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NEWS AND COMMENT 

Uranium Enrichment: Rumors 
of Israeli Progress with Lasers 

Rumors have been circulating through 
the classified research community for 
the past several weeks that two Israeli 
scientists have succeeded in enriching 
uranium with a cheap but sophisticated 
new laser process. The rumors-which 
appear to have started with some casual 
inquiries among U.S. scientists by the 
Central Intelligence. Agency (CIA)- 
represent an exaggeration, according to 
one of the two Israeli researchers. There 
is, nevertheless, an important kernel of 
truth in the tale-enough to suggest 
that Israeli researchers are not far be- 
hind their American counterparts in 
developing a technology that promises 
to greatly reduce the cost and difficulty 
of obtaining enriched uranium, both 
for nuclear power plants and for nu- 
clear weapons. 

"We have demonstrated the feasibil- 
ity of laser enrichment, but not the eco- 
nomic feasibility," Isaiah Nebenzahl, a 
physicist with Israel's Ministry of De- 
fense, told Science by telephone from 
Haifa. Nebenzahl was reluctant to dis- 
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cuss details of the research and took 
pains to play down the scale of the ef- 
fort, which he said was "very small." 

Last October, Exxon Nuclear, Inc., 
revealed to a congressional committee 
that a joint research venture with Avco 
Everett Research Laboratories had suc- 
cessfully enriched small amounts of 
uranium by laser, and that the process 
"is practical today on a laboratory 
scale." The two Israeli scientists appear 
to have duplicated this feat. Nebenzahl, 
however, indicated that he and his col- 
league, Tel Aviv University physicist 
Menahem Levin, had not yet produced 
gram amounts of fissionable material, 
as was rumored. "We are not near a 
macroscopic separation," he said. 

Nevertheless, some U.S. authorities 
regard even this small success as a 
"very significant" indicator both of 
Israel's technical sophistication and of 
its interest in what promises to be an 
extraordinarily cheap method of enrich- 
ing uranium. 

"Enrichment" is a term used to de- 

scribe any of several ways of artificially 
concentrating the fissionable isotope 
225U, which makes up only 0.7 percent 
of natural uranium. To make the fuel 
for conventional, light-water cooled re- 
actors, this concentration is increased 
to between 2 and 3 percent. Fission 
weapons normally require an enrich- 
ment of more than 90 percent. 

The sheer difficulty and expense of 
enriching uranium have worked for 30 
years as effective restraints on the 
availability of nuclear fuel and weapons. 
So far only the United States, U.S.S.R., 
Britain, France, and presumably China 
have seen fit to build the enormous 
gaseous diffusion plants necessary to 
produce large amounts of even modestly 
enriched uranium. The expense of this 
process has motivated a continuing 
search for cheaper and less conspicuous 
techniques; the leading contender now 
is the gas centrifuge. 

In diffusion plants, uranium hexa- 
fluoride gas is pumped at high pressure 
through porous barriers that preferen- 
tially pass the lighter 235U. Thousands 
of successive steps are required to 
reach high levels of enrichment. At 
Oak Ridge, Tennessee, and two other 
locations in the southeastern United 
States, "cascades" of diffusion cells fill 
cavernous buildings as large as 60 
acres and half a mile long. One of the 
hardest things on earth to hide is a 
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gaseous diffusion plant; its mere pres- 
ence on the landscape, easily detected 
by satellites, is a dead giveaway of a 
nation's nuclear intentions. 

A diffusion plant's capital costs and 
appetite for electric power are, more- 
over, fully in keeping with its size. The 
three U.S. facilities consume about 
6000 megawatts at peak production, or 
roughly 1.5 percent of the nation's en- 
tire electrical output. The three plants 
are now being modernized at a cost of 
nearly $1 billion, and the Atomic 
Energy Commission (AEC) estimates 
the tag for a new diffusion plant at 
about $2 billion. 

Around the mid-1980's, as the world 
enrichment market rises toward its full 
profit potential, the gas centrifuge is 
expected to begin supplanting diffusion 
technology. France, the Soviet Union, 
Japan, and a joint British-Dutch-West 
German combine are all planning cen- 
trifuge plants for the 1980's, but the 
AEC hopes that private industry in the 
United States will corner a large share 
of the market. (The AEC estimates the 
foreign exchange potential of enrich- 
ment at $50 billion to $70 billion dur- 
ing the half-century preceding the 
large-scale advent of commercial nu- 
clear fusion.) Classified centrifuge re- 
search, supported by the AEC since 
1960, has pushed the state of the art 
to a point where capital costs would 
be about the same as for diffusion 
plants, but power consumption would 
be only one-tenth as large. Overall costs 
of centrifuge enrichment are estimated 
at 20 to 30 percent less. 

Even so, enrichment would still be 
a high-stakes game. In this context, the 
prospect of laser enrichment-a radical- 
ly different approach to the problem- 
has emerged in recent months as some- 
thing of a wild card. 

Both the AEC and the Exxon-Avco 
group have kept a tight blanket of 
classification over laser enrichment 
work, partly because of its potential 
strategic importance and partly to pro- 
tect patent security. As one researcher 
at the Sandia weapons laboratories at 
Los Alamos describes it, "This is a field 
a lot of people are talking about with- 
out saying very much . . . it's all very 
hush-hush." 

Rudiments of laser isotope separa- 
tion have been discussed recently in 
unclassified publications, however. * 

Basically, the process employs tunable 
dye lasers-adjusted to very precise 

* Science, 4 May 1973, p. 451; Laser-Fusion Pro- 
gram Semiannual Report (January-June 1973) 
(Lawrence Livermore Laboratory. UCRL-5002 1- 
73-1). 
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Gaseous diflusion plants at Oak Ridge, Tennessee. 

frequencies-to excite atoms or mole- 
cules of one isotope of a particular 
element without exciting other isotopes. 
The excited isotope can then be ionized 
and separated by electrical or magnetic 
forces, or it can be extracted by chemi- 
cal processes. 

The process theoretically can be ap- 
plied to any element; in fact, one early 
application may be the production of 
heavy water. Applied to uranium, laser 
enrichment appears, in principle, to 
offer several major advantages over 
gaseous diffusion and centrifuge tech- 
niques. Physical size and capital cost 
of an enrichment plant could be re- 
duced; the laser process would use no 
more energy, and possibly less, than 
the centrifuge; and lasers could, in 
theory, remove essentially all the 2'35 

from a flow of natural uranium, some- 
thing not now practical. 

'A Staggering Advance' 

Economics of the process are only 
roughly calculable, and there's always 
the danger of a bright new technology 
being oversold. Excitement, though, is 
running high at the two national labo- 
ratories where most of the AEC's work 
on laser enrichment has been done in 
the past few years-the Los Alamos 
Scientific Laboratory and, to a lesser 
extent, the Lawrence Livermore Labo- 
ratory in California. At Livermore, for 
instance, one senior physicist told Sci- 
ence that he had been skeptical of laser 
enrichment's promise, but had recently 
changed his mind. "When you rough 
out the figures," he said, "you can see 
that it's just a staggering advance." 

Two scraps of public information 
tend to substantiate this view. Last 
October. Exxon Nuclear president Ray- 

mond L. Dickeman told the congres- 
sional Joint Committee on Atomic 
Energy that a commercial laser enrich- 
ment process could be operating by the 
mid-1980's at an overall cost of 10 to 
20 percent less than the cost of gas 
centrifuge techniques. In January, the 
AEC's general manager, John A. 
Erlewine, discussed the implications of 
this development in a letter to the 
Joint Committee. If laser techniques 
lived up to their current promise of 
low cost and high efficiency, Erlewine 
said, such a process would "make 
alternative enrichment processes eco- 
nomically obsolete." 

There were implications for the na- 
tion's breeder reactor program as well, 
Erlewine acknowledged. The AEC has 
predicated its argument for pressing 
rapidly ahead with the breeder-which 
would make plutonium fuel-on a pre- 
diction that the present low cost of 
uranium fuel will begin to soar in the 
mid-1 980's as reserves of high grade 
ore diminish. Commercial laser enrich- 
ment, Erlewine said, could reduce nat- 
ural uranium demand by 10 to 40 per- 
cent and "establish a more difficult 
economic target for the commerciali- 
zation of the breeder." 

Since then the AEC has announced 
its intention to increase its support of 
laser enrichment R & D from less than 
$1 million in the current year to $10.7 
million in fiscal 1975. 

Rumors of Israeli interest in laser 
enrichment have popped up sporadi- 
cally in the past couple of years, but 
they began flying in earnest last month. 
It all seems to have started on 31 
January, when a man from the CIA 
paid a visit to Michael M. Hercher, an 
associate professor of optics at the 
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University of Rochester. Hercher says 
he doesn't recall the CIA man's name, 
but that it's not unusual for intelligence 
operatives to circulate around univer- 
sities inquiring into. the significance,.of 
newly reported foreign research.. 

In this case, the agent wanted, 
Hercher to look over some abstracts 
of papers and patent applications deal- 
ing with . tunable lasers.- - Among- -the 
abstracts was one describing a laser 
enrichment process for which the two 

* Israeli scientists, Nebenzahl and Levin, 
had sought a patent in West Germany 
in March 1972. (The patent was. 
granted on 4 October 1973.) 

The date of the application is signifi- 
cant, because Nebenzahl was a post- 
doctoral research associate at Cornell 
University's plasma physics laboratory 
from September 1970 to July 1972. 
Lab director Peter L. Auer remembers 
Nebenzahl as a "brilliant fellow," but 
one who expressed no interest in iso- 
tope -separation. Officials at Avco are 
wondering when he had time to do 
the experimental work underlying a 
patent application dated 4 months be- 
fore his return to Haifa. One senior 
Avco official said the company knew 
of no connection between its staff and 
Nebenzahl, but said the possibility 
had not. been ruled.. out., The official 
added, however that-: he-.- suspected 
nothing dubious on Nebenzahl's- part.. 
and noted that laser isotope .separation 
had been widely discussed&slince: the late 
1 960's. ."The.: difference was,-" he.> said,, 
"that we did something about it." 

The 100-word abstract described 
rather vaguely a process whereby natu- 
ral uranium vapor was run, through two. 
dye lasers; these lasers .excited . 23."U 

atoms to a level high enough so- that 
they could be ionized in the infrared 
light of a carbon dioxide laser, then 
to be collected on electrically charged 
plates. 

The process seemed sophisticated 
enough to warrant attention in its own 
right. But the part of the abstract that 
was to send a chill up the collective 
spine.. of the weapons- establishment 
told, how, in 24 hours,, the process. 
produced a "yield of 7 grams [of 235U] 

of purity 60 percent." According to 
one weapons authority, a clever de- 

signer would need just under 50 kilo- 
grams of uranium enriched- to 60 per- 
cent 235U to make a fission bomb. 

Hercher says he didn't believe the 
Israelis had done what they seemed to 
claim, least of all 2 years ago. But his 
skepticism didn't keep him from taking 
the abstract with him to a February 
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meeting in Chicago of the program 
committee for the 8th International 
Quantum Electronics Conference. The 
meeting, sponsored .by -.the Institute of 
Electrical and Electronics Engineers, 
was. scheduled in San Francisco this, 
June, and the committee was. still: cast- 
ing about for promising papers;, this 
seemed promising indeed. 

:.Joseph ,A.- Giordmaine of the= Bell 
Laboratories, the committee, chairman, 
quickly began a futile attempt to locate 
the- t-wo --Israelis land inviteR them to the 
meeting., Other committee members ran 
off Xerox copies of the abstract. From 
there, it spread like a chain V letter 
through Los Alamos and Livermore 
and back to Avco and the AEC in 
Washington. The general reaction ap- 
pears to have been one of astonishment 
tinged with disbelief. Thoughts of 
weapons implications were foremost in 
mind: Said one laser researcher at 
Los Alamos, "I-guess, it means the 
Israelis are building bombs in their base- 
ments." Avco vice-president Richard 
H. Levy said he hoped it wasn't true,. 
but that if it was, "it's a peculiar way 
to announce a nuclear weapons pro- 
gram." Levy added, "It shook a lot 
of us up." 

Israel's Ambiguity 

One: of the- great I- mysteries of the 
nuclear-age is whether Israel is, or even 
wants to be,. a nuclear. power. The 
laser.enrichment- episode. has -only comi- 
pounded . the. mystery.. 

The Israeli government has tradi- 
tionally fostered uncertainty about its 
nuclear capability, apparently in the 
belief -.thant .. am-bi.guity -.-offers some .of 
the advantages .of -a nuclear deterrent 
without the disadvantage of obliging its 
neighbors to go nuclear. Thus, on the 
one hand, there is. good reason to be- 
lieve that no nation has or would sup- 
ply Israel with nuclear weapons, and 
Israel has never tested one of its own. 
(The United States, it should be noted, 
never tested the uranium bomb it 
dropped on Hiroshima.) 

On the other. hand, ,Israel .hasi de- 
clined to sign the-nuclear nonprolifera- 
tion treaty, and experienced weapons 
designers here have- no difficulty be- 
lieving that- Israeli technicians could 
assemble a fission. bomb if the-necessary 
uranium or plutonium- were available. 
Israel's tightly guarded reactor at Di- 
mona, built by the French in the mid- 
1960's when--relations between the two 
countries were much warmer, probably 
!has .produced' enough :plutoni-um for -a 
bomb or two, but arrangements cov~er- 

ing ownership of the spent fuel con- 
taining the plutonium have never been 
disclosed.. 

Attempts to clarify the laser enrich- 
ment abstract have added new layers 
of cloud cover to the debate. In Tel 
Aviv, a spokesman fort -the, Ministry, 
of Defense said that Nebenzahl and 
Levin "had been engaged by us," but 
added that "their present work has 
nothing to do with the [patent] applica- 
tion." Nebenzahl himself said he hadn't 
written the abstract. At one point in a 
telephone interview, he called it "quite 
an. exaggeration." At another point he 
said, it- was, "quite. near to what had 
been done." 

'Nebenzahl apologized for his vague- 
ness, saying, "I mustn't give too many 
details," but for reasons of patent 
protection, not, national, security. The 
work, he said, had been carried out 
in a "government nuclear center" with 
very little funding. 

Was a laser technique used to sepa- 
rate any amount of 23sU? "It's more 
complicated than that," he said. "It is- 
an experiment plus a= calculation plus 
an extrapolation." 

Some U.S. experts deflated al- 
most audibly when told the news. Said 
Avco's Levy: "You can demonstrate 
feasibility of the process with 1.00 
atoms . .-. this is in the range of almost 
anyone these days with a couple of 
good quality lasers." Others, including 
one high official of the. AEC's division- 
of military applications,. nevertheless- 
regard the Israeli work. as.a. significant 
measure of their prowess in a field of 
strategic importance. (Two sources who 
have read the full 16-page patent ap- 
plication. in German -say something, may 
have been gained in translation. The 
laser technique is described more as a 
hypothetical process than as an ac- 
complished fact.) 

The rumors, it seems, sent through 
the weapons establishment a premature 
but perhaps premonitory shiver of 
things to come. Technology is eroding 
the cost and conspicuousness of en- 
riching uranium; as a result, smaller 
and less affluent nations may eventually 
find their nuclear intentions easier to 
fulfill and harder for others to discover. 

It is probable that no one is yet 
lasing natural uranium into gram lots 
of bomb-quality material. But the pos- 
sibility is no longer farfetched. If, or 
when, that day arrives, one researchcr 
at Los Alamos observes, "The whole 
world had better be a little bit uneasy, 
because it will be a whole lot easier to 
make bombs."-ROBERT GILLETTE 
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