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een mounting for the United States to rethinkkABRICATION
its dual-containment policy that seeks to isolate
) ) ; As part of a program to master the nuclear fuel cycle,
Iran and Iraq internationally. These calls have increas : - .
L . ehran has sought to acquire the capability to mine and
steadily since Mohammad Khatami was elected Presj-. . . o
. . mill uranium ore. In 1985, Atomic Energy Organization
dent of Iran on May 24, 1997. Khatami, a previously - :
" of Iran (AEOQI) specialists located over 5,000 metric tons
obscure political force and the most moderate of the can- S .
: : , : MT) of uranium in the Saghand region of eastern Yazd
didates hand-picked by Tehran’s ruling clergy, upset th : PR : S
: ) . rovince, making it one of the biggest deposits in the
powerful, hard-line speaker of the Iranian parliament, Al

. o ; iddle Eas2 They also found 4,000 tons of molybde-
Akbar Nateg-Nouri. Khatamr's victory was a vote agamsnum’ a mineral which is mixed with steel to make hard-

the clergy and suggests that Tehran may be willing t -
moderate its behavior internationally. The United State%ned alloys that have nuclear applications.

has maintained a trade embargo against Iran as part ofFollowing subsequent unsuccessful efforts to mine and
the dual-containment strategy, citing its “rogue” behavmill the province’s vast uranium deposits indigenously,
ior, including support for terrorism and attempts to acTehran sought external assistance. China’s Beijing Re-
quire weapons of mass destruction. In particular, U.search Institute of Uranium Geology (BRIUG), a divi-
officials have repeatedly said that Iran has an active pr&ion of the China National Nuclear Corporation (CNNC),
gram to build or acquire nuclear weapons, and is five tBelped Iran explore for uranium depositsussia pro-
10 years away from realizing that goal. This study ana4ded advice and assistance about mining and milling ura-
lyzes the available open-source information on Iran’§ium ore, according to U.S. intelligence repdrt3his
nuclear program and outlines its potential for success @gsistance may be continuing, despite Moscow’s assur-
tracking activities and capabilities in each of the fuel cycl@nces to the contrary, although itis not clear whether it is
technologies: from mining and milling uranium to fissile controlled by the central governméntrhe AEOI also
material production by uranium enrichment or plutoniunfought other nuclear suppliers, approaching Argentina
reprocessing. about the possible sale of $18 million worth of machine-
tools for a pilot-scale uranium mill and a pilot-scale fuel
fabrication plant. Argentine President Carlos Menem

Oer the past six months, internal pressure hasINING, MILLING, AND FUEL
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prohibited Argentina’s Applied Research Instituteofficials tried to buy specialized ring magnets from the
(INVAP) from supplying the equipment in February 1992German firm Thyssen, but were rebuffed because the
due to nonproliferation concerhs. end-user was not specifiét. The officials then ap-

Iran requires foreign assistance because it does nBﬁoached Germany's Magnetfabrik Bonn (MFB) about

possess the capability to mine and mill significant quanti:a hico’(a cotzpbri]natiortl)of aIuréli_num and nic_l;el)-tyf]e fing
ties of uranium. In 1992, IAEA inspectors visited theMagnets, which can be used in gas centrl dgeshen

site of an alleged operational mill in Saghand, but founauesftion.ed’_ MFB officials_ admitted Lhatdthe_ydh?]d 30“}:
only a small uranium ore drilling rig that was at least five_Iran erritic ring magnets since 1993, ut denied the deals
years from productio. Iran does have a laboratory- included either alnico magnets or Sharif Universitythe
scale uranium mill at the Tehran Nuclear Research CeflF B Oﬁ'c'?"s added that Germany’s F_e_der_al Export
ter (TNRC), used to produce yellowcake from raWControI Office (BAFA) approved the ferritic ring mag-
uranium ore. Further Chinese or Russian assistanega_deal bec_ause thle dE_)V'CGS could not be1 usedgolrden-
will likely allow Tehran to acquire the capability to mine fiching uranium. _ASO in 1991, Germany’s Leybo
large amounts of natural uranium ore and mill it intocorporation negotiated the sale of a vacuum arc furnace
yellowcake within a few years. The yellowcake Cou|dwith Said Kareem Ali Sonhani, an official at the Iranian
then be fabricated into heavy water reactor fuel or Cone_][nbassy in Bon#. Leybolld fur_th(?r ne?]otlatfe dthe sale
verted into uranium hexafluoride gas (UF6) for use in 8 vacuulmh purrrlpshto auniversity len Te tr)an rc:jml_bgé%;o
uranium enrichment plant. If Tehran continues plans t8991r,] alt ou?_ t ]?She may hot have (_aenh elivered.
build a UF6 conversion facility at Isfahan, it would need\nother supplier of the Iranian program Is the company
a steady supply of yellowcake, although it has a smaﬁarl Schenck of Darmstadt, which sent at least one bal-

v that ired from South Africa in the 1970s.2"cing machine to Sharif University before canceling the
Supply fhat was acquired from Sou ricainthe S rest of the orde¥. The balancing machine, which can

be used to produce gas centrifuges, was sent after
Schenck was assured in writing that the machines would
not be used for military purposes.

ENRICHMENT AND URANIUM
HEXAFLOURIDE CONVERSION

Centrifuges Iran procured equipment for its gas centrifuge devel-

. . opment program from other Western suppliers as well.
Iran has explored several different technologies as P} 1091, several British firms sent Sharif University a

of a program to acquire the capability to enrich uraniungupply of fluorine gas, which is used to make UF6 to

to weapons grade (90 percent enriched). Sharif Univeféed a centrifuge plat. In August of that year, Ray

sity of Technology in Tehran, a major research and de‘A'miri and Don Danesh were arrested for selling Tehran

velopment (R&D) center and nuclear procurement frontan oscilloscope purchased from the U.S. firm Tektrénix.
has been central to this effort. Western intelligence offig, .. companies may have supplied gas centrifuge tech-
cials "’.‘”ege th_at the Physms Research Center (PHR logy in 1991 as well, and Iran acquired electrical dis-
the_re is the S'.te of Iranian attempts to p_roduce highl harge machinery (EDMs) from the Swiss firms AGIE
enriched uranium (HEU). by the gas centrifuge metho nd Charmilles Technologies in 1993EDMs cut heavy
qngt thg. Getrrréz;l\lanl_tetlllgtence agency Butnfdg stnac netals with a high decree of accuracy and can be used
richtendienst ( ) lists it as a procurement frént. to produce gas centrifuge components and to fabricate
Following a strategy similar to Iraq’s and Pakistan’snuclear fuel.
nuclear development programs, Iran has attempted to

acquire a uranium enrichment capability by purchasingctive nuclear weapons program and is seeking gas cen-

centrifuge components piecemeal from Western Eurq—mcuge technology. The proposed Russian supply of an

pean suppliers. Tehran established a network of frq tnrichment plant as part of the Bushehr reactor deal

g%mpflrjle_s o p:ocur;ahdgal-us(;a ?jnc? p;ghll;)_lted |fms, \;V' eightens this concern. Russia has the world’s largest
th'an nlvers,.lt{‘as e:jnden 1ed | ?S |nat!on.f sUpar ° entrifuge enrichment capability with a relatively unso-
IS program, it has used design information 1or Urencyy,;qicated design, meaning that Iran could conceivably

G-1 and G-2 type centrifuges that the BND said wa . . . . . ;
: . s . - t landest t for it
obtained through Pakistah.In 1991, Sharif University everse-engineer It or gain clandestine assistance for ts

These activities raise concerns that Tehran has an
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centrifuge program. The proposed centrifuge deal ikaser Enrichment
especially worrisome considering the poor economic situ- The TNRC houses the Laser Research Center and its

ation in Rgssia and the av_ailability there of many un’subsidiary, the Ibn-e Heysam Research and Laboratory
used centrifuges and centrifuge componénts. Complex, which has been the focal point of Iran’s pro-
Despite its efforts, evidence suggests that Iran doggam to enrich uranium using the laser isotope separa-
not yet have a centrifuge enrichment facility, even on &on (LIS) method since it officially opened on October
laboratory-scale. While Tehran did acquire some of th&3, 19922 Headed by A. Hariri, the center has produc-
necessary equipment, it does not possess sufficient qudiaon lines for red helium-neon lasers and carbon dioxide
tities of vital production equipment and materials such agas lasers, a glass-tube manufacturing unit, an optical
maraging steel, and the program appears to have stalleghnufacturing unit, a nitrogen laser laboratory, a solid
since 1993. The tightening of export controls in supplielaser laboratory, a precision laser laboratory, semi-guided
countries following revelations that Irag was close tdaser laboratories, and a polymer laser labor&torin
building a nuclear weapon has greatly hindered Iran’addition to its indigenous LIS development efforts, Iran
ability to acquire this material. Even if Tehran were ableeceived at least one copper-vapor laser from China.
to build a small enrichment facility, operating the com-During the 1970s, Tehran sought LIS equipment and tech-
plex centrifuges may be beyond Iran’s scientific, techninology from U.S. scientist Jeffrey Eerkens, who had
cal, and managerial capability without external assistancejorked on a classified U.S. government project research-
at least over the short-term. However, external assigg laser enrichment. Eerkens latter said that the laser
tance from a knowledgeable partner, such as Russia designs and the more than four lasers he sent to Iran
China, could allow Iran to build and operate an experiwere not suitable for enriching uranium. Iran sought 16
mental-scale enrichment plant. micrometer lasers, and Eerkens focused on five microme-

. .
The current focus of Tehran’s program is on developt-er lasers® Both of these wavelengths are suitable for

ing and bench-testing gas centrifuges at Sharif Univeg£nriching uranium, but five micrometer wavelength la-
sity.?? Although unpalatable to Western governments,Sers are preferabte.

these efforts do not specifically violate Iran’s safeguards Although the center’s production facilities are impres-
obligations because they have not reached the threshalide on paper, the uranium enrichment program using LIS
of having to be reported to the International Atomic Entechnology has not been successful. The technology,
ergy Agency (IAEA). It is not likely that Tehran has awhich has not been mastered by many of the most de-
supply of UF6 gas, has enriched uranium in centrifugesieloped countries, is probably beyond Iran’s technical
or has built a laboratory-scale enrichment facility, all ofand scientific capability. The need to keep the research
which would require reporting under Iran’s safeguardsecret further inhibits Iran’s scientific growth in the nuclear
obligations. field. Tehran may continue research on advanced laser
r]ttechnology, however, because it has military applications

Iran could attempt to build a clandestine enrichme ) _
gther than uranium enrichment.

plant separate from its safeguarded facilities once it ma
ters centrifuge technology. This would be a long-term
objective, as Tehran is years away from having the c&alutrons
pability to build even a small, safeguarded, centrifuge Inaugurated on May 11, 1991, by Iranian Vice Presi-
plant. In addition to building and operating the centri-dent Hassan Habibi, the Center for Agricultural Research
fuges themselves, a secret enrichment facility would reand Nuclear Medicine at Karaj is home to Iran’s pro-
quire an unsafeguarded supply of UF6 gas. Iran doggam to develop electromagnetic isotope separation
not yet have even a safeguarded UF6 conversion plagEMIS) technology® The AEOI-run center has a 30
nor does it have the ability build a clandestine one. IMega-electronvolt cyclotron accelerator provided by
short, Tehran will not have the capability to build anBelgium’s lon Beam Applications and a small (one
unsafeguarded uranium enrichment plant using gas cemilliamp) Chinese-supplied calutréhThe existence of
trifuges for many years, unless it receives large amountiese devices has led to allegations that, in 1995, China
of clandestine foreign assistance. was installing a uranium enrichment facility using
calutrons at Karaf A large hydro-electric dam located
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nearby could reportedly provide the facility with the largeUranium Hexaflouride Conversion

amounts of electricity it would requié. During a November 1996 IAEA visit to Isfahan, Iran

These allegations are likely misinterpretations of thénformed the IAEA Department of Safeguards that it
Chinese-supplied calutron’s capabilities. The device iplans to build a UF6 conversion plant at the Nuclear Tech-
housed in a gymnasium-sized building that uses an unelogy Cente?® Tehran expects the Chinese-supplied
protected ventilation system, precluding its work withplant, which would be placed under IAEA safeguards, to
radioactive substancé&s.Furthermore, the desktop-sized become operational sometime after 26000The plans
machine is too small to enrich uranium to weapongxplain the presence of 15 Chinese nuclear experts who
grade® IAEA inspectors visited the facility in 1992 and were reportedly working at the center in 1995, likely
determined that its activities were consistent with civil-making preliminary preparations for the facility.U.S.
ian nuclear research. officials may have subsequently convinced China to can-

Although the Karaj facility does not currently violate cel the deal as a prelude to opening U.S. nuclear exports

IAEA safeguards obligations and is not an immediatd? China. Howeyer, Be'J'ng has not agreec_j to end all
proliferation threat, it does present some long-term cor{ll_JCIear coqperatlon with Iran, r_md ithas provided Tehran
cerns. lIranian technicians could use the calutron aﬁ’éﬂ'th blueprints for the UF6 facility.

cyclotron to gain knowledge of EMIS technology. Such The UF6 plant prompted allegations that research and
technology could be used to build or reverse-engineatevelopment (R&D) on gas centrifuge technology was
larger versions of the devices to clandestinely enrich uraecretly being conducted at IsfaHanThere is no logi-
nium in a separate facility. However, a secret EMISal explanation for Iran to build such a plant, the product
enrichment plant would require large amounts of elecrom which is used to feed a uranium enrichment facility.
tricity, making it difficult to conceal. Iran does not have a declared uranium enrichment facil-

Were Iran to pursue this option, it would need precijty' nor does it require one for its civilian nuclear pro-

sion machining facilities to make the large magnets thélr,ﬁm' The clountfry SI lone con:jn;eruallqreagtor, ;t BUShihr’
powerful calutrons require. Although Iran has little in-W!!' US€ nuclear fuel imported from Russia. Due to the

digenous capacity to build precision machine-tools, i.flbsence of commercial nuclear power plants and the high

imported high-capacity computer-numerical-control'nveStment costs associated with building nuclear facili-

(CNC) lathes and vertical turning machines from thdl€s, the development of fuel cycle facilities such as the

Czechoslovak firm Strojimport in 1982-83. The IranianUF6 plant suggests that Tehran may wish to use them
state-owned heavy manufacturing firm Machine Sazfior non-peaceful purposes.

Arak bought eight vertical turning and boring machines,

and the Czech firm TST Kovosvit Semimovo Usti pro-POWER REACTORS

vided Machine Sazi Arak with at least five CNC drilling
machines® Power Reactors Under Construction

Iran could acquire additional machine-tools from turn- After years of searching for a supplier to complete its
key factories that foreign firms are establishing in Iranfirst nuclear power plant, Iran secured a contract with
several of which are scheduled to be completed in tH8€ Russian Ministry of Atomic Energy (Minatom) to
late 1990s. To augment this Capabi"ty, the Iranian m|n|§ln|5h the reactors at BUShehr, which will be under IAEA
ter for mines and metals signed a letter of intent on De&safeguards. The $800 million contract, signed in January
cember 5, 1996, p|edg|ng Tehran’s interestin buy|ng thé995 by Minatom chief Viktor Mikhailov and then AEOI
ailing former East German machine-tool manufacturef€ad Reza Amrollahi, calls for Russia to complete the
Magdeburg® Such a move would be similar to Irag’s first reactor at Bushehr within four yedfs A protocol
former arrangement with the British firm Matrix Churchill, to the deal stipulates that the two sides will prepare and
from which Baghdad procured machine-tools used in it§ign contracts for Russia to provide a 30 to 50 megawatt
weapons of mass destruction progrémﬁcquisitions thermal (MWt) I|ght water research reactor, 2,000 tons
from any of these suppliers, in conjunction with the CzecHf natural uranium, and training for 10 to 20 Iranian
supplied CNC machines, would give Iran the capabilitjuclear scientists per yetr. The Iranian nuclear spe-

to manufacture the necessary |arge magnets forCé\aIiStS will be trained at the Russian Research Center
calutron® (Kurchatov Institute) and at Russia’s Novovoronezh
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nuclear power plartt. Both sides also agreed to discussOn March 6, 1990, the Soviet Union and Iran signed their
the construction of a nuclear desalination plant, a urdirst protocol on the project, stipulating that Moscow
nium mine, and a gas centrifuge uranium enrichment favould complete the plant and build an additional two
cility inIran# In May 1995, the U.S. government said itVVER-440 reactors in Irafl. The deal was delayed,
convinced Russia to cancel the centrifuge deal durinigowever, by technical and financial problethdn 1993,

the U.S.-Russia summit, although Russian officials lateévlinatom and the AEOI signed a contract for the con-
denied the deal ever exist&d.The light water research struction of two VVER-440 reactors at Bush&hiThat
reactor deal has also been canceled, but Russia is pomntract never entered into force because Iran asked for
viding limited uranium mining assistante.A supple- a postponement of the fixed time limits due to financing
mental agreement was signed on August 24, 1995, unddifficulties. Iranian and Russian officials have said that
which Russia will supply $30 million worth of nuclear once Bushehr-1 is completed, Russia could also com-
fuel each year from 2001 to 203%1. According to  plete the 1,000 MW Bushehr-2 reactor and eventually
Yevgeniy Mikerin, head of Minatom'’s nuclear fuel ac-build two VVER-440 reactors thefe.

tivities, the first core of low-enriched uranium (LEU) fuel Prior to the 1995 contract, Tehran made several un-

for Bu_shehr-l would be pmd%lced at the Novos'b'rsguccessful attempts to procure components for the
Chemical Concentrates Plant in 1998. project. Again, the United States successfully lobbied

Construction of the Bushehr nuclear power plant hathe suppliers’ governments not to provide Iran with nuclear
already cost Iran billions of dollars. The German firmassistance. Iranian agents tried to acquire eight steam
Siemens and its subsidiary Kraftwerke Union (KWU)condensers, built by the Italian firm Ansaldo under the
began work on the plant in 1974, but stopped followindKWU contract, but they were seized by Italian customs
the Islamic revolution in 1979. At that time, Unit-One officials on November 11, 1993. The Czech firm Skoda
was 90 percent complete, with 60 percent of the equigRlzen also discussed supplying reactor components to
ment installed, and Unit-Two was 50 percent compfete. Iran, but canceled negotiations in 1994Tehran then
During the 1980 to 1988 Iran-Iraq war, the Bushehr retried to buy nuclear power reactor components from
actors were bombed by Iraq six tinféslraqi attacks in  Poland’s unfinished VVER-440 reactor at Zarnowiece,
November 1987 destroyed the entire core area of bothut was rebuffe® More recently, under pressure from
reactors; Iran then sealed the structure of Bushehr-1 atfie United States, the Ukrainian government abrogated
covered its dome with sheet metalAccording to offi- a 1996 agreement between the Russian contractor for
cials from West Germany’s national reactor inspectorat8ushehr and Ukraine’s Turboatom for the supply of two
before the bombings, Bushehr-1 could have been corturbines?* Minatom officials have subsequently said the
pleted in about three years, but following them, it wouldurbines will be manufactured in St. Petersburg and that
cost an estimated $2.9 to $4.6 billion to repair the damJkraine’s refusal to cooperate would not affect the
age® KWU officials noted, however, that none of the project®

core equipment had been installed and vital COMpONeNntS 4 Russian-Iranian contract entered into force on

for the two reactors were not located at Bushehr. January 12, 1996, and calls for the reactor to be com-
Starting in the mid-1980s, Iran approached severalleted within 55 month& Minatom subsidiary
nuclear suppliers about the possibility of completingZzarubezhatomenergostroy (Nuclear Energy Construction
Bushehr-1. A consortium of West German, Spanish, anélbroad) is conducting the work, having completed site
Argentine companies bid to finish the reactor in the latpreparations; the reactor vessel has been manufactured,
1980s, but the deal was never completed due to U.8nd building of the steam generators and other equip-
pressure. In asimilar deal, Iran signed a protocol in Felpaent has begufi. However, without technical specifi-
ruary 1990 with Spain’s National Institute of Industrycations for the German-supplied components, it is doubtful
and Nuclear Equipment to complete the plant, and Nahat Russia will be able to complete the reactor on time
tional Uranium Enterprise to supply the reactor’s ffiel. because existing equipment installed by Siemens may
The Spanish firms canceled the deal citing U.S. pressuhave to be replaced with Russian equipniénRussia
and nonproliferation concerns. plans to install a VVER-1,000 reactor which requires six

Unable to find a Western European supplier, Iran turnelaOrlzontal steam generators; the planned Siemens reac-

to China and the Soviet Union for nuclear technologforwas 1,300 MWe, designed to hold four vertical steam
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generator§® Metallurgical specifications of the Ger- Such training would have to be augmented with addi-
man equipment differ from those of Russian primarytional expertise in critical technologies such as
and secondary-side components, and the horizontal steavaaponization, reprocessing, or enrichment. The large
generators are materially different from the vertical Siamount of materiel and technicians moving between
emens steam generators, which could lead to corrosid®ussia and Iran as part of the Bushehr deal could also
or other serious problenm.Unless Minatom can match provide cover for covert weapons-related assistance or
these specifications, the cost of the project will increasemuggling activities. Furthermore, the reactor and cor-
greatly and completion could be delayed until at leasiesponding facilities would give Tehran legitimate grounds
2003 to conduct research and acquire nuclear-related capa-

Iran has repeatedly asked the German government ngities thaf[ could make a clandestine military nuclear pro-
allow Siemens to ship reactor components and docume@ram easier to conduct and conceal.
tation that Tehran has paid for. Under a 1982 Interna- Of more significant concern is the spent fuel the reac-
tional Commerce Commission (ICC) ruling, Siemens wators will produce, which will have to be stored on-site for
obligated to deliver all plant materials and componentseveral years while it cools. The Bushehr plant could be
stored outside Iran. In 1984, the German governmemgpable of producing up to 180 kilograms (kg) of pluto-
refused to grant Siemens an export license for the matelum each year in its spent fuél.Although it would be
rials and refused to grant permission to complete thgubject to IAEA safeguards, the spent fuel could be di-
plant’2 In response, Iran filed a lawsuit in August 1996verted or stolen from the facility for use in a plutonium
with the ICC, asking for $5.4 billion in compensation forreprocessing plant. Such a scenario is a long-term con-
Germany'’s failure to comply with the 1982 ruliffg. cern, as Tehran does not presently have a large-scale
German officials, however, have stated that any decisiaeprocessing plant and is years away from having the
to release information or equipment related to Bushehechnical capability to build one. Even if Iranian scien-
would be carefully weighed and that Bonn would mostists do manage to build one, such a plant would have to
probably reject any such requést. be declared and safeguarded by the IAEA; clandestine

Uncertainty surrounding the work schedule, and dis[eprocessing facilities are difficult to operate and hard to

agreement on how much of the German equipment Caﬁgnceal due 'Fo the distinct i_sotopic signatures of elements
be used, has caused friction between the two partnef?.leased during reprocessing.

Iran is insisting that it will not pay more than $100 million  The final disposition of Bushehr’s spent fuel is another
unless Russia agrees to a firm completion deadline, whincern. It may eventually be sent back to Russia to be
Russia insists that it needs a down payment in hard custored or reprocessed, but Minatom official Yevgeniy
rency before it can proceéd.Although Iran paid Rus- Mikerin said that Russia and Iran have made no agree-
sia $60 million in March 1997 and work is continuing, ments on the issué. The best option would be to return
uncertainty over the Siemens equipment threatens tbto Russia for storage at Krasnoyarsk-26, in southern
significantly delay or even derail the projéct.Ques- Siberia’”® Russian environmental law, however, seems
tions remain whether Russian technicians can overconte preclude this. The Law on Environmental Protection,
the incompatibility problems within a reasonable timeframéwo presidential decrees, and a government decree regu-
and budget. If the delays and costs are significantly high&ate the importation of radioactive waste. Article 50 of
than expected, Iran will not be able to afford any newthe Law on Environmental Protection (December 19,
large-scale nuclear projects until Bushehr-1 is completed991) prohibits storing or burying radioactive waste or
meaning at least into the next century. materials from abroad on Russian territory. A contra-

If successfully completed, Bushehr-1 will have a grea@lilctory law, Presidelz(ntial Decree 72 ‘?lf January 25" 1995,
impact on Iran’s civilian nuclear program. The traininga ows Krasnoyarsk-26 to temporarily store and repro-

in Russia and experience gained from running a nucle§FSS spent fuel from forgign plants. FoIIo_vving criticism_
power plant will give Iranian scientists and engineers 9f Decree 72, Presidential Edict 389 was issued on April

greater understanding of nuclear matters that have bo%Q’ 1995, to improve oversight of importing and handling

civilian and military applications, potentially increasing spentfuel. On April 4, 1996, the Russian Supreme Court

Tehran's ability to produce weapons-grade fissile malte_r_epealed the sections of Decree 72 that provide for the

rial and to build a nuclear weapon over the Iong-term'.mportatIon and reprocessing of spent flieEdict 389
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requires that products of reprocessing be returned to timécians, while Iran was unable to provide detailed plans
country of origin. Russian government Resolution 77®n how to raise $2 billion for the proje€t.Chinese For-

of July 29, 1995 also stipulates that Russia must retugign Minister Qian Qichen reportedly told U.S. Secre-
solid radioactive wastes and other by-products of reprdary of State Warren Christopher on September 27, 1995,
cessing not intended for further use in Russia. The lathat Beijing terminated the contr&étQian changed his
further requires that the process be safeguarded by teatement on September 30, 1995, saying the deal was
IAEA and that the country of origin has in place all themerely suspended because “the original site is not very
necessary regulatory structures as well as the ability &ppropriate for these nuclear reactdts.The planned
safely handle radioactive waste. site was subsequently moved to Bushehr from Darkhovin

A second disposition option would be to separate thgue to the latter’s proximity to Iré.

spent fuel at the RT-2 reprocessing plant in Krasnoyarsk Since 1995, however, there have been no new devel-
once it is complete#. Russian environmental law ap- opments on the proposal and it is doubtful that Iran could
pears to allow this, but only if Moscow returns the vitri-afford the project while paying for Bushehr-1. If the
fied high-level radioactive waste and separated plutoniuproject were to proceed, the two reactors would likely
to Iran® However, the presence of separated plutobe built by the CNNC near Bushehr. Although the reac-
nium in Iran, even under IAEA safeguards, would drawors would be under IAEA safeguards, completion of the
fierce criticism from the United States due to nonprolifplant would provide Iran with nuclear technology from
eration concerns. Furthermore, the RT-2 plant will nowhich the country’s military could draw expertise and
be completed until after Bushehr-1 is operating, meaningersonnel. Fears that the reactors’ spent fuel could be
that sending spent fuel to Russia would be tantamount stolen or diverted for use in a secret reprocessing pro-
storage and therefore in violation of Russian environgram also persist. Furthermore, enlarging the size and

mental law. scope of Iran’s nuclear infrastructure could make it more
difficult to detect the progress of a clandestine nuclear
Postponed or Canceled Power Reactor Deals R&D program.

In addition to Bushehr, Iran has sought other nuclear Iran also planned to build two Russian VVER-440
power reactors. Tehran sought to build a nuclear powdfWe power reactors at a facility in Gorgan, sometimes
station at Darkhovin, located on the Karun River souttieferred to as either the Gorgan al-Kabir Center or
of the city of Ahvaz, to be provided by either French oNeka? The deal was part of a March 6, 1990, protocol
Chinese firms. In 1974, Iran signed a contract with th&etween the Soviet Union and Iran, which stipulated that
French company Framatome to build two 950 MW presMoscow would complete the Bushehr plant, as well as
surized water reactors (PWRs) at the site which theluild two VVER-440 reactors at an unnamed site, latter
called Karurg* Although Framatome surveyed the areaddentified as Gorgaff. Russian technicians conducted a
and site preparations had begun, construction had not yggological survey of the area, but determined that it was
started when Iran canceled the contract following th&nsuitable for nuclear reactors due to seismological in-
Islamic revolution in 197% stability® It was then decided to build the proposed re-

: actors at Bushelfit.
Iran made a second attempt to acquire a nuclear power

plant at Darkhovin, contracting China to build two 300 Despite the location change, allegations persist that
MW PWRs for a project the Chinese called Esteghlathe area is home to a secret nuclear weapons-related
On September 10, 1992, then Iranian President Hashefagility.””  According to one report, Iranian, Ukrainian,
Rafsanjani announced that China’s Qinshan Nucledrussian, and Kazak scientists are working at Gorgan,
Power Company and the Shanghai Nuclear Researearning up to $20,000 a month e&thrhe facility, said

and Design Institute agreed to build the reactors as pdft be one of Iran’s largest nuclear research centers, is
of a nuclear cooperation agreem&ntChinese officials allegedly supervised by AEOI Deputy Chairman Mansour
said it could take up to 10 years to complete the twblaj Azim2*® Other sources have said that Israel threat-
reactors? Although preliminary preparations were con-ened to bomb the facility in 1996, ostensibly due to its
ducted, the deal now seems to be on Bol@hina failed involvement in Iran’s nuclear weapons development ef-
to submit a detailed technical plan for the plant and failetbrts!® The claims, however, can not be justified by
to implement an agreement to train Iranian nuclear tectavailable open-source evidence. They originated with the
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Iragi-based Mojahedin-e Khalq resistance group, and atbat the center may be conducting research on nuclear
likely founded on the now canceled reactor plan. Thesechnology with military applications; a worry exacer-
sources likely confused the presence of Russian techriated by the fact that part of the center is apparently
cians conducting the site survey for more dubious activbuilt underground*®

ties. In addition to these deals, numerous unsubstantiated

reports claim that Tehran has secret nuclear reactors at

RESEARCH REACTORS various locations. One such report claims that Iran was

Iran possesses several research reactors, with séwilding a nuclear reactor housed in a reinforced-con-
eral more either canceled or alleged to exist at clandesrete bunker with Chinese assistance at BéHallhe
tine locations. The University of Tehran's TNRC, runarea, 80 kilometers south of Tabriz, is home to the Bonab
by the AEQI, is Iran’s primary open nuclear researctitomic Energy Research Center, which conducts re-
facility. It houses a safeguarded 5 MWt pool-type research on nuclear technology for agricultural d%es.
search reactor that was supplied by the United StatesTie facility, run by the AEOI and headed by Hussein
1967 and can produce up to 600 grams (g) of plutoniurifarideh, is not under IAEA safeguards because it does
per year in its spent fuélt In 1987, the AEOI paid not house a nuclear reactor or fissile material, although
INVAP $5.5 million to convert the reactor from using 93|AEA Secretary-General Hans Blix visited the site in
percent enriched uranium fuel to burning 20 percent erluly 1997:* Blix found no activities that violated Iran’s
riched uranium fuel®? The Argentine Nuclear Energy safeguards obligations, and the reports of a secret nuclear
Commission (CNEA) has subsequently supplied the rgeactor there can not be substantiated by publicly avail-
actor with 115.8 kg of safeguarded 20 percent enrichezble evidence.

uranium fuef.?? Other reports claim that North Korea is helping to build
Iran has four more small research reactors at tha secret nuclear reactor under the direction of General

Nuclear Technology Center in Isfahan, which is directe®lyong-Rok at Taba’: Again, there is no open-source
by Kazem Rassouly? Located at the University of information to verify these claims. If North Korea is
Isfahan, the center was founded in the mid-1970s witproviding Iran with military assistance at a location in
French assistance in order to provide training for BusheHiabas, itis likely for the production of ballistic missiles or
reactor personnét® The first unit, a Chinese-supplied conventional weapons.

27 kilowatt thermal (kWt) miniature neutron source re- Finally, a variety of rumors have circulated about

actor (MNSR), went critical in March 1994. The MNSR \154)lem Kaleyah, located in the mountains northwest of
is used to produce isotopes and burns 900 g of HEU fugbran. Moallem Kaleyah was the proposed site for a
supplied by the CNNC> The center also has a Chi- 10 mwt research reactor India was going to build under

nese-supplied heavy water, zero power, reactor that wegig 991 agreement with Iran, but New Delhi canceled the
critical in 1995, and two Chinese-supplied sub-criticales| under U.S. pressufé. However, allegations re-
reactors that were completed in 1892.The CNNC  5in that Iran has a secret nuclear facility in the area.

supplied the MNSR and the zero power reactor Withne |ranian Revolutionary Guard Corps (IRGC) alleg-

heavy watef edly oversees a gas centrifuge uranium enrichment plant
These facilities are not a direct proliferation threathere, established in 1987 using equipment acquired from

because they are safeguarded, the research reactors kggnch, German, and Italian compani€s.Other

not produce significant amounts of plutonium-bearingsources claim the area could be where weaponization

spent fuel, and only minor amounts of heavy water anénd design work are conductéd.

HEU are present. However, Iranian attempts to buy a | response to the charges, IAEA inspectors visited

30 MWt heavy water research reactor from China inng site in February 1992, but found only a small training
1991 raised concerd®. A deal to build the reactor at 544 recreation facility being built for AEOI staff.

Isfahan, which would have been capable of producingyentics argue that the inspectors were taken to the wrong
significant quantities of plutonium in its spent fuel, neveljg.ation. far away from the intended site. These crit-
materialized due to technical and financial problemscs gjlege that because the inspectors were not carrying
Coupled with the rapid build-up of nuclear facilities atpayigation equipment to determine their precise location,
Isfahan, the proposed reactor deal has lead to conceffigy were easily led to an alternative facility that was not
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the intended inspection site. IAEA officials said thosesibly due to the sophisticated technical knowledge a re-
claims “are just plain wrong,” and open-source informaprocessing plant would require. Furthermore, Tehran
tion seems to justify their finding%’ Iran has not dem- may be deterred by the IAEA's enhanced safeguard pro-
onstrated an ability to build even a pilot-scale centrifuggram, called 93+2° that will make it more difficult to
facility, and it is unlikely that Tehran could build and hidehide a clandestine reprocessing plant due to the distinct
a large-scale uranium enrichment plant. The allegatiorisotopic signatures of elements released during the pro-
could stem from past activity in the area associated witbess.

the proposed reactor deal with India. If Tehran were to build a secret plutonium reprocess-

ing facility, it would need a supply of unsafeguarded spent

REPROCESSING fuel to feed it. Although Iran could attempt to divert

Since the former Shah of Iran’s reign, Tehran has haghfeguarded spent fuel from its research reactors or the
a program to chemically extract plutonium from spenBushehr plant, large quantities could not be diverted with-
fuel. A former head of the AEOI confirmed Westernout being detected by the IAEA inspection regime. Iran
intelligence claims that the program existed at the TNRG;ould also try to procure spent fuel on the black market.
which is the center of Iran’s plutonium reprocessing efHowever, there are no documented cases of significant
forts121 A former technician involved in the program amounts of spent fuel being smuggled internationally, and
provided further evidence, saying that Iran completetvithout its own source of spent fuel, Iran’s nuclear weap-
and cold tested a plutonium extraction laboratory at thens program would be at the mercy of smugglers.
TNRC in 1988, although the facility did not reprocess a more likely scenario would be for Tehran to se-
any plutoniunt?? The status of this facility is uncertain, creqly puild a research-sized heavy water reactor for pro-
although it is believed to be inoperable. The TNRC hagycing plutonium-bearing spent fuel. Not only do heavy
hot cells, supplied by the United States in 1967, whiclyater reactors produce relatively more plutonium in their

can be used to reprocess gram quantities of plutoniuBhent fuel than light water reactors, but they can burn
from spent fuet? Although the hot cells and other lab- na¢ral uranium fuel, obviating the difficult step of en-

scale reprocessing activities there can produce only Smglhning the nuclear fuel. In possible preparation for such

amounts (600 g per year) of plutonium, Iranian techniz program, Iran negotiated with Argentina for a nuclear
cians could use the facilities to gain the scientific knowly e faprication pilot-plant and a pilot-scale heavy water
edge and competence necessary to operate a larger-sealgqyction facility, but the deals were canceled by Ar-

plant!?* Iran demonstrated its interest in increasing th'@entine President Carlos Menem under pressure from
capability when it approached Argentina about buyinghe United State®® Such a program would be a long-

additional hot cells, but a deal was never compléted. (o gbjective, as Iran does not have the capability to
Also, Iran acquired tributylphosphate (TBP) from China,qquce heavy water, fabricate nuclear fuel, and build
a chemical used in the plutonium separation pro€ess. 5q operate a reactor of even modest size.

China may have further supplied Iran with data on chemi-

cal separation technology. OTHER NUCLEAR-RELATED RESEARCH
These efforts could be aided by Tehran’s Amir KabitAND DEVELOPMENT PROGRAMS

University of Technology, which has allegedly been used

as a front to procure nuclear components, including plua/eaponization

fonium reprocessing equipment. University representa- Iran’s R&D centers contribute to other facets of the

tives tried to purchase neutron-shielding equipment, usable

. : . country’s nuclear weapon program as well. The shah
in a plutonium reprocessing R&D program, from the U'Shad assembled a nuclear weapon design team at the
firm Reactor Experimentg®

TNRC as part of his government’s nuclear research ef-
Despite these efforts, even small-scale reprocessirgrts, which could have included computer modeling and
activities appear to be currently beyond Iran’s technicdasic research of a nuclear explosive detAte-ollow-
competence; Tehran is years away from having the cing the 1979 Islamic revolution, the new government was
pability to build and operate a larger-scale reprocessingble to keep or lure back many key TNRC personnel,
plant. Recent Iranian procurement activities suggest thahd therefore probably inherited most of the nuclear
its plutonium reprocessing program is not a priority, posweapon design team’s data and knowledge. Although
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there is a paucity of publicly available information on theircorrosion-resistant alloys useful in a nuclear program and
current nuclear weapon design efforts, such activitiei the construction of ballistic missilé®.Danieli's par-
would likely occur at, or involve personnel from, theticipation in the project is of concern due to its past in-
TNRC. volvement in producing a maraging steel plant for Iraq's

Their work could be augmented by knowledge an(;l'aji uranium enrichment centrifuge produc_tion facilfty.
technology developed at Azad University. The univer] N€ Isfahan Alloy Steel Complex, of which the plants
sity has a HT-6B tokamak fusion research reactor th&'© @ pa_rt, officially opened on August 20, 1996, and has
was installed and supplied by the Chinese Academy Gy capacity 0f 30,000 tons of alloy steel_ pery%How-
Sciences’ Institute of Plasma Physics under a Februaﬁyer’ the.s.tatus of the NI_SC_:O pla_nts IS qugsﬂonable. In
1993 agreemeni®? As part of their normal operations, 1996, British customs officials seized a shipment of 55

most tokamaks remove and recycle small amounts 59 of.maraging steel, used to make uran_iur_n enrichment
tritium, a vital nuclear weapon component. Such a dec_gntnfuges as well as components for m|SS|Ie_s and other
vice would give Iranian technicians experience WorkinqmIltaryl?gardware, that was bound from the United States
with fusion technology, which is potentially applicable to 0 Iran_. If the plants_ are operable and can produce
a thermonuclear weapon design program. Further assjdaraging steel, the Iranian government would be unlikely
tance could be provided by the Institute for Studies it® Wgste_val_uable overseas procurement assets to
Theoretical Physics and Mathematics in Tehran, whicfcauire this high-strength alloy.

could train scientists involved in the nuclear program. The Applied Research Center of Iran, also know as
Established by the AEOI in 1989, the school, which mayTK Iran, conducts similar R&D on steel alloy produc-
be known as the Jabit bin al-Hayyan Laboratory, retion, processing non-ferrous metals, corrosion resistant
searches theoretical, particle, and high energy physitechnology, and metal castifj. Located in Tehran,
applications3 MTK Iran could develop technology used to produce

Iran has also attempted to acquire equipment that Codl’aaraging steel and corrosion resistant alloys. Al_though
be used to fabricate weapon parts and assist in desi #S unclear how ”.‘“Ch progress 'raf‘ has made N t.hese
efforts. Tehran sought high-speed cameras and flash fforts, the maraging steel seizure in the United K'F‘g‘
ray equipment that may have been shipped to Iran throur%? m suggests that Iran does not yet hal_ve the capacity to
the United Kingdom, and purchased an oscilloscope a oduce the high-strength alloy in sufficient quantities.
pulse generators from a U.S. fitfi. Such equipment
could be used to measure and calibrate the shock waf@NCLUSION
of an implosion device. Furthermore, Tehran may have As this report has demonstrated, the open-source evi-
procured a vacuum arc furnace and acquired precisiafence suggests Iran’s nuclear program is still relatively
machine-tools, which can be used to cast and machipeimitive. Tehran lacks the knowledge and equipment to
weapon cores, respectively. Despite these efforts, Tehrgnccessfully build or operate most of the fuel cycle fa-
lacks much of the sophisticated dual-use measuremeiities. Furthermore, despite attempts to procure equip-
equipment that building a nuclear weapon requiresnent and materials that suggest an active nuclear weapons
Moreover, given its lack of technical experience, Iraniamievelopment program, only limited progress has been
nuclear weapon designs would be limited to simple fismade since 1993. Tightened export controls in supplier
sion devices that are low yield (about 15 kilotons), heavytates following the 1992 Gulf War and an increased

and cumbersome. awareness of proliferation risks played a large role in
restraining Iran’s nuclear ambitions. Moreover, a lack of
Strategic Materials scientific and managerial skills, coupled with a need for

The National Iranian Steel Company (NISCO),whichStriCt secrecy, has undoubtedly impeded more rapid

produces steel for a Defense Industries OrganizatioWeress'

munitions plant in Isfahan, could provided a number of Iran will find progress even more difficult in the fu-
nuclear-related metallurgical produ&¥s.With help from  ture, as the IAEAs 93+2 enhanced safeguards regime is
Japan’s Nippon Steel, the Italian firm Danieli built fouradopted and implemented. To date, the IAEA has not
specialty steel plants in Isfahan for NISCO that couldound Iran to be in violation of its safeguards obligation,
have the capability to produce maraging steel and otheossibly because much of its activities have been at lev-
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