





ture associated with nuclear-energy programmes
in order to provide a counterbalance to Iran, both
laying the ground for a possible future secu-
rity hedge and bestowing national prestige in the
context of historic rivalries. In the eyes of much of
the Arab world, Iran’s nuclear programme is a sign
of technological progress and political strength in
standing up to the US-led West. Arab intellectuals
and citizens in general criticise their governments
for weakness by contrast, giving such leaders
an additional reason to pursue nuclear power
as a show of strength and independence and to
assuage Arab pride. As much as they may distrust
‘Persians’ and fear what they view as their hege-
monic designs, many Arab leaders secretly respect,
and wish they could emulate, Iran’s unbending
resistance to threats and inducements. Concerns
about the reliability of US military power in light of
missteps in Iraq and fears about Iran’s influence in
Iraq and with Shia minorities in the Gulf exacerbate
the sense of insecurity among many Arab rulers.?

If Tehran’s nuclear programme is unchecked,
there is reason for concern that it could in time
prompt a regional cascade of proliferation among
Iran’s neighbours. For some states, such as Saudi
Arabia, an Iranian nuclear weapon would present
a direct and dire threat. For others, such as Egypt
and Turkey, the threat is indirect, and more tied to
concerns about the balance of power and loss of
relative status and influence in the region. If any
one of Iran’s neighbours were to seek to acquire
nuclear weapons in response, this would put addi-
tional pressure on others to do the same, because
of these intra-regional security and status consid-
erations. The momentum in this direction could
continue, even if the Iranian nuclear crisis were
resolved.

Such a scenario would become more likely if
Israel felt obliged to relinquish its long-standing
doctrine of nuclear opacity or ambiguity, whereby
it refuses to confirm or deny any aspect of its
nuclear activities, as this would increase the pres-
sure on Egypt and perhaps other Arab states to seek
their own nuclear deterrents. That said, the wide-
spread presumption that Israel does possess nuclear
weapons has not in itself prompted the kind of stra-
tegic response that, it is generally feared, will be the
likely consequence of a confirmed Iranian nuclear
capacity.

Introduction

Israel has hitherto held firm to its nuclear ambi-
guity policy. However, it has become increasingly
anxious about Iranian nuclear ambitions in light
of President Ahmadinejad’s exhortations about
Israel being ‘'wiped off the map” and the unsatis-
factory outcome of the war with Hizbullah in 2006,
which was widely perceived to be a proxy struggle
with Iran. In December 2006, Prime Minister Ehud
Olmert appeared inadvertently to indicate that
Israel was a nuclear-weapons state. If Iran succeeds
in breaking Israel’s regional nuclear monopoly,
Israel may have reason to reassess its own nuclear
policies.

Most officials and opinion leaders in Turkey and
the Arab states say that they would not themselves
seek nuclear weapons, but would find other ways of
responding to a nuclearised Iran. Yet many believe
that other countries in the region would respond
with nuclear-weapons programmes. The Turks
point to Egypt and Saudi Arabia as most likely to
seek their own nuclear weapons. The Egyptians
say they would not, but surely the Saudis, being
more vulnerable, would look for a nuclear-weapons
option. The Saudis protest that they have the least
potential, and that their nuclear-energy plans are
limited to a feasibility study for now, and only as a
joint project through the Gulf Cooperation Council
(GCCQ). Syria was apparently pursuing elements of
a nuclear-weapons programme before its covert
nuclear reactor was bombed by Israel in September
2007, but in this case the Iranian programme is more
likely to have been an inspiration than a provoca-
tion.

Previous plans for nuclear energy

Most Middle Eastern states have at one time or
another considered nuclear energy, but almost none
of the plans put forward has ever come to fruition.
Egypt contracted for nuclear power as far back as
1965, but this came to naught because of the Six-Day
War. Revived efforts throughout the 1970s and early
1980s failed to arrange satisfactory financing, until
the Chernobyl disaster in 1986 provided a justifica-
tion for ending the quest. Beginning in 1968, Turkey
embarked on nuclear-energy development plans
three times, but financial difficulties shelved each
of the projects. Israel in the 1960s began to explore
the idea of a nuclear desalination project, but the
advent of the 1968 Treaty on the Non-Proliferation
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of Nuclear Weapons, or Nuclear Non-Proliferation
Treaty (NPT) as it is commonly called, rendered the
idea of Israeli nuclear power politically unrealistic.

In 1981, Algeria launched a plan for large-
scale nuclear-energy development, and eventually
completed several facilities in various parts of the
fuel cycle — including some that set off alarms
among Western intelligence agencies — but built no
nuclear power plants. To coordinate nuclear-energy
research among Arab states, in 1988 Iraq, Jordan,
Kuwait, Lebanon, Libya, the Palestinian Authority,
Saudi Arabia, Syria and Tunisia formed the Arab
Atomic Energy Agency as an independent body
within the Arab League system. The agency has
been characterised as generally dormant, however,
with little impact in or outside the Arab world.?

Morocco carried out a feasibility study for a
demonstration Chinese nuclear power plant in the
late 1990s, but the project was postponed on envi-
ronmental grounds. Tunisia has been studying the
possibility of nuclear technology since the early
1990s, and has participated in at least two feasibility
studies of the use of nuclear energy for desalination,
both of which concluded that, as long as gas prices
remained constant, the nuclear option would not be
economical.

Syria in 1999 signed an agreement with Russia
for cooperation in the peaceful use of nuclear power,
but nothing ever came of the reported Russian
promise of a light-water reactor (LWR) as part of the
agreement. Since 1978, Saudi Arabia has conducted
several feasibility studies on nuclear power for
desalination, and other Gulf states have explored
power-plant deals that never reached maturity.
Partially under the guise of civilian nuclear energy,
Libya and Iraq have infamously pursued nuclear-
weapons programmes in the past, and Israel has
undertaken such a programme both prior to and
outside the NPT.

Under the shah, Iran in the mid 1970s embarked
on a large-scale nuclear-power programme with
associated fuel-cycle facilities, but after the 1979
revolution the new Islamic leaders showed little
interest until 1985, when they initiated work on
uranium enrichment. Meanwhile, the reactor
construction site at Bushehr, begun by a German
contractor in 1974, was heavily damaged by
bombing during the Iran-Iraq War, and the project
was not revived until Russia agreed in 1995 to
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construct a reactor of its own design on the site.
That reactor, which is nearing completion, should
soon make Iran the exception to the rule whereby
the Middle East is the only region in the world

without nuclear power.

Current aspirations
If the recent aspirations of Iran’s neighbours are
ever realised, this exception would become the rule.
In February 2006, Turkey revived its long-deferred
quest for nuclear energy, announcing plans to build
several nuclear power plants. In April of the same
year, Morocco confirmed that it planned to build a
power reactor. Three months later, in July, Yemeni
President Ali Abdallah Saleh announced his inten-
tion to foster the development of peaceful nuclear
energy. In September 2006, Egypt announced an
intention to restart its nuclear-energy programme,
some 20 years after it was suspended. In November,
Tunisia decided to undertake a preliminary study
of the economic and technical feasibility of nuclear
power. Algeria confirmed in the same month
that it would launch a significant nuclear-power
programme, and later signed a nuclear-cooperation
agreement with France. In December 2006 the
six nations of the GCC announced their intent to
explore a joint nuclear-development programme.
Jordan’s King Abdullah followed suit in January
2007, saying that the changing political climate in the
region had prompted Jordan to consider alternative
energy means as well. In the same month, Syria’s
electricity minister spoke in general terms about
pursuing nuclear power. In March 2007, a summit
meeting of the Arab League invited its members to
expand their use of nuclear technology and called
for Arab cooperation on nuclear energy. Libya has
aspirations for a nuclear-powered desalination
plant, and in July 2007 it signed a memorandum of
understanding (MoU) on nuclear cooperation with
France. In January 2008, the United Arab Emirates
(UAE) concluded a nuclear-energy cooperation
framework agreement with France. In March
Bahrain signed an MoU on nuclear cooperation
with the US and in April the UAE did the same,
following the release of a nuclear-energy policy
statement.

Allof these plans are still tentative; as of May 2008,
no actual power plant contracts had been signed.

Indeed, there is reason to doubt the will and ability
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Nuclear-power aspirations in the greater Middle East

of the states in the region to follow through with the
large technical, financial and political challenges
of nuclear-energy development. From a technical
standpoint, most of these states are starting from a
very low base, lacking the necessary physical infra-
structure, legal systems and trained scientific and
engineering personnel. Importing foreign turnkey
facilities does not overcome the need for qualified
domestic operators, regulators and support staff.
Trying to speed up the process by relying entirely
on outside experts presents its own difficulties, as
Yemen found when its September 2007 agreement

with a US company to build five reactors for $15
billion was cancelled the following month, after
the country’s Supreme National Anti-Corruption
Authority blocked the project on the grounds that
the company was not qualified to carry it out.

Lack of financing has been the fatal flaw of
many previous nuclear-energy plans. The capital
costs for nuclear power are significant, although
estimates range widely, from $1.5bn to $6bn for a
typical 1,000MW reactor.* The safety and environ-
mental concerns that contributed to past projects
being abandoned and that dog nuclear energy

Key nuclear announcements by countries and organisations of the greater Middle East

Feb 06 Turkish Energy Minister Hilmi Guler announces Dec06 The six nations of the GCC announce their intent to
plans to build three nuclear power plants by 2015. explore a joint nuclear-development programme.

Apr06 Morocco confirms plans to build its first power Jan 07 Jordanian King Abdullah says his country will
reactor at Sidi Boulbra, possibly by 2017. develop nuclear energy.

Jul06  Yemeni President Ali Abdallah Saleh announces Jan 07  Syrian Electricity Minister Khalid al-Ali speaks in
intention to foster the development of peaceful general terms about pursuing nuclear energy.
nuclear energy.

o . Mar 07 Arab League summit calls for joint Arab

Sep 06 Gamal Mubarak announces Egyptian intention to cooperation on nuclear energy.
restart nuclear-energy programme. Subsequent
government announcements call for first reactor to Jul07  Libya signs MoU on nuclear cooperation with France.
be operational by 2017. Sep 07 Yemen announces $15 billion agreement for

Sep 06 GCC Secretary-General Abdulrahman al-Attiyah construction of five reactors. The agreement is
calls for‘the Arab nation’to work together on a voided the next month.
nuclear programme.

Jan 08  France and UAE conclude framework agreement

Nov 06 Tunisia decides to undertake preliminary study of on nuclear cooperation.
the feasibility of a 600MWe reactor.

Mar 08 Bahrain and US sign MoU on nuclear cooperation.

Nov 06 Algerian Minister of Energy and Mining Chakib
Khelil confirms nation’s intention to launch a Apr08 UAE releases policy statement on nuclear energy

‘significant’ nuclear-power programme.

and signs MoU with US.
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elsewhere are, arguably, less problematic in the
region today, but they still have the potential to
delay the introduction of nuclear energy beyond
optimistic government deadlines. Most of the
announced projects are only in the feasibility-study
stage. Sustainable new reactor projects in the Middle

East are at least ten to 15 years away from fruition.

Nuclear nuts and bolts: the fuel cycle

Mining Milling
The nuclear fuel cycle is the sequence of operations
involved in preparing fuel for nuclear-power genera-
tion, irradiating the fuel in a nuclear reactor and handling
the fuel after it is discharged from the reactor. Activities
involved in processing uranium for use in reactors are
termed the ‘front end’ of the fuel cycle. The ‘back end’
of the cycle refers to the management of the spent fuel
afteritis irradiated. Both uranium enrichment in the front
end and plutonium reprocessing at the back end are
considered ‘sensitive’ fuel-cycle technologies because,
in addition to their peaceful uses, they can be used to
produce fissile material for nuclear weapons. Certain
other activities, such as heavy-water production and
the handling of plutonium, are also considered ‘sensi-
tive technology areas’ because of their connection with
fissionable material that can further a military purpose.®

The fuel cycle starts with the mining of uranium
ore. Uranium is found in a number of different minerals,
combined with other elements in a variety of oxides, sili-
cates and phosphates. Typically, uranium-bearing ores
are mined using traditional underground or open-pit
mining techniques, and the uranium is separated from
other elements in a mechanical and chemical process
known as milling. At a milling facility, the ore is crushed
and ground into a fine powder, which is then dissolved
and treated in a series of chemical processes designed
to separate the uranium. After separation, the uranium
is dried to produce solid uranium ore concentrate,
known as ‘yellowcake’ because of its colour and texture.
Typically, yellowcake contains 15-35% impurities, which
must be removed.

Uranium conversion is a general term denoting a
number of chemical processes that can be used to purify
yellowcake and convert it into the uranium compounds
that are required for fuel fabrication or enrichment.
Various different conversion processes have been devel-
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This dossier

The main task of this dossier is to evaluate the proba-
bility of a nuclear proliferation cascade in the Middle
East. Our aim is: 1) to make a sober, dispassionate
analysis of nuclear programmes in the region; 2) to
compare relative proliferation risks; and 3) to assess
whether and how a proliferation cascade could develop.

Fuel Fabrication

Enrichment

oped by the nuclearindustry. One typical process involves
converting the yellowcake to ammonium diuranate,
whichis then converted to uranium dioxide (UO,) powder.
After fabrication, the UO, can be used as fuel for reactors
that run on natural (unenriched) uranium. The UO, can
also be further converted to uranium tetrafluoride, and
finally to uranium hexafluoride (UF ) gas, in preparation
for the most common method of enriching uranium.
Once enriched, UF, can be ‘reconverted’ into UO, for
fabrication into fuel elements, or it can be converted into
uranium metal in a process known as reduction.

Enrichment is the process of increasing the
percentage of the U-235 isotope present in uranium to
the higher levels that are needed for use in most types of
reactors and for nuclear weapons. A variety of enrichment
technologies may be employed, including gaseous diffu-
sion and centrifugation. Generally, enrichment levels of
3-5% U-235 are required to fabricate fuel for light-water
power reactors, while much higher levels, around 90%,
are desirable for nuclear weapons. Enrichment of 20%
marks the cut-off between LEU and HEU.

Fuel fabrication is the production of fuel elements
for use in a nuclear reactor. It involves pressing UO,
powder into small pellets, which are then sintered at
high temperatures to form a ceramic. The pellets are
then stacked in long hollow tubes, known as fuel pins or
rods, then sheathed in a metal cladding, typically an alloy
of zirconium, and grouped together in a cage-like struc-
ture known as a fuel assembly. Fuel assembly designs
are highly specific to reactor type; there are usually only
a small number of suppliers whose fuel assemblies are
certified for use in any given type of reactor.

Irradiation is the process of exposing fuel elements
or other items to ionising radiation. In nuclear reac-
tors, accelerators (such as cyclotrons) and certain other
nuclear facilities, irradiation involves the bombarding of



Excluding the nuclear programmes of Iran, which
were covered extensively in an IISS strategic dossier
published in September 2005,° this dossier provides a
comprehensive overview of the history of Middle
Eastern nuclear programmes, an evaluation of national
nuclear capabilities, and an analysis of current national

nuclear policies in the region, including the extent to
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which they may be related to Iran. More generally, the
dossier assesses what the expansion of interest in
nuclear energy means for regional relations and inter-
national security. The penultimate chapter discusses
the proliferation risks of nuclear energy, and the final
chapter assesses policy options for minimising these

risks and precluding a regional nuclear arms race.
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Irradiation Cooling

atoms with nuclear particles to produce a chain reaction
for nuclear energy, or to produce new isotopes. Fuel that
has been in a reactor is ‘irradiated"

Types of reactor

Heavy-water reactors use heavy water as the moder-
ator to help achieve fission, and/or as a coolant. Heavy
water, or D,O, is chemically the same as ordinary water,
but with the hydrogen atoms replaced with deuterium,
an isotope of hydrogen that has an extra neutron in the
atomic nucleus. Because heavy water can absorb fewer
neutrons than light water (ordinary water), heavy-water
reactors can be fuelled with natural uranium.

Light-water reactors use ordinary water both
as moderator and coolant. The vast majority of power
reactors in the world today are LWRs, which are more
proliferation-resistant (see Chapter seven).

Research reactors are typically used for research
or training and to produce radioisotopes for medical,
agricultural or industrial use. Because of their low power
levels (typically ranging from 10kWt to T0OMW?t*), they are
not used to produce electricity or heat. Research reactors
need far less fuel than power reactors, but usually at
higher levels of enrichment, typically up to 20%, although
some still use 93% U-235. A common design is the pool-
type reactor, in which the cluster of fuel elements in the
core sits in a pool of water. Depending on their type and
size, research reactors can pose a significant proliferation
risk. There are approximately 280 research reactors in the
world, located in 56 countries, while 30 countries have
operational power reactors.

* While power reactors are rated by their electrical output,
most research reactors are rated by their thermal power
output. TMW of thermal power (1MW?t) = approximately
1,000kg steam/hour. TMW of electrical power (1MWe) =
approximately 3MWt.

Reprocessing

Storage Disposal

Reprocessing refers to the chemical process for
extracting plutonium and uranium from irradiated or
‘spent’ reactor fuel. The most commonly used method,
known as the plutonium uranium extraction (PUREX)
process, involves dissolving the fuel in acid and then
treating the aqueous mixture with chemicals that
separate the plutonium and uranium from the highly
radioactive waste that is created when the fuel is irradi-
ated. The technologies for civilian and military uses are
largely similar, although the process is often called ‘recy-
cling’ when the purpose is civilian, and ‘separation’ if the
purpose is to extract plutonium for weapons use. For
either purpose, reprocessing requires dedicated, heavily
shielded facilities to protect operators from the intense
radiation.

Hot cells are shielded rooms with remote handling
equipment for processing and examining radioactive
material. Reprocessing plants have industrial-scale
hot cells connected together for the bulk extraction of
plutonium from spent fuel. Hot-cell laboratories, often
associated with research reactors, are smaller facili-
ties used for various radiochemical experiments. They
can also be used to separate plutonium, albeit in small
quantities, and therefore can also pose a proliferation
risk.

Spent-fuel storage is an interim solution to the
problem of how to manage spent fuel. Most spent
fuel is stored in ‘ponds’ at reactor sites, where water is
used both for cooling and shielding. Some spent fuel
is stored in dry casks or vaults with air circulation for
cooling, following an initial period of at least a year in
the pond.

Ultimately, geologic disposal of vitrified waste is the
last step in the fuel cycle, although few countries have
overcome the political challenges involved in desig-
nating a central disposal site.

Nuclear Programmes in the Middle East: In the shadow of Iran
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The nuclear safeguards system

In 1957, the UN established the IAEA, an autono-
mous body designed both to control and promote the
development of nuclear energy. Among the specific
functions assigned to it was the application of safe-
guards to civil nuclear facilities. Safeguards tools mainly
consisted to begin with of on-site inspections and
audits to confirm the completeness and correctness
of state reports about the production, possession and
use of nuclear materials, with the purpose of verifying
that declared nuclear facilities were being used exclu-
sively for peaceful purposes. Safeguards, it should be
borne in mind, cannot prevent the non-peaceful use of
nuclear materials. They are designed, rather, to detect
in a timely manner the diversion of nuclear material,
and thereby to deter it. They are akin to alarms, not
locks.

The initial safeguards agreements were made in
regard to particular declared facilities, material and
equipment. Such item-specific agreements are still
in use, and are usually the outcome of conditions
agreed with the state supplying the item(s), using
the provisions of IAEA document INFCIRC/66 as their
basis.

A decade after the IAEA was established and safe-
guards agreements were first formulated, nationwide
‘full-scope safeguards’ became the norm, under the
newly signed NPT. Israel, India and Pakistan are the
only states not to have signed the NPT, and North
Korea is the only state to have declared its withdrawal
from the treaty. Article Ill of the NPT requires adherent
states to accept IAEA safeguards on all‘source or special
fissionable material’ within the territory of the state or
otherwise underits control. Each’comprehensive safe-
guards agreement’ follows the structure and content
set out in agency document INFCIRC/153.7 For states
with nuclear facilities, the safeguards agreement can
also include unpublished subsidiary arrangements,
which define the details of safeguards obligations, for
example the frequency of inspections, the information
to be shared with the agency, and the record-keeping
required for a particular facility. Comprehensive safe-
guards agreements are still largely limited to declared
facilities and nuclear material. They do not give IAEA
inspectors access rights to non-declared facilities,
except under certain conditions of ‘special inspections’
that have rarely been utilised. As of May 2008, 156
countries had a comprehensive safeguards agreement
in force.

After the First Gulf War, and the discovery that
Irag had a clandestine nuclear-weapons-development
programme separate from its declared civilian
programme, IAEA member states agreed on the need
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to strengthen the safeguards system in order to
increase the likelihood of detecting undeclared activi-
ties. In 1997, the IAEA board of governors finalised
approval of a new voluntary legal authority called the
Additional Protocol to a state’s safeguards agreement.
A state that accepts the Additional Protocol is required
to provide the IAEA with a wide range of information
covering all aspects of its nuclear-fuel-cycle-related
activities, grant the agency broader access rights and
enable it to use the most advanced verification tools in
accordance with the Model Additional Protocol,
INFCIRC/540. The Additional Protocol allows the IAEA
actively to seek information on nuclear activities within
a state, rather than passively waiting for information to
be presented to it. As of May 2008, 116 countries had
signed the Additional Protocol, and 86 had brought it
into force.

For states which have only very small quantities
of nuclear material, the standard comprehensive safe-
guards agreement allows them to conclude a protocol
which holds in abeyance most of the operative provi-
sions of the IAEA’s verification tools. Commonly
referred to as a Small Quantities Protocol (SQP), this
provision allows for a potential proliferation loophole.
In a 2005 report to the agency’s board of governors,
IAEA Director General Dr Mohamed EIBaradei drew
attention to this loophole and to the agency’s need
to receive initial reports on nuclear material, to obtain
information on planned or existing nuclear facilities,
and to be able to perform inspection activities in the
field, if required, in regard to all states with compre-
hensive safeguards agreements. The board agreed,
and in September 2005 it approved a modified SQP
text reducing the number of safeguards measures
held in abeyance and making an SQP unavailable to
states with existing or planned facilities, as recom-
mended by the IAEA Secretariat. States that already
have an SQP are encouraged to amend it in line with
the new provisions, and any state that newly signs a
safeguards agreement with an SQP after September
2005 must accept the modified SQP.

Qatar and Israel are the only states in the Middle
East not to have signed a full-scope safeguards agree-
ment. Saudi Arabia and Bahrain have signed but not yet
ratified. As of May 2008, only four states in the Middle
East had an Additional Protocol in force: Jordan, Kuwait,
Libya and Turkey. Four others, Algeria, Iran, Morocco
and Tunisia, have signed or negotiated one. Eight
states in the region have an SQP; of these, Bahrain and
Lebanon have signed the modified protocol, while the
rest have the old, problematic SQP. Morocco rescinded
its old SQP.



IAEA safeguards in the greater Middle East
Small Quantities Protocol (SQP)

State Safeguards Agreement*

Algeria In force: 7 Jan 1997

Bahrain Signed: 19 Sep 2007

Egypt In force: 30 June 1982

Iran In force: 15 May 1974

Iraq In force: 29 Feb 1972

Israel In force: 4 April 1975

Jordan In force: 21 Feb 1978 Old sQP
Kuwait In force: 7 March 2002 Old sQP
Lebanon In force: 5 March 1973

Libya In force: 8 July 1980

Morocco In force: 18 Feb 1975

Oman In force: 5 Sep 2006 Old SQp
Qatar No

Saudi Arabia  Signed: 16 June 2005 Old sQP
Syria In force: 18 May 1992

Tunisia In force: 13 March 1990

Turkey In force: 1 Sep 1981

UAE In force: 9 Oct 2003 Old sQp
Yemen In force: 14 Aug 2002 Old sQp
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