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the amount necessary to make
a first-generation fission bomb;

99,000 bombs-worth total

st-generation fission bomb

27,600 bombs-worth total
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http://nuclearsecrey.com

FISSILE MATERIALS BY CATEGORY

GLOBAL STOCKPILE OF PLUTONIUM AND HIGHLY ENRICHED URANIUM, 2016

Weapon equivalents

B Plutonium
Highly enriched uranium




HEU PRODUCTION HAS LARGELY ENDED

BUT CONTINUES IN NON-NPT WEAPON STATES ... AND NOW AGAIN IN RUSSIA

Military HEU production Military HEU production

United States - 19441992 South Africa 1978-1990
(since 1964 for naval fuel only)

Russia 1949-1987/88 Pakistan since 1983
United Kingdom _ 1953_19(?3 India since 1992
(but imports from United States)
: 1964-1987/89 2
China ] Israel .
France 1967-1996 North Korea ongoing

(status and scale uncertain)
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http://www.ipfmlibrary.org/gfmr15.pdf

WHERE (CIVILIAN) HEU IS USED TODAY
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WHY 20% 7

IS IT A POLITICAL OR A TECHNICAL DEFINITION?




THE 1994 HAFSTAD MEMO

GUIDING PRINCIPLE

No foreign country ought to receive enough material to make
a single nuclear explosive device with a yield of one kiloton TNT
equivalent.
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http://ipfmlibrary.org/haf54.pdf
http://scienceandglobalsecurity.org/archive/sgs24brown.pdf

MINIMUM AMOUNT OF URANIUM
REQUIRED FOR A (SMALL) NUCLEAR WEAPON

R




THE 1994 HAFSTAD MEMO

FINDINGS AND RECOMMENDATIONS

Only 2.3 kg of weapon-grade (93%-enriched) uranium are needed.
An enrichment of 10 percent was considered “safe in any quantity.”
Making a nuclear weapon using 20 percent enriched uranium

would “require the utmost ingenuity,” but the minimum amount
needed is (still) only on the order of 30 kg.

The memorandum went on to recommend exporting enriched
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SEVEN RECOMMENDATIONS

1. Develop a 50-year interagency strategy and roadmap for neutron needs

2. Continue the development of very high-density LEU fuels for research reactors

3. Monitor the development of dispersion-type fuels as a backup for U.S. research reactors
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TIMELINES HAVE EXPANDED (A LOT)

|
2004 9 years to complete
|
2005 9 years to complete
|
2006 9 years to complete
|

2007 11 years to complete

2008 10 years to co}np[ete |

2009 9 years to co}nplete |

10 years to corlnp[ete |
9 years to co}nplete |

13 years to corlnp[ete |

| |
17 years to complete

| |
21 years to complete

ar of estimate

I
+5 years since last year
|

+5 years since last year
I I

+5 years since last year
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ENRICHMENT REQUIREMENTS
FOR HIGH-PERFORMANCE REACTORS

U3Si; U3Si; UMo(8wt%) Monolithic Years to
48 g(U)/cc 5.8 g(U)/cc 8.0 g(U)/cc 16 g(U)/cc conversion

ATR 35-40% ~30% 25-30% LEU 14 years

HFIR 35-40% ~30% 25-30% LEU 17 years

NBSR ~25% LEU LEU LEU (VACEIES

MURR ~45% ~ 40% ~ 35% LEU (VACE]ES

MITR-II ~35% ~30% 20-25% LEU 12 years
FRM-II ~ 950% ~35% 30% LEU n/a
BR-2 ~27% ~22% LEU LEU n/a
JHR ~27% ~22% LEU LEU n/a
RHF ~27% ~22% LEU LEU n/a
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INTERIM REDUCTION OF ENRICHMENT LEVEL
AND DOWNBLENDING OF STOCKS

Recommendation 4: To achieve the goal of using as little highly enriched

uranium as possible during the many years that it will take to design

and qualify appropriate low enriched uranium (LEU) fuel, the United

States should pursue an interim solution that reduces the civilian use

of weapon-grade material.

a. During this interim period, high performance research reactors
should use dispersion silicide fuel enriched to the lowest practical
level, which can be produced with technologies already known to
be reliable. The precise enrichment level can be quickly determined
by a focused, small-scale study.

The United States should downblend the remaining 20 metric tons
of highly enriched uranium (HEU) designated for civilian research
reactor use to this lowest practical enrichment level as soon as it
has been determined.

The interim solution should be pursued in a way that does not
compromise the long-term goal of eliminating HEU usage in civil-
ian applications.
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WHAT AN INTERIM CONVERSION
COULD ACCOMPLISH

Avoid the use of up to 3.4 tons of weapon-grade HEU
between now and 2035

Demonstrate U.S. commitment to international conversion efforts
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A SILENT DISASTER

RESUMPTION OF HEU PRODUCTION IN RUSSIA FOR EXPORT TO WESTERN CUSTOMERS

OcHoBHEIe coObITHg 2015 rona:

nepeBoj1 pazaenuTenbHoro nmpousBoacTea AO «A3XK)» B pexuM NMPOU3BOJICTBA CHIPHEBOTO
rexcadropuaa ypana (I'dY);

npou3BoacTBO OVII mapku «PC-O» pns ucnonb3oBaHusi B u3roroBieHuM AT pius
3apy0exHbIXx ADC (Temenun, TssHbBaHB);

OTKJII04YeHHE [’ I_I ITATOI'O ITOKOJICHHSA B COOTBETCTBHH C 3aINIaHUPOBAHHBIM Fpa(bI/IKOM;

Hapabotka B AO «I10O 9X3» BBICOKOOOOrameHHOTO0 CBIpbA AJIA IIPOU3BOJICTBA
METAJUIMYECKOr0 ypaHa Jis peakropa Miouxen-II.

BeIMONHEeHHE AO «YIXK)» 10nmomHUTENBHBIX TOCTAaBOK ChIpheBOro I'@Y B Kuraii.

Main developments in 2015: “Production by the EKhZ [enrichment plant in Zelenogorsk]
of highly enriched product for the uranium metal to be supplied to the Munich-II reactor”
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http://fissilematerials.org/blog/2016/07/russia_confirmed_supplyin.html
http://www.tvel.ru/wps/wcm/connect/tvel/tvelsite/resources/b0b880004d74273f98d59911c9d6633a/TVEL2015.pdf

FINAL THOUGHTS

STATE OF PLAY 2017 AND POSSIBLE NEXT STEPS

STATE OF PLAY 2017

Remaining conversions are “hard” (politically or technically)
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