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Advisory Board on Disarmament Affairs on February 24, 2005 on
The Nuclear Fuel Cycle: Fissile Material Control

Ambassador Vicente Berasategui, Chair of the Advisory Board: First we will hear the
presentation of Professor Frank von Hippel, of Princeton University.

Frank von Hippel. Thank you very much, Ambassador Berasategui. I would like to
describe what fissile materials are, and the quantities we have in the world and then
finally I will get to the question of the verification of a Fissile Material Cut-Off Treaty,
which is currently a salient issue.

For arms-control purposes, fissile materials are materials which can be used to make a
fission nuclear explosion, like the ones that destroyed Hiroshima and Nagasaki. The
explosives that destroyed Hiroshima was made out of highly enriched uranium (High
Enriched U-235) and the one that destroyed Nagasaki was made out of plutonium. There
are some other fissile materials that one should be aware of, including some that are not
usually talked about, but they are not available in very large quantities.

- High-enriched uranium (more than 20% U-235 or 12% U233)
- Plutonium containing less than 80% Pu-238

- Np-237, Am-241
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I highlight the critical mass of weapons grade uranium, which is about 50
kilograms, and the critical mass of 20 percent enriched uranium, which is about 800
kilograms, so about twenty times larger. 1 show those because there is a global effort
going on to convert research reactors. There are more than an hundred around the world
fueled with weapon’s grade uranium. There is a global effort to convert them to lower



enriched uranium. The boundary between low enriched uranium and high enriched
uranium is this 20% level. At that level, a long time ago, we tried to find out exactly by
what process it was decided that below 20% the critical mass became so large and it
would be impractical to make a nuclear weapon out of that material.

The Hiroshima bomb is unfortunately a very easy bomb to replicate, including by
terrorists if they should be able to acquire highly enriched uranium. So this is a special
reason for trying to minimize the stockpiles and use of highly enriched uranium in the
world. Basically the way it works: it assemblies a supercritical mass out of two sub-
critical masses.

HEU Gun-type design easy for terrorists
(Miroshima bomb contained about 60 kg HEU ~80% *4U, South African
devices about 55 kg of 94% HEU, implosion time about 5x10+ sec.)
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Doesn’t work with plutonium.

Now this design did not work with plutonium and the Nagasaki design was an
implosion design. The gun-type design did not work for plutonium because plutonium
spontaneously produces neutrons and the chain reaction would start while it was still
assembling and the explosion would be small.

With regard to fuel cycle issues, the major issue is that even though power reactor
plutonium is not called weapons grade, it is weapon usable. Even with this first design, it
could in fact produce at least five hundred tons of high explosive equivalent energy
release, which, in New York terms, would destroy about sixty blocks. It would be a huge
explosion.



Pu Implosion (Nagasaki) design more difficult
(6 kg Pu; implosion time ~ 10 sec.)
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Figure 1.53. Principle of an implosion-type nuclear device.

'ower-reactor Pu (>20% *'Pu) would give >500 tons
(about 60 blocks destroyed)
[Carson Mark, Science & Global Security, 1993)

This shows actually the area superimposed on New York around the World Trade
Center, the area that was completely destroyed by the Hiroshima bomb, which as I said
could be easily produced by terrorists if they were able to acquire the 50 or so kilograms
of highly enriched uranium that would be required.
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2. Global stockpiles of fissile material (tonnes)

(rot including weapon materials declared excess)

Weapon U* | Weapon Pu’ | Civil Pu-2003 | Civil HEU
(93% 25U equiv) In-country (own) (mumr:: i)n spent
Russia 600 + 300 120 £ 25 38 2(10’s)
USA 525+ 70* 47 9 2002) ?
China 25+ 6 3.5¢1.5 - ?
France 25+ 8 514 79 (48) 6.5
UK. 8+ 2 31 96 (73) 1.6
Japan - - 5(41) ?
Germany - - 112002¢29) 1
| TOTAL 1200 350 180 £25 250 =50?

["Weapons material from Albright, Berkhout & Walker, 1996; civil Pu/HEU from IAEA]

There is a lot a fissile material in the world. The table shows that there is in total
about 2000 tons or 2 million kilograms of fissile material, most of it produced for
weapons This is weapons grade uranium and weapons plutonium. But also, there is a lot
now of the civilian plutonium that has been separated out as a result of civilian
reprocessing programs, 250 tons. I mentioned already the use of highly enriched uranium
in research reactors. This number has not been well estimated but I would guess about 50

+U.S. has stockpiled about
200 tons for naval reactors

Total: 1300 - 2000 tons ficsile material (=20% civilian)

tons of that material.

Stockpiles of fissile material (weapon equiv.)

(not including weapon materials declared excess)

Weapon U | Weapon Pu | Civil Pu | Civil HEU
(25 kg/weapon) | (4 kg/weapon) | ( 8kg/weapon, (50
<+ samefweapons —® | jncountry) | K&/Weapon)

Russia  |24,000+12,000 | 30,000 +6,000 | 5,000 hundreds
USA 21,000 = 3,000 | 12,000 1,000 ?
China 1,000 £ 240 900+400 - ?
France 1,000+ 320 1250+ 350 10,000 130
U.K. 320+ 80 800 12,000 32
Japan - - 600 ?
Germany | - | 1400 20
TOTALS |50,000£13,000 | 45,000£7,000 | 30,000 =1000

4




The weapons material that is estimated in the table does not include material
which has been declared excess.

Weapon material declared excess (disposed as of 6/30/04)

HEU Plutonium

25 kg units (90% 225U) (4 kg units)

tons WH equiv. tons WH equiv
Russia 500 (225) 20,000 (9000) 34(0) 8500 (0)
U.S. 125 (30) 5,000 (1200) 34(0) 8500 (0)
U.K. 0 0 0.4 (0 100 (0)
Total 625 (255) 27,600 (10,000) 68.* (1)) 17,000(0)

700 tons declared excess (=173 of weapon stocks)

The table also shows a conversion of those numbers into weapons equivalence.
Weapons equivalences for weapons states, where I gave the conversion, and then, using
the IAEA conversion for the civilian plutonium and the Hiroshima quantity for the highly
enriched uranium. You see that there is a huge amount of fissile material here and that the
numbers of warhead equivalence in the weapons arsenals is far in excess of what the U.S.
and Russia actually have in weapons. All of these numbers could be greatly reduced.

In fact, in 1991, as a result of an initiative by the first President Bush and
Gorbachev, about one third of the total stockpile of weapons fissile material was declared
excess. The table shows the quantities and the warhead equivalence. You see how much
is actually being eliminated. I show in parentheses how much has actually been
eliminated. You see that the elimination of weapons grade uranium is proceeding, but the
elimination of the plutonium has not yet begun.

Here is a scenario which I think should be quite feasible, to reduce the total fissile
material weapons usable material in the world from about 2000 tons today to about a
hundred tons. I show this as an intermediate stage to the elimination of the weapons
entirely. I show here that even after this hundred fold reduction the U.S. and Russia could
still have 2000 warheads each, which is approximately the number of their numbers of
strategic deployed warheads in 2012 under the Strategic Offensive Reduction Treaty. I
would advocate that in fact, because there is no economic need to separate civilian
plutonium that the separation of plutonium should be phased out until there is a need
some time in the unknown future and that these stocks should be consumed in fuel.



Similarly, and here I imagine and hope that all of the world’s research reactors can be

converted from weapons-grade uranium to low-enriched uranium successfully.

Can we go from 2000 to 100 tons?

Weapon U | Weapon Pu | Civil Pu | Civil HEU
(25 kg/weapon) (4 kg/weapon) | ( 8kg/weapon, (50
<«———— samt|weapons — . | in country) kg/weapon)
Russia 24.,000->2,000* 30,000 ->2000 5,000 hundreds
USA 21,000->2,000* | 12,000-->2000 1,000 7
China 1,000 -> 300 900--> 300 | - ?
France 1,000 -> 300 1250--> 300 { 10,000 130
UK. 320 -> 300* 800--> 300 | 12,000 32
India/Pak/ 7-> 100* > 200 600 ?
Israel
Tot. WHs | 50,000->3,000 |45,000->3,000 30,000-->0 | =1000-->0
Tonnes 1250--> 75 180--> 12 250-->0 50-->0
*Nzval reactors would
have to convert to LEU.

I note that Russia, the US and the UK all use highly enriched uranium, uranium
enriched with more than 20 %, in their naval reactors. Russia also uses it in its icebreaker
reactors. For these reductions to be achieved those reactors would have to be converted to
Jow enriched uranium as would the research reactors. I think that is feasible and I have
written articles on it.

Finally, with regard to the verification of the Fissile Material Cut-Off Treaty, I quote
here the objections that the U.S. raised in the Conference on Disarmament to verification,
saying that “effective verification of an FMCT would require an inspection regime so
extensive that it could compromise key signatories’ core national security interests”
(which presumably means US) “and so costly that many countries will be hesitant to
accept it. Even with extensive verification measures, we will not have high confidence in
our ability to monitor compliance with an FMCT.”

My interpretation of this statement is that the U.S. is concerned about the
intrusiveness of Additional Protocol-type inspections at its nuclear weapons facilities.
There are complications there that are not present in the non-weapon states and so my
proposal would be to start with an FMCT that verifies that known reprocessing and
enrichment plants are not producing unsafeguarded highly enriched uranium or
plutonium, and then deal later with this issue of the extension of these additional protocol
type inspections to nuclear-weapons facilities. Thank you.
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