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R. Scott Kemp, “A performance estimate for the detection of undeclared nuclear-
fuel reprocessing by atmospheric 8Kr,” Journal of Environmental Radioactivity,
Vol. 99 (2008) p. 1341.
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Resear ch reactor Power Fuel enrichment
Country | (date of first operation, fuel supplier) | (megawatts) | (% uranium-235)
Algeria | NUR (1989, Argentina) 1 19.7
Es-Salam (1992, China) 15 10
Egypt ETRR-1 (1961, Russia) 2 10
ETTR-2 (1997, Argentina) 22 19.75
Iran Teheran Research Reactor (1967, Iran) | 5 19.75
Subcritical assembly (1992, China 0 natural
Subcritical assembly (1992, China) 0 natural
Critical assembly (1995, China) 0 natural
MNSR (1994, China) 0.03 90 (1 kg)
Arak (not completed, Iran) 40 natural
| srael IRR-1 (Soreq, 1960, USA) 5 93
IRR-2 (Dimona, 1963, Isragl) 26-150 natural
Libya IRT-1 (1981, Russia) 10 19.75
Syria MNSR (1996, China) 0.03 90 (1 kg)
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AdditiongJ Stepstoward g;rgguraerhggsve
Protocolin | AP Agreement not in
force ratification
force
Bahrain 2011
Comoros 2009
Djibouti Signed 2010 | Signed 2010
Egypt None
Iran Signed 2003
Iraq 2012
|srad X
Jordan 1998
L ebanon None
Kuwait 2003
Libya 2006
Mauritania 2009
Oman None
Qatar None
Saudi Arabia None
Somalia None X
Sudan None
Syria None
United Arab Emirates | 2010
Yemen None

87X 0¥ bl il el ) 3 ALeLil) ililanial) Bl 5 ) J oS 5i gl qag ¥ s

Aasl agdy 4,00 AEUAN A0 oall NS Yo v b 5 YooY e o AlaY) OS5l ol ) al 53 eans
138 zeam L5 3S all oLkl 3 eal Zlly asl sl Cuadd Jlaw 8 skl s GG ddleial () )
sjﬁi,ége‘}gbﬁs\%mggﬁgmuuﬁ;ﬁ}ujaywiugqmgm)ﬂ@ie\ﬂy\
Jsmany Lyl ol Y1 138 e ol i) g ssill 258 50 Aadles sole) Aplae 5 bl i 5 (53 pall 3 yhal)
2l Gl lae s dalul apaaly dileie ghaiy Cilal Coal o)) of 7 di¥s e AIS )

‘el Al 2006 aladl 8 3 3 28Ul A sall AUS gl 8 cpulailaall ulae

ad Lo calall paall Jd e glhe ga LS Adadl Ll G of Ol e gosomall o
Gl g Ayl JS 555l s Cllaall @AY e )l clllidl ¢l )5 L i @) «GOV/2005/67
Badae 4y Sue S jay daleas aladinl) 4005 5 jeals @l il dilie 3y, (alail Al Jsasll

B8 iy jlall Ll yad acal S aallas LS il

23



O et o saniall aaY) (Bl (e £ 20l b 4l s gieall Aaldl ) i oY) (alaa lef ol aay
AR ¢ 5l IS Jad (L) A,all A8l A sall NS Gl cadla LaS ¢y sl 5 colallall o3a e 468 gal)
89 1 A A8l 30 sal) ANS )y 5l 8 )

Ol 58 S ol allal Auslsie] e n 5 Ruad B 01 A5 &) NS ) el 13
ol Sl (I o)l g (s pSuand) i @se (b Be 5L 1e S5l il (VY el b
T A alla by )l oS P05 55 el il lis) 4 @oal ) )

Gl ) & yedal 13) Aal 5 G slail) (e Jle (s sia |y peday O s L8 A LAY Jsl) e )
15 (b 5k A A pinll L) Ala (S35 3onl) JS (S gl Leindad o ol 1230 31|
REEW|

m‘jm“;b J.\J\ch_u\ng};@uuc.nb)al.m_)s\uﬁ&ﬂu\SuMuﬂ\JuM\@
‘_g‘)L&LY\(aJca&bé\m‘)&\uﬁw\jm‘ﬂ\n&dﬁﬁe\"\‘h (:Ld\‘_gugsmj}aé\alu\
‘_J.d\ e}.u\‘))ﬂ\ c_’LmSu::uﬂc\A.\.\sc_\a)S\ ‘_’A‘j LSJ)-J\ CM“_AQB‘)J\A‘)JLMJJS Y44 \.d\
Ly il sia o) o o XU 300 A8Ual A gall Al lilaca Caad Lgiaia 59 Leaal %m;.d\
b it S ) Gl L Lay Ll 1 Cogin g Ay il 81l Gl NS cadd (JalS 5 mnia
O Gull Clia ad @ pal s daag Hll COlaud) S Coand el ) dila) g5 5il busil) el
AT g Aa suliall @l gall (s Loal AUS M ) 5 LS Aad) A1YT (G p ol 8 53 g gl i slaal)

(0287 I139)) Ol g sae dleall o2

dasfa sl s Ly 8 G gin Ple) e Al L) dy Al ZaUal A gal) UK ) cuile | Laxie el b
O “IAEA Bulletin” & Alie (sl eluy) i€ QS ol cals Al 48l (e ¢ o Wiy 8 g
laghadlA

Jsmaslls ity Lt L sd s b U8 (e LY 5 48810 dae e 280 20l @ o diae culS”

S ol @dsa (51 ) Jgea sl Jagnsi] s jlaall s Aibeall 331,Y) Gals IS5 ) sa s Cilaglan L
92 g3y gy, ABLAL A gl

Oo JA T sl (358 oL acal 4y )3 A8l 2 sal) ANS SN Jae i (Saall (g 431 ABY) o328 ek
9% LY IS 555 5 galie V) Cllaall GBlas adsy (S8 Wil 8 3 3e3 e Jaldll leal) daly

dpaal8) (g8at daliiag (5 98 3489 8 il

e ez jla 28 el jal Ay ALaY) IS5l e dalidl 50 S G ol ey e
058 O bl (Saall (e A Ay Aadil gl e Jon Aaliie 48 ol TAS ()5 ) IS5 )
S Alal Aalul) st las Aglal palal) (asl) aUas d Jad) s LS AE) b ad olilia

(il 5 (gl U Lol G A dps sl sal) AaluY) plas 48 e Jundl S5

0o o 3aS bl Aaiil Aol (§8a5 il ya) callain Aakiall 50 o za )Y o o S5 G e e 2Ly
el S ola) Gl Cagn aY) 13 Jalal) Jledl) dslul e JA Jausl (35 2 a3 ol

94 .. AU

sshall 199 Aladl 8 55l bl ol o Gl o) ey Jlaall 138 3 A6 i ;Y15 o)l e
o oand 3L Jsb cals 3 (ABACC) )49 alall 8 LS Biady (aad QIS5 oLl il 4Y)
Ol 8 35 i) 380 5all S s e cpim jY 5 ol il 5 139 € alall 8 V3AY Ll (e s
sl 5 ctia Y 5 Aol e JS i el @l A0 A8l A sl NS cliles s

95 4 Al 43Ul 4 sl ANS )

24



Aaall A pal) AS N clilan Gl g3 5L ) (Euratom) e85 ASWE e ol avaad o
a1 Aalaial) clilaall Loagl 5 ¢ a5y 91 A3yl 8 45500 Aalad) e 3 3al) e Glaldl a4y )l
(Banial) ASLeall 5 Lusi 8) 45 5il) Aalud) e 3 3ald) Jsall 8 daluadl 4y g 30l

Jisad (3o el (Saall (o dawg¥) 38l 8 4yl AUl ol a8 ol 13 elile US3 LS
gl 2585 o) dexdd Al A5k 0085 O oS sy U AS il asil s el
Ol 5ode e L Alla ol a8 Ll Ay lal sl sl (et ailias ddlaid) 8 Ayl
Gy (a0 S 8 eld) e Alelal) ddlal) <Dl lie <l pdal 0 ggll b il 6SH Lae Al 3 SWU

A e el (e i dilaiall 8 35 sl 28U (pe B 508 138 oLy

Al A8l A sal) ANS I Al ye s ) Adlia) Apadld] A je 85 b Apel) (3ia3 dalaie
& astl sl Cuadil (38 50 (ol 8 Aeaiiuall Ay gl 3l gall S e Jundl cililacay 4dles ) dila)
UFs (e alisad 5 canadill dlee J8 UFg ) asil sl Jisad 2ie deadinsa) 4550 3 sall 5 dadaiall
Gl a Jae g sl ysall 3 i) 5 Ay punnit A8 e Ll o i Aalaiall oda Laday gl y g0 3585 )

Aalaiall 3 g5l 2585l 5 il

25



-

LadAl

LY oall 8 Al :\?mz\ Alaiin) 5 455 AallY Jl ) @Jm?lmﬂ\ Gl ol ) (<
G ol s Aipdandal) a0 s gl J3a Y1 5 Al ) Ay 5 sl A3V o Y sl Qg Ly gus b
235 J pean Saall o S el il & Jalsll leall Aalid e JUa dass ol (5 ALl gan IS

gl 138 ) J g ol Aega B2aal 322 e

Nsall 05 A sl Lginlad o Galitlly anl) Lealia) et 450 i shad 34T il ) o i
eJalall jleall dalid e Ja o gl 353 ) Jpea sl U] (A bl Cantide s sall e 4 eyl

35l o il ains st el il 5 553l L 215 (ol lgibs sl Y S
Leie (alitl] Tneas 4y, A8UAT A 5ol A cililaa i Lol 53 s gl iy jUaisY)

ol G o Jipmasll ol A5 il Ayl g il AL s i sl 380 il J 3 S0 (Sl (0

el s S8 it 13 allall LY aae a3y i Lyl LgiSay 3080 ol gladl)

A5l Oleliall 8 3868 Canaddll Mo il sall alasind el g asigighll Juadaxe o
Gl dsanll Gilae aly IS8 unadidll @l ol Clige aa gy il Cilaliia)
558 Aalal

A 5 Apatld] dabaia 48l o and o gl sl dasads O iul s Gadas aandi B je guay @
30,3 daUall 2 sal)

DY IS 550l alle J5d o

A calla die ALY JS 5is 5l b daaal) @lli o) )y Lo 4ladl) Jledl o 23 5all o
3 48Ul ) 5l

NS S L o585 ) il Al a3 S0 Al daliie A g5 3l Jm (RS e ) any ¢ ]
Jsd Aamy Cogus JSEN 13gs Aaliie 3 ga g Ay g il Aalul) aladin) laa daliie g 4y Al A8UAN 4 5al)
Ll 358 ) alaasy) die Lgale el 5 3l el 30U Jiiad ) sadl J o ol 48l lia) Clad dilaial)
(el jlaall Aalud s a5 5ill Aalul) (e Jla

26



1 First Committee of the UN General Assembly resolution 3263 (X X1X), “Establishment of a nuclear-
weapon-free zone in the region of the Middle East,” 9 December 1974.

2 A Latin American nuclear weapon free zone was first proposed at the United Nationsin 1962 by
Brazil.

3 Proposal by Egypt’s President, Hosni Mubarak, submitted to the United Nations on 16 April 1990,
see Mohamed Nabil Fahmy, “Egypt’s Disarmament Initiative,” Bulletin of the Atomic Scientists,
November 1990.

4 “Nuclear-Weapon-Free Zones (NWFZ) At a Glance,” Arms Control Association, September 2012,
www.armscontrol.org/factsheets/nwfz.

5 1995 Review and Extension Conference of the Parties to the Treaty on the Non-Proliferation of
Nuclear Weapons, 17 April to 12 May 1995, New Y ork 1995, Final Document, NPT/CONF.1995/32
(Part 1), Annex, Resolution on the Middle East, www.un.org/disarmament/WM D/Nuclear/1995-
NPT/pdf/Resolution_MiddleEast.pdf.

6 The President of the 1995 NPT Review and Extension Conference, Ambassador Jayantha Dhanapala
of Sri Lanka, has said, “1 personally do not believe the Conference would have adopted the indefinite
extension without avote if the [Middle East] resolution issue had not been settled asit was.” Jayantha
Dhanapala with Randy Rydell, Multilateral Diplomacy and the NPT: An Insider’s Account, United
Nations Institute for Disarmament Research, Geneva, 2005, p.57.

7 US Department of State, “2012 Conference on a Middle East Zone Free of Weapons of Mass
Destruction (MEWMDFZ)”, 23 November 2012.

8 On Israel’s occupation and blockade, see for instance the annual report to the United Nations General
Assembly by the Special Rapporteur on the Situation of Human Rights in the Palestinian Territories
Occupied since 1967, Richard Falk. The most recent report was 19 September 2012, http://daccess-dds-
ny.un.org/doc/UNDOC/GEN/N12/515/86/PDF/N1251586.pdf ?OpenElement.

9 Harriet Sherwood, “Israelis and Palestinians meet for peace talks,” The Guardian, 14 August 2013

10 “OPCW to Review Request from Syria,” Organisation for the Prohibition of Chemical Weapons, 13
September 2013, www.opcw.org/news/article/opcw-to-review-request-from-syria. See also “Assad:
Syria needs one year to destroy chemica weapons,” BBC, 19 September 2013,
www.bbc.co.uk/news/world- middle-east-24155674. For the U.S.-Russian agreement on verifiably
destroying Syria's chemical weapons, see U.S. Department of State, Washington, D.C., 14 September
2013, www.state.gov/r/palprs/ps/2013/09/214247 .htm.

11 United Nations Security Council Resolution 2118, 27 September 2013,
www.un.org/News/Press/docs//2013/sc11135.doc.htm.

12 statement by President Hassan Rouhani of Iran, United Nations General Assembly, New Y ork, 24
September 2013, http://gadebate.un.org/sites/defaul t/files/gastatements/68/IR_en.pdf.

13 Effective and Verifiable Measures Which Would Facilitate the Establishment of a Nuclear-weapon-
free Zonein the Middle East, (Report of the Secretary General, United Nations, 1991) paragraphs 65,
66.

14 |srael could not join the NPT as a weapon state because of Article 1X.3, which limits nuclear
weapon- state membership to countries that tested nuclear explosives before 1967.

15 We are grateful to Ambassador Paul Meyer of Canada for this suggestion.

27



16 “ African Nuclear Weapon Free Zone Treaty (Treaty of Pelindaba),” Disarmament Treaties
Database, United Nations Office of Disarmament Affairs, disarmament.un.org/treaties/t/pelindaba.

17 Disarmament Treaties Database, United Nations Office of Disarmament Affairs,
disarmament.un.org/treaties.

18 United Nations Secretary-General announcement of Syria s ratification of Chemical Weapons
Convention, 14 September 2013, http://treaties.un.org/doc/Publication/CN/2013/CN.592.2013-Eng.pdf.

19 Avner Cohen, “ Crossing the threshold: the untold nuclear dimension of the 1967 Arab-Israeli War
and its contemporary lessons,” Arms Control Today, June 2007.

20 Robert Norris and Hans Kristensen, “Global nuclear weapons inventories, 1945-2010,” Bulletin of
the Atomic Scientists, July/August 2010. See also the excerpt of the Defense Intelligence Agency’s
secret threat assessment, A Primer on the Future Threat: The Decades Ahead: 1999-2020 reprinted in
Rowan Scarborough, Rumsfeld’s War (Regnery, 2004), p. 197, where estimates are given for Israel’s
warhead stockpile for 1999 (60-80) and projected to 2020 (65-86).

21 “|srael” in Global Fissile Material Report 2010: Balancing the Books-Production and Stocks
(International Panel on Fissile Materials, 2010).

22 K rypton-85 capture is not impossible. Campaigns were carried out at a naval fuel reprocessing plant
in the United States and a pilot plant in Germany. The systems used were still in development,
however, Patricia Paviet-Hartmann, W. Kerlin, and S. Bakhtiar, Treatment of Gaseous Effluents | ssued
from Recycling — A Review of the Current Practices and Prospective | mprovements (Idaho National
Laboratory, INL/CON-10-19961, 2010); and E. J. Hutter, R. Von Ammon, W. Bumiller, and G. Neffe,
“Final results and consequences of the development of a cryogenic krypton separation system,”
Proceedings of the 19th DOE/NRC Nuclear Air Cleaning Conference, Seattle, WA, 18-21 August
1986.

23 “Treaty on Open Skies,” U.S. Department of State, www.state.gov/t/avc/trty/102337.htm.

24 R. Scott Kemp, “Initial analysis of the detectability of UO2F2 aerosols produced by UFg released

from uranium conversion plants,” Science & Global Security, 16, 2008, p. 116; and “ Source terms for
routine UFg emissions,” Science & Global Security, 18, 2010, p. 119.

25 R. Scott Kemp, “A performance estimate for the detection of undeclared nuclear-fuel reprocessing

by atmospheric 85Kr,” Journal of Environmental Radioactivity, 99, 2008, p. 1341

26 A mixture of deuterium (D) and tritium can be used to “boost” the yield of a small fission explosive

with a burst of neutrons (n) from the reaction D+T — He4 + n, see e.q., Frank von Hippel, Harold
Feiveson, and Christopher Paine, “A low-threshold nuclear test ban,” International Security, Vol. 12,
No. 2, Fall 1987, p. 135.

27 One alternative source could be a particle-accel erator-driven neutron source that could create tritium
(T) through the reaction: n + lithium-6 — T + helium-4. Only arelatively modest neutron source
would be required since less than 5 percent of the neutrons produced by the Dimona reactor are
available for tritium production. The Dimonareactor is fueled with natural uranium. Uranium-238
constitutes 99.3 percent of natural uranium and most of the neutrons in a heavy-water natural-uranium-
fueled reactor that are not required to maintain the chain reaction are absorbed in uranium-238 to
produce plutonium-239. See the discussion in Global Fissile Material Report 2010 (International Panel
on Fissile Materials, 2010), p. 114. A commercially available 150-MeV, 2 mA isochronous cyclotron
could produce about one neutron per proton on a spallation target or about 1.5 percent the number of
excess neutrons produced by the Dimona reactor fueled with natural uranium and operating at 70 MW-

28



thermal, R. Scott Kemp, “Nuclear proliferation with particle accelerators,” Science & Global Security,
13, 2005, p. 183.

28 “|srael” in Global Fissile Material Report 2010, op. Git.
29 |hid.

30 Victor Gilinsky and Roger Mattson, “ Revisiting the NUMEC affair,” Bulletin of the Atomic
Scientists, March/April 2010, p. 61.

31 Alex Gasner and Alexander Glaser, “Nuclear archaeology for heavy-water-moderated plutonium
production reactors,” Science & Global Security, 19, 2011, p. 223.

32 For details of the scenarios, see “Israel” in Global Fissile Material Report 2010: Balancing the
Books- Production and Stocks (International Panel on Fissile Materials, 2010).

33 On the weapon-usability of uranium-233, see e.g. Robert Alvarez, “Managing the uranium-233
stockpile of the United States,” Science & Global Security 21, 2013, pp.53-609.

34 |n 1977, Japan decided, as a token concession to the United States, to mix its separated plutonium
with an equal amount of unenriched uranium. During the G.W. Bush Administration, AREVA
similarly proposed to modify the design areprocessing plant that it wished to sell the United States so
that plutonium would never be completely separated from uranium. South Korea is currently arguing
that pyroprocessing is “ proliferation resistant” because it does not separate the minor transuranic
elements and some short-lived lanthanide fission products from the plutonium. All these mixtures are
weapon-usable, however, and the reprocessing facilities could easily be modified to produce pure
plutonium. See e.g., Jungmin Kang and Frank von Hippel, “Limited proliferation-resistance benefits
from recycling unseparated transuranics and lanthanides from light-water reactor spent fuel,” Science
& Global Security, 13, 2005, p. 169; and R. Bari et a, Proliferation Risk Reduction Sudy of
Alternative Spent Fuel Processing, Brookhaven National Laboratory, BNL-90264-2009-CP, 2009.

35 Pierre Goldschmidt, “The IAEA Reports on Egypt: Reluctantly?” Carnegie Endowment for
International Peace, 2 June 2009; and Report by the IAEA Director General, Implementation of the
NPT Safeguards Agreement in the Islamic Republic of Iran, 15 November 2004.

36 Report by the IAEA Director General, Implementation of the NPT Safeguards Agreement in the
Syrian Arab Republic, 30 August 2012.

37 See e.g. Frank von Hippel, “The costs and benefits of reprocessing,” in Nuclear Power’s Global
Expansion: Weighing its Costs and Risks, Henry Sokolski, ed., Strategic Studies Institute, 2010.

38 R. Price, “An analysis of uranium exploration and price,” Facts and opinions, NEA News, 2005 —
No. 23.1, p. 8 from 1970 to 2002 in constant dollars; and US Energy Information Administration, 2012
Uranium Marketing Annual Report, Table S1a 1994-2012, in current dollars.

39 See e.g., Fast Breeder Reactor Programs: History and Status (International Panel on Fissile
Materials, 2010).

40 JM. Charpin, B. Dessus and R. Pellat, Report to the Prime Minister [of France]: Economic
Forecast Sudy of the Nuclear Power Option , 2000, Tables on pp. 43, 56, 214., 215; and Japan Atomic
Energy Commission, “Estimation of Nuclear Fuel Cycle Cost and Accident Risk Cost (Statement)
2011.

41 UK Nuclear Decommissioning Authority, Oxide Fuels: Preferred Option, 2012.

29



42 The Netherlands has one 40-year-old, 0.5-GWe power reactor.

43 See for instance, Robert Alvarez, “Managing the uranium-233 stockpile of the United States,” op.
cit.

44 M.V. Ramana, The Power of Promise: Examining Nuclear Energy in India (Penguin-Viking, 2012).

45 Rodney Jones et al, Tracking Nuclear Proliferation (Carnegie Endowment for Peace, 1998), pp.
190-1.

46 Dan Williams, “Israel to phase out civilian atomic reactor by 2018,” Reuters, 20 March 2012,
47 Frank Munger, “ Spent HEU fuel from Israel,” knoxnews.com, 21 January 2010.

48 “CRP on Conversion of Miniature Neutron Source Research Reactors (MNSR) to Low Enriched
Uranium (LEU)” www.iaea.org/OurWork/ST/NE/NEFW/Technical_AreassRRS/mnsr.html.

49 James Matos, Argonne National Laboratory, personal communication, 18 February 2013.

50 SESAME: Synchrotron-light for Experimental Science and Applications in the Middle East,
WWW.sesame.org.jo/sesame.

51 “ AEOQI head: Iran to enrich uranium to 50% if nuclear-powered vessels needed,” Fars News Agency,
16 April 2013.

52 |AEA Research Reactor Database, available at nucleus.iaea.org/RRDB/RR/Reactor Search.aspx;
International Atomic Energy Agency, Nuclear Research Reactorsin the World, Reference Data Series
Number 3, IAEA, Vienna, 2000.

53 The next (Suffren) class of French nuclear attack submarines, to be commissioned starting in 2017
will use uranium enriched only to levels used in civilian light water nuclear power plants and therefore
can be supplied by the same plant that enriches fuel for France' s power reactors, Ministére de la
Défense, Le Programme Barracuda, Le Sous-marin D’ attaque Du 21éme Siécle, Dossier de Presse, 22
December 2006, available at

groups.google.com/forum/?hl=fr& fromgroups=#!topic/noticiarionaval/jQ7ygev_n6s.

54 “In Brazil, fuel for land prototype first core and, probably, for first-of-kind SSN [nuclear-powered
attack submarine] use LEU (4-6%), similar to Otto Hahn [a German cargo ship that operated with
nuclear power from 1968-1979],” personal communication from Leonam dos Santos Guimaraes, 29
July 2011, former Nuclear Propulsion Program Coordinator at the Brazilian Navy Technological
Center at Sao Paulo.

55 Initsreport on the Fiscal Y ear 2009 budget authorization bill, the Senate Armed Services
Committee included the following language: “The committee directs the Office of Naval Reactors to
review carefully options for using low enriched uranium fuel in new or modified reactor plants for
surface ships and submarines.” Senate Report 110-335: Senate Arms Service Committee, National
Defense Authorization Act for Fiscal Y ear 2009, p. 515, http://beta.congress.gov/congressional -
report/110th-congress/senate- report/335/1.

56 “|ran begins loading Bushehr nuclear reactor,” BBC, 21 August 2010.

57 “Ceremony marks the first cascade at Georges Besse I1,” Areva, 26 May, 2009,
www.urenco.com/page/216/Ceremony-marks-the-first-cascade-at-Georges-Besse-11.aspx.

30



58 The complete set of requirements and the current status of the IAEA Fuel Bank may be found at
www.iaea.org/OurWork/ST/NE/NEFW/A ssurance-of-Supply/iaea-leu-bank.html.

59 Production of one kg of 90 percent enriched uranium from natural uranium with 0.4 percent U-235
left in the depleted uranium (DU) requires 169 SWU. Production from 20 percent enriched uranium
with 3.5 percent U-235 in the DU requires 10.5 SWU.

60 The IAEA has reported that, as of 16 August 2013, Iran had produced about 372 kg of UF6 enriched
“up to 20%” in uranium-235. About 2/3 of this weight (about 252 kg) would be uranium. Of the 324
kg, 185 kg (containing 125 kg of uranium) had been fed into a conversion process to produce 87 kg of
uranium in U308. The IAEA has verified that some of this U308 has been used to manufacture 21 fuel
assemblies for the Teheran Research Reactor (TRR), Report by the IAEA Director General,
Implementation of the NPT Safeguards Agreement and relevant provisions of Security Council
resolutions in the Islamic Republic of Iran, 28 August 2013.

An average fuel assembly in the TRR core contains 18 fuel plates, each with 77.5 grams of uranium.
The fabricated fuel therefore contains about 29 kg of uranium. A full core of 27 fuel assemblies would
contain about 37.8 kg of 20 percent uranium. [TRR core design information from Kazem Farhadi and
Samad Khakshournia, Nuclear Research Center, Atomic Energy Organization of Iran, “ Feasibility
study for Tehran Research Reactor power upgrading,” Annals of Nuclear Energy Vol. 35 (2008) p.
1177.] The TRRisa5 MW (thermal) reactor. Such areactor consumes about 1.2 g of uranium-235 per
MWd. At 40 percent burnup of the uranium-235 content, the TRR would consume 5x(1.2/0.4)/0.2 = 75
g of LEU per per full- power day. In 1992, Argentina, supplied Iran with 115.8 kg of LEU fuel. If the
fuel was consumed by 2012, that would correspond to an average consumption of about 6 kg of LEU
per year or full-power operation for the equivalent of 80 days per year. Iran claimed 60 equivalent full
power daysin its 2009 report to the IAEA
(http://nucleus.iaca.org/RRDB/RR/HeaderInfo.aspx?RId=214) but that was in a situation in which it
was running out of fuel. Twelve percent of the world' s research reactor operated for 210 or more days
per year (http://nucleus.iaca.org/RRDB/Content/Util/UtilHigh.aspx), which would be equivalent to an
annual demand of 16 kg of 20 percent-enriched uranium for a5 MW reactor. Operating between 80 to
210 full-33 power days per year, assuming 35 percent losses in the conversion and fuel production
process, the 252 kg of 20 percent uranium that Iran had produced as of May 2013 would be sufficient
for 10 to 27 years.

61 Report by the Director General, Implementation of the NPT Safeguards Agreement and relevant
provisions of Security Council resolutionsin the Islamic Republic of Iran, 22 May 2013.

62 Production of one kg of 90 percent enriched uranium from natural uranium with 0.4 percent
uranium- 235 left in the depleted uranium (DU) requires 169 SWU. Production from 5 percent enriched
uranium with 0.7 percent uranium-235 in the DU requires 43 SWU.

63 Assuming that the depleted uranium “tails’ from the enrichment process had an enrichment of 0.7
percent (asin natural uranium).

64 |n February 2013, the Atomic Energy Organization of Iran announced 16 sites for future power
reactors, www.presstv.ir/detail/2013/02/23/290389/iran-to-buil d-16-nucl ear-power-plants.

65 Oliver Meier, “Iran and foreign enrichment: a troubled model,” Arms Control Today, January 2006.
The story is complicated by the fact that immediately after the 1979 revolution Iran cancelled its
contract for purchase of enrichment work from the plant. For other pre-1979 nuclear contracts with Iran
that were cancelled, see Chronology of Iran’'s Nuclear Programme, 1957-2007, available at
www.oxfordresearchgroup.org.uk.

66 |ran produced 2253 kg of UF6 enriched up to 5 percent (we assume 3.5 percent) between 22
October 2012 and 10 August 2013 (0.72 years). We assume that the depleted uranium contained 0.4

31



percent uranium-235. Iran produced 49 kg of ~20 percent UF6 in the Natanz pilot plant from 3.5
percent enriched uranium between 16 September 2012 and 16 August 2013 (0.92 year) and 94 kg in the
Fordow enrichment plant between 18 November 2012 and 16 August 2013 (0.74 year). This assumes
0.7 percent uranium-235 in the depleted uranium. Report by the Director General, Implementation of
the NPT Safeguards Agreement and relevant provisions of Security Council resolutions in the Islamic
Republic of Iran, 28 August 2013.

67 David Albright and Christina Walrond, Iran’s Advanced Centrifuges, Institute for Science and
International Security, 18 October 2011, available at isis-online.org.

68 |f the centrifuge cascades were arranged to produce weapon-grade (90 percent enriched) uranium
through three intermediate stages (3.5 percent, 20 percent and 60 percent). William C. Witt, Christina
Walrond, David Albright, and Houston Wood, Iran’s Evolving Breakout Potential, Institute for Science
and International Security, October 2012.

69 Frank von Hippel, “National fuel stockpiles: an alternative to a proliferation of national enrichment
plants?’ Arms Control Today, September 2008, p. 20.

70 A Report on the International Control of Atomic Energy, prepared for the Secretary of State's
Committee on Atomic Energy, 16 March 1946, fissilematerials.org/library/ach46.pdf, chapter V.

71 Mohammed ElBaradei, “ Towards a safer world,” The Economist, 16 October 2003.

72 “The Ministers reaffirmed the basic and inalienable right of all states to develop research,
production and use of atomic energy for peaceful purposes, without any discrimination and in
conformity with their respective legal obligations. Therefore, nothing should be interpreted in away as
inhibiting or restricting the right of states to develop atomic energy for peaceful purposes. They
furthermore reaffirmed that States' choices and decisions, including those of the Islamic Republic of
Iran, in the field of peaceful uses of nuclear technology and its fuel cycle policies must be respected.”
Statement on the Islamic Republic of Iran’s Nuclear Issue, XV Ministerial Conference of the Non-
Aligned Movement Tehran, Islamic Republic of Iran, 27-30 July 2008.

73 Article 1V.1 of the Non-Proliferation Treaty states that “Nothing in this Treaty shall be interpreted
as affecting the inalienable right of all the Parties to the Treaty to develop research, production and use
of nuclear energy for peaceful purposes without discrimination and in conformity with articles| and Il
of this Treaty.” The debate is over whether Iran’s enrichment program is exclusively for “ peaceful
purposes,” as Iran asserts, or whether a major motivation is to provide Iran with a nuclear-weapons
option.

74 Agreement for Cooperation between the Government of the United States and the Gover nment of the
United Arab Emirates Concerning Peaceful Uses of Nuclear Energy, U.S. Government Printing Office,
21 May 2009, www.gpo.gov/fdsys/pkg/CDOC-111hdoc43/pdf/CDOC-111hdoc43.pdf .

75 World Nuclear Association, “Nuclear Power in the United Arab Emirates,” www.world-nuclear.org.

76 Agreement for Cooperation between the Government of the United States and the Government of the
United Arab Emirates, op. cit.

77 The Comprehensive Safeguards Agreement template used by the IAEA is published by the IAEA on
its website as INFCIRC/153 (corrected), The Structure and Content of Agreements between the Agency
and States Required in Connection with the Treaty on the Non-Proliferation of Nuclear Weapons.

78 “Source material” is purified natural or depleted uranium, or thorium that could be irradiated to
produce plutonium or U-233. “ Special material” is enriched uranium, plutonium or U-233, including in
spent fuel, IAEA, Safeguards Glossary, 2001, p. 31.

32



79 Qubsidiary arrangement to the agreement between The Government of [ ...] and the International
Atomic Energy Agency for the application of safeguards in connection with the treaty on the non-
proliferation of nuclear Weapons (IAEA, 2 November 2011),
www.iaea.org/OurWork/SV/Safeguards/documents/Online_ Version_SG-FM-1170_--
_Model_Subsidiary_Arrangement_Code_1-9.pdf, Code 3.1.2.

80 The template for the Additional Protocols is published on the IAEA website as INFCIRC/540
(corrected), Model Protocol Additional to the Agreement between State (S) and the International
Atomic Energy Agency for the Application of Safeguards.

81 World Nuclear Association, “Nuclear Power in Jordan”; www.world-nuclear.org; “Bahrain
postpones nuclear energy plans,” Trade Arabia, 17 October 2012.

82 Report by the IAEA Director General, Implementation of the | AEA Safeguards Agreement in the
Syrian Arab Republic, 30 August 2012.

83 « After revolution, Egypt turns to nuclear,” Nuclear Intelligence Weekly, 21 September 2012, p. 5.

84 « Qatar’ s N-power plan ‘ economically feasible,
npower-plan-* economically-feasible’.

10 February 2012, nucpros.com/content/gatar’ s-

85 Asnoted above, Djibouti and Somalia do not have Comprehensive Safeguards Agreements in force.

86 For a discussion of the respective Additional Protocols agreed by the NPT nuclear weapon states,
see chapter 6, Global Fissile Material Report 2007.

87 | AEA, Status List: Conclusion of Safeguards Agreements, Additional Protocols and Small
Quantities Protocols, as of 24 September 2013, www.iaea.org/saf eguards/documents/sir_table.pdf.

88 | AEA Board of Governors, |mplementation of the NPT Safeguards Agreement in the Islamic
Republic of Iran, Resolution adopted on 4 February 2006.

89 UN Security Council Resolution 1737, 23 December 2006; Article 41 of the UN Charter states that
“the Security Council may decide what measures not involving the use of armed force are to be
employed to give effect to its decisions, and it may call upon the Members of the United Nations to
apply such measures. These may include complete or partial interruption of economic relations and of
rail, sea, air, postal, telegraphic, radio and other means of communication and the severance of
diplomatic relations.”

90 See e.g., Report of the Director General of the IAEA to the IAEA’s Board of Governors,
Implementation of the NPT Safeguards Agreement and relevant provisions of Security Council
resolutions in the Islamic Republic of Iran, 16 November 2012, paragraphs 43-45. The basis for the
IAEA’s concerns were laid out in the 8 November 2011 Report of the Director General of the same
title, Annex C, paragraphs 41-51.

91 During 2004-2005 Iran did give the IAEA access to a different part of the Parchin site. Iran has
engaged in prolonged negotiations with the IAEA, including demanding that, in exchange for the
maximum level of transparency measures (including implementation of Additional Protocol) and
constraints on its enrichment program (such as halting production of 20 percent enriched uranium and
capping the enrichment level at 5 percent), the UN Security Council relax the sanctions imposed on
Iran and recognize its legitimate rights for enrichment under NPT.

92 Adolf von Baeckmann, Garry Dillon, and Demetrius Perricos, “Nuclear verification in South

33



Africa,” IAEA Bulletin 1, 1995, p. 42; the official |AEA report was made to the IAEA General
Conference, The Denuclearization of Africa, GC(XXXVI1)/1075, 9 September 1993.

93 In the case of continuing centrifuge enrichment programs, this would include procedures for
accounting for production of key centrifuge components and the assembly and installation of
centrifuges; and continuous video monitoring of key pointsin centrifuge cascades, such as the feed and
withdrawal points.

94 A former senior Isragli official argued in late 2012 that a Middle East WM D-free zone “will have to
involve the establishment of pertinent regional institutions to implement it and the backbone of the
Zone' s verification scheme and ultimately also its enforcement mechanism must be regional in nature.
This holds true even when pertinent international institutions exist (such asthe IAEA and to alesser
extent also the OPCW).” Ariel Levite, formerly principal deputy director general of the Isragli Atomic
Energy Commission, “Reflections on ‘ The regional security environment and basic principles for the
relations of the members of the zone,” background paper presented at the EU Non-Proliferation
Consortium, Second Seminar to Promote Confidence Building in Support of a Process Aimed at
Establishing a Zone Free of WMD and Means of Delivery in the Middle East, Brussels, 5-6 November,
2012, www.nonproliferation.eu/documents/backgroundpapers/levite.pdf. The OPCW isthe
Organization for the Prohibition of Chemical Weapons, the agency charged with implementing
verification of the Chemical Weapons Convention.

95 Mitchell Reiss, Bridlied Ambition: Why Countries Constrain Their Nuclear Capabilities (Johns
Hopkins, 1995), pp. 61-64.

34



saai o g all Ay 0

O il 3 Azala




