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Introduction
On 14 July 2015, Iran agreed to a Joint Comprehensive Plan of Action (JCPOA) with the 
permanent members of the United Nations Security Council, the European Union and 
Germany. In return for sanctions relief, the country pledged to downsize its nuclear 
ambitions and put large swathes of its nuclear fuel cycle under international monitor-
ing. This agreement promises to put a long-running nuclear standoff between Iran and 
most of rest of the international community to rest.

As a consequence, Iran may find itself normalising its relations with much of the 
rest of the world, and it may see its economy recovering as trade starts to flow. However, 
that future hangs by a single hair of a horse’s tail. Should Iran be suspected of straying 
from the deal at any stage, it may find sanctions reapplied, confounding most hopes 
of normal trading relations. At that stage, Iran could be pushed into seriously consid-
ering acquiring nuclear weapons. This possibility alone would stoke fears over Iran’s 
nuclear ambitions, in turn elevating the possibility of armed conflict.

Against that backdrop, all parties to the JCPOA have a strong incentive to make 
the agreement successful. However, given recent history, parties also have reasons to 
distrust each other (see Chapter 1 by Mark Hibbs). The complicated deal, with its many 
reversible provisions, should be understood from that perspective. Its unique verifi-
cation and monitoring provisions are a reflection of the distrust of the West, and the 
willingness of Iran to assuage those concerns, at least partially.

The International Atomic Energy Agency (IAEA) will play a central role in JCPOA 
implementation, despite not being a party to the negotiations themselves. The majority 
of the restrictions in the agreement will be verified through the application of estab-
lished IAEA mechanisms, in particular through Iran’s Comprehensive Safeguards 
Agreement (CSA) and the Additional Protocol.

However, the JCPOA will also increase the level of detail in IAEA accountancy 
in the industrial processes of mining, milling and conversion of uranium ore; which 
is sometimes referred to as the ‘front end’ of the nuclear fuel cycle. Accounting for 
Iran’s source material aims to cut off the country’s ability to develop and use clandestine 
enrichment and reprocessing facilities. These activities constitute the two possible routes 
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for any country to build a domestic capacity for producing weapons-usable material). 
While it would be possible for the country to build such plants, they cannot operate 
without nuclear material. Iran cannot use materials that are accounted for by IAEA 
safeguards in such facilities. It would need to find them elsewhere, either through 
diverting its domestic supplies or through clandestine import.

This chapter will describe the front end of Iran’s nuclear programme. It will out-
line existing verification measures applicable to it, and explore additional safeguards 
steps. It will conclude by offering a reflection on how well existing and proposed steps 
may constrain the country’s ability to operate a clandestine fuel cycle.

The JCPOA
Iran’s nuclear programme has grown substantially over the last decade. In 2004, it 
maintained modest small-scale capabilities. The debate then focused on persuading 
Iran to give up its enrichment programme in its entirety.1 These efforts proved to be 
in vain. Ten years later, the country had put into place two working gas centrifuge 
enrichment facilities, and appreciably expanded the front end of its nuclear fuel cycle. 
However, despite this growth its assets remain meagre compared to many other coun-
tries with nuclear industries.

The country’s fuel cycle is under-dimensioned for the purpose of supporting its 
civilian nuclear industry. However, it is adequately sized for a small weapons pro-
gramme.2 Information on Iran’s activities—including facts verified by the IAEA and 
details alleged by some of the organisation’s member states—remains concerning. 
Today, the country has developed a ‘uranium route’ that could be exploited for a 
nuclear explosive programme, complete with mines, conversion capabilities as well as 
the ability to enrich moderate amounts of uranium to weapons-grade level. The coun-
try’s capacity to fabricate weapons components is less clear—and information point-
ing to such abilities remains largely unverified. On balance, however, Iran appears 
to have a basic capability to assemble fissionable material into compressible hemi-
spheres. Moreover, the country is alleged to have conducted tests on high explosives 
and lens systems, and is confirmed to have tinkered with neutron initiator components.3 
All these processes are prerequisites for building a nuclear weapon, and all this infor-
mation points to a potential military use of fissionable material—possibly by having 
used undeclared stocks (or intending to use them in the future). Therefore, the IAEA 
is obliged to follow up on the information, despite it being mostly unconfirmed.

The JCPOA aims to cut off all pathways through which Iran can acquire weapons. 
It focuses on monitoring the production and stockpiling of fissionable material rather 
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than conclusively establishing what transpired in the programme’s past. The agree-
ment’s emphasis on the future is its main strength, but also its principal weakness. It 
is not possible to produce nuclear explosive devices without access to fissile material, 
so the focus on achieving a comprehensive account of Iran’s material balances is, from 
that perspective, a wise strategy. However, a lack of a firm understanding of what 
transpired in the past will make it harder to reach a broader conclusion that all nuclear 
material in a state has remained in peaceful activities, that is, that the state declaration 
is both complete and correct.

The agreement will effectively shut off Iran’s ability to produce weapons-grade 
plutonium. The document calls for a redesign and rebuild of Iran’s existing reactor—
located near Arak—and sets out that it should use 3.76 per cent enriched fuel. An 
international partnership will certify the new design, and all spent fuel will be shipped 
out of the country, preventing domestic reprocessing. Moreover, Iran will cease pro-
duction of heavy water and export whatever stocks it may hold in excess.4

The agreement focuses on Iran’s burgeoning enrichment capabilities, which is 
not surprising given that enrichment constitutes the country’s most established (as 
well as its fastest) pathway to a nuclear explosive device. The JCPOA limits Iran’s 
ability to produce weapons by establishing a hard ceiling on Iran’s enrichment capability 
for the period 2015–2023, after which the country is free to expand at a ‘reasonable 
pace.’5 So what is that ceiling? Until 2025, Iran is limited to using 5,060 early-generation 
gas centrifuges at one main facility—located near Natanz—while also keeping its 
stockpile of enriched hexafluoride gas to below 300 kilograms (enriched to 3.67 per cent 
in the isotope uranium-235).6 

The assumed objective for Western negotiators has been to keep the time needed 
for Iran to produce enough fissionable material for one nuclear weapon—sometimes 
referred to as the ‘break-out’ time—to less than one year. The hard ceiling appears 
to meet this objective while allowing Iran to continue some of its nuclear activities. 
However, considerable uncertainties remain. For instance, the actual capability of 
the installed centrifuge design is not known.7 Other uncertainties also remain: for 
instance, the tails settings (that is, the uranium depletion ratio in the waste-product) 
could have a deciding influence on the enriched uranium production rate, and conse-
quently the breakout time.

Accounting for Iran’s fissionable material, and putting its facilities under sur-
veillance, should dramatically reduce—or eliminate completely—the appeal of using 
safeguarded material for weapons purposes. To avoid detection, Iran would need to 
use undeclared stocks of fissile material in undeclared facilities. Some JCPOA pro-
visions aim to address this risk: remaining centrifuge components, for instance, are 
required to be placed in containment, and under surveillance. The agreement puts 
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into place a challenge inspection regime, which allows the IAEA to visit any site in 
the country, albeit after a 24-day delay. Moreover, the application of the Additional 
Protocol should enable the agency to draw a broader conclusion that all materials 
that should have been disclosed have in fact been declared as required. Finally, and 
perhaps most importantly, enhanced monitoring measures on the front end should 
make it more time-consuming, and overall more costly, for Iran to acquire the necessary 
feed material.

The front end of Iran’s nuclear programme
The most important task facing a country seeking nuclear weapons is getting hold 
of enough fissionable material.8 Uranium exploration is a costly and resource-intensive 
industrial process. To date, two elements have been used in nuclear weapons: element 
92 (uranium) and element 94 (plutonium). Three principal isotopes are useful in a 
weapons design: uranium-233, uranium-235, and plutonium-239.9 Natural uranium 
contains about 0.7 per cent uranium-235 and 99.3 per cent uranium-238, in addition 
to traces of other isotopes. Uranium containing more than 20 per cent of uranium-235 
is considered weapons-usable.10

Uranium route 
Uranium ore needs to undergo extensive refinement before it can be used to fuel a 
weapon. For instance, and as will be noted below, Iran has declared that it may be able 
to produce ore containing roughly 250 kilograms of uranium per day. Of that, 1.75 
kilograms would be in the isotope 235. The metal would need to contain about 50 
kilogrammes in the isotope 235 to be directly usable in a nuclear explosive device. 
The ratio of fissile isotopes in the metal would, in other words, need to be improved by 
several orders of magnitude; and this is accomplished through the industrial process 
referred to as enrichment.

Uranium—plutonium route
Uranium can also be transmuted into plutonium, which is more directly usable in 
nuclear explosives. Bombarding uranium metal with neutrons creates plutonium-239, 
and this transmutation is a natural process occurring in nuclear reactors. From time 
to time, the uranium-238 will capture a neutron and increase its weight, transmuting 
into plutonium-239. However, if the fuel is left in the reactor too long, it risks becoming 
less appealing to a weapons manufacturer. From time-to-time, plutonium-239 captures 
another neutron, transmuting further into plutonium-240, which, although theoret-
ically usable, is an undesirable isotope from a weapons design perspective.
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When producing high-quality material for weapons, it is for these reasons pref-
erable to use natural uranium fuel (which has a high uranium-238 content) as this 
maximises the production of plutonium in the isotope 239. Moreover, the amount of 
material undergoing fission in the reactor would need to be kept low, to minimise 
the production of the isotope 240. Iran’s heavy-water reactor near Arak would have 
been perfectly suitable for this type of production. That is why the JCPOA stipulates 
that the Arak facility is to be converted to a type using slightly enriched fuel. Since this 
is scheduled to happen within the next few years, this paper will not examine potential 
diversion paths to the Arak plant.

Uranium imports
To date, Iran is likely to have relied on nuclear material imported from abroad to 
supply its nuclear fuel cycle. The country is known to have imported around 600 met-
ric tonnes of yellowcake—a uranium concentrate powder—from South Africa in the 
1970s. Over the years, this moderate stockpile may have been significantly depleted.11 
At the same time, Iran’s effort to develop its indigenous sources of uranium has been 
slow. The lack of stocks would have forced the country to seek additional supply on 
international markets.

There has been no absence of speculation in the press about Iranian forays into 
bulk yellowcake acquisitions. Reports in 2013 about a potential uranium deal with 
Zimbabwe led to strong denials from the government of President Robert Mugabe.12 
According to the OECD/IAEA ‘Red Book’, Zimbabwe’s uranium reserves are small, 
undeveloped, and expensive to extract; Chinese companies carry out most explora-
tion in that region of Africa.13 Press accounts have, moreover, claimed that Iran may 
seek to import uranium from the Rössing mine in Namibia, in which it holds a small 
financial stake. The mine has been in operation since July 1976, and has since exca-
vated over 104,000 tonnes of uranium.14 However, the site’s operator has denied any 
supply deal with Iran.15 Finally, reporting by Associated Press in 2009 alleged that 
Iran had tried to acquire 1,350 metric tonnes of yellowcake from Kazakhstan, the 
world’s largest producer of yellowcake. The Kazakh government denied this report, 
but it is clear that it took the press account seriously, as it shortly thereafter launched 
an in-depth review of its uranium extraction regulations.16

Iranian dignitaries have also been known to visit uranium-producing countries 
such as Niger and Malawi.17 While all reports of potential purchases have been denied, 
the prospect of an Iranian import of source material seems to be high on many sup-
pliers’ minds. Moreover, if Iran has indeed been shopping on international markets, 
it would appear that other international actors have forestalled its attempts.
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Domestic uranium mining and milling
If the import route appears closed to Iran, it will make sense for it to try to exploit 
whatever domestic resources it may have available. Indeed, over the past five years, 
Iran has invested heavily in uranium exploration in an attempt to uncover further 
resources. It operates two mines, but one—Gachin—may already be heavily exploited, 
and is likely to be depleted at some point over the coming decade. The other—Saghand—
has been under development for years and the status of operations at the site is unclear.

Gachin is a salt plug where uranium is recovered by open-pit mining. The ore 
grade is low—by Iran’s admission some 800 parts per million (ppm) and declining.18 
The country estimates that about 100 tonnes of uranium can be recovered from the 
site, and the majority of that should have been extracted by now. The ore is taken from 
the mine to a facility called the Bandar Abbas uranium plant (BUP), which is capable 
of processing about 70 tonnes of uranium ore—containing about 50 kilograms of 
uranium—per day. This plant has been in operation since 2006.19 Satellite imagery 
would suggest, however, that mining activities started in earnest in early 2010.

Saghand operates both open-pit and underground mining. The latter contains 
two main shafts—one main and one for ventilation—and adits and stopes are being 
continuously developed.20 The ore grade in this mine is 500 ppm, and the country 
estimates to recover 900 tonnes of uranium from the site. Iran has built a much larger 
facility, the Ardakan production centre, to handle ore from this mine. It is capable of 
processing about 400 tonnes of ore per day, containing between 200 and 220 kilograms 
of uranium. The plant reportedly went into operation in 2013.21

Iran’s total stockpile of uranium yellowcake, domestically and internationally 
sourced, can, therefore, be estimated to be somewhere between 600 and 700 tonnes—
and much of that appears to have been converted into uranium hexafluoride (see 
below).22 It may double that stockpile in the coming decade if their mining operations 
go to plan. After that, it would need to exploit new fields. Iran’s reliance on domes-
tic supply helps explain the emphasis in the JCPOA on establishing some degree of 
accountancy on the front end of the nuclear fuel cycle. But as will be discussed below, 
how to do that is not entirely clear.

Uranium conversion
Before enrichment and reactor operations can commence, the yellowcake would need 
to be further processed. Iran is doing this work at a uranium conversion facility at 
the Esfahan Nuclear Technology Centre (ENTC). The facility processes the yellowcake 
into natural uranium hexafluoride—a feedstock for subsequent enrichment—as well 
as uranium dioxide. It has an annual capacity of about 200 metric tonnes of uranium 
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hexafluoride gas per year. The facility is also scheduled to produce uranium tetraflu-
oride as well as uranium metal ingots from natural and depleted uranium tetrafluoride. 
Since the plant started to operate, it has produced 550 metric tonnes of natural uranium 
hexafluoride, of which 185 tonnes have been shipped for subsequent enrichment.23

Verifying the front end of Iran’s nuclear programme
Article 33 of Iran’s safeguards agreement makes clear that accountancy does not apply 
to material in mining or ore processing activities.24 Article 34 of the agreement defines 
the starting point of safeguards. Iran must report imports and exports of yellowcake 
for nuclear purposes to the agency.25 The declaration must contain information on the 
quantity and composition of the material, and an export declaration must also declare 
the destination of the shipment. The import and export statement enables the agency 
to match the quantity with a corresponding declaration submitted by another mem-
ber state.26

Accountancy, however, starts when material with a composition and purity suit-
able for fuel fabrication or for isotopic enrichment either leaves the plant or the process 
stage in which it has been produced.27 Until 2003, this requirement was interpreted so 
that only final products of the conversion process were subject to safeguards.28 However, 
for the last decade, the agency has applied safeguards at the ‘first practical point’ 
before the material within the conversion process achieves the required purity. In some 
of these cases, the agency notes, this point might be the yellowcake input at the begin-
ning of the conversion process.29 Normally, drums of yellowcake transported to and 
stored in the receipt area of the conversion plant would not be under any specific 
material accountancy. However, a drum would need to be weighed and assayed once 
removed from its storage and transferred to the hopper, from where it then enters the 
dissolution process.

Under the Additional Protocol, activities in a conversion plant would, in some 
cases, also be subject to so-called complementary access30 by the IAEA to parts of the 
site, and in all cases should the facility hold a uranium weight exceeding ten metric 
tonnes.31 Permitted activities include visual observation, examination of records relevant 
to the quantities, origin and disposition of nuclear material, environmental sampling, 
non-destructive measurements and sampling. Such activities are carried out with very 
short notice.32

The Additional Protocol covers most of the front end of the fuel cycle. Under it, 
Iran must report the location and operational status of all domestic mines, alongside 
their current annual and estimated future production figures.33 As noted above, storage 
of yellowcake with a uranium weight exceeding ten metric tonnes must be reported 
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in all circumstances.34 However, detailed material accountancy still does not apply to 
uranium ore, ore concentrates or residue.35

Moreover, the agency has the right to get complementary access to mines on giving 
24-hour notice.36 On average, Iran should expect at least one request per mine per 
year. These inspections usually start with a pre-activity briefing, followed by a host 
presentation on the present status of the mine. Inspection activities include a facility 
walk-through and a visual examination of site infrastructure. The agency will take both 
environmental samples and conduct a non-destructive assay of selected items. The site 
operator should prepare to give inspectors product samples, as well as allow sampling 
of in-process material. Finally, inspectors will examine production records, get infor-
mation on current operations, and may also examine the site’s reagent consumption.37

The JCPOA goes beyond this. The reference to containment in the agreement sug-
gests that the IAEA is required to establish continuity of knowledge on items on the 
front end of the fuel cycle, such as drums of yellowcake.38 The reference to surveillance 
suggests that agreed facilities, containers or equipment should be subject to inspec-
tor observation, or through monitoring by various pieces of instrumentation, such 
as cameras.39

Specifically, the JCPOA states that the agency should monitor ‘that all uranium 
ore concentrate produced in Iran or obtained from any other source, is transferred 
to the uranium conversion facility at Esfahan (emphasis added)’.40 The agreement 
makes clear that all output from Iran’s mines are required to be transferred to one 
location, and nowhere else, and this also applies to imported material. The emphasis 
on completeness indicates that stronger safeguards measures may be required than is 
usual in other safeguarded states.

Under the JCPOA, Iran also needs to supply ‘all necessary information’ needed to 
‘verify the production of the uranium ore concentrate and the inventory of uranium 
ore concentrate.’41 In other words, as Iran’s total stock of uranium ore concentrate is 
subject to verification, it would in all likelihood be subject to accountancy. The JCPOA 
does not appear to limit itself to simply enabling the agency to form a rough picture 
of the size and composition of Iran’s front end. Instead, the provisions seem to call for 
detailed accountancy of Iran’s yellowcake at a point well before it fulfils the require-
ments of Article 34 of the country’s safeguards agreement.

While Iran would be treated as a special case, with accounting procedures applied 
on the so-called pre-34 (c) material, it would not be the only country applying safe-
guards on uranium ore concentrates (UOC). A recent agency policy paper says that: 
‘some concentration plants have produced UOC of such composition and purity that 
it meets the relevant purity requirements of industry standards for uranium dioxide 
fuel fabrication’42 In other words, the concentrate contains so few impurities that it 
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does not have to go through uranium conversion. In those cases, comprehensive 
safeguards—including material accountancy—apply on uranium ore concentrate.

Cindy Vestergaard argues, in her book Governing Uranium, that ‘the internation-
al safeguards system is thus shifting upstream, capturing more materials at the front 
end of the nuclear fuel cycle.’ She cautions, however, that the policy ‘has yet to be fully 
implemented, and its success in addressing gaps in the control of natural uranium will 
be determined in the years to come.’43

Implementing front end transparency measures under the JCPOA
Iran would need to take some practical steps to fully implement the JCPOA. The exact 
arrangements will be kept confidential, as is the case under IAEA safeguards. However, 
it is possible that the following steps may be considered by the IAEA and Iran.

First, Iran would need to designate areas where yellowcake is stored. These areas 
are likely to be one—or perhaps several—buildings containing 200-litre drums filled 
with uranium concentrate. At a site visit, inspectors would confirm that all produce of 
the plant is stored at that location. While this may sound like a time-consuming task, 
it is worth recalling that Iran’s mines are relatively small compared to major ore pro-
ducers. Depending on how well the drums are filled, and the density of the concentrate 
itself, the content of each drum is expected to weigh between 500 to 650 kilograms.44 
In other words, Iran’s annual output of ore—from both mines—would fit into no more 
than 200 drums filled to 500 kilograms.45

Canada, a major uranium mining country, requires that all license holders of so-called 
Group 2 material maintain an ‘Inventory Change Document’ and an ‘Obligated Material 
Inventory Summary’ for uranium ore and uranium ore concentrates.46 The license 
holder needs to report inventory changes to the regulator on the business day follow-
ing the transaction. The holder needs to submit an inventory summary annually on 
31 January, or at any time at the regulator’s request.47 Canada has started to implement 
an electronic reporting system, which facilitates near-real-time reporting of balances 
to the IAEA.48 Iran could usefully implement a similar system for its extractive sites.

In addition, each drum of concentrate should be individually coded and sealed. 
Modern bar code tagging should be applied. A wide variety of seals can be used, and 
their suitability depends on other installed surveillance options. If the warehouse itself 
is placed under camera surveillance, simple wire-loop seals can be considered. Otherwise, 
more reliable equipment can be applied, such as fibre-optic seals.

If the mill ships a barrel of ore concentrate to Esfahan, it would need to submit an 
inventory change document to the regulator, who would forward it to the IAEA. Once 
the conversion facility receives the drum, it would need to fill in a corresponding receipt. 
At that time, the coding should be checked to confirm that it matches the record at 
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the mill (and if there is a barcode, this can be done electronically). The integrity of 
the seal should also be checked to make sure that no concentrate has been removed 
or added. Finally, the drum is placed in monitored storage at a warehouse in Esfahan. 
The IAEA will have near real-time data on these transactions if Iran puts in place a 
computer based system similar to that deployed by the Canadian nuclear regulator.

What are the diversion risks associated with a scheme like the one outlined above? 
One significant quantity of natural uranium is ten metric tonnes. In order to divert 
this much material, Iran would need to divert at least 20 barrels—or one tenth of its 
annual output. A diversion this scale is, for comparison, on the order of 100 magni-
tudes greater than the acceptable uncertainty in Australia’s (another major uranium 
producer) accountancy system for uranium ore concentrate.49 Detection within one 
year, the agency’s typical timeliness detection goal, is virtually assured.

As noted above, the JCPOA requires that ‘all uranium ore concentrate produced 
in Iran . . . is transferred to the uranium conversion facility (UCF) in Esfahan [. . .]’.50 
Any other form of transfer would be breaking the terms of the arrangement. The above 
outlined verification protocol would enable the agency to detect any unauthorised trans-
fer very quickly.

Verifying uranium ore concentrate inventories
Under the JCPOA, Iran should provide the agency with ‘all necessary information such 
that the IAEA will be able to verify the production of the uranium ore concentrate 
and the inventory of uranium ore concentrate produced in Iran or obtained from any 
other source for 25 years.’51 It is not clear how much information Iran is required to 
give out.

The total inventory of the stockpile of uranium ore concentrate should naturally 
be reported, and so should its level of concentration. However, it is not clear how 
frequently Iran should submit this information. As noted above, it is possible to imple-
ment a regime that enables near-real time reporting on inventory levels. It is left to Iran 
and the agency to agree on the desired level of monitoring.

Iran should be able to furnish verifiable data on the quantity and composition of 
the yellowcake in each drum. The data could then be verified through, for instance, 
weighing and non-destructive assaying. While operator supplied scales could be used, 
it is preferable for the IAEA to use authenticated equipment, such as the ‘load cell 
based weighing system’.52

Further checks can be introduced on the yellowcake. Destructive assay techniques, 
such as ‘inductively coupled plasma mass spectrometry’ (ICP-MS) in particular, can 
determine most elements down to parts per billion.53 Deploying such equipment to 
the uranium mills, or regularly bringing samples to a qualified laboratory, will enable 
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the agency to get a very comprehensive picture of the impurity content of any batch of 
uranium ore concentrate. However, it goes beyond that. A sampling regime involving 
ICP-MS could potentially allow for the content of any individual drum of yellowcake 
to be matched to a specific mine.54

All proposed measures above focus on the finished uranium ore concentrate prod-
uct. But another possible diversion scenario would involve Iran misleading inspectors 
about the amount of ore going into the mill (or the uranium weight in the ore itself), 
and consequently underreporting the amount of produced concentrate. However, keep-
ing the mill under continuous surveillance by, for instance, deploying some next 
generation surveillance system (NGSS) cameras to the mill, could minimise the risk 
that this scenario occurs. The NGSS collects visual evidence through a networked set 
of cameras. Images are sent back to a ‘consolidator unit’ (a databank), which—if Iran 
agrees—can transmit the data back to Vienna. Public key encryption protects the data.55

Ore could also be shipped to a clandestine mill. This would be harder to detect. 
However, the JCPOA allows for short-notice inspections of suspected undeclared mills. 
Moreover, space surveillance and other national technical means are likely to provide 
strong indicators of where clandestine milling may occur.56

Even if domestic production of uranium ore concentrate is subject to robust safe-
guards, the possibility remains that Iran may clandestinely import material. At the 
moment, exports to Iran are restricted through a set of UN Security Council resolu-
tions.57 These resolutions will be lifted as the JCPOA goes through implementation. 
The onus will remain on exporting states to ensure that their exports are reported to 
the agency in accordance with the export rules in their safeguards agreements.

Monitoring the conversion to uranium hexafluoride
Eventually, the yellowcake will need to be shipped to the conversion plant at the ENTC. 
At some point in this process, detailed nuclear material accountancy measures will 
start to apply. Nuclear material leaving the plant is likely to have reached ‘a compo-
sition and purity suitable for fuel fabrication or for being isotopically enriched.’58 In 
Iran’s case, the main product of concern is natural uranium hexafluoride, which can 
be used in subsequent enrichment processes. Uranium hexafluoride is versatile, at 
atmospheric pressure it remains solid until it is heated to about 50 degrees Celsius, 
at which point it sublimes into gas. This allows it to be used in centrifuges. The com-
pound is usually stored in standard steel drums—designated 48T through G—that have 
a fill limit of 9.3 to 12.1 metric tonnes of uranium respectively.59 Overfilling the drums 
can lead to severe accidents, possibly rupturing the tank when the material sublimes. 
The enriched material has to be stored in smaller drums.
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The IAEA will always account for the final products of the conversion process 
(that is uranium hexafluoride, uranium tetrachloride, metallic uranium or uranium 
dioxide). Until 2003, the feed itself was not subject to any safeguards procedures. 60 
Inspectors arriving at a plant would weigh and assay the product, but not do any 
corresponding verification in the feed areas of the plant. A plant operator could theo-
retically keep two books. The one examined by the inspectorate could understate receipts 
of yellowcake—opening up the possibility of clandestine production.

For the last decade, however, material accountancy at conversion plants has begun 
at the ‘first practicable point’ in the conversion process, in some cases where the ura-
nium concentrate itself is inputted.61 In most states, the drums of yellowcake them-
selves are not subject to any safeguards procedure. Accountancy starts when the drums 
arrive at the conversion plant. As noted above, there is an emerging exception to this 
rule. The IAEA has recently been considering moving the starting point of safeguards 
further to the front of the nuclear fuel cycle.

Uranium conversion is the stage where the nuclear material becomes more tan-
gible and identifiable. This allows for the material to be identified, counted, and where 
appropriate, sealed. The main difficulty with verification in conversion plants, as in 
mines, is that the quantities may be large, although this may not be a major factor in 
Iran at the moment. The material not being especially toxic at this stage, and as criti-
cality risks are non-existing or low, material is easy to remove at any stage.62

As noted above, the Iran’s conversion facility has a stock of about 365 metric 
tonnes of natural uranium hexafluoride. The JCPOA states that Iran can hold a total 
enriched uranium stockpile of no more than 300 kilograms of up to 3.67 per cent 
enriched uranium hexafluoride.63 The remainder should be down-blended to natural 
uranium or sold on international markets.64 The hard ceiling means that approximately 
two metric tonnes of natural uranium hexafluoride—less than half a per cent of Iran’s 
available stock—can be used for enrichment purposes, and the rest would need to be 
held back in storage.

The 48Y-type cylinder—a standardised container used to store uranium hexa
fluoride—has a maximum fill limit of 12,500 kilogrammes.65 Iran’s presently unshipped 
stockpile is, therefore, likely to be stored presumably on site in more than 30 cylinders. 
Another 15 cylinders of down blended material are likely to be added to this stock 
in the coming year. Given the hard inventory ceiling, this stockpile is unlikely to change 
much over the coming years, and so should be relatively easy to verify.

In 2012, the IAEA approved the ‘Laser Item Identification System’ (L2IS) for safe-
guards use.66 The system is designed for keeping track of the movement of cylinders 
in enrichment plants, but could equally be used in conversion facilities. The system 
has two units. A portable unit allows the inspectors to ‘fingerprint’ all cylinders that 
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the operator intends to use over a period of time. It does so by reading the micro-
structure of each drum’s surface. A stationary unit—placed at strategic entry and exit 
corridors—then scans cylinders as they pass through, comparing the laser-image with 
the template. The system is hence capable of tracking individual cylinders through 
their use. Given that Iran’s inventory is stored in relatively few cylinders, it should be 
relatively straightforward to fingerprint all of them.

Conclusion
The JCPOA is a complicated agreement—see Mark Hibbs’ chapter in this book—con-
taining many interlocking components. The present chapter has looked at how the 
agency can introduce stricter monitoring on the front end of Iran’s nuclear fuel cycle. 
Introducing such controls, on a scale envisioned by this chapter, would place Iran’s 
uranium extractive industries under state-of-the-art monitoring. It cannot provide 
foolproof assurances against clandestine uranium import or extraction, but would 
radically increase detection probabilities, and would make any attempted diversion 
of source material more expensive.

In the longer term, more countries are likely to bring their extractive industries 
under a stronger monitoring framework, and Canada’s experience as a major uranium 
producer serves, from this perspective, as an illustrative example. JCPOA implemen-
tation in Iran is, therefore, an opportunity to learn how to conduct front end monitor-
ing in a more effective and, in the long run, more economical way.

For Iran and its JCPOA partners, enhanced front end monitoring is only one aspect 
of a broader verification package. Nevertheless, establishing a firmer grip on the pro-
duction and import of source material will make the verification task down-stream in 
the nuclear fuel cycle far easier. It will also make it easier for the agency to some day 
reach a broader conclusion that all nuclear material in Iran has been declared as required.
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