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Program Elements

NNSA's Office of Conversion consists of two
programs:

1.Reactor Conversion

+  Converting HEU research reactors worldwide
to the use of LEU fuel. .

. High-density LEU fuel qualification and Kazakhstan’s VVR-K Critical Assembly
fabrication for high-performance research was converted to LEU fueln 2012
reactors in the United States.

«  Technical support for European and Russian
high-density LEU fuel qualification.

2. Mo-99 Production
*  Support domestic commercial partners to
develop new non-HEU-based Mo-99

production. NNSA is working on a new high-
«  Support foreign partners to convert existing e e e

Mo-99 production from HEU to LEU targets University Research Reactor
(MURR)

92 HEU Facilities Converted or Verified as Shut Down
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Domestic Reactor Conversion Status

Target: 28 U.S.reactors
Status: 20 addressed (71% completed)

*  The 20 U.S. HEU-fueled research reactors that
could convert with existing and qualified LEU
fuels have all been successfully converted to the
use of LEU fuel.

Since 2004:

«  Converted seven domestic research reactors
from HEU to LEU; one-time removals resulted in
80 kg HEU eliminated (~3 nuclear weapons
worth of material)

. Remaining Scope:

«  SixU.S. High Performance Research Preparing HEU for removal from a research
Reactors (USHPRRS) require ngh Density reactor core to allow for conversion to LEU
Fuel
. ATR . MR
. ATR Critical Assembly ~ « MURR
©  HFR . NBSR
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Collaboration

Miniature Neutron Source Reactors (MNSR)
. May 2005 Technical Meeting - all participating MNSR operators indicated their desire to convert
to LEU fuel
. Initial collaboration between US and China has resulted in the completion of the ZPTF (Zero
Power test Facility) at CIAE to prepare and test the LEU cores and to validate conversion
analyses.
. China will convert the first MNSR in 2015 followed by Ghana in 2016, then Nigeria and others

European High Flux Reactors
. Long term collaboration with Belgium, France, and Germany to develop high density LEU fuel to
convert European high-performance research reactors
+  Bilateral are also conti in support of the analysis for the BR-2
(Belgium) and RHF (France) reactors

Kazakhstan
. Efforts to convert the WWR-K reactor continue:
. Conversion planned for FY16
. Studies continue for the conversion of the IVG-1M and IGR reactors
«  Technical feasibility studies were completed and safety analyses initiated
. Fuel test acceptance criteria need to be defined

Russian domestic research reactor conversion
. First Russian reactor converted in 2014, feasibility studies were completed on five others
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Key Regulatory Framework

+ U.S.NRC has played a key role in U.S. research reactor conversion
activities. NRC has adopted a number of NUREGs to guide the fuel
qualification and conversion process:

*  NUREG-1537: NUREG for Research Reactor Conversion Process
“Guidelines for Preparing and Reviewing Applications for the Licensing
Applications of Non-Power Reactors”

*  NUREG-1282: NUREG for LEU TRIGA reactor fuel
“Safety Evaluation of High Uranium Content Low Enriched Uranium
Zirconium Hydride Fuel for TRIGA Reactor”

. NUREG-1313: NUREG for LEU Silicide Fuel.
“Safety Evaluation Report related to the Evaluation of Low Enriched Uranium
Silicide Aluminum Dispersion Fuel for Use in Non-Power Reactors”.

+ U.S.NRC also plays an enabling role providing consultation and lessons
learned to foreign regulatory bodies for the conversion of foreign research
reactors
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HEU Fuel

Before « 2 enrichment > 20%
1978 + UAIX-Al, UO,-Al, U;04-Al, and UZrHx

LEU Fuel

1980s * 23U enrichment < 20%; early types — UAIx-Al andU;Og-Al
Qualified U3Si,-Al with 4.8 gU/cm?® and also UZrHx

Advanced LEU Fuel
1996- - 23U enrichment < 20%
Present * U density up to ~8 gu/cm?in dispersion, or ~16 gU/cm? monolithic
. U-Mo (7-10 wt.% Mo) dispersion and monolithic fuel forms
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International & U.S. Domestic Approaches
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* Under its long-standing HEU minimization mission, NNSA provides assistance to
research reactors and isotope production facilities to convert from the use of HEU
targets to LEU targets.

* NNSA's mission includes accelerating the establishment of a reliable U.S. domestic
supply of Mo-99 produced without the use of HEU.

INTERNATIONAL U.B. DOMESTIC

EFFORIS EFFORIS
Accelerating the
Assisting global Mo-99 establishment of

production facilities to
convert to use LEU targets

commercial non-HEU-
based Mo-99 production in
the United States

Achieve HEU
mini ion
Establish reliable

supplies of Mo-99
produced without HEU
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Strategy for Reliable Non-HEU-Based Mo-99 Supply

Current Global Mo-99 Market — Major Producers Non-HEU

ANSTO = Mallinckrodt IRE
(Australia) = (Netherlands) (Belgium)

NTP
Radioisotopes.
(South Africa)

ANSTO

Mallinckrodt AECL-Nordion
(Australia)

IRE
(Netherlands) (Belgium) (Canada)

NTP
Radioisotopes.
(South Afca)

ANSTO
(Australia)

Mallincrodt IRE
(Netherlands) (Belgium)

Future Global Mo-99 Supply — Additional Producers

NNSA Cooperative Other Potential U.S. Increased International

Agreement Partners Mo-99 Production Mo-99 Production
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Objective: To accelerate existing commercial projects to meet at least 100% of the U.S.
demand of Mo-99 produced without HEU.

Each cooperative agreement is awarded under a 50% - 50% cost-share
arrangement, consistent with the American Medical Isotopes Production Act
and Section 988 of the Energy Policy Act of 2005. Consistent with the OECD-
NEA policy guidelines, the cooperative agreements are limited to a total
NNSA contribution of $25M each.

Neutron Capture Technology:
To date, NNSA has awarded a total of $16.1 million to NorthStar Medical
Radioisotopes, LLC to develop its neutron capture technology.

Se weda Tecwooges  Accelerator Technology:
‘Accslraior-Diven LEU Subcrical Assembly

for Medical Isotope Produciion To date, NNSA has awarded a total of $4 million to NorthStar Medical
Radioisotopes, LLC to develop its accelerator-based technology.

Accelerator with LEU Fission:
| To date, NNSA has awarded a total of $14 million to Morgridge Institute
- . for Research ($10.7M) and SHINE Medical Technologies ($3.3M), to
develop its accelerator with LEU fission technology.

six-day curies per week, or about half of the U.S. demand for the isotope.

= i

u 1’ | Each commercial project is developing the capacity to produce at least 3,000
bl - 1]
d

dioGenix™ — NorhStar “Tc Gensrating System
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The American Medical Isotopes Production Act of 2012

« The Act was incorporated in the National Defense Authorization Act for Fiscal Year 2013
and enacted on January 2, 2013.

+ Intended to help establish a reliable domestic supply of Mo-99 produced without the use
of HEU and includes a number of short, medium, and long-term actions.

Requires the Secretary of Energy to establish a technology-neutral program to
provide assistance to commercial entities to accelerate production of Mo-99 in the
United States without the use of HEU

Requires annual public participation and review

Requires development assistance for fuels, targets, and manufacturing processes

Establishes a Uranium Lease and Take Back program

Requires DOE and NRC to coordinate environmental reviews where practicable

Provides a cutoff in exports of HEU for isotope production in 7 years, with possibility
for extension in the event of a supply shortage

Requires a number of reports to be submitted to Congress
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Conclusions

*  NNSA's research reactor conversion and Mo-99 programs are two of the
driving forces in global civilian HEU minimization.
—  ~$120 million budget annually
— 52 HEU facilities converted or verified as shut down since the creation of GTRI
in 2004

*  Global Mo-99 production is clearly moving towards non-HEU-based
technologies
—  Canada will shut down its HEU-based production in 2016
—  Belgium and the Netherlands scheduled to convert from HEU to LEU-based
production in 2015 and 2017, respectively
—  Australia production is all LEU-based, South Africa is moving to all LEU-based.
—  First U.S. commercial non-HEU-based production anticipated in 2016

« Patience is a virtue in research reactor conversion
— Majority of reactors that could convert with existing LEU fuels have been
converted
— Many of the remaining reactors are the most challenging, requiring new high-
density LEU fuels still under development
— Major technical jump to understand how higher density fuels behave and how to
fabricate them on a commercial scale, and, major progress has been made! 12




