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The air attack missed Iraq's reactors, but raised 
a specter of conventional war with radioactive fallout 

The battered French program to build 
a nuclear research center for Iraq was hit 
with a new setback this fall just after ra- 
dioactive fuel had been delivered for in- 
stallation. Bombs, presumably delivered 
by Iranian pilots, hit the research site 
about 10 miles from the center of Bagh- 
dad on 30 September. They damaged an 
auxiliary building and forced the French 
technicians working on the project to 
leave. The attack did not damage the re- 
actors, but it did shut down the program 
indefinitely. 

The incident provoked speculation of 
two kinds: on the specific effects of this 
air raid and on the general risks that war 
presents to operators of nuclear plants. 

The Iraqi center, called Tuwaitha, in- 
cluded a small Soviet research reactor (5 
megawatts in thermal power) built in the 
1960's, a new French reactor known as 
Osirak (about 50 megawatts), and a full- 
scale mock-up of the Osirak called Isis 
(only about 800 kilowatts). The French 
reactors are duplicates of a reactor in 
Saclay, France, incorporating the latest 
research technology. France has also of- 
fered to build a large (900-megawatt) 
power reactor for Iraq sometime in the 
future. Bids are now being entertained. 

Coming on the heels of two other acts 
of sabotage, the attack on Tuwaitha 
seemed to some observers part of a 
larger plot. In 1979 part of the Osirak 
core was damaged by a bomb while 
being shipped from the factory in Tou- 
lon, France. Then in June of this year, 
the Egyptian physicist serving as the 
chief liaison between France and Iraq 
was murdered in a hotel room in Paris 
(Science, 29 August). The French press 
did not hesitate to report the widespread 
suspicion that these were the acts of Is- 
raeli saboteurs. 

Thus, the weekly journal L'Express 
asked in a major article on 11 October, 
"Qui a Bombarde Osirak?" Its answer: 
western specialists confirm that it could 
be no one but Israel. The only evidence 
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the journal cited was the word of "one of 
the most qualified sources" that this was 
the conclusion of several European in- 
telligence agencies. 

Israel denied that it had had any part in 
the business. It is true, however, that the 
chief of Israeli military intelligence ap- 
peared on television 2 days before the 
attack, wondering aloud why the Iranians 
had neglected to bomb the Iraqi atomic 
site. 

The Israelis have protested France's 
decision to supply nuclear technology to 
Iraq ever since the announcement of a 
contract in 1976. From a legal point of 
view, they have little to work with, for 
the Iraqis and the French have followed 
to the letter all the safety and non- 
proliferation requirements of the Inter- 
national Atomic Energy Agency. Like- 
wise, Iraq has signed the Nuclear Non- 
proliferation Treaty. Israel and France 
have not. 

Israel fears that Iraq will use its newly 
acquired machinery to build the first 
Arab bomb, or-nearly as objection- 
able-to train a generation of nuclear 
physicists who will later build weapons 
for the Arab world. Israel has a motive 
for destroying Osirak, but no one has 
found Israelis at the scene of any of the 
crimes. 

The French authorities prefer to say as 
little as possible about the work in Iraq, 
on the grounds that the documents are 
strictly confidential. The French are em- 
barrassed by the furor that surrounds the 
project, and, as one official of the Com- 
misariat a l'Energie Atomique (CEA) ex- 
plained, giving out further information 
would only revive the campaign against 
Osirak which has been "all over the 
press." Thus it is impossible to learn 
from an official source what happened to 
the Iraqi reactor. But the CEA does not 
contradict reports which have appeared 
in the French press, saying the damage 
was negligible, and that some fuel is al- 
ready at the site. 
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The mock-up reactor, Isis, was appar- 
ently due to receive its first charge of fuel 
(93 percent enriched uranium) in the 
week before the Iraqi-Iranian war broke 
out. Twelve to 13 kilograms of uranium 
fuel have been delivered, according to 
French accounts. Loading was post- 
poned and then abandoned following the 
air raid. Some French workers are still at 
the site, but they remain only to help 
with maintenance and protection of the 
site. The program, which counted on 
starting the reactors in 1981, has been 
delayed by a year or two. A new furor is 
brewing in France over the fact that the 
highly enriched uranium has now been 
left in Iraqi hands without proper French 
supervision. The French government is 
divided on how to proceed with the plan. 

If the attackers had scored a direct hit 
on a loaded Osirak, would they have 
created a radioactive disaster in Iraq? 
The CEA spokesman, Jean Pellerin, 
would not discuss the plant's design, but 
said it was a copy of a reactor at Saclay 
which is protected by a concrete contain- 
ment structure. The containment on 
large power reactors -in France as in the 
United States and Germany-is made of 
steel-reinforced concrete, several feet 
thick. It is intended to prevent the re- 
lease of radioactive debris from an acci- 
dent, but is also made to withstand the 
impact of a large commercial jetliner. 
Osirak, a rather large research reactor, 
does not have as massive a shield as a 
power reactor. But according to one ex- 
pert at the American Department of En- 
ergy (DOE), it contains a concrete "bio- 
logical shield" at least a meter thick. 

In order to do serious damage, a bomb 
would have to penetrate the building that 
houses Osirak, Osirak's concrete shield 
(or, if from the right angle, a deep pool of 
water), and finally the metal vessel 
which holds the fuel. Most conventional 
weapons could not do this, although a 
large electronically guided "smart" 
bomb of the kind used by the U.S. Air 
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L'Agence Sigma P'noto 

A shopping trip to France 

Former Prime Minister Jacques Chirac, left, shows nuclear wares to Iraqi strong man Sad- 
dam Hussein. 

Force in Vietnam might do so. Specially 
designed penetrating weapons might suc- 
ceed in hitting the core, but these are not 
available to most warmakers. 

A reactor specialist in the international 
affairs office of DOE said that he under- 
stood the fuel now in Iraq is intended for 
Isis and not Osirak. He said as well that 
the fuel assembly would be a difficult tar- 
get to hit from the air, since its cross sec- 
tion is about the size of a hand. Steve 
Ramos, an official at the Nuclear Regula- 
tory Commission who formerly directed 
the safety program for U.S. research re- 
actors, agreed that there was very little 
risk that bombing a research reactor 
would ever cause a significant fallout 
problem. In the worst conceivable sce- 
nario, he could not envision radioactive 
pollution traveling beyond a mile or two 
from the reactor. 
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The federal government has given 
little thought to the special hazards that 
nuclear plants pose in wartime. Probably 
the best available published review of 
the subject came out in August: Destruc- 
tion of Nuclear Energy Facilities in War 
by Bennett Ramberg, a research fellow 
at the Center for International and Stra- 
tegic Affairs at the University of Califor- 
nia at Los Angeles. Ramberg does not in- 
clude research reactors in his study, for 
the risks they pose are so slight. He fo- 
cuses on large electricity-generating re- 
actors, which are typically 20 to 100 
times more powerful. These could be- 
come attractive military targets, Ram- 
berg believes, because they are becom- 
ing important in some nations' industrial 
economies. 

There are no power reactors operating 
at the moment in the Middle East. As a 

rule, the biggest plants are located today 
in the nations with the most stable politi- 
cal systems. This stability may not last. 
Egypt, Israel, Iraq, and Libya all plan to 
build power reactors in the 1980's. 
(Since the overthrow of the Shah, Iran 
has canceled its nuclear construction 
contracts, permanently ending its am- 
bitious nuclear program.) India, Paki- 
stan, South Africa, South Korea, Tai- 
wan, and the Republic of China now op- 
erate or are planning to build power reac- 
tors. All have belligerent neighbors. In 
most of these countries, the reactors 
pose no special wartime threat to their 
owners because they are located far from 
major cities. But Ramberg points out 
that Israel will be at risk no matter where 
it puts its reactor because it is such a 
small country. Egypt will build its first 
reactor not far from the city of Alexan- 
dria, where Ramberg estimates that tens 
of thousands of people could be affected 
by fallout in a worst-case bombing sce- 
nario. India's reactors also are located 
near populous areas. 

Ramberg's survey suggests a few gen- 
eral conclusions about the hazards of 
owning a reactor in wartime. First, reac- 
tors present no special risk in the context 
of war among the superpowers. These 
nations presumably defend themselves 
with nuclear weapons, and a belligerent 
using nuclear weapons hardly adds any- 
thing to the radioactive damage already 
inflicted by striking at nuclear targets. 
Second, little of strategic worth is gained 
by hitting research reactors -whether 
they are owned by superpowers or small 
nations. It would require a well-orga- 
nized and well-armed attack to make a 
direct hit on a research reactor, making 
this a particularly costly proposal. Final- 
ly, there is one important category of 
risk to be considered: a war among lesser 
nations leading to a conventional attack 
on a power reactor or large power fuel 
storage site. If it were well planned, such 
an attack could spread radioactive fall- 
out over a large area and, with proper 
weather conditions, carry the damage 
across numerous national borders. The 
worst effects would be contained, Ram- 
berg calculates, within an area 15 to 40 
miles downwind of the reactor. But long- 
term effects might be felt hundreds of 
miles away. 

Fortunately, the countries least able to 
defend against such an attack today also 
lack the power reactors that might need 
defending. But the situation is changing. 
It may not be long before the world in- 
cludes nations with the will, the weap- 
ons, and the vulnerabilities to brew up a 
conventional/radioactive war. 

-ELIOT MARSHALL 
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