0283
Cancelation of themmobilization program due to budget constraints and assumptions that a single

ltems in

ites
of
By are

com-
od

b De-

osition

focus

on MOX would save time and money over the previous hybrid strategy. Part of the rationale for the deci-

sion to cancel immobilization was the expectation that Russia would not agree to an immobilizatio
program:

DOE-NNSA has evaluated its ability to continue implementing two disposition approaches and ha
mined that in order to make progress with available funds, only one approach can be su{ipOEe
2002, p. 19434)

Savannah River Site, Interim Management of Nuclear Materials, Amended ROD, E}8220

“The program will dispose of 34 MT of surplus plutonium, including approximately 6.5 MT of the 1j7

MT of surplus plutonium originally intendedrfimmobilization...” and stored at SRS. (DOE 2003, p.
20134)

DOE Secretary Bodman declares an additional 9 MT of Pu as surplus.

continued

n only

s deter-
d.
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2010

2014

2015

2015

2016

2016

a“Discarding Plutonium to WIPP” was rejected in this analysis due to lack of capacity at WIPP, (see DOE 199
summary table).
®DOE has issued two supplements to SPD-@183: SPD EI$283S1 identified a set of six reactors that would ug
MOX fuel, SPDEIS-028352 assessed disposal options for pdrsurplus plutonium and added two more reactors
that could potentially use MOX fuel.

Review of DOE Plans for Disposal of Surplus Plutonium in the Waste Isolation Piéott

BOX 3-1 Continued

United States and the Russian Federation sign the PMDA as amended by the 2010 Protocol, imm
tion is removed as an option for U.S. disposition of surplus plutonium.

Disposition of Surplus Pu Working Group report (DOE 2014b)
Reviewed options for plutonium disposal as the costs of the MOX plant were increased significant
options were evaluated:

Option 1: Irradiation of MOX Fuel in Light Water Reactors (LWRS);

Option 2: Irradiation of Plutonium Fuel in Fast Reactors;

2SWLRQ ,PPRELOL]DWLRQ &HUDPLF RU *ODVV )RUP ZLW
Option 4: Dilute[Downblending] and Disposal; and,

Option 5: Deep Borehole Disposal.

A Key Point Summary listed Option 4 as the least expensive and having the least risk as comparg
other alternatives. The assessment acknowledged that the PMDA would neeehiegotiated and the
capacity and scope of the mission at WIPP would need to be expanded.

AeroSpace and Red Team Reports, independent review of April 2014 Workings@sgssment with
focus on Options 1 and 4 (MOX and Dilute and Dispose)

Supplemental EIS-0283S2
Final supplemental SPD EIS considered disposal options fopihensplus plutonium

ROD SPD EIS0283
Decision to dispose of 6 MT nggit surplus plutonium through dilute and dispose at WIPP

“Blending for disposal at WIPB a proven process that is ongoing at SRS for disposition of plutonit
material... .” (DOE 2016c, p. 19591)

CH-TRU volume is estimated to be between 15,000 and 17,800 m

Russian Federation President Vladimir Putin announces suspension of the PMDA

obiliza-

ly

K +LJK /HY

¢d to the

Im

<]

2) it is not clear whether the processing plans and facilities to be used for dispositioning 34 MT of
surplus plutoniunare similar enough to those for the 6 MT considered in the 2015 Supplemental

EIS.

3) the assumptions that were made, the preferred alternatives identified, and the facilities at which the
processes would take place when the original PEIS (DOE 1996a, seelBbaa: changed sig-

Additionally, there may be other EISs and RODs tied to the facilities to be used for thN & di-

nificantly.

lute and dispose process that might also need to be updated or created.
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FINDING 6: Based on limited information regarding the NEPA strategy for the dilute and dispose progr
the fact that DOENNSA's dilute and dispose plans derive from a similar program managed byERQ& dilute
and dispose of 6 MT of surplus plutonium, the cottesi finds that a full programmatic environmental imgact
statement (PEIS)f the dilute and dispose option, encompassing all sites, transportation, and activities ipvolved
in the dilute and dispose process rather than a supplemental EIS would helpfenpoopér scope and scale|of

the proposed change. As much as 42.2 MT of surplus plutonium is being considered for disposal at WIPP, includ-
ing 34 MT related to the PMDA. This represents the majority of the United Sdatelared excess plutonium anhd
its processing would stress the sites, transportation, and activities well beyond the current disposition plans for 6
MT.

3.3 DILUTE AND DISPOSE IS NOT AN APPROVED METHOD FOR
ELIMINATING SURPLUS PLUTONIUM IN THE PMDA

The committee was asked to evaluateiadility of DOE-NNSA'’s dilute and dispose conceptual
plans to support U.S. commitments under the PMDA. In its assessment, the committee compared both the
technical and procedural requirements of the amended PMDA (DOS 2010).

In its technical assessmengrbers to plutonium recovery were considered by the committee and
referencing the 1994 NAS report which developed the “spent fuel standard” (see Chapter 2). The current
PMDA-approved method of disposition is the MOX fuel option that includes irradiatiameéactokvould
provide the following barriers for reuse in weapons:

1) Chemical: Oxidation of the plutonium metal, and dilution of the oxidized plutonium with uranium
oxide (UQ) to form MOX fuel.

2) Isotopic: The plutonium239 isotopic composition is stefl during irradiation by the fission of
plutonium239 and-241 and by the transmutation of plutoni230 to 240, plutonium240 to
-241, and plutoniur241 to-242. The ratio of plutoniu240/plutonium239 would be increased
to at least 0.1 giving an in@se in neutron generation making the plutonium much more difficult
to use for production of normal weapons.

3) Radiation: Irradiation in a reactor creates a radiation barrier sufficient to bemsaéicting for
decades.

4) Physical: The weight and siZzéof a nuclear fuel assembly is sufficieatrequire speciahandling
equipment for processing.

The dilute and dispose option provides the following barriers:

1) Chemical: Oxidation of the plutonium metal and dilution of the plutoniB®® with a classified
dry-blended adulterant using classified methods, and

2) Physical: Packaged into a stainless steel pipe within-g&®on drum (see Figure 3s) and dis-
posed of in a deep gmgic repository (WIPP).

As compared to the MOX option, the dilute and dispose option does not require additional processing steps
and remote and special handling equipment to recover the plutonium due to the lack of isotopic, radiation,
and physical (e., due to weight and size of the waste) barriers.

A 1994 NAS report which outlined the spent fuel standard makes two statements relevant to the dilute
and dispose approach. An assessment of the chemical barrier is provided (NAS 1994, p. 148):

Chemicalbarriers alone, such as diluting the plutonium or combining it chemically with other ele-
ments, will not be sufficient to match [the combination of] chemical, radiological, and isotopic barri-
ers, and therefore cannot meet the spent fuel standard.

23A fuel assembly consisting of ~200 rods and 12 feet long is over ZhiIs/www.nrc.gov/materials/fuel-
cyclefac/fuetfab.htmlfor LWR fuel assemblies).
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And its asessment of the physical barrier of deep geologic storage through boreholes (NAS 1994, p. 16):

Plutonium in such boreholes would be extremely inaccessible to potential proliferators, but would be
recoverable by the state in control of the borehole site.

The 1994 committee assessed disposition options for meeting the spent fuel standard that included
both chemical and radiological barriers or chemical and substantial physical barriers but does not review a
dilute and dispose option as proposed by ENNESA.

The PMDA does not reference the 1994 NAS report but the means for dispositioning the surplus
plutonium outlined in the agreement, irradiation of MOX fuel in nuclear reactors, met the spent fuel stand-
ard. As discussed below, there is no indication that the process for modifying the current PMDA has not
been initiated so there is no official response by the Russian Federation. However, the Russians expressed
concerns over an “immobilization only” approach for the 34 MT as discussed in the ROD which moved the
U.S. program to a MOX only disposition approach:

Russia does not consider immobilization alone to be an acceptable approach because immobilization,
unlike the irradiation of MOX fuel, fails to degrade the isotopic composition of the plutonium. Russia
has contended that the United States could easily obtain plutonium by removing it from the immobilized
waste form in the event of a desire to reuse the plutonium for nuclear weapons. Because selection of an
immobilization only approach would lead to loss of Russian interest in and commitment to surplus plu-
tonium disposition, DOE is of the view that if only one disposition approach is to be pursued, the MOX
approach rather than the immobilization approach is the preferable one. (DOE 2002, p. 19434)

The comnittee also reviewed the procedural requirements of the PMDA. Article Il of the PMDA Addi-
tional Protocol 2010 specifies the means that are to be used by the United States and the Russian Federation
for dispositioning 34 MT of surplus plutonium:

Dispositin shall be by irradiation of disposition plutonium as fuel in nuclear reactors; or any other
methods that may be agreed by the Parties in writD@S 2010, p. 4, Article IlI)

Article XlII of the PMDA Additional Protocol 2010 also specifies how the agesd can be amended:

This Agreement may only be amended by written agreement of the Parties, except that the Annex on
Key Program Elements may be updated as specified in paragraph 5 of that Annex. (DOS 2010, p. 10,
Article XIII)

To the committe’ss knowlalge, the United States has not notified the Russian Federation in writing about
its plans to pursue the dilute and dispose process in place of MOX. However, the Russian Federation gov-
ernment is aware of DOEg desire to use dilute and dispose to disposBbmMT of surplus plutonium.
Russian Federation President Vladimir Putin raised concerns in an April 2016 meeting with journalists
about the United Statease of the dilute and dispose process for dispositioning surplus plutonium under
the PMDA:

[...][ Black in the early 2000s, the Americans and we agreed on destroying wempdagplutonium.

[...] Each side had 34 tonnes. We signed this agreement and settled on the procedures for the mate-
rial’s destruction, agreed that this would be done on an in@dlibtisis, which required the construc-

tion of special facilities. Russia fulfilled its obligations in this regard and built these facilities, but our
American partners did not.

Moreover, only recently, they announced that they plan to dispose of theirwdatedrhighly en-

riched nuclear fuel by using a method other than what we agreed on when we signed the correspond-
ing agreement, but by diluting and storing it in certain containers. This means that they preserve what
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is known as the breakout potential, in other words it can be retrieved, reprocessed and converted into
weaponggrade plutonium again. This is not what we agreed on. Now we will have to think about what
to do about this and how to respond to this. [...] [O]ur partners should understand thaefiojs

issues, especially with regard to nuclear arms, are [where] one should be able to meethtiga-

tions. (IPFM Blog 2016)

President Putin subsequently suspended Russian implementation of the PMDA in October 2016. The U.S.
response to the Russi&ederatiohs actions are summarized in the State Departs@®18 Report on
Adherence to and Compliance with Arms Control, Nonproliferation, and Disarmament Agreements and
Commitments:

Despite Russia assertion, the PMDA allows either side to utilirgy aisposition method that is
agreed by the Parties in writing (Article 111.1). Neither side is in violation of the PMDA and neither
side has begun implementation of its disposition program. Changing the U.S. method to-dilution
burial, however, would allowhe United States to begin fulfilling the goals of the agreement more
quickly.(DOS 2018, p. 14)

Based on President Puticomments above and the stated reluctance of the Russian Federation to agree to

an immobilization only option (DOE 2002), it could be difficult for the United States to get written approval

from the Russian Federation for implementing the dilute and slispiacess in place of MOX. Of course,

the United States could, as a matter of policy, pursue dilute and dispose outside of the PMDA framework.
In the context of current events including uncertainty about the future of the InterniRaligie

Nuclear Fores (INF) Treaty between the U.S. and the Russian Federation, a renegotiation of the PMDA

may not be a reasonable néamm expectation. The committee recognizes that changing United-States

Russian Federation relations may de facto alter the applicalilityeoPMDA's plutonium disposition

criteria to the proposed dilute and dispose method. However, the committee does not see any evidence that

the PMDA criteria are not applicable to the proposed dilute and dispose method and notes that the existing

PMDA does not recagze dilute and dispose as an acceptable method of disposition. NotabhN RS

recently revised the dilute and dispose program requirements document; the updated text no longer men-

tions the PMDA as justification for the program (DOE 2018d).

FINDING 5: The dilute and dispose option for surplus plutonium disposition is neither recognized nor a
by the existing PMDA. Irradiated MOX fuel containing the surplus plutonium is the currently approved disgosition
option for plutonium within the PMDA and & option that is consistent with the standard established with|com-
mercial spent fuel (i.e., that the plutonium would be as inaccessible for recovery for reuse in weapons by the host
state as if it were in spent fuel or the “spent fuel standard”). Disposition options that use chemical barriers alone
such as dilution or combining plutonium with other elements do not meet this standard. The physical harrier of
deep geologic disposal is offered by the DOE as a necessary barrier to meet the intent of thélBWHYAL,
emplacement of diluted plutonium in WIPP remains recoverable by United States.

3.4 ASSESSMENT OF CONCEPTUAL PLANS AND PUBLIC OUTREACH

The DOENNSA is in the early stages of development for a proposea&0program. Congress has
appropriatedunds only for initial planning and cost estimation activities. BXINESA aims to advance
from Critical DecisiorO (CD-0) to CD1 by 2019 (see Figure2-where CB1 “marks the completion of
the project definition phase and the conceptual design” (DOE 20165p.Therefore, a large number of
details and risks of the dilute and dispose plan are yet to be determined, many of which are too early to
accurately estimate or identify. Additionally, the decision to move to dilute and dispose for the 34 MT under
the PMDA is politically charged. It is coupled to the decision to cancel the MOX plant. Moreover, Russian
Federation concurrence with this change has not been resolved.
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Although some details may be undetermined at the early stage of program develofer&egrithat
public and statédevel engagement will be important to the success of the program (see Finding 3 and Rec-
ommendation 2). The dilute and dispose conceptual plans rely on significant permit modifications for WIPP
operations to be approved by the State of New Mexico. The process is likely to require periods of public
comments. Also, the large number of transports of weag@atke material and diluted plutonium waste
between New Mexico and South Carolina are likely to raise public concern. Tiggrahmission of WIPP,
if the dilute and dispose option were to be fully implemented, has also been raised as a concern by the
public (Anastas 2018, Chaturvedi 2018). Finally, a significant portion of the proposed program relies on
access to classified imfimation, material, and assessments, many of which are under development at this
early stage of the prograthFor these reasonsthe continued evolution of the classified plans and the
classified list of the constituents of the adulteratiitis committee wasinable to judge the whether the
adulterant would add any additional hazards to WHPP.

FINDING 7: DOE-NNSA does not have a well developed public outreach plan for the host sites for procg
for the transportation corridor states and tribes (i.e.cthirent plan is to follow public input requirements defined
by NEPA) for the dilute and dispose program.

CONLUSION 2: Public trust will need to be developed and maintained throughout the lifetime of the dily
dispose program because several permit modifications and potential changes to legislation will be required. These
changes will require assuring the regulators and the public of the safety and security of the DOE plans. This is
particularly challenging for the dilute and dispose program because of several factors: security classification of
aspects of the planning (constituents of the adulterant, processingssteysty and safeguards assessments);
early stage of program development with changes likely to occur as more information is known; and potential
impacts that cross many states and DOE sites.

Independent technical review of DGEplans could improve DBE)s plans, actions, and decisions
while increasing public trust. In 1981, the establishment of an independent technical review group, Envi-
ronmental Evaluation Group (EEG), was required as a result of a Stipulated Agreement between the State
of New Mexico, DOE, and the Department of the Interior. EEG was disbanded in 2004 due to lack of
funding2®

24A subgroup of this committee with the appropriate clearances has been briefed on the classified draft dilute and
dispose assessments and plans but the assessments and plans are not yet final.

25The 2017 special inventory report includes thestituents of the adulterant and is presumably part of Sandia
National Laboratoriegperformance assessment (LANL 2017).

%The EEG was established with federal funding in 1978 to provide an independent technical review of the nu-
clear waste repository proged for salt beds in New Mexico. In 1981, the State and DOE settled the lawsuit filed by
then Attorney General Jeff Bingaman. This set the stage for the Stipulated Agreement, and accompanying docu-
ments, to respect New Mexicoconcerns. The Stipulated Agraent makes reference to the Consultation and Co-
operation (C&C) Agreement. Article X of the C&C Agreement states:

The parties recognize that in order for the State to comment and make recommendations under this Agreement it
must have adequate resourcesaory out an independent review of WIPP. DOE shall continue to assist the State in
obtaining the resources necessary for the State to undertake a meaningful independent review of the public health
and safety aspects of WIPIROE 1988, p. 12)

The DOE recognizes the Statelesire to continue the State review capability and further agrees to negotiate for
an appropriate State review capability independent of D.O.E. beyond 1985 for the full operational life of WIPP

through and including the decontamiratiand decommissioning stages and qopsrational stages of WIPP
(DOE 1988, p. 29).
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The Supplemental Stipulated Agreement that established EEG was clear that an independent technical
review group be created for “the full operational life of WIRRugh and including the decontamination
and decommissioning” (DOE 1988, p. 29). Section 1433 of the National Defense Authorization Act for
Fiscal Year 1989, as originally written, identified the roles and responsibilities of the organization and
provided New Mexico with assurance of the independence of the §rRgeently, the Energy and Water
Development Appropriations Bill for Fiscal Year 2648as language calling for independent technical
review. Since New Mexico will be the recipient of the dilutdatgnium waste and New Mexit® Envi-
ronmental Department will review DO& permit modification requests, an independent technical review
organization representing New Mexisaoncerns could increase the robustness of DOE plans as well as
increase publicrtist in them.

RECOMMENDATION 3: If the dilute and dispose option becomes the program of record, the com
strongly suggests that DOE consider reinitiating the Environmental Evaluation Group, as an independent|technical
review organization that can mgsent the concerns of the state of New Mexico, throughout the lifetime of the

dilute and dispose program. Members of the technical review organization would need to be technically gualified
to address the health and safety issues and a subset would ase tlearances or access authorizations| that

will allow thorough review of classified plans as they evolve and provide assessments of the dilute and dispose
process.

As noted above, the dilute and dispose plan has many critical components thaffeatioualic
health, safety, and security but are classified including: details on the chemical nature of the adulterant,
evaluations necessary to terminate safeguards of the diluted plutonium oxide, analysis of the criticality
risks, and security planninigr the transportation of diluted plutonium oxide waste across much of the
southern United States. In particular, the transportation plans could affect members of the public outside of
New Mexico. As the classified aspects of the dilute and dispose program plans mature, an independent
technical group with appropriate clearances could improve the planning and increase trust across the south-
ern states including South Carolina where the diluted plutonium waste will be stored until it is shipped to
WIPP for dsposition.

The classified aspect of the adulterant leads to other complications. Negotiating a new method of
disposal with the Russian Federation is likely to be hampered or at least complicated by tkecleesof
fied adulterant. Further, WIPP opeats are not designed to handle classified information although the
committee was told that small volumes of classified TRU waste have been disposed previously. The prec-
edent set could have larger policy concerns when and if other countries agree tbahggaginium using
dilute and dispose.

RECOMMENDATION 4: In addition to and separate from the independent review organization represen
State of New Mexico described in Recommendation 3 periodic classified reviews for Congress by a team of inde-
pendent technical experts should be required until classified aspects of the dilute and dispose plan including the
safety and security plans are completed and implemented. Sincs plais and decisions are expected to mature

and evolve these independent reviews would provide a mechanism to review classified aspects of the program and
would improve public trust in those decisions.

2’National Defense Authorization Act for Fiscal Year 1988, P.L-486, 102 Stat. 1918124 (1988).

285 R. 115258, 115 Cong (2018) requires DOE to submit a report iye2019 to include “acquiring independ-
ent scientific and technical review of dilute and dispose processes and waste forms to ensure compliance with waste
acceptance criteria...” (p. 111). The bill has been approved by the Senate Appropriations comnmitiethbut
broader Senate or House.
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3.5 QUESTIONS FOR DCE-NNSA

The present committee was charged by the U.S. Congress with evaluatinNI&Es plans for
disposing of 34 MT of surplus plutonium to support the requirements of the PMDA. The committee is still
gathering information to complete this task. The comm#teemments, observations, and findings in this
Interim Report led the committee to develog t#ollowing three question sets, directed primarily at
DOE-NNSA. Answers to these questions may result in changes in the correriiteéreport to the pre-
liminary findings, conclusions, and recommendations.

1. WIPP Disposal Capacitypoes DOENNSA agree that WIPB current statutory and physical dis-
posal capacity is a barrier to implementation of the dilute and dispose process for dispositioning
34 MT of surplus plutonium? If not, what data and analyses are \IXIFA using to support its
alternative conclsion? If so, what are DONNSA and the larger DOE planning/doing to ensure
that there is available repository space to dispose of all 34 MT of diluted surplus plutonium and to
avoid surface storage of diluted plutonium? What, if any, legal or legislative changes are required
to ensure the availability of disposal space in WIPP for disposing of 34 MT of surplus plutonium?
If WIPP becomes temporarily unavailable due to an unforeseen closure, what are the plans for the
dilute and dispose program? How does the conceptual plan change if permit modifications (i.e.,
changes to the calculation of the volume of record, physical expansion of WIPP, or life extension
of WIPP) are not approved?

2. Environmental Impact Statemenktow many and what kinds of environmental impact statements
are currently associated with the dilute and dispose program? Which ones will need to be updated?
How will they be updated (i.e., supplemental EIS versus programmatic EIS)? What are the
timeframes for completing these updates? Regardless of the type of EIS prepared, what are DOE
NNSA'’s plans to incorporate transportation safety and security risks into the NEPA process?

3. WIPP ComplianceWill the disposal of 34 MT of diluted plutonium in WIPP require changes to
WIPP s Provisional Compliance Rertification Application or to the EPA certification of WIPP?
If so, what changes will be required, and how difficult (time, costs) will those changes be to im-
plement? What is the timeframe for starting the application process?

The committee hopes to alih detailed answers to these questions from IDIBESA prior to the comple-
tion of the final report from this study.
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Wesern Ontario, and masterand doctorate degrees in physics and an honorary doctor of science degree
from McMaster University. He also holds an honorary doctorate frasnilzersité de Montréal.

Committee Members

Lisa M. Bendixenis an expert in hazardous materials risk and safety and has addressed risk management,
risk assessment, security, and resilience challenges across numerous industries, for fixed facilities as well
as transportation systems. She is a vice president até@Bulting on critical infrastructure security and
resilience, mission assurance, and other risk management issues with the Departments of Defense, Energy,
and Homeland Security. She served on the Transportation Security Panel for the National Reaearch Co
cil’s (NRC) reporiMaking the Nation Safer: The Role of Science and Technology in Countering Terrorism
and was on the NRC committee that produced the report Terrorism and the Chemical Infrastructure: Pro-
tecting People and Reducing Vulnerabilities as agkeveral other national committees focusing on trans-
portation risks, including spent fuel. She was the project manager and primary author of the Guidelines for
Chemical Transportation Risk Analysis, published by the American Institute of Chemical &8gien-

ter for Chemical Process Safety and served on the tem¢ehnical steering committee. Her work with

DHS has included lonterm support on critical infrastructure security and resilience, including several
versions of the National Infrastructure Protection Plan, development and implementation of the Chemical
Facility Anti-Terrorism Standards, and strategic and policy support to the Office of Infrastructure Protec-
tion. She has supported DOE on work related to grid security, from natural hazasdiversarial threats.

She is also actively supporting DOD on critical energy and communications infrastructure. She has played
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leading roles in several safety and risk associations. Ms. Bendixen holds a S.B. in applied mathematics and
an M.S. in operationsesearch from the Massachusetts Institute of Technology.

Michael S. Bronziniis Dewberry Chair Professor Emeritus in the Volgenau School of Engineering at
George Mason University, where he also served as Chair of the Department of Civil, Environmental, and
Infrastructure Engineering. He principal and cofounder of 3 Sigma Consultants, LLC, based in Nashville,
Tennessee. Dr. Bronzini has conducted research and authored more than 250 publications on innovative
solutions to complex multimodal transportatisystems probms with a focus on freight transportation.

He was principal investigator of a project to develop model curricula for transportation of hazardous mate-
rials, for the National Academieblazardous Materials Cooperative Research Program (HMGRAgd

a study of the impacts on Tennessee and the nation of options for transportation of spent nuclear fuel to a
geologic repository that would be located in the western United States. From 1990 to 1999, Dr. Bronzini
was director of the Center for Tiggortation Analysis at Oak Ridge National Laboratory in Oak Ridge,
Tennessee, and was responsible for overseeing its interdisciplinary transportation research program. He
was professor and head of Civil Engineering at Pennsylvania State University and director of the Transpor-
tation Center and professor of Civil Engineering at the University of Tennessee. Dr. Bronzini is a National
Associate of the National Academies and has held numerous leadership positions on the Transportation
Research Board of the Natial Academies, including chair of the Inland Water Transportation Committee
and chair of the Study Committee on Landside Access to U.S. Ports and inaugural member of the HMCRP
Oversight Panel. He is currently a member of the TRB Committee on Transpasfatiamardous Mate-

rials. Dr. Bronzini has also served as a consultant and advisor to numerous private and public organizations,
including the State of Nevada Nuclear Waste Project Offitechnical Review Committee for the pro-

posed radioactive waste repository at Yucca Mountain. He received a B.S. in civil engineering from Stan-
ford University and an M.S. and a Ph.D. in civil engineering from Pennsylvania State University.

George E. Dialsresigned his executive position with Babcock & Wilcox Corporatiomid-2014 and

returned with his wife Pamela to their home in Santa Fe, New Mexico. For several months, he served as a
senior executive advisor to the director of Los Alamos National Laboratory in an established position as
director of the Strategic Improment Office, charged with enabling implementation of the recently pub-
lished Los Alamos National Laboratory Strategic Plan. In May 2015, Mr. Dials accepted the position as
president and CEO of Pajarito Scientific Corporation (PSC) in Santa Fe, New MdiéntivE September

1, 2017, in order to focus on a number of other family and business interests, he resigned his position as
president and CEO of PSC and accepted a role as senior advisor to and member of the board of directors of
the company. Mr. Dialscareer spans four decades in energy, national security, waste management, and
nuclear technology programs. He has held leadership positions in national security and waste management
corporations, and at the Department of Energy. Previously, Mr. Dials resisignt of B&W Conversion
Services, LLC (BWCS), and served as project manager for the Depleted Uranium Hexafluoride (DUF
Conversion Operations, the first-its-kind nuclear operation in the United States. Mr. Dials directed the
BWCS Lexington project office and is the dayday interface with the Department of EnésgyDOE)

federal project director. He also directed operations at the conversion plants in Piketon, Ohio, and Paducah,
Kentucky. He joined B&W Y12 Nuclear Weapons Complex, LLC in 2006, serving as president and CEO,
where he managed a $1.2 billion annual budget and more than 4,600 employees, lé&tlthgovigh a

period of improvement initiative restorations and new builds, restored the facilities to full production
capabilities and ggrations. Previously, Mr. Dials held executive leadership positions atDdste dis-

posal facilities, which included WIPP and Yucca Mountaioeations designed to safely manage waste

from nuclear operations. He was president and COO of the privatelydoWwaste Control Specialists,

LLC, operating the hazardous waste disposal facility, and managing licensing clevébwadioactive

waste treatment and storage facility. Formerly, he oversaw design, engineering, and scientific studies of the
Yucca Mountan Project as president and general manager of TRW Environmental Safety Systems, Inc., a
DOE management and operating contractor. As a member ofsD&Rior Executive Service, Mr. Dials

was manager, Carlsbad Area Office, responsible for WIPP and the &latramsuranic Waste Program.
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He also served as Idaho Operations Office Assistant Manager in Idaho Falls. Career awards include the
U.S. DOE Exceptional Service Medal, 1998; New Mexico Distinguished Public Service Award, 1998;
American Nuclear Society Fellv, 2006; Waste Management Symposia Wendell D. Weart Life Time
Achievement Award, 2012; Worldwide WoWho Executive; and Nuclear Fuel Cycle, 2013. During his
military career, Mr. Dials served in multiple leadership roles, including an assignment agaay Mil
Research Associate to the Los Alamos National Laboratory; Special Weapons Plans Officer, United Na-
tions Command/U.S. Forces Korea, South Korea; and company commander of a combat infantry company,
South Vietnam. Military decorations include a Sil&ar, four Bronze Stars, and two Air Medals awarded

for combat operations in Vietham. Mr. Dials holds a B.S. in engineering from the U.S. Military Academy
at West Point, an M.S. in nuclear engineering and an M.S. in political science from the Massachusetts
Institute of Technology.

Leonard W. Gray retired from E.O. Bwrence Livermore National Laboratory (LLNL) in 2005, has
50-years’ experience in the chemistry, engineering, and physics of plutonium processing. He began his
career in 1966 at the SavannalidRiSite with assignments in botkAtea Canyon (high enriched uranium

235, neptunium, and lowssay plutoniur238 recovery) and-Area Canyons (solvent extraction of Ura-

nium and plutonium), B-Line (Plutonium Finishing), HB Line (neptunium and plutoniw®38 finishing)

and FA-Line (Uranium Finishing). After an educational leabfeabsence to obtain his Ph.D., he was as-
signed to the Savannah River Laboratory with assignments in the Analytical Chemistry Section where he
was the lead chemist for chemicaldnsics of process upsets and then in the Separations Chemistry Section
where he was responsible for developing processes for reactor spent fuels labelleprasassable. He

then was the lead chemist for the aqueous recovery of many tons of plutenaygmesidues which had
collected at the Rocky Flats Site; this was a railé program which assigned various Rocky Flats pluto-
nium scraps to Los Alamos, Hanford, Savannah River and Rocky Flats where these scraps best fit into their
respective plutonium recovery operations. He was then transferred to the Savannah River Plant Site to
oversee the Separation Technology Laboratory with responsibilities over all chemical unit operations
(HEU, Np, low assay RPA38, Am241, Cm244, WGPu, depleted U) infand HAreas; here he continued

to work with the Rocky Flats Plant Site to develop a process for the recovery of plutonium and americium
from chloridecontaining aged plutonium scraps. In 1988, he transferred to the Lawrence Livermore Na-
tional Laboratory to leathe chemical processing portion of the Laser Special Isotope Separations Program.
His previous chemical forensic work at Savannah River Laboratory resulted in an invitation to visit the
Russian Tomsk Processing site to aid in the investigation of amdaot similar to one that had occurred

at Savannah River. Before retirement he was the chief scientist for tARUsSan Plutonium Disposition
Program; this played a major role in the-B8ssian Agreement for each country to dispose of approxi-
mately 35metric tons of excess weapogisde plutonium in methods that would prevent their return to a
weapons program. His assignments have taken him to nuclear facilities in Australia, China, France, Eng-
land, Russia, and Scotland. He has won numerous awards ¥eoitk in chemical forensics and plutonium
processing science. These include Award of Excellence for Significant Contributions to the Nuclear Weap-
ons Program (his team was the first team at Savannah River to be awarded the Award of Excellence by the
diredor of Military Applications) and he is the only recipient from LLNL to be awarded the Glenn T.
Seaborg Actinide Separation Award. He also served on the Chemical Safety Committee of the American
Chemical Society. Dr. Gray remains active in retirement,imoing to mentor young scientists, having
served as chief scientist for the safeimentory and shutdown of the LLNL Heavy Element Facility and
having authored the recent Official Use Only publication “Worldwide Plutonium Production and Pro-
cessing.” He psently serves as chairman of the Plutonium Experts Panel for the National Technical Nu-
clear Forensics Center of the Department of Homeland Security. Dr. Gray received his Ph.D. in inorganic
chemistry from the University of South Carolina in 1972, his.Nh&hemistry from Texas Technological
College in 1967, and his B.S. in chemistry from the New Mexico Institute of Mining and Technology in
1964, and his A.A. from Middle Georgia College in 1961.
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Michael R. Greenbergstudies environmental health andkranalysis. He was interim dean and is Distin-
guished Professor of the Edward J. Bloustein School of Planning and Public Policy, Rutgers University. He
has written more than 30 books and more than 300 articles. His most recent books are Protecting Seniors
Against Environmental Disasters: From Hazards and Vulnerability to Prevention and Resilience
(Earthscan, 2014), Explaining Risk Analy&arthscan, 2017), Urban Planning & Public Heal&PHA

2017), and Siting Noxious Facilitié€Sarthscan, 2018). He has been a member of National Research Coun-
cil committees that focus on the destruction of the U.S. chemical weapons stockpile and nuclear weapons;
chemical waste management; degradation of the U.S. government physical infrastructure; and sustainability
and theU.S. Environmental Protection Agency. He chaired the committee for the appropriations commit-
tees of the U.S. Senate and House to determine the extent that the U.S. DOE emphasizes human health and
safety in its allocations for remediating former nuclear weapons sites. He served as area editor for social
sciences and then ediimr-chief of Risk Analysis: An International Journdurring the period 2002013

and continues as associate editor for environmental health for the American Journal of Public Health.
Professor Greenberg graduated with a B.A. from Hunter College with concentrations in math and history
and an M.A. in urban geography and a Ph.D. in environmental and medical geography from Columbia
University.

David W. Johnson, Jr., is the retired diremt of materials research at Bell Laboratories, Lucent Technol-
ogies, a retired editen-chief for theJournal of the American Ceramic Sociatyd former adjunct profes-

sor of materials science at Stevens Institute of Technology. His research activitidedrfabrication and
processing of glass and ceramics with emphasis on materials for electronic and photonic applications. He
is a member of several professional societies, including a fellow, distinguished life member, and past pres-
ident of the American €&amic Society. Dr. Johnson won the Taylor Lecture Award and the Distinguished
Alumni Award from Pennsylvania State University, the Ross Coffin Purdy Award for the best paper in
ceramic literature, the Fulrath Award, the John Jeppson Award, the OrtomelAatard from the Ameri-

can Ceramic Society, and the International Ceramics Prize for Industrial Research from the World Academy
of Ceramics. He is a member of the National Academy of Engineering and the World Academy of Ceram-
ics. He holds 46 U.S. patentsdahas published numerous papers on materials sciences. He earned a B.S.
in ceramic technology and a Ph.D. in ceramic science from Pennsylvania State University.

Annie Kersting is director of University Relations and Science Education at the Lawrencembine

National Laboratory (LLNL). She develops and oversees a broad range of university research collaborations
and technology programs and initiatives that advance the mission and vision of LLNL. Dr. Kenging
search interests include the fields adicchemistry, isotope geochemistry, and environmental chemistry.
She manages an active research group in environmental radiochemistry focused on understanding the bio-
geochemical processes that control actinide (U, Pu, Np, Am) transport in the envirdnnpamticular,

she is interested in identifying the processes that control plutonium interactions on the molecular scale with
inorganic, organic, microbial surfaces in the presence of water with the goal to reliably predict and control
the cycling and mobty of actinides in the environment. Dr. Kersting previously served as the director of
the Glenn T. Seaborg Institute in the Physical and Life Sciences Directorate, where she focused on devel-
oping research collaborations between LLNL and the academic woityrin environmental radiochemis-

try, nuclear forensics, and super heavy element discovery. Dr. Kersting was a board member of the Nuclear
and Radiation Studies Board, National Research Council, 20149;and a committee member of the Com-
mittee for the Echnical Assessment of Environmental Programs at the Los Alamos National Laboratory,
National Research Council, from 2006 to 2007. She served on the Environmental Management Sciences
Program Review Panel of the U.S. Department of Ensr@ffice of Science in 2006, and as a scientific
advisor on the Actinide Migration Committee for Rocky Flats from 2000 to 2003. Since 2013, she has
served as an associate editor of Geochimica et Cosmochimicaidaa?013. She currently chairs the
Environmental ProtectioAgencys SAB Radiation Advisory Committee. In 2016, she was awarded the
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Francis P. Garvadohn M. Olin Medal from the American Chemical Society for excellence in chemistry,
leadership, and service. In 2017, she was awarded the Secretary of £Aelgyvement Award for con-
tributions to the department and the nation for serving on the Technical Assessment Team. She holds a B.S.
in geology and geophysics from the University of California, Berkeley, and an M.S. and Ph.D. in geology
and geophysics from the University of Michigan. She was a postdoctoral fellow in the Institute of Geo-
physics and Planetary Physics at LLNL from 1992 to 1995.

M. David Maloney is Technology Fellow, Emeritus, at Jacobs Engineering Group (formerly CH2M),
AerospaceFechnologyEnvironmentNuclear business line, providing support to operations at DOE nu-
clear sites by identifying, developing, and deploying new technolegretuding waste, nuclear material,

and used fuel managemeHtp reduce the costs and schedule of decommissiomnggdiation, and clo-

sure. At Rocky Flats and Hanford, both plutonium mission sites, he partnered with the Department of En-
ergy, Office of Environmental Managemgi@OE-EM) Science and Technology Program to create a
risk/costshared approach that became a model and a congressionainifa ithe weapons complex that

saved over $350 million. This work involved waste material conditioning/treatment, packagingcassay
tification, and shipping to other sites for future processing and to WIPP for disposal. Dr. Maloney patrtici-
pated in workshops on Total System Performance Assessment models for the U-BeudigiVaste

(HLW) repository and on the UK Radioactive Waktanagement Directorate waste form/packagefnear
geoenvironment integration for the UK Higlevel Waste/Intermediateevel Waste Repository. He also
managed the-gear National Nuclear Security Administration (NNSA) Initiatives for Proliferation Preven-
tion project with the Russian Academy of Sciences and the PA Mayak production and storage site investi-
gating ceramics for waste form and cask applications. For 2 years he served as assistant to the general
manager, Energy and Environment Programs, at Argonrierfdat.aboratory where he focused on tech-
nology transfer to industry. He has participated in several National Academies of Science study panels from
1997 to date supporting DGEM and NNSA inquiries. Dr. Maloney has a Ph.D. in Physics from Brown
University. His research associate work was at the Institute for Experimental Nuclear Physics, Karlsruhe
Institute of Technology and Kernforschungszentrum, Germany.

S. Andrew Orrell is the section head for Waste and Environmental Safety at the International Atomic
Energy Agency (IAEA) where he is responsible for the development and promulgation of internationally
accepted standards, requirements, and guides for the safe management of radioactive waste and spent fuel,
decommissioning, remediation, and environmentahitoring. In addition, Mr. Orrell oversees the plan-

ning and execution of support to the IAEA Member States for the implementation of the IAEA Safety
Standards, and the Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radio-
active Waste Management. Prior to joining the IAEA, Mr. Orrell was the director of Nuclear Energy Pro-
grams for Sandia National Laboratories, where he was responsible for laboratory development initiatives
involving all facets of the nuclear fuel cycle. He pdwd executive leadership for Saridihead Labora-

tory for Repository Systems program, managing the completion of thelpsate performance assessment

and safety case for a license to construct the natfoat geological repository for higlevel nuckar waste

at Yucca Mountain. Prior to working on Yucca Mountain, he managed site characterization programs for a
deep geological repository for transuranic waste at the Waste Isolation Pilot Plant, and developed transpor-
tation optimizations for the Natioh@iransuranic Waste Management program. With over 25 years of pro-
fessional experience in nuclear fuel cycle and radioactive waste management for the United States and
several international programs, Mr. Orrell is versed in the complex interdependensiesnbeticlear en-

ergy development, waste management, decommissioning, remediation, and disposal. Mr. Orrell routinely
advises government and industry leaders on the technical and policy implications of radioactive waste
management, including repository dyament and licensing, national policy development and regulation,

site characterization, and safety case development, storage, transportation, and the securing of public
confidence.

200

Copyright National Academy of Sciences. All rights reserved.



Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Appendix H

William C. Ostendorff (U.S. Navy retired) joined the Naval Acadeémypolitical Science Department as

the Class of 1960 Distinguished Visiting Professor in National Security in August 2016. Captain Ostendorff
has been confirmed by the U.S. Senate on three occasions to serve in senior administration posts in both
Republicanand Democratic administrations. He served as principal deputy administrator at the National
Nuclear Security Administration (NNSA) in the Bush administration (ZB009) and as a commissioner

at the U.S. Nuclear Regulatory Commission (U.S. NRC, 2l®)in the Obama administration prior to

joining the Naval Academy faculty. At the U.S. NRC, Commissioner Ostendorff was a strong proponent of
regulatory technical competence. He was considered by many to be a key leader on the Commission in the
areas of posFukushima regulatory decision making and in both physical and cyber security of commercial
nuclear facilities. During his more than 6 years as a commissioner, he testified before Congress on 26
occasions and gave over 180 speeches in the United Stataraad on nuclear safety and security. At
NNSA, Captain Ostendorff served as central technical authority for nuclear safety and as chief operating
officer of the agency. He played a significant leadership role in developing the future vision for the nation’
national security laboratories and in evaluating options for nuclear weapons complex modernization. From
2003 to 2007, he was a member of the staff of the House Armed Services Committee. There, he served as
counsel and staff director for the Strategic Forces Subcommittee with oversight responsibilities for the
Department of Energg Atomic Energy Defense Activities as well as the Department of Defesisace,

missile defense, and intelligence programs. He served as staff chair for dozens of hearings at both the sub-
committee and full committee level including highly visible hearings on the 9/11 Commission, the Weapons
of Mass Destruction Commission, and other hearings associated with U.S. strategic forces. Captain
Ostendorff was an officer in the U.S. Navy from 1976 until he retired in 2002. Entering the Rickover
Nuclear Navy, he served on six submarines. During his naval career, he commanded a nuclear attack sub-
marine and a nuclear attack submarine squadron and served as director of the Divisitewfaltiics and

Science at the U.S. Naval Academy. His military decorations include four awards of the Legion of Merit
and numerous unit and campaign awards. He earned a b&gluglgree in systems engineering from the

U.S. Naval Academy, a law degree from the University of Texas, and a masteternational and com-
parative law from Georgetown University. He is a member of the State Bar of Texas.

Tammy C. Ottmer is a nationallyrecognized expert in nuclear waste transportation safety. She was
appointedo her position as Colorado Waste Isolation Pilot Plant (WIPP) program manager by the Governor
of Colorado. In addition, she was delegated additional responsibility as manager over Nuclear Materials
Transportation Oversight by Colorado State Patrol, including collaborative planning with shippers and car-
riers intending to move radioactive materials and nuclear waste through Colorado, the western region, and
across the nation. She continues to design, develop, implement, and oversee nuclear materidigitvtanspo

for new transportation campaigns utilizing the WIPP program as a model. A primary focus area continues
to be the full implementation of the Western Governdissociation/U.S. Department of Energy (DOE)
Cooperative Agreement for the Transportation of Transuranic Wastes. She works at regional and national
levels to innovate approaches to ensure the safe transportation of transuranic materials, highway route con-
trolled quantities, higtevel radioactive waste as well as commercial spent nuclear fuel shipments in the
distant future, whether to interim storage or permanent disposal. Ms. Ottmer has chaired committees char-
tered to update internal DOE manuals and then integrate them into the internal DOE Order system. These
Orders have a direct correlatitm safe transportation when they are incorporated into DOE Requests for
Proposal for new contracts across the nation. Ms. Ottmer serves as advisor to the governor on nuclear
transportation matters including the spent commercial nuclear fuel stored atttBaiRt Vrain Independ-

ent Spent Fuel Storage Installation in northern Colorado. Ms. Ottmer has had an opportunity to serve in an
international capacity. The International Atomic Energy Agency in Vienna, Austria, asked specifically for
Ms. Ottmer to servas a consultant. The mission of this consultancy was to review and evaluate interna-
tional radiological transportation safety guides. The guides concerned transportation accidents involving
radioactive materials as well as associated emergency respoagero8ided recommendations for the
revisions of these transportation safety guides. Ms. Ottmer received a B.A. from the University of Colorado
at Boulder.
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Cecil V. Parks career has spanned 40 years at Oak Ridge National Laboratory (ORNL) where he is cur-
rently director of the Nuclear Nonproliferation Division. Prior to this assignment, he served as director of
the Nuclear Security and Isotope Technology Division, director of the Reactor and Nuclear Systems Divi-
sion and director of the former Nuclear Science and Technology Division. In these senior leadership posi-
tions, Dr. Parks has been responsible for line management, strategic planning, and mission execution for
diverse R&D organizations engaged in basic and applied science and technology for the nuclear fuel cycle,
isotope production, and nuclear nonproliferation and safeguards. He has extensive experience in program-
matic business development and execution with a wide range of government agencies including the
Department of Energy (DOE), the National Mar Security Administration (NNSA), and the Nuclear
Regulatory Commission (U.S. NRC). From 1980 to 2014, Dr. Parks had project or line responsibility for
development of the SCALE code system, which is used worldwide to solve challenging problemsrin reacto
physics and depletion, criticality safety, and radiation transport. For 36 years, Dr. Parks has consulted on
technical and safety issues associated with transport and storage of fissile and radioactive material. From
1992 to 2012, he supported the U.R®and the U.S. Department of Transportation as the U.S. technical
expert to the International Atomic Energy Agency on packaging requirements and transport controls for
fissile material. Dr. Parks has been active in professional societies and a menitiatofaor leader of

various review teams chartered by the NNSA, DOE, or the U.S. NRC. Dr. Parks is the authanthioco

of over 150 technical papers, ORNL or U.S. NRC reports, and journal articles, and has been engaged in
standards development related to nuclear criticality safety. Dr. Parks has a Ph.D. in nuclear engineering
from the University of Tennessee and M.S. and B.S. degrees in nuclear engineering from North Carolina
State University. He also has a B.S. in mechanical engineering from North Carolina State University.
Dr. Parks is a fellow of the American Nuclear Society.

Matthew K. Silva served 10 years as the chemical engineer and 4 years as the director of the New Mexico
Environmental Evaluation Group until its closure in 2004. As mandated by federal law, the organization
provided an independent technical evaluation of the WIPP ptojecisure the protection of the safety and
public health of the people of New Mexico. He holds a B.S. in basic science and an M.S. in petroleum
engineering from the New Mexico Institute of Mining and Technology. Additionally, he holds a Ph.D. in
chemical engineering from the University of Kansas.

Staff

Jennifer Heimberg (study director) has been a senior program officer at the National Academies of Sci-
ences, Engineering, and Medicine since 2011. She has directed studies within the Divisions of Earth and
Life Studies (DELS) and Behavioral and Social Sciences and Education (DBASSE). Her work within
DELS’ Nuclear and Radiation Studies Board focuses on nuclear security, nonproliferation, and nuclear
environmental cleanup. Reports include Reducing the UseighflyHEnriched Uranium in Civilian
Research Reactor®erformance Metrics for the Global Nuclear Detection ArchitectarelBest Prac-

tices for Risknformed Decision Making Regarding Contaminated Sites: Summary of a Workshop. Within
DBASSE, she has worlawith the Boards on Environmental Change and Society (BECS) and Behavioral
Cognitive, and Sensory Sciences (BBCSS). For BECS, she directed-prdifiggh study resulting in the
reportValuing Climate Damages: Updating the Estimation of the Social C&=strbbn Dioxidefor which

she won the 2017 National Academies Staff Award “Best in a Leading Role.” For BBCSS, she is leading a
large group of Academies staff to manage the new sRejyroducibility and Replicability in Sciend¢trior

to coming to the Nigonal Academies, she worked as a program manager at the Johns Hopkins University
Applied Physics Laboratory for nearly 10 years. While at APL she established and grew its nuclear security
program with the Department of Homeland Secisityomestic Nucleddetection Office. She received a

B.S. cum laude in physics from Georgetown University, a B.S.E.E. from Catholic University of America,
and a Ph.D. in physics from Northwestern University.
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Kevin D. Crowley has been an advisor to the Nuclear and Radiation Studies Board (NRSBYatidinal
Academies of Sciences, Engineering, and Medicine in Washington, DC, since entering phased retirement
in August 2017. His professional interests focus on the application of science & technology to improve
societal wellbing, advance public policymaking, and enhance international cooperation, particularly with
respect to the safety, security, and efficacy of nuclear and radisgmt technologies and applications.

He previously held several positions at the National Anads, including senior board director of the
NRSB (20052017), director of the Board on Radioactive Waste Management PI¥EH; and principal
investigator for a longtanding cooperative agreement between the National Academy of Sciences and the
U.S. Department of Energy to provide scientific support to the Radiation Effects Research Foundation in
Hiroshima, Japan (2012017). Before joining the National Academies staff in 1993, Dr. Crowley held
teaching/research positions at Miami University of Ohie, Wmiversity of Oklahoma, and the U.S. Geo-
logical Survey. He holds M.A. and Ph.D. degrees, both in geology, from Princeton University.

Richard “Dick” Rowberg is currently on phased retirement and is a senior advisor for the Division of
Engineering and Plsycal Sciences (DEPS) of the National Academies of Sciences, Engineering, and
Medicine (NASEM). Prior to retirement from the National Academies, he was Deputy Executive Director
of DEPS. He has served at the National Academies since 2002. From 1985 to 2001, he worked for the
Congressional Research Service of the Library of Congress. From 1994 to 2001, Dr. Rowberg was a senior
specialist in science and technology with the Resources, Science, and Industry Division, and from 1985 to
1994, he was chief of the Science Policy Research Division. From 1975 to 1985, Dr. Rowberg worked for
the Congressional Office of Technology Assessment (OTA). From 1975 to 1979 he served as an analyst in
and deputy manager of the OTA Energy Program, and from 1979 to 1985, he neggenat the OTA

Energy and Materials Program. From 1969 to 1974, Dr. Rowberg was a research engineer and adjunct
assistant professor in the Department of Electrical Engineering of the University of Texas at Austin. He
received a B.A. in physics from Unigity of California, Los Angeles (UCLA) in 1961, and a Ph.D. in
plasma physics from UCLA in 1968. In 2010, Dr. Rowberg was elected a fellow of the American Physical
Society.
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Information -Gathering Sessions

DISPOSAL OF SURPLUS PLUTONIUM IN THE WASTE ISOLATION PILOT PLANT
MEETING #1: NOVEMBER 28 -30, 2017
The Keck Center
500 Fifth Street NW
Washington, DC 20001

Tuesday, November 28, 2017

DATA-GATHERING SESSION OPEN TO THE PUBLIC
Keck Room 208

1:00 PM Call to order and welcome, briefintroductions by the committee
Bob Dynes, Committee Chair

1:15 PM National Nuclear Security Administration (NNSA) Overview of the Material Man-
agement and Minimization Program and the Committe&s Tasking
Peter Hanlon, NNSA, Assistant Deputy Administrator for Material Management
and Minimization

1:40 PM Plutonium Dilute and Dispose Program Scope and Status
Sachiko McAlhany, NNSA, Senior Technical Advisor

2:40 PM BREAK

3:00 PM The Waste Isolation Pilot Pant (WIPP) and Disposal of Surplus Plutonium
Betsy Forinash, Director, National Transuranic Waste Progta®, DOEEM

3:45 PM Environmental Protection Agencys Activities Related to the Plutonium Dilute and
Dispose Program
Thomas Peake, EPA Radiation Ryation Division, Director for the Center for Waste
Management and Regulations

4:45 PM Opportunity for Public Comment

5:00 PM End Data-Gathering Session
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Wednesday, November 29, 2017

DATA-GATHERING SESSION OPEN TO THE PUBLIC
The Keck Center, Room 208

9:00 AM

9:10 AM

9:40 AM

10:30 AM

10:45 AM

11:30 AM

12:15 PM

1:00 PM

1:40 PM
2:00 PM

Call to order and welcome, open session reminder
Bob Dynes, Committee Chair

New Mexico Stakeholder Perspectives: Southwest Research and Information Center
Don Hancock, director, via Webcast

Dilute and Dispose: The Best Availabl@groach for Excess Plutonium Disposition
Ed Lyman, Senior Scientist, Global Security Program, Union of Concerned Scientists

BREAK

Perspectives from the U.S. Government Accountability Office
David Trimble, Director, Natural Resources and Environment, U.S. GAO
Eli Lewine, Senior Analyst, Natural Resources and Environment, U.S. GAO

Historical Perspectives and Congressional Authorities
James Werner, Congressional Research Service

BREAK for LUNCH, catered for committee méers

Plutonium Disposal Considerations
Matthew Bunn, Professor of Practice, Harvard Kennedy School, Belfer Center for Sci-
ence and International Affairs

Opportunity for Public Comment

End public session

Thursday, November 30, 2017

DATA-GATHERING SESSION NOT OPEN TO THE PUBLIC
Department of Energy, Forrestal Building

8:30 AM
9:00 AM

12:45 PM
1:00 PM

Note: The datagathering session of this meeting to be held on November 30, 2017, from 9:00 AM to 1:00

Meet at the Forrestal Building for checkin, badging, and security check

Welcome and Introductions, Review Security Procedures
Briefings

Wrap-up
ADJOURN

PM, EST, will not be open to the public under Subsection 15(b)(3) of the Federal Advisory Committee
Act, 5 U.S.C. App. The Aaemy has determined that to open this session to the public would disclose
information described in 5 U.S.C. § 552(b).
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MEETING #3: FEBRUARY 12-13, 2018

Gressette Senate Office Building Committee Room 105
South Carolina Capitol Complex
1101 Pendletortreet
Columbia, SC 29201

Monday, February 12, 2018

DATA-GATHERING SESSION OPEN TO THE PUBLIC
Gressette Senate Office Building: Committee Room 105,
South Carolina Capitol Complex, Columbia, SC

5:00 PM Call to order and welcome
x Brief introductions ocommittee and staff
x Review of the meeting agenda and objectives
x Overview of SRS Site Tours
Robert (Bob) Dynes, committee chair
Jennifer (Jenny) Heimberg, study director

Perspectives, Concerns, and Questions About DOE Plans to Dilute and Dispose of
Surplus Plutonium at WIPP

5:15 PM Rick Lee, Chair of the GoverngrNuclear Advisory Council
Charles W. Hess, Vice President, High Bridge Associates
5:45 PM James Marra, Director, Citizens for Nuclear Technology Awareness
6:15 PM Gil Allensworth, Chair SRS Citizens Advisory Board (CAB)
6:45 PM Christopher Wells, Assistant Director of Nuclear Programs, Southern States

Energy Board

7:05 PM Public Comments
The committee will listen to comments from the public. Each comment period will be
limited to 3 minutes. Note that the committee accepts written comments at any time dur-
ing the study. Please send written comments to Plutonium_Disposition@nas.edu.

7:30 PM ADJOURN Day One
Note: The datagathering sessions of this meeting to be held on February 1216@% AM to 11:00
PM, EST, and February 13, 2018, from 9:00 AM to 1:30 PM, EST, will not be open to the public under

Subsection 15(b)(3) of the Federal Advisory Committee Act, 5 U.S.C. App. The Academy has determined
that to open these sessions to the public would disclose information described in 5 U.S.C. § 552(b).
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MEETING #4: MARCH 12 -14, 2018

New Mexico trip:
Los Alamos, Albuquerque, Carlsbad,
and the Waste Isolation Pilot Plant (WIPP )

Monday, March 12, 2018

The classified subgroup will visit Los Alamos National Laboratory (LANL) in the morning of March 12.

SITE VISIT
Los Alamos National Laboratory, ARIES Facility

8:00 AM

8:30 AM

11:00 AM

11:30 AM

Welcome and the Advanced Recovery and Integrated Extraction System (ARIES)
Overview and Related Dilute and Dispose Activities

(To Be Determined LANL Personnel)

Tour ARIES

LUNCH on-site, catered
Meeting with dilute and dispose NNSA Staff

End Tour

DATA-GATHERING SESSION OPEN TO THE PUBLIC
Sheraton AlbuquergueAirport Hotel, Gran Quivera Room, Albuquerque, NM

5:00 PM

5:15 PM

5:45 PM

6:15 PM

6:45 PM

Call to order and welcome

x Brief introductions of committee and staff

X Review of the meeting agenda and objectives
Robert (Bob) Dynes, Committee Chair
Jennifer (Jenny) Heimberg, Study Director

Perspectives, Concerns, and Questions About DOE Plans to Dilute and Dispose of
Surplus Plutonium at WIPP
George Anastas, retired, Past President of Health Physics Society

Disposal of Plutonium at WIPP
Don Hancock, Southwest Research arfdrimation Center, Director of Nuclear
Waste Programs

Perspectives, Concerns, and Questions About DOE Plans to Dilute and Dispose of
Surplus Plutonium at WIPP

Lokesh Chaturvedi, Ph.D., Independent Consultant

The Role of the Governots Radioactive Waste Consultation Task Force

Ken McQueen, Cabinet Secretary of New Mési&mergy, Minerals, and Natural Re-
sources Department

207

Copyright National Academy of Sciences. All rights reserved.



Review of the Department of Energy's Plans for Disposal of Surplus Plutonium in the Waste Isolation Pilot Plant

Review of DOE Plans for Disposal of Surplus Plutonium in the Waste Isolation Piéott

7:00 PM

7:30 PM

Public Comments

The committee will listen to comments from the public. Each comment period will be
limited to 3 minutes. Note that the committee accepts written comments at any time dur-
ing the study. Please send written comments to Plutonium_Disposition@nas.edu.

ADJOURN Day One

Tuesday, March 13, 2018

DATA-GATHERING SESSION OPEN TO THE PUBLIC
SkeenWhitlock Building, Carlsbad, NM

4:00 PM

4:15 PM

6:00 PM

6:20 PM

6:40 PM

7:00 PM

7:30 PM

Call to order and welcome

X Brief introductions of committee and staff

x Review of the meeting agenda and objectives

X Overview of the TRANSCOMM and EOC tours
Robert (Bob) Dynes, Committee Chair

WIPP Regulatory and Operations Overview
Todd Shrader, Manager, Carlsbad Field Office
George Basabilvazo, Chief Scientist, Carlsbad Field Office

Perspectives, Concerns, and Questions About DOE Plans to Dilute and Dispose of
Surplus Plutonium at WIPP

Russell Hargl, Director, Carlsbad Environmental Monitoring & Research Center

John Heaton, Chairman of the MaysiNuclear Task Force

Cathrynn Brown, State Representative and Susan Crockett, Eddy County Commissioner
Public Comments

The committee will listen to comments from the public. Each comment period will be
limited to 3 minutes. Note that the committee accepts written comments at any time dur-

ing the study. Please send written comments to Plutonium_Disposition@nas.edu.

ADJOURN Day Two

Note: The datagathering session of this meeting to be held on March 12, 2018 from 8:00 AM to 11:30
AM, MDT, will not be open to the public under Subsection 15(b)(3) of the Federal Advisory Committee
Act, 5 U.S.C. App. The Academy has determined that to open this session to the public would disclose
information described in 5 U.S.C. § 552(b).
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MEETING #7: MAY 2 -3, 2018

The Keck Center
500 Fifth Street NW
Washington, DC 20001

Wednesday, May 2, 2018

DATA -GATHERING SESSION OPEN TO THE PUBLIC
The Keck Center, K208

2:30 PM

3:30 PM

4:00 PM

4:30 PM

4:45 PM

New Mexicds Agreements, Laws, and Regulations: Review of Potential
Changes to the Land Withdrawal Act (LWA) and Consultation and
Cooperation (C&C) Agreement

Lindsay Lovejoy, Attorney

Termination of Safeguards for the Surplus Plutonium in the Dilute and

Dispose Option

Debarah S. Holmer, Office of Environment, Health, Safety and Security (EHSS/AU), De-
partment of Energy (DOE)

Outline of the Dilute and Dispose Option Life Cycle Cost Estimate (LCCE) Contents
Virginia Kay, Deputy Director, Office of Material Disposition (&3), Office of Material
Management and Minimization, National Nuclear Security Administration, DOE

Public Comments

ADJOURN
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MEETING #8: JUNE 26, 2018
The Arnold and Mabel Beckman Center
100 Academy Drive
Irvine, CA 92617

Tuesday, June 26, 2018

All times shown below are Pacific Standard Time.

DATA-GATHERING SESSION NOT OPEN TO THE PUBLIC
Beckman Center, Board Room

12:00 PM Welcome and Call to Order
Robert (Bob) Dynes, Committee Chair

12:15 PM Overview of Current Status and Next Steps of the Dilute and Dispose Program
Pete Hanlon, Assistant Deputy Administrator, Defense Nuclear Nonproliferation, Na-
tional Nuclear Securitndministration (NNSA)

12:45 PM Surplus Plutonium Disposition Program
Sachiko McAlhany, Senior Technical Advisor-RBA
Todd Shrader, Manager, Carlsbad Field Office, DEM
Samuel Callahan, Director, Office of Security,-A0

2:30 PM BREAK in the Foyer

DATA-GATHERING SESSION: OPEN TO THE PUBLIC
Beckman Center, Board Room

2:40 PM Welcome
Robert (Bob) Dynes, Committee Chair

2:45 PM Planning, Inventory and Capacity at the Waste Isolation Pilot Plant (WIPP)
Todd Shrader, Manager, Carlsbad Field Office, Department of Energy,
Office of Environmental Management (D&H)

3:45 PM End Data-Gathering Session Open to the Public

DATA -GATHERING SESSION: NOT OPEN TO THE PUBLIC
Beckman Center, Board Room

3:50 PM CONT D (if needed)Surplus Plutonium Disposition Program

Sachiko McAlhany, Senior Technical Advisor BB
Todd Shrader, Manager, Carlsbad Field Office, DEBHM
Samuel Callahan, Director, Office of Security,-A0
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5:00 PM NNSA's Quantities and Production Rates
Sachiko McAlhany, Senior Technical Advisor, NNSA

6:00 PM ADJOURN
Note: The datagathering sessions of this meeting to be held on June 26, 2018, from 12:00 noon to 2:30
PM and 3:45 PM to 6:00 PM, PDT, will not be open to the public under Subsection 15(b)(3) of the Fed-

eral Advisory Committee Act, 5 U.S.C. App. The Academy has determined that to open these sessions to
the public would disclose information described in 5 U.S.C. § 552(b).
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CLASSIFIED SUBGROUP ONLY: AUGUST 23, 2018
Video Teleconference (VTC)
DRAFT AGENDA

Thursday, August 23, 2018 (all times shown are Eastern)

DATA -GATHERING SESSION NOT OPEN TO THE PUBLIC
VTC: DOE-HQ, LLNL, and ORNL

12:00 PM Sachiko McAlhany, National Nuclear Security Administration (NNSA)

1:45 PM Move to Committee-Only session
Robert Dynes, Chair, Committee on the Disposal of Surplus Plutonium

3:30 PM ADJOURN

Note: The datagathering session of this meeting to be held on August 23, 2018, from 12:00 noon to 2:30
PM, EDT, will not be open to the public under Subsection 15(b)(3) of the Federal Advisory Committee
Act, 5 U.S.C. App. The Academy has determined that to open this session to the public would disclose
information described in 5 U.S.C. § 552(b).
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