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Israel developed its first nuclear weapon shortly before the 1967 Six Day War, making it the sixth
nation to develop nuclear weapons.? To this day, Israel maintains an ambiguous posture about its
nuclear weapons, despite the declassification of formerly secret U.S. government documents which
assert the existence of Israeli nuclear weapons. In addition, the revelations of Mordechai VVanunu in
1986 revealed a larger nuclear weapons program than commonly assessed at that time.®

The heart of Israel’s nuclear weapons production complex is the Dimona site near the city of
Beersheva. This site contains a number of secret nuclear facilities for the production of plutonium,
including a heavy water reactor, a fuel fabrication plant, and a plutonium separation plant, all
provided by France in the 1950s and early 1960s. The site also reportedly contains facilities likely
involved in tritium extraction and purification (using tritium also produced in the reactor), lithium
production, and possibly facilities dedicated to uranium enrichment, at least on a research and
development scale.

Israel’s source of plutonium is a reactor at Dimona. Before plutonium is usable in a nuclear
weapon, it must be chemically separated from the irradiated reactor fuel. Vanunu’s revelations
have provided the public with its only detailed glimpse into Israel’s plutonium separation program.*
He described in detail an underground facility called Machon 2. It contained six underground levels
dedicated to separating plutonium from irradiated fuel using the Purex process, converting the
plutonium into metal and shaping the metal into weapon components, and making other nuclear
weapon components from beryllium, lithium, tritium, and deuterium. His revelations implied that
Israel has built more advanced nuclear weapons, in particular miniaturized warheads, boosted-
fission weapons, and thermonuclear weapons.

Israel’s Military Stock of Plutonium, end of 2014
Military Plutonium 660 + 115 kg

! This report is part of a series on national and global stocks of nuclear explosive materials in both civil and military
nuclear programs, found at http://isis-online.org/studies/category/global-stocks-of-nuclear-explosive-material/. This
work was generously funded by a grant from the Nuclear Threat Initiative (NTI) and builds on previous ISIS Reports, in
particular Global Stocks of Explosive Nuclear Material-End 2003 (updated 2005), January 1, 2005, http://isis-
online.org/isis-reports/detail/global-stocks-of-nuclear-explosive-materials/17 and Albright, Frans Berkhout, and
William Walker, Plutonium and Highly Enriched Uranium 1996: World Inventories, Capabilities, and Policies
(Oxford: Stockholm International Peace Research Institute [SIPRI] and Oxford University Press, 1997).

2 Avner Cohen, Israel and the Bomb (New York: Columbia University Press, 1998), p. 236.

3 Peter Hounam, et al, “Revealed: the Secrets of Israel’s Nuclear Arsenal,” The Sunday Times, October 5, 1986.

4 “Revealed: the Secrets of Israel’s Nuclear Arsenal,” op. cit.
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Reactor Power

The Dimona reactor has been discussed widely, including by the author of this report, therefore only
a brief overview will be provided here.® In brief, the reactor generated about 40 megawatt-thermal
(MWsth) soon after it began operating in December 1963.% The reactor’s power was later increased.
According to a U.S. official, who spoke on condition of anonymity, the consensus of people in the
U.S. government who have studied the available information was that the reactor’s power probably
did not exceed 70 MWth.’

There is disagreement about whether the power was further increased above 70 MWth, largely as a
result of discussions based on information provided by Vanunu about the operations at the nearby
plutonium separation plant. His information, if taken literally, implied the reactor power reached
about 150 MWth. However, there are reasons to doubt that the power reached this level except for
at most a relatively short fraction of the reactor’s operation. In a 2010 study by the International
Panel on Fissile Materials (IPFM), the authors assume in two of four scenarios that the power was
at 140 MWth for about seven years of the reactor’s multi-decade operation.® The other two
scenarios cap the power at 70 MWth. In this plutonium estimate, however, the maximum power is
taken as 70 MWth.® The evidence is not seen as sufficient to use the 150 MWth power rating.

Plutonium Inventory

Determining Israel’s plutonium inventory rests principally on estimating the total amount of
plutonium produced in the Dimona reactor and assuming that the plutonium is separated fully in the
plutonium separation plant. There were likely problems in both the reactor and separation plant that
reduced operations and caused bottlenecks in planned production. In addition, Israel may have
reached a saturation point on plutonium for nuclear weapons and may no longer want more,
although it may still separate and store the plutonium rather than store irradiated fuel from the
reactor.

Many estimates have tended to create high-sided estimates that build off upper bound estimates of
the power and operational efficiency of the Dimona reactor. This generally optimistic view on
plutonium production should be balanced by the general difficulty of operating reactors and
plutonium separation plants. This is reinforced in the context of Israel by a comment several years
ago (in the 1990s) to the author by a then former head of Israel’s Atomic Energy Commission who
said that plutonium was harder to produce than many think.

Faced with a lack of specific operational data, this estimate uses a range of variables in a relatively
straightforward equation that estimates total plutonium production:

5 David Albright, Frans Berkhout, and William Walker, Plutonium and Highly Enriched Uranium 1996 (Oxford: SIPRI
and Oxford University Press, 1997), pp. 257-264; and International Panel on Fissile Materials, Global Fissile Material

Report 2010, Balancing the Books: Production and Stocks, IPFM, 2010, pp 107-116.

8 Plutonium and Highly Enriched Uranium 1996, op. cit., pp. 257-264.

" 1bid, p. 258.

8 Global Fissile Material Report 2010, Balancing the Books: Production and Stocks, op. cit., p. 112.

® For a discussion of this disagreement over the power of the reactor, refer to Plutonium and Highly Enriched Uranium
1996, op. cit., pp. 260-261 and Global Fissile Material Report 2010, Balancing the Books: Production and Stocks, op.

cit., pp. 109-112.
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Total Plutonium (kg) = P (Reactor Power) x C (Capacity Factor) x D (Days in Operation)
X PF (Plutonium Conversion Factor) x 0.001

where the plutonium conversion factor (PF) serves to convert the amount of energy produced by the
reactor into the amount of weapon-grade plutonium in the discharged fuel, in units of grams of
weapon-grade plutonium per energy produced g/MWth-d. For the production of weapon-grade
plutonium in the Dimona reactor, values of about 0.95-0.97 g/MWth-d are used.'® The last value in
the equation converts grams into kilograms.

The reactor’s power is taken as between 40 and 70 MWth during its lifetime. In the probability
distribution for this variable, higher powers are favored. This weighting of powers closer to 70
MWth reflects the available data that the average reactor power during the nearly five decades of
Dimona’s operation has been closer to 70 MWth than 40 MWth.

The capacity factor is difficult to estimate. There is no public information on this key variable.
Apparently, the reactor must be shut down to reload fuel, which makes a capacity factor greater
than 75-80 percent doubtful to achieve if there are greater than two or more refuelings in a year.
Faced with a lack of data, and assuming that Israel managed to operate the reactor competently, a
capacity factor range of 60-80 percent is used.

The plutonium is used for nuclear weapons with few drawdowns. The two included in this estimate
are processing losses, which are taken as ranging uniformly from 2-4 percent of the total plutonium
produced, and a possible nuclear test (see below). The test is assumed to have a 50 percent chance
of actual occurrence and, if it did occur, involved 3-5 kilograms of plutonium.

The calculation of plutonium produced is performed with Crystal Ball® software. Figure 1 shows
the distribution of net plutonium values, reflecting the relatively small drawdowns. The median is
about 660 kilograms, with a standard deviation of 85 kilograms and a full range of 400-915
kilograms of plutonium. Eighty percent of the results fall within about 115 kilograms of the mean,
which is taken as the range for this estimate.

10 Global Fissile Material Report 2010, Balancing the Books: Production and Stocks, op. cit., pp. 109 and 159. The
corresponding burnup of the irradiated fuel is assumed to be between about 400 and 500 MWth-days/tonne. Higher
burnups in the range of 500 MWth-days may have been sought to reduce uranium requirements, since Israel has had to
import most of its uranium for the Dimona reactor. At 500 MWth-days/tonnes, the plutonium 239 fraction is estimated
to be about 97 percent, more than sufficient for nuclear weapons, see Global Fissile Material Report 2010, Balancing
the Books: Production and Stocks, p. 159.
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Net Plutonium, end 2014
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Figure 1: Total plutonium, reflecting small drawdowns due to processing losses and possibly nuclear test in 1979 in
South Atlantic.

These results compare with the IPFM’s 2010 result of 800 + 125 kilograms.!! So, while the IPFM’s
values are within the full range of this estimate, the medians differ by 140 kilograms, where the
IPFM estimate is greater. Much of this difference can be attributed to the lower maximum power
and the lower average capacity factor used in this estimate compared to the IPFM estimate. The
IPFM assumes a 75 percent capacity factor, compared to this estimate which uses a range of 60-80
percent.

Number of Nuclear Weapons

The actual number of Israeli nuclear weapons is a closely guarded secret. Vanunu never claimed
that he saw a completed nuclear weapon or knew the purpose of the components he saw.'? He did
say that the components were transported under extensive security to a facility in Haifa. The
facility in Haifa may have been part of RAFAEL, the transliterated Hebrew acronym of Israel’s
Authority for the Development of Armaments. In the 1950s and 1960s, RAFAEL is believed to
have led the effort to develop Israel’s first nuclear weapons.'® But in general, little information is
available about Israel’s industrial facilities that develop and make nuclear weapons.

An on-going debate is whether Israel tested a nuclear explosive device in the South Atlantic in
1979. If true, this device is posited to be a low yield fission weapon suitable for use as a
miniaturized fission weapon or a primary in a two-stage thermonuclear weapon.

Israel has a wide range of delivery vehicles for its nuclear weapons. With French assistance in the
1960s, Israel developed the nuclear-capable Jericho ballistic missile. It has developed several
improved missiles since then on its own, as well as nuclear-capable cruise missiles. It also has

11 Global Fissile Material Report 2010, Balancing the Books: Production and Stocks, op. cit., p. 112.

12 “Revealed: the Secrets of Israel’s Nuclear Arsenal,” op. cit.

13 1srael and the Bomb, op. cit.
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aircraft that can deliver nuclear weapons. It may have the capability to launch nuclear-tipped cruise
missiles from its submarines.

Israel also procured a wide variety of high tech nuclear dual-use equipment from abroad, which
often was acquired illegally. In the 1990s, under U.S. pressure, senior Israeli government officials
stated that Israel committed not to violate supplier controls to acquire dual-use goods for its nuclear
programs. Occasional procurements possibly intended for the nuclear program are observed despite
this pledge.

Overall, Israel is assessed as having sophisticated nuclear weapons that likely rely on a range of
quantities of plutonium. In this estimate, the nuclear weapons are assumed to hold between three
and five kilograms of plutonium. Although the five kilograms figure is rather large, it is viewed as
an upper bound. A weapon could use this amount of plutonium in order to increase its explosive
yield or permit further miniaturization. Based on the total production of plutonium, the median for
the number of nuclear weapons is about 165 with a standard deviation of 33 and a full range of
about 90-290 weapons (see figure 2). About 80 percent of the results are within 50 of the median.
Likely, Israel did not build this many nuclear weapons. A reasonable assumption is that the number
of deployed weapons is 30 percent lower, or 115 nuclear weapons as of the end of 2014.

Number of Potential Weapons Equivalent, end 2014
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Figure 2: Nuclear weapons equivalent of net plutonium total.

ISIS REPORT 5|Page



